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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2026-1-1 Tum cTateu: OpUrnHaIbHAS
VIIK 579.64 Type of article: original

IlepBuyYHbBIE pe3yJbTaThl OLEHKH MOTEHIUAJIA MUKPOOHOMA
Heracleum sosnowskyi njist arponpou3BoacTsBa
HeuepHo3emHoii 3061 Poccun

Paccoxuna U.U., Cyxapesa JI.B., Eperuna C.B., C<)Ili1atonos A.B.
Bonozoockuti nayunwiii yenmp Poccuiickou akademuu HayK

Bonoraa, Poccus

(<) e-mail: platonov70@yandex.ru

OrtcraBanue AITK Poccun oT cTparernieckux yCTaHOBOK Ha BHEAPSHUE DKOJIOTHUYECKHU Oe3omac-
HBIX TEXHOJOTHHA B CEIHCKOXO3SMCTBEHHOE MPOM3BOICTBO MOTYEPKHUBAET HEOOXOIUMOCTh MCCIIEN0-
BaHWi1, HAITPaBIICHHBIX B TOM YHCJIE Ha CO3/IaHNE U U3ydeHHe HOBBIX MUKPOOHBIX Mpemnapatos. L{ens
HCCIIEIOBaHUS — IIOUCK MEePCIEKTUBHBIX JUIs arporpousBosacTBa HeuepHozemHoii 30ub1 Poccun 6ax-
tepuit. OOBEKTOM IS TIONYYCHHS TakuX OakTepuii BeIOpaH OopmeBuk CocHoBckoro (Heracleum
sosnowskyr), obnanaonii BBICOKOH 3KOIOTHYECKOH TIACTHYHOCTBIO M CIIOCOOHOCTBIO K OBICTPOI
skcnaHcuu. B pamkax uccienoBanus B 2025 . mMpoBeICH BbIE3]] B JIYTOBOE COOOIIECTBO C TUIOTHBIMU
3apocisamu H. sosnowskyi Henogaieky ot 1. MyxuHo Uepenosenkoro okpyra Boioromckoit oomacty.
CobpaHo 36 pacTUTENBHBIX 00pa3loB Pa3INYHBIX OPraHOB JaHHOTO BHJIA, U3 KOTOPBIX B JIaboparo-
pHuH BBIIENCHO 76 OaKkTepHalbHBIX H30JATOB (44 SMUPUTHBIX mTamma U 32 sHn0puTHBIX). OneHke
MTOJIBEPTANIH CJIEeTyIOIINe CBOMCTBA IITAMMOB: CLIOCOOHOCTh CHHTE3HPOBATH MHIOIMITYKCYCHYIO KHC-
70Ty, (PUKCUPOBATh MOJIEKYIISIPHBIN a30T, TpaHCPopMHUpoBaTh GochaTsl B TOCTYITHYIO ISl pacTeHUH
(dhopmy, MPOSIBIISATH 1EIUTION030-, POTEO- H aMUJIOIUTUIECKYIO aKTUBHOCTh. Pe3ynsraTel M3y4eHus
BBIZICJICHHBIX M30JIATOB IMOKa3aid, 9To mramMmbl bJ1-02-2551 u BJI-03-255H 0651agatoT BEICOKHM pPo-
CTOCTUMYJTHPYIOIUM MTOTEHIIHAIOM, CHHTE3HPYIOT HHOIIITYKCYCHYIO KUCIIOTY B KoimdecTBe 129,8—
151,7 Mr/n, oTMyaroTCsl pa3BUTON CIIOCOOHOCTHIO TpaHc(opMupoBaTh hocdarsl U PUKCHPOBATH at-
MoceprsIil a3oT. K ToMy ke JaHHBIE H30JATHI HE MPOSBUIM IEJUTIOJIO030IUTHIECKON aKTHBHOCTH.
[Ipu 3TOM 1151 Pa3NOKEHUSI PACTUTEIBHBIX OCTATKOB MEPCIEKTUBHBIM OKa3zascs u3oisit bC-05-253m,
KOTOPBI OJJHOBPEMEHHO JOCTATOYHO XOPOIIO THAPOIU3YET LEJUTI0N03y, KpaxMai 1 ka3zeuH. llltam-
mbl BK-11-25, BJI-03-25, BII1-11-25, BK-02-255H1, BJI-01-253H, BC-04-2551, BC-05-253H 00nagaroT
BBICOKOW aMHJIO- ¥ TIPOTEOIMTHIECKON aKTHBHOCTBIO, YTO MOXKET YKa3bIBaTh HA WX TMOTCHIUAIHHYIO
CIOCOOHOCTH MOJABISATH Pa3BUTHE (PUTOMATOTEHOB.

KiroueBble cj1oBa: 6oprieBruk COCHOBCKOTO, MEKPOOHOM, CTUMYIISITHS POCTa, ayKCHHEI, (pocdop, a3oT

Initial results of the assessment of the microbiome potential
of Heracleum sosnowskyi for agricultural production
in the Non-Chernozem Zone of Russia

Rassokhina LI., Sukhareva L.V., Eregina S.V., <) Platonov A.V.
Vologda Research Center of the Russian Academy of Sciences
Vologda, Russia

(<) e-mail: platonov70@yandex.ru

The Russian agro-industrial complex's disadvantage in strategic directions for the introduction of
environmentally friendly technologies into agricultural production highlights the need for research
aimed, among other things, at the creation and study of new microbial preparations. The purpose of
the study is to search for bacteria that are promising for agricultural production in the Non-Chernozem
Zone of Russia. The object chosen for obtaining such bacteria was Sosnowsky's hogweed (Heracleum
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Initial results of the assessment of the microbiome potential
of Heracleum sosnowskyi for agricultural production
in the Non-Chernozem Zone of Russia

Rassokhina L.I., Sukhareva L.V., Eregina S.V., Platonov A.V.

sosnowskyi), which has high ecological plasticity and the ability to rapidly expand. As part of the
study, in 2025 a field visit was made to a meadow community with dense thickets of H. sosnowskyi
near the village of Mukhino in the Cherepovets district of the Vologda region. 36 plant samples of va-
rious organs of this species were collected, from which 76 bacterial isolates (44 epiphytic strains and
32 endophytic) were isolated in the laboratory. The following properties of the strains were assessed:
the ability to synthesize indoleacetic acid, fix molecular nitrogen, transform phosphates into a form
accessible to plants, and exhibit cellulose, proteolytic, and amylolytic activity. The results of the study
of the isolated strains showed that the BL-02-25en and BL-03-25en strains have a high growth-stimu-
lating potential, synthesize indoleacetic acid in an amount of 129.8—151.7 mg/l, and are distinguished
by a developed ability to transform phosphates and fix atmospheric nitrogen. Moreover, these isolates
did not exhibit cellulolytic activity. Moreover, the isolate BS-05-25en has proven promising for the
decomposition of plant residues, as it hydrolyzes cellulose, starch, and casein quite well at the same
time. Strains BK-11-25, BL-03-25, BP-11-25, BK-02-25en, BL-01-25en, BS-04-25en, BS-05-25en
have high amylo- and proteolytic activity, which may indicate their potential ability to suppress the
development of phytopathogens.

Keywords: Heracleum sosnowskyi, microbiome, growth stimulation, auxins, phosphorus, nitrogen
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INTRODUCTION gram documents: Strategy for Scientific and
Technological Development of the Russian Fed-
eration!, Development Strategy for the Produc-
tion of Organic Products in the Russian Federa-

tion until 2030?%, Strategy for the Development

Modern high-yield agricultural production is
inextricably linked with the use of fertilizers and
pesticides [1]. Due to the increasing relevance

of environmental conservation and public health
issues, Russian agricultural policy has recent-
ly been shifting its focus more towards organic
farming [2]. This is confirmed by adopted pro-

of the Agro-Industrial and Fisheries Complexes
of the Russian Federation for the period up to
2030°% Food Security Doctrine of the Russian
Federation*.

IStrategy for Scientific and Technological Development of the Russian Federation: approved by the Decree of the President of the
Russian Federation No. 145 of February 28, 2024 // Official website of the Administration of the President of the Russian Federation.
URL: http://www.kremlin.ru/acts/bank/50358.

*Development Strategy for the Production of Organic Products in the Russian Federation until 2030: approved by the Government
of the Russian Federation Order No. 1788-r of 04.07.2023 // Official website of the Government of the Russian Federation. URL:
http:/static.government.ru/media/files/8tJynEn7pLVLfdqqL6 p3BhArPtCQW9Aw.pdf.

3Strategy for the Development of the Agro-Industrial and Fisheries Complexes of the Russian Federation for the period up to
2030: approved by RF Government Order No. 993-r of 12.04.2020 // ConsultantPlus: reference and legal system.URL: https://www.
consultant.ru/document/cons_doc LAW 350437/.

“Food Security Doctrine of the Russian Federation: approved by the Decree of the President of the Russian Federation No. 20
of January 21, 2020 // Official website of the Administration of the President of the Russian Federation. URL: http://www.kremlin.
ru/acts/bank/45106.
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IlepBu4HbIC pe3yNbTaThl OLEHKU HOTCHIMAIA MUKPOOHOMa
Heracleum sosnowskyi niist arponpou3BOICTBa
Heuepnoszemnoii 30us1 Poccun

Paccoxuna 1.11., Cyxapesa JI.B., Eperuna C.B., Ilnaronos A.B.

One of the common methods in global prac-
tice for increasing the productivity of agricultur-
al crops and the quality of products is the intro-
duction of multifunctional microbial consortia
that exhibit enzymatic activity and synthesize
biologically active compounds [3, 4]. Research-
ers note that it is precisely rhizospheric and
endophytic bacteria, being in close association
with host plants, that are capable of significantly
influencing the growth and productivity of agri-
cultural crops [5-7].

However, despite the obvious potential of this
direction and global trends, the practical imple-
mentation of microbial preparations in domestic
crop production is difficult, including due to their
limited range. Thus, only 10% of farms in the
European North of Russia use biological plant
protection agents in their practice [8]. The obvi-
ous lag behind strategic guidelines, which imply
the introduction of environmentally safe technol-
ogies in agricultural production, confirms the rel-
evance of scientific research in this field.

It is necessary to increase the range of mi-
crobial preparations primarily for regions where
agriculture, being one of the priority areas of
activity, faces certain difficulties. For example,
in the Vologda region, located in the Non-Black
Earth zone of Russia, difficult natural and cli-
matic conditions hinder the production of crop
products.

As plant objects that can serve as donors of
promising bacterial strains, it is advisable to use
species that are widely distributed in the region
of potential use of the future preparation. One
of such species in the Non-Black Earth zone of
Russia (in particular, in the Vologda region) is
Sosnowsky's hogweed (Heracleum sosnowskyi
Manden). This species acquires special interest
due to its high ecological plasticity and ability
for rapid expansion [9]. In addition, in the soils
of communities with a high proportion of H. sos-
nowskyi, changes in the composition and ratio of
microbiota are observed compared to meadow
cenoses, while the identified microorganisms
exhibit bactericidal, antifungal, and complex ac-
tivities, as well as the ability to synthesize phy-
tohormones [10-12].

In connection with the above, the purpose of
the work was to search for bacteria promising
for agricultural production in the Non-Black
Soil Zone of Russia, isolated from the microbi-
ome of H. sosnowskyi.

MATERIAL AND METHODS

In 2025, as part of the study, a field trip was
conducted to a plot with dense H. sosnowskyi
thickets (vicinity of the village of Mukhino,
Yaganovskoye rural settlement, Cherepovetsky
district, Vologda region; plot coordinates:
59.296602° N, 38.220652° E). During the expe-
dition, the species diversity of the communities
was assessed and plant samples of hogweed were
collected (root system, stem, leaves, fruits).

On the day of departure, the samples were de-
livered to the laboratory of the Vologda Scientif-
ic Center of the Russian Academy of Sciences,
where the sowing of epi- and endophytic bacte-
ria in Petri dishes was carried out. The bacterial
sowing was carried out on the LB (Luria Bertani
Broth, Miller) nutrient medium. To clean the
hogweed plant samples from epiphytic microflo-
ra, 70% ethyl alcohol and 18.5% hydrogen per-
oxide were used. After disinfection, the samples
were rinsed of aggressive substances with sterile
water. To assess the cleanliness of plant samples
after sterilization, an aliquot was plated; only
in the case of a clean aliquot was the extraction
of endophytic bacteria carried out. In total, 36
samples from plant materials were plated in trip-
licate. As a result, 76 bacterial isolates were ob-
tained: 44 epiphytic strains and 32 endophytic
strains. Isolation of the isolates at this stage of
the study was carried out visually, based on mor-
phological characteristics. However, at the next
stage of the work, isolates promising for agri-
cultural production will be identified through
molecular-genetic analysis of 16S rRNA gene
fragments.

The ability of the isolated bacteria to synthe-
size auxins (indoles) was evaluated by cultur-
ing them on LB nutrient medium supplemented
with tryptophan (500 mg/1). On the third day of
cultivation, the culture was centrifuged (2 min
at 14,000 rpm) and the culture fluid was fil-
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tered from bacteria (Millipore membrane filter,
pore size 0.22 pum), after which the Salkowski
reagent was added (500:1000 pl). The level of
indoles was determined spectrophotometrical-
ly at a wavelength of 540 nm. To calculate the
quantitative content of the analyzed substance,
a calibration curve was constructed using pure
indole-3-acetic acid (IAA).

The ability of bacteria to dissolve calcium or-
thophosphates was determined by culturing on
the Muromtsev's glucose-asparagine medium
with the addition of Ca3(PO,),, and the ability
to fix nitrogen was assessed using the Ashby's
medium. The ability of bacteria to fix nitrogen
was judged by the intensity of mucous formation
("0" — absent; "+" — present; "++" — strongly ex-
pressed), and the ability to transform phosphates
was judged by the appearance of a phosphate
dissolution zone ("0" — no zone; "+" — present,
but the size does not exceed the size of the col-
ony; "++" — significantly larger than the size of
the colony). The Hutchinson medium was used
to assess the cellulolytic activity, and a special-
ized nutrient media with the addition of starch
and casein, respectively, were used to assess the
amylolytic and proteolytic activity. To reveal the
zones of casein hydrolysis, 10 ml of a 10% tri-

chloroacetic acid solution was placed in the Pe-
tri dishes after incubation; to reveal the zones of
starch and cellulose hydrolysis, a diluted Lugol's
solution was used.

Cultivation was carried out in a thermostat
at a temperature of 25 °C. To assess the nitro-
gen-fixing properties of the bacteria, cultivation
was carried out for one day; to assess the enzy-
matic and phosphate-mobilizing properties, for
3 days.

RESULTS AND DISCUSSION

The sample collection site is represented by
a meadow mixed-grass community with dense
thickets of H. sosnowskyi (see Fig. 1). In addi-
tion to the dominant hogweed, the community
included a large number of grass species such
as cocksfoot and meadow fescue, and outside
the dense thickets, narrow-leaved fireweed grew
abundantly. Less abundant were bluegrass, field
milk thistle, woodland beakchervil, chickweed,
field vetch, cleavers, common wormwood, red
clover, common nettle, and occasionally found
were spotted St. John's wort, great burdock, field
daisy, and field horsetail.

A key aspect of the physiological impact of
symbiotic microbes on higher plants is their abil-

Puc. 1. Mecto cOopa pacTUTENbHBIX 00pa31oB
Fig. 1. The place for collecting plant samples
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ity to biosynthesize a wide range of phytohor-
mones, including auxins, gibberellins, and cy-
tokinins [13, 14]. The most studied mechanism
in this context is the synthesis of indole-3-acetic
acid. Its exogenous secretion by microorganisms
into the rhizosphere has a multifaceted stimulat-
ing effect on the root system of the host plant.
When microbial IAA reaches the root zone, it in-
duces cell elongation, which directly accelerates
growth. Furthermore, it stimulates the intensive
formation of lateral roots and root fibrils, signifi-
cantly increasing the overall absorptive surface
area of the root system. This, in turn, increases
the efficiency of plant absorption of water and
nutrients from the soil [15].

Among the isolates obtained in the study,
86% demonstrated the ability to synthesize in-
doles. Of these, 67% were capable of synthe-
sizing them in quantities of 10 mg/l or higher,
41% — 20 mg/1 or higher, 33% — 30 mg/I or high-
er, and 25% — 50 mg/I1 or higher. It is noteworthy
that the proportion of the strains whose synthesis
yielded culture fluid with a high indole content
(50 mg/1 or higher) was higher among the endo-
phytes: BP-04-25en — 161.3 mg/l, BL-03-25en
—151.7 mg/l, BL-02-25en — 129.8 mg/1, BL-01-
25en — 129.6 mg/l, BK-05-25en — 118.6 mg/l,
BS-02-25en — 97.8 mg/l, BP-05-25en — 97.0
mg/l, BP-03-25en — 73.7 mg/l. Among epiphytic
bacteria, the following isolates showed the great-
est biosynthetic activity: BP-08-25 (143.4 mg/l),
BP-03-25 (139.6 mg/l), BP-15-25 (134.4 mg/l),
BP-06-25 (102.1 mg/1), BP-01-25 (100.1 mg/1),
BS-03-25 (97.8 mg/l), BS-01-25 (86.4 mg/l),
BL-06-25 (86.0 mg/1), BS-06-25 (64.5 mg/l). In
general, the strains isolated from the surface and
internal tissues of H. sosnowskyi fruits synthe-
sized indoles in greater quantities (see Fig. 2).

The significant contribution of microbial as-
sociates to the stimulation of plant growth pro-
cesses is associated with their ability to increase
the bioavailability of nutrients critical for on-
togenesis [16, 17]. Of particular interest in this
regard is the mobilization of phosphorus, since
a significant portion of its soil reserves is rep-
resented by insoluble forms that are difficult for
plants to access—stable organic compounds and

inorganic salts (calcium, iron, and aluminum
phosphates).

To overcome the phosphorus limit, solubi-
lizing microorganisms are used, transforming
bound forms of phosphorus into soluble forms
available for plant uptake. This process occurs
through several mechanisms: acidification of
the rhizosphere environment through the excre-
tion of organic acids (gluconic, oxalic, and citric
acids), the production of chelating compounds,
and enzymes (e.g., phosphatases) that hydrolyze
organic phosphate esters [18, 19]. The introduc-
tion of such strains into the rhizosphere or their
use in biopreparations can significantly reduce
the dependence of agricultural systems on the
application of mineral phosphorus fertilizers, in-
creasing the efficiency of nutrient use by plants
and facilitating the transition to more sustainable
and environmentally friendly agriculture [20].

An equally important mechanism by which
associative microorganisms contribute to the
productivity of agrocenoses and natural ecosys-
tems is the biological fixation of molecular nitro-
gen. The introduction of effective diazotrophic
strains into agrosystems allows for a significant
reduction in the use of mineral nitrogen fertiliz-
ers, the nitrates of which are a source of water
and atmospheric pollution, and also reduces the
carbon footprint of agricultural production [21].

Considering that microbial phosphate sol-
ubilization and molecular nitrogen fixation are
key components of the integrated plant nutrition
management system, the 76 isolates obtained
were studied for their ability to exhibit these
properties. It was found that 45% of the strains
were capable of fixing molecular nitrogen, and
42% were capable of transforming phosphates.
However, the most interesting for further re-
search were 20% of isolates (ten epiphytic and
five endophytic), which could simultaneously
fix molecular nitrogen, transform phosphates,
and also synthesize the TAA (see the table).

As can be seen from the results presented in
the table, further work is advisable primarily
with the following isolates: BL-06-25, BP-01-
25, BP-03-25, BP-07-25, BP-15-25, BK-07-
25en, BL-02-25en, BL-03-25en. At the same
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Puc. 2. KauecTtBeHHas pcaKkuuda Ha COACPIKAHNEC NHIO0JIOB B KYHLTypaHLHOﬁ JKHAKOCTH IITaAMMOB

BK-05-255H (a), BI1-05-2551 (6) u BII-15-25 (6)

Fig. 2. Qualitative reaction for the content of indoles in the culture fluid of the strains BK-05-25en (a),

BP-05-25en (6) and BP-15-25 ()

time, strains BL-02-25en and BL-03-25en, iso-
lated from the internal tissues of H. sosnowskyi
leaves, will be subject to further detailed study,
since they demonstrated the best ability to syn-
thesize IAA (100 mg/l and higher), fix nitrogen
and transform phosphates (see Fig. 3). It is like-
ly that the endophytic strains BL-02-25en and
BL-03-25en will be able to exert a growth-stim-
ulating effect on plants, which is associated with
their ability to provide plants with nitrogen and
phosphorus in an accessible form, as well as ac-
tively synthesize auxin.

Considering that many phytopathogenic or-
ganisms are capable of hydrolyzing plant resi-

dues, including cellulose [22, 23], when select-
ing isolates promising for stimulating the growth
of agricultural crops, their enzymatic (primarily
cellulolytic) activity was assessed. In this re-
gard, it is important to note that this property
was not expressed in the most promising strains
BL-02-25en and BL-03-25en, which indicates a
low probability of phytopathogenicity in these
bacteria.

In addition, 17% of the isolated isolates ex-
hibited amylolytic activity, 53% - proteolyt-
ic, 30% - cellulolytic. The most pronounced
activity in relation to cellulose hydrolysis was
recorded in the following strains: BK-06-25
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P C3YJIbTAaThl U3YUCHHA POCTOCTUMYIHPYIOIICTO MOTCHIINAIA Hanbosee NEPCICKTUBHLIX JISI arpOIPOU3BOA-

CTBAa ITaMMOB

Results of a study of the growth-promoting potential of the most promising strains for agricultural production

Strain Amount of IAA, Nitro_gen Transformation Activity, mm
mg/1 fixation of phosphates | amylolytic protolytic cellulolytic
BK-01-25 14,4+ 0,77 + + 18 0 13
BL-02-25 16,2 +0,75 + + 0 0 0
BL-03-25 17,0 £ 3,53 + + 26 74 0
BL-06-25 86,0 £ 3,25 + + 0 0 15
BS-01-25 4,9+ 1,46 ++ + 0 0 22
BS-08-25 50+1,26 + + 76 0 17
BP-01-25 100,1 £9,91 + + 29 0 24
BP-03-25 139,6 + 8,76 + + 6 0 5
BP-07-25 91,7+ 1,85 + + 9 0 0
BP-15-25 134,4 + 4,96 + + 0 0 5
BK-07-25en 46,0 + 3,34 ++ + 0 0 0
BL-02-25en 129,8 £9,27 ++ ++ 0 0 0
BL-03-25en 151,7 £ 10,65 ++ ++ 0 0 0
BL-07-25en 14,2 + 4,80 + + 0 0 0
BS-03-25en 2,3+1,65 + ++ 13 0 18

Note. “+” — this feature is expressed; “++” — this feature is strongly expressed; “0” — this feature is not expressed.

(23 mm), BS-01-25 (22 mm), BP-01-25
(24 mm), BK-01-25en (32 mm), BS-05-25en
(41 mm), BS-06-25en (25 mm). The synthe-
sis of proteases was more characteristic of
BK-11-25(83mm),BL-03-25(74mm), BP-08-25
(73 mm), BP-11-25 (76 mm), BK-01-25en
(62 mm), BK-04-25en (31 mm), amylases — for
BK-02-25(34mm),BL-04-25(57mm),BS-07-25

(75 mm), BS-08-25 (76 mm), BK-02-25en
(61 mm), BK-05-25en (30 mm), BL-01-25en
(70 mm). Only 7% of the isolates, all of which
were isolated from the internal tissues of
H. sosnowskyi, were capable of simultaneously
performing the three enzymatic activities stud-
ied: BK-01-25en, BK-02-25en, BL-01-25en,
BS-04-25en, and BS-05-25en. These strains can

a 0 8
BL-03-25en BL-02-25en BL-02-25en )lv BL-01-25en
‘9 E
/. . :1 i
BL-04-25en M BL-03-25en

Puc. 3. Pezynprarsl olleHKH ciocoOHOCTH n30saToB bJI-02-2531 u BJI-03-255H gukcupoBath
MOJIEKYJISIPHBIN a30T (a, ) 1 TpancGopMupoBath Gocdarsr (8)

Fig. 3. Results of assessing the ability of the isolates BL-02-25en and BL-03-25en to fix molecular
nitrogen (a, 6) and transform phosphates ()

3emiieienue U XUMH3aIvs

Cubupckuii BECTHHK CEIbCKOXO3SHCTBEHHON HayKH * 2026 ¢ 56 + 1 11



Initial results of the assessment of the microbiome potential
of Heracleum sosnowskyi for agricultural production
in the Non-Chernozem Zone of Russia

Rassokhina L.I., Sukhareva L.V., Eregina S.V., Platonov A.V.

be used in the methods for increasing soil fertili-
ty by breaking down plant residues. It should be
noted that of the selected strains, isolate BS-05-
25en proved to be the most active: the hydroly-
sis zone reached 2141 mm.

Considering that one of the mechanisms pro-
viding biocontrol of phytopathogenic microflo-
ra is also the synthesis of hydrolytic enzymes,
including proteases, amylases, etc. [23, 24], the
isolates with high amylo- and proteolytic activi-
ty can also be used to protect plants. The follow-
ing strains turned out to be the most active here:
BK-11-25 (hydrolysis zone 16—83 mm), BL-03-
25 (26-74 mm), BP-11-25 (14-76 mm), BK-02-
25en (14-61 mm), BL-01-25en (21-70 mm),
BS-04-25en (17-24 mm), BS-05-25en (21 mm).

CONCLUSION

Among 76 isolates obtained from various
parts of H. sosnowskyi, strains BL-02-25en and
BL-03-25¢n, isolated from the internal leaf tis-
sues, are of greatest interest for promoting plant
growth. These strains are capable of significant
synthesis of indoleacetic acid (129.8-151.7
mg/l), significant nitrogen fixation, and phos-
phate transformation. However, these strains
demonstrated negative cellulolytic activity, re-
ducing the likelihood of virulence of the bacteria
studied.

In addition, isolate BS-05-25en has shown
promise for decomposing plant residues, as it si-
multaneously hydrolyzes cellulose, starch, and
casein in significant quantities. Strains BK-11-
25, BL-03-25, BP-11-25, BK-02-25en, BL-01-
25en, BS-04-25en, and BS-05-25en exhibit high
amylolytic and proteolytic activity, which may
indicate their potential ability to suppress the de-
velopment of phytopathogens.

CIIMCOK JIMTEPATYPbI

1. Ilyeanos B.M., Jlewixkenos A.M. CoBpeMeH-
HO€ COCTOSIHHE M IEPCHEKTHBBI MOBBIIICHUS
MPOU3BOJICTBA OPTAaHMYECKOW PACTEHHEBOJ-
yeckoi npoaykuuu B Poccun Ha ocHOBe mpu-
MEHEHUsS] U(POBBIX W YMHBIX TEXHOJOTHH //
WzBectnst KabapmuHo-bankapckoro Hay4HOTO
nentpa PAH. 2025. T. 27. Ne 1. C. 31-41. DOI:
10.35330/1991-6639-2025-27-1-31-41.

10.

Kopuwynos C.A., Jlioboseockasn A.A., Acamypo-
ea A.M., Hcmaunoe B.A., Konosaneuxo JI1.IO.
3aKkoH 00 OpraHWYEeCKON MPOMYKIIUH €CTh: UTO
MmensieTcst B Poccun // KoHTponb kauecTBa npo-
aykuuu. 2019. Ne 12. C. 25-31.

Maitra S., Brestic M., Bhadra P, Shankar T,
Praharaj S., Palai J.B., Rahman Shah M.M.,
Barek V., Ondrisik P, Skalicky M., Hossain A.
Bioinoculants-Natural Biological Resources for
Sustainable Plant Production // Microorganisms.
2021. Vol. 10 (1). P. 51. DOI: 10.3390/microor-
ganisms10010051.

Knezevi¢c M., Beri¢ T, Bunti¢ A., Deli¢ D., Ni-
koli¢ 1., Stankovié S., Stajkovié-Srbinovié O. Po-
tential of root nodule nonrhizobial endophytic
bacteria for growth promotion of Lotus corni-
culatus L. and Dactylis glomerata L. // Journal
of applied microbiology. 2021. Vol. 131 (6).
P. 2929-2940. DOI: 10.1111/jam.15152.
bywmnes A.C., Kypunosa /[{.A., Komaaposa H.A.
O pusocdepe MoieBbIX KYyIbTYp U (hakropax,
BIUSIONMINX HAa TUHAMUKY €€ MHUKPOOHOTHI (00-
30p) // Macnmanbie KymbTyphl. 2023. Ne 4 (196).
C. 97-109. DOI: 10.25230/2412-608X-2023-4-
196-97-109.

Maxcumos U.B., Cunex B.I1., Yepenanosa E.A.,
bypxanosa I'®., Xaiipyinun P.M. Tlepcnektu-
BBl IPUMEHEHHS OaKTepuil — MPOYIIEHTOB JIH-
MIOTIETITHAOB JIJISl 3alTUTHl pacTeHuit (0030p) //
[IpuknagHas OHOXUMHS W MHUKPOOHMOJOTHS.
2020. T. 56. Ne 1. C. 19-34. DOI: 10.31857/
S0555109920010134.

Soumya P, Jayachandran K., Radhakrish-
nan E.K. Endophytic Microbiome: An Insight
into the Hidden World of Microorganisms
Within Plants // Plant-Microbe Interaction and
Stress Management. Singapore: Springer Nature
Singapore, 2024. P. 265-287. DOI: 10.1186/
$12934-023-02234-8.

Usanos B.A. Crpaterusi pa3BUTHS CEIHCKOTO
xo3siicTBa EBponeiickoro Cesepa Poccun: mo-
Horpagwus. CeikTbIBKap, 2023. 140 c.

Oseposa H.A., Kpusoweuna M.I" OcobenHocTH
(hopMupOBaHHS BTOPHYHBIX apeasioB OOPIIEeBH-
koB CocHoBckoro m Manreramm (Heracleum
sosnowskyi, H. mantegazzianum) Ha TEppUTO-
puu Poccun // Poccuiickuit sxypHai Ouosoruye-
ckux uuBaszmit. 2018. Ne 1. C. 78-87.

Toscmux E.B., Hlupoxux U.I", Conosvésa E.C.,
Hlupoxux A.A., Awuxmuna TA., Casunvix B.11.
W3MeHeHne OYBEHHOM aKTUHOOUOTHI TTOJT BIIH-
sSsHUeM WHBa3uu OopiieBuka COCHOBCKOTO //
Teoperuueckas u npuxiagHas skojorus. 2018.

12 Siberian Herald of Agricultural Science * 2026 * 56 * 1

Agriculture and chemicalization



IlepBu4HbIC pe3yNbTaThl OLEHKU HOTCHIMAIA MUKPOOHOMa
Heracleum sosnowskyi niist arponpou3BOICTBa
Heuepnoszemnoii 30us1 Poccun

Paccoxuna 1.11., Cyxapesa JI.B., Eperuna C.B., Ilnaronos A.B.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ne 4. C. 114-118. DOI: 10.25750/1995-4301-
2018-4-114-118.

Toscmux E.B., llupoxux A.A., Llupoxux U.I
MHUKpPOOHOIOTHYECKOE COCTOSIHUE IOYB  TIOJT
WHBa3UBHBIMHU 3apocisiMu OopiueBuka COCHOB-
ckoro (Heracleum sosnowskyi) // BecTHuk co-
BpeMeHHBIX HccienoBanuil. 2018. Ne 2.2 (17).
C.5-8.

Toscmux E.B., lupoxux HU.I., Cazanoe A.B.
buorexHonornueckuii  moTeHUMaN ~— AKTUHO-
OaKTepuii, BBIJICICHHBIX M3 NMOYB mox Herac-
leum sosnowskyi Manden // AxtyampHasi Omo-
texHomorus. 2019. Ne 3. C. 153-155. DOLI:
10.20914/2304-4691-2019-3-153-155.
Timofeeva A.M., Galyamova M.R., Sedykh S.E.
How do plant growth-promoting bacteria use
plant hormones to regulate stress reactions //
Plants. 2024. N 13 (17). P. 2371. DOI: 10.3390/
plants13172371.

Gupta R., Anand G., Bar M. Developmental
phytohormones: key players in host-microbe
interactions // Journal of Plant Growth Regula-
tion. 2023. Vol. 42. N 12. P. 7330-7351. DOI:
10.1007/s00344-023-11030-y.

Etesami H., Glick B.R. Bacterial indole-3-ace-
tic acid: A key regulator for plant growth,
plant-microbe interactions, and agricultural
adaptive resilience // Microbiological Research.
2024. Vol. 281. P. 127602. DOI: 10.1016/j.mi-
cres.2024.127602.

Etesami H., Adl S.M. Plant growth-promoting
rhizobacteria (PGPR) and their action mecha-
nisms in availability of nutrients to plants // Phy-
to-Microbiome in stress regulation. Singapore:
Springer Nature Singapore, 2020. P. 147-203.
DOI: 10.1007/978-981-15-2576-6 9.

Singh S.K., Wu X., Shao C., Zhang H. Micro-
bial enhancement of plant nutrient acquisition //
Stress Biology. 2022. Vol. 2. N 1. P. 3. DOL:
10.1007/s44154-021-00027-w.

Mitra R., Yadav P, Usha K., Singh B. Regulatory
role of organic acids and phytochelators in influ-
encing the rhizospheric availability of phospho-
rus and iron and their uptake by plants // Plant
Physiology Reports. 2022. Vol. 27. N 2. P. 193—
206. DOI: 10.1007/s40502-022-00650-3.
Rawat P, Das S., Shankhdhar D., Shankh-
dhar S.C. Phosphate-solubilizing microorga-
nisms: mechanism and their role in phosphate
solubilization and uptake // Journal of Soil Sci-
ence and Plant Nutrition. 2021. Vol. 21 (1).
P. 49-68. DOI: 10.1007/s42729-020-00342-7.
Minhas W.A., Hussain M., Mehboob N.,

21.

22.

23.

24,

Nawaz A., UL-Allah S., Rizwan M.S., Has-
san Z. Synergetic use of biochar and syn-
thetic nitrogen and phosphorus fertilizers to
improves maize productivity and nutrient re-
tention in loamy soil // Journal of plant nutri-
tion. 2020. Vol. 43. N 9. P. 1356-1368. DOI:
10.1080/01904167.2020.1729804.

fOcosa O.A., llynuxo H.H., Hukxonaes II.H.,
Kucenésa A.A., Tykmauesa E.B. BnusHue ac-
COITMAaTHBHOW a30THUKcAIMd B puzocdepe Ha
POCT U pa3BUTHE 3ePHOPYPAKHBIX KyIBTYp //
[Mnomoponue. 2025. Ne 1 (142). C. 46-50. DOLI:
10.25680/S19948603.2025.142.10.
Tanonepuna A.P, Ilapxomenxo A.H., Conpy-
nosa O.b. DOuuPUTHBIE MHKPOOPTaHU3MBI
pacTeHnii AcTpaxaHCKOW 00JacTH W OIICHKA
ux (uronaroreHHbIX CBOICTB // brommerens
TocynapctBennoro  Hwukurckoro  OoraHuue-
ckoro cama. 2024. Ne 150. C. 50-57. DOLI:
10.25684/0513-1634-2024-150-50-57.
Panicker S., Sayyed R.Z. Hydrolytic enzymes
from PGPR against plant fungal pathogens //
Antifungal Metabolites of Rhizobacteria for
Sustainable Agriculture. Cham: Springer Int.
Publ., 2022. P. 211-238. DOI: 10.1007/978-3-
031-04805-0_10.

Riseh R.S., Vatankhah M., Hassanisaadi M.,
Ait Barka E. Unveiling the role of hydrolytic
enzymes from soil biocontrol bacteria in sustai-
nable phytopathogen management // Frontiers
in Bioscience-Landmark. 2024. Vol. 29. N 3.
P. 105. DOI: 10.31083/j.fb12903105.

REFERENCES

1.

3.

Shuganov V.M., Leshkenov A.M. Current state
and prospects for increasing production of or-
ganic crop products in Russia based on the use
of digital and smart technologies. /zvestiya Ka-
bardino-Balkarskogo nauchnogo tsentra RAN =
News of the Kabardino-Balkarian Scientific
Center of the Russian Academy of Sciences,
2025, vol. 27, no. 1, pp. 31-41. (In Russian).
DOI: 10.35330/1991-6639-2025-27-1-31-41.
Korshunov S.A., Lyubovedskaya A.A., Asaturo-
va A.M., Ismailov V.Ya., Konovalenko L.Yu.
The law on organic products is in place: what
is changing in Russia? Kontrol’ kachestva pro-
duktsii = Product Quality Control, 2019, no. 12,
pp- 25-31. (In Russian).

Maitra S., Brestic M., Bhadra P., Shankar T.,
Praharaj S., Palai J.B., Rahman Shah M.M.,
Barek V., Ondrisik P., Skalicky M., Hossain A.

3emiieienue U XUMH3aIvs

CubupCKuil BECTHHK CEITbCKOX03IHCTBEHHOM HayKH ¢ 2026 ¢ 56 ¢ | 13



Initial results of the assessment of the microbiome potential
of Heracleum sosnowskyi for agricultural production
in the Non-Chernozem Zone of Russia

Rassokhina L.I., Sukhareva L.V., Eregina S.V., Platonov A.V.

10.

11.

Bioinoculants-Natural Biological Resources for
Sustainable Plant Production. Microorganisms,
2021, vol. 10 (1), p. 51. DOI: 10.3390/microor-
ganisms10010051.

Knezevi¢ M., Beri¢ T., Bunti¢ A., Deli¢ D., Ni-
koli¢ I., Stankovi¢ S., Stajkovi¢-Srbinovi¢ O.
Potential of root nodule nonrhizobial endophy-
tic bacteria for growth promotion of Lotus cor-
niculatus L. and Dactylis glomerata L. Journal
of applied microbiology, 2021, vol. 131 (6),
pp- 2929-2940. DOI: 10.1111/jam.15152.
Bushnev A.S., Kurilova D.A., Kotlyarova [.A.
About rhizosphere of field crops and factors
influencing on dynamics of its microbiota (re-
view). Maslichnyye kul'tury = Oil Crops, 2023,
no. 4 (196), pp. 97-109. (In Russian). DOI:
10.25230/2412-608X-2023-4-196-97-109.
Maksimov . V., Singkh B.P., Cherepanova Ye.A.,
Burkhanova G.F., Khayrullin R.M. Prospects
and applications of lipopeptide — producing
bacteria for plant protection (review). Priklad-
naya biokhimiya i mikrobiologiya = Applied
Biochemistry and Microbiology, 2020, vol. 56,
no. 1, pp. 19-34. (In Russian). DOI: 10.31857/
S0555109920010134.

Soumya P., Jayachandran K., Radhakrish-
nan E.K. Endophytic Microbiome: An Insight
into the Hidden World of Microorganisms Wit-
hin Plants. Plant-Microbe Interaction and Stress
Management. Singapore: Springer Nature Singa-
pore, 2024, pp. 265-287. DOI: 10.1186/s12934-
023-02234-8.

Ivanov V.A. Strategy for the Development of Ag-
riculture in the European North of Russia. Syk-
tyvkar, 2023, 140 p. (In Russian).

Ozerova N.A., Krivosheina M.G. Patterns of
secondary range formation for Heracleum sos-
nowskyi and H. mantegazzianum on the territory
of Russia. Rossiyskiy zhurnal biologicheskikh in-
vaziy = Russian Journal of Biological Invasions,
2018, no. 1, pp. 78-87. (In Russian).

Tovstik E.V., Shirokikh I.G., Solovyova E.S.,
Shirokikh A.A., Ashikhmina T.Ya., Savi-
nykh V.P. The changes in soil actinobiote under
the influence of Heracleum sosnowskyi inva-
sion. Teoreticheskaya i prikladnaya ekologiya =
Theoretical and Applied Ecology, 2018, no. 4,
pp. 114-118. (In Russian). DOI: 10.25750/1995-
4301-2018-4-114-118.

Tovstik E.V., Shirokikh A.A., Shirokikh I.G.
Microbiological state of soils under invasive
thickets of Sosnovsky hogweed (Heraculum

12.

13.

14.

15.

16.

17.

18.

19.

20.

sosnowskyi). Vestnik sovremennykh issledo-
vaniy = Vestnik sovremennyh issledovanij, 2018,
no. 2.2 (17), pp. 5-8. (In Russian).

Tovstik E.V., Shirokikh 1.G., Sazanov A.V. Bio-
technological potential of actinobacteria isolated
from soils under Heracleum sosnowskyi Man-
den. Aktual’naya biotekhnologiya = Topical
Biotechnology, 2019, no. 3, pp. 153-155. (In
Russian). DOI: 10.20914/2304-4691-2019-3-
153-155.

Timofeeva A.M., Galyamova M.R., Sedykh S.E.
How do plant growth-promoting bacteria use
plant hormones to regulate stress reactions.
Plants,2024,n0. 13 (17), p.2371. DOI: 10.3390/
plants13172371.

Gupta R., Anand G., Bar M. Developmental
phytohormones: key players in host-microbe
interactions. Journal of Plant Growth Regula-
tion, 2023, vol. 42, no. 12, pp. 7330-7351. DOIL:
10.1007/s00344-023-11030-y.

Etesami H., Glick B.R. Bacterial indole-3-acetic
acid: A key regulator for plant growth, plant-mi-
crobe interactions, and agricultural adaptive resi-
lience. Microbiological Research,2024,vol. 281,
p. 127602. DOI: 10.1016/j.micres.2024.127602.
Etesami H., Adl S.M. Plant growth-promoting
rhizobacteria (PGPR) and their action mecha-
nisms in availability of nutrients to plants. Phy-
to-Microbiome in stress regulation. Singapore:
Springer Nature Singapore, 2020, pp. 147-203.
DOI: 10.1007/978-981-15-2576-6 9.

Singh S.K., Wu X., Shao C., Zhang H. Microbial
enhancement of plant nutrient acquisition. Stress
Biology, 2022, vol. 2, no. 1, p. 3. DOI: 10.1007/
s44154-021-00027-w.

Mitra R., Yadav P., Usha K., Singh B. Regula-
tory role of organic acids and phytochelators
in influencing the rhizospheric availability of
phosphorus and iron and their uptake by plants.
Plant Physiology Reports, 2022, vol. 27, no. 2,
pp- 193-206. DOI: 10.1007/s40502-022-00650-3.
Rawat P., Das S., Shankhdhar D., Shankh-
dhar S.C. Phosphate-solubilizing microorga-
nisms: mechanism and their role in phosphate
solubilization and uptake. Journal of Soil Sci-
ence and Plant Nutrition, 2021, vol. 21 (1),
pp. 49—68. DOI: 10.1007/s42729-020-00342-7.

Minhas W.A., Hussain M., Mehboob N.,
Nawaz A., UL-Allah S., Rizwan M.S., Has-
san Z. Synergetic use of biochar and syn-
thetic nitrogen and phosphorus fertilizers to
improves maize productivity and nutrient re-

14

Siberian Herald of Agricultural Science * 2026 56 « 1

Agriculture and chemicalization



IlepBu4HbIC pe3yNbTaThl OLEHKU HOTCHIMAIA MUKPOOHOMa
Heracleum sosnowskyi niist arponpou3BOICTBa
Heuepnoszemnoii 30us1 Poccun

Paccoxuna 1.11., Cyxapesa JI.B., Eperuna C.B., Ilnaronos A.B.

21.

22.

tention in loamy soil. Journal of plant nutri-
tion, 2020, vol. 43, no. 9, pp. 1356-1368. DOI:
10.1080/01904167.2020.1729804.

Yusova O.A., Shuliko N.N., Nikolayev P.N.,
Kiselova A.A., Tukmacheva Ye.V. The influ-
ence of associative nitrogen fixation in the rhi-
zosphere on the growth and development of
forage crops. Plodorodie = Plodorodie, 2025,
no. 1 (142), pp. 46-50. (In Russian). DOI:
10.25680/S19948603.2025.142.10.

Gal'perina A.R., Parkhomenko A.N., Sopruno-
va O.B. Epiphytic microorganisms of plants of
the Astrakhan region and assessment of their
phytopathogenic properties. Byulleten' Gosu-
darstvennogo Nikitskogo botanicheskogo sa-
da = Bulletin of the State Nikitsky Botanical

NHO®OPMAILIUA Ob ABTOPAX

Paccoxuna Hpuna HWropeBHa, HayuHbIH CoO-
Tpynuuk; SPIN-kon 8216-9895, ORCID 0000-0002-
6129-6912

Cyxapesa Jl1060Bs BiiagmmupoBHa, Hay4qHbBIH
corpyaauk; SPIN-kom 6212-2390, ORCID 0000-
0002-1069-0856

Eperuna Cgetsiana BuKTOpoOBHA, cTapIimii
HAy4HBI COTPYIHUK, KaHIUAAT TreorpaduyecKux
Hayk; SPIN-koxg 4282-9160, ORCID 0000-0001-
8136-4663

() I1naronoB Anapeii BukropoBu4, BeAyInii
Hay4YHBIA COTPYIHUK, KaHAWIAT OMOJIOTHICCKUX
Hayk, momeHt; SPIN-kox 9123-2449, ORCID 0000-
0002-1110-7116; agpec nasi mepenucku: Poccus,
160014, Bonorna, yn. ['opbkoro, S6A; e-mail: pla-
tonov70@yandex.ru

23.

24.

Gardens, 2024, no. 150, pp. 50-57. (In Russian).
DOI: 10.25684/0513-1634-2024-150-50-57.
Panicker S., Sayyed R.Z. Hydrolytic enzymes
from PGPR against plant fungal pathogens. An-
tifungal Metabolites of Rhizobacteria for Sus-
tainable Agriculture. Cham: Springer Int. Publ.,
2022, pp. 211-238. DOI: 10.1007/978-3-031-
04805-0_10.

Riseh R.S., Vatankhah M., Hassanisaadi M.,
Ait Barka E. Unveiling the role of hydrolytic
enzymes from soil biocontrol bacteria in sus-
tainable phytopathogen management. Frontiers
in Bioscience-Landmark, 2024, vol. 29, no. 3,
p- 105. DOI: 10.31083/j.tb12903105.

AUTHOR INFORMATION

Irina 1. Rassokhina, Researcher; SPIN-code
8216-9895, ORCID 0000-0002-6129-6912

Lubov V. Sukhareva, Researcher; SPIN-code
6212-2390, ORCID 0000-0002-1069-0856

Svetlana V. Eregina, Senior Researcher, Can-
didate of Science in Georgraphy; SPIN-code 4282-
9160, ORCID 0000-0001-8136-4663

(<) Andrey V. Platonov, Lead Researcher, Can-
didate of Science in Biology, Associate Professor;
SPIN-code 9123-2449, ORCID 0000-0002-1110-
7116; address: 56 A, Gorkogo St., Vologda, 160014,
Russia; e-mail: platonov70@yandex.ru

Jama nocmynnenust cmamou / Received by the editors 22.09.2025
Jama npunamus k nyonukayuu / Accepted for publication 10.11.2025
Jama ny6nurxayuu / Published 10.02.2026

3emiieienue U XUMH3aIvs

Cubupckuii BECTHHK CEIbCKOXO3SHCTBEHHON HayKH * 2026 ¢ 56 + 1

15



PACTEHHEBOJ/[CTBO U CEJIEKLITHUA
PLANT GROWING AND BREEDING

https://doi.org/10.26898/0370-8799-2026-1-2 Tun crareu: opurHHaNBHAS
VK 634.1:631.52 Type of article: original
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ITocTostHHOE COBEPIIIEHCTBOBAHNE COPTOBOTO COCTaBA SIOJOHH PETHOHA aKTyallu3uPyeT MPOoOIeMy
CEJICKIIMOHHOTO OTOOpa Ha OCHOBE METOIOB OWOXUMHH, COPTOM3YUYEHHs, CTaTHCTUKH HambOoiee
MEPCIIEKTUBHBIX TEHOTUIIOB IS TIOJIYYCHHS Ka9€CTBEHHBIX OTCUSCTBEHHBIX MTPOIYKTOB NIepepadOTKu
C YAYYIIIEHHBIM MaKpO- ¥ MUKPO3JIEMEHTHBIM cOCTaBoM. LI rccieioBaHus — Ha OCHOBE KOMILIEKCa
METOZIOB CTATHCTUYECKOTO aHAITN3a BEISIBUTH JIOJTIO BIUSHUS PA3TNYHBIX (PEHOTHITNYECKUX PU3HAKOB
TCHOTHIIA S0JIOHU Ha COJICPIKaHUE MAaKPO- U MUKPOIJIEMEHTOB B CHUJPE; BBIICIUTH MEPCIICKTUBHBIC
[0 COCTaBY MaKpo- ¥ MHUKPOIJIEMEHTOB B CHApPE COpTa. B Xoie cTaTMCcTUYECKOro aHaun3a JTaHHBIX
cuzipa u3 25 pa3aryuHBIX COPTOB M (POPM SOJIOHM HE YCTAHOBIIEHO BIIMSHUE Ha CONlEpKaHUEe MUKPO- U
MaKpO3JIEMEHTOB B CHJPE ITUIOWJIHOCTH T€HOTHIIA, CPOKA CO3PEBAHUS M CTEIICHH 3PEIOCTH ILIOJOB.
CpaBHEHHE CPEIHHMX 3HAYCHHM COJCPMKAHHUS XMMHYCCKUX SJIEMEHTOB Y COPTOB M KpeOOB s0JOHU
MTO3BOJIMIIO BBISIBUTH CTAaTUCTHYECKH JOCTOBEPHBIC PA3IMYMs 10 Copep kaHuto Kamus (¢ = 3,22 mpu
p <0,01), marpus (¢ = 2,83 npu p < 0,01), maraus (¢ = 2,22 npu p < 0,05), kanenus (¢ = 2,40 npu
p <0,05), xxenesa (¢t = 3,22 mpu p < 0,05), kaamus (¢ = 2,39 mpu p < 0,05). Ha ocHOBe mpuMeHEHUS
KJIACTEPHOTO aHalIM3a 10 METOAy Yopla BCe W3ydeHHBIe TeHOTHIIBI SIOJIOHW paclpeleieHbl Ha
TP TPYNIbI, PAa3JIUYHBIC [0 COACPIKAHUIO B CHUAPE MAKpO- M MUKpO3JIeMeHTOB. [Ipu cpaBHeHHH
pacrpeneneHus 1o TpyIaM BBIJCICHBI JUTSI CEICKITUU U MPOou3BoacTBa copTa Opdeit u Ketnu ¢ 6oee
[IEHHBIM OMOXUMHYECKHM COCTaBOM, SIPKHM apOMaTOM, TaApMOHHYHBIM BKYCOM TUTOIOBON POy KITHH
Y TUIOJIOB, YTO, BO3MOXKHO, 00YCJIOBJICHO HAJIMYMEM B UX POJOCIOBHOM BUIOBBIX (DOPM U CTAPUHHBIX
COPTOB C IIEHHBIMU TEXHOJOIMUYECCKMMHU CBOMCTBAMM.

KuroueBsie ciioBa: si06J0Hs, COPT, SMUTHAS (POpMa, CHIP, MAKPO- U MUKPOIIEMEHTHI

Assessment of the influence of apple tree varietal characteristics
on the content of micro- and macroelements in cider

Ageyeva N.M.!, Ulyanovskaya E.V.!, Shcheglov S.N.2, Shirshova A.A.!,

Khrapov A.A.l, Chernutskaya E.A.!, <) Bogdanovich T.V.!

'North Caucasian Federal Scientific Center of Horticulture, Viticulture, Wine-making
Krasnodar, Russia

2Kuban State University

Krasnodar, Russia

(<)e-mail: tatyanka-bogdanovich@mail.ru

The constant improvement of the varietal composition of apple trees in the region actualizes the
problem of breeding selection based on a set of biochemistry methods, variety study, statistics of the
most promising genotypes for obtaining high-quality domestic processed products with improved
macro- and microelement composition. The purpose of the study is to apply a set of statistical analysis
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methods in order to identify the share of influence of various phenotypic characteristics of the apple
tree genotype on the content of macro- and microelements in cider, as well as to identify the varieties
that are promising in terms of the composition of macro- and microelements in cider. During the
statistical analysis of cider data from 25 different apple varieties and forms, no influence of genotype
ploidy, ripening period, and degree of fruit maturity on the content of micro- and macroelements in
cider was established. Comparison of the average values of the content of chemical elements in apple
varieties and crabs made it possible to identify statistically significant differences in potassium content
(t=3,22 at p<0,01), sodium (¢ = 2,83 at p <0,01), magnesium (¢ = 2,22 at p < 0,05), calcium (¢ = 2,40
at p < 0,05), iron (¢ = 3,22 at p < 0,05), cadmium (¢ = 2,39 at p < 0,05). Based on the application of
cluster analysis using the Ward’s method, all studied apple tree genotypes are divided into 3 groups,
different in the content of macro- and microelements in the cider. When comparing the distribution
by groups, Orfey and Ketni varieties with a more valuable biochemical composition, bright aroma,
harmonious taste of fruit products and fruits were chosen for selection and production, which may be
due to the presence of species forms and ancient varieties with valuable technological properties in
their pedigree.
Keywords: apple tree, variety, elite form, cider, macro- and microelements
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INTRODUCTION products make the tasks of creating and selecting
adaptive high-quality apple varieties of the Rus-
sian breeding [4—6] relevant, including based on
accelerated breeding selection methods [7-9].
The assortment of apple trees in the region has
been significantly expanded recently, including
commercially attractive domestic and foreign
varieties with increased adaptability, resistance
to scab, and other fungal diseases of the crop!
fruiting, technological suitability, long storage [10-12].

period, and adaptability to growing conditions Apples are mainly used fresh, but in recent
[1-3]. A large-scale import substitution program  years their use for the production of cider and
in the country's resource markets and the need low-alcohol fruit products has been increasing.
to increase the competitiveness of domestic fruit It is known that a significant number of apple

Apple cultivation (Malus X domestica
Borkh.) occupies a leading position among the
world's fruit crops due to its important agricul-
tural significance, demand in the agricultural
sector, and constant consumer popularity. It is
the leading fruit crop in the North Caucasus re-
gion, characterized by high profitability, early

!State Register of Breeding Achievements Approved for Use. Plant Varieties (official edition). Moscow: Rosinformzagrotekh,
2023, vol. 1, 631 p.
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Assessment of the influence of apple tree varietal characteristics
on the content of micro- and macroelements in cider

Ageyeva N.M., Ulyanovskaya E.V., Shcheglov S.N., Shirshova A.A.,
Khrapov A.A., Chernutskaya E.A., Bogdanovich T.V.

fruits (up to 15-32%)? either do not meet the va-
riety standards of the consumer market or have
low marketability. In addition, producers do not
always manage to sell all the fruit they grow. In
this regard, the task of identifying apple variet-
ies and forms of different genetic origins grow-
ing in the North Caucasus region, suitable for
cider production, is relevant. Research questions
regarding the concentration of metals in cider
are important for assessing the quality, safety,
origin, and authenticity. Minerals and trace el-
ements have significant biological value, influ-
ence biochemical processes in cider, and affect
its taste characteristics. There can be substantial
differences in cider in terms of macro- and trace
element content, even when fruits from apple
varieties grown under the same agroclimatic
conditions with similar agricultural practices are
used, but they differ in genotype and origin.

The purpose of the study is to determine the
influence of various phenotypic traits of apple
varieties and forms on the content of macro- and
microelements in cider using statistical analysis
methods and to identify the most promising ap-
ple genotypes in terms of microelement compo-
sition.

MATERIAL AND METHODS

The subject of the study was 25 varieties and
elite forms of apple trees of various origins and
ploidy from the genetic collection of the North
Caucasian Federal Scientific Center of Horticul-
ture, Viticulture, Wine-making (NCFSC HVW).

Fresh fruits from 25 samples (3 summer, 9
autumn, and 13 winter varieties) were used to
make cider, among which 19 are of domestic se-
lection and 6 are foreign, grown at the Central
Farming Enterprise (Krasnodar), at the Collec-
tive Use Center “Research and Breeding Col-

lection of Genetic Resources of Horticultural
Crops”.

The studied samples Jin, Soyuz, Exotica,
12/2-21-36, 12/3-21-6 are triploids (2n = 3x),
the others are diploids (27 = 2x). Apple fruits at
the stage of harvest maturity were selected from
3-5 trees of each variety from different sides of
the crown. Sampling and description of the sam-
ples were carried out according to the standard
methodology?. The processing of fruits and the
study of fresh apple juice parameters were car-
ried out at the SC "Winemaking" and the Collec-
tive Use Center "Instrumental and Analytical" of
the NCFSC HVW. To obtain cider, each sample
was crushed separately using a crusher-grinder.
The mash wort was separated by pressing the
pomace using a hydraulic press (OOO “Rec-
tify”, Saint Petersburg), fermented under the
conditions of the “Microwinemaking” unit us-
ing the yeast strain Fruit (genus Saccharomyces
cerevisiae, Germany, “Erbsle Geisenheim”) at a
temperature of 18 = 1 °C. The clarification of
the cider was carried out by settling it followed
by sediment separation and filtration. The mass
concentration of macroelements was deter-
mined by the capillary electrophoresis method
according to the techniques developed at the
SC "Winemaking", and trace elements — by the
atomic absorption method (Quant Z spectrome-
ter, OOO "KORTEK")* 5. The mass concentra-
tions of titanium, nickel, arsenic, and mercury
were determined by inductively coupled plasma
atomic emission spectrometry (ICP-AES) using
the iICAP 7400 spectrometer (Thermo Scientific,
USA), and by inductively coupled plasma mass
spectrometry (ICP-MS) on the iCAP RQ spec-
trometer (Thermo Scientific, USA).

To assess the variability of the studied traits
and to verify the correctness of the distribution,

2Apple market balance: market volume, consumption, self-sufficiency // Expert-Analytical Center of Agribusiness "AB-Center",
2022. URL: https://ab-centre.ru/news/balans-rynka-yablok-obem-rynka-potreblenie-samoobespechennost.

3Program and methodology for the study of fruit, berry, and nut crops. Orel, 1999, 606 p.

“Methodology for measuring the mass concentration of ammonium, potassium, sodium, magnesium, and calcium ions in wine
products using capillary electrophoresis (certification certificate No. 01.00225/61-10, PM registration code in the Federal Register

FR.1.31.2011.09326)

SGOST R 51309-99. Drinking water. Determination of element content by atomic spectrometry. Moscow: Standartinform, 2006,

21 p.
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OueHKa BIHSHUSI COPTOBBIX PU3HAKOB SIOJIOHY HA COACPIKAHNE
MHKPO- ¥ MAaKpPO3JIEMEHTOB B CHJIpE

Areea H.M., Vibsinosckas E.B., lllernos C.H., [llupmiosa A.A.,
Xpanos A.A., Uepnyukas E.A., bornanosuu T.B.

analysis of variance was applied; for the correct
construction of homogeneous groups, hierar-
chical cluster analysis using Ward's method and
Student's #-test were used®. Statistical processing
was carried out based on the integrated system
StatSoft Statistica 10.0.

RESULTS AND DISCUSSION

Based on a set of statistical analysis methods,
the degree of variation in the content of 15 mi-
cro- and macroelements in cider from the fruits
of 25 samples of domestic and foreign apple
breeding germplasm of the NCFSC HVW was
studied (see Table 1).

In terms of the content of micro- and macro-
elements in cider from the fruits of various apple
samples, a different degree of dispersion of these
around the mean value (standard deviation) has
been revealed, according to which three groups
are conditionally distinguished based on the level
of variability in the content of chemical elements:

— with low variability (from 0 to 10) — iron,
titanium, cesium, cadmium, lead, magnesium,
nickel, and calcium;

— with an average level (from 10 to 75) — mo-
lybdenum, sodium, zinc, and manganese;

— with high (75 and above) — copper, rubidi-
um, and potassium.

A series of variance analyses were conduct-
ed to quantitatively account for the influence of
various cultivar characteristics on the content of
micro- and macroelements: ploidy, country of
origin, fruit ripening period, the degree of fruit
pulp maturity, fruit mass, the presence of skin
color, and the intensity of skin color. It was es-
tablished that ploidy, fruit ripening period, and
the degree of fruit maturity did not have a sig-
nificant effect on the content of the considered
chemical elements.

When comparing the average values of
chemical element content in cultivars and crabs
(small-fruited interspecific cultivars and forms of
apple), statistically significant differences were
found in the content of potassium (1012.21 ver-
sus 1650.00; t=3.22 at p <0.01), sodium (22.02
versus 42.55; ¢ = 2.83 at p < 0.01), magnesium
(19.82 versus 29.75; t = 2.22 at p < 0.05), cal-

Tada. 1. OcHOBHBIE CTATUCTUYECKNE XaPAKTEPUCTUKH COJEPKAHUS MUKPO- U MAKPOAJIEMEHTOB B CUIPE

Table 1. Main statistical characteristics of the content of micro- and macroelements in cider

Macro- and microelements Average Minimum Maximum Standard deviation
Macroelement content, pg/dm?:
potassium 1063,24 + 63,27 696,00 1920,00 316,37
sodium 23,67 +2,24 6,70 44,10 11,18
magnesium 20,62 + 1,30 10,20 36,80 6,52
calcium 16,22 £ 1,36 4,30 42,30 9,82
ferrum 1,58 0,08 0,86 2,26 0,41
Microelement content, pg/dm?:
copper 122,00 + 15,08 31,10 375,90 75,42
zinc 161,98 + 5,89 88,40 213,70 29,43
manganese 116,46 £ 11,09 46,10 212,60 55,44
molybdenum 17,08 £2,19 6,30 53,10 10,95
rubidium 564,85 + 22,49 424,60 796,30 112,47
cesium 1,69 + 0,16 0,24 2,92 0,78
nickel 19,35+ 1,87 2,44 36,82 9,36
titanium 1,58 +0,14 0,45 2,82 0,69
lead 12,84 £ 1,17 3,80 22,60 5,84
cadmium 7,78 £ 0,39 4,80 11,70 1,93

®Eszergar-Kiss D., Eszergar-Kiss D., Caesar B. Definition of user groups applying Ward's method // Transportation Research

Procedia, 2017, vol. 22, pp. 25-34.

PactreHneBoncTBO M ceneKIus

19

Cubupckuii BECTHHK CEIbCKOXO3SHCTBEHHON HayKH * 2026 ¢ 56 + 1



Assessment of the influence of apple tree varietal characteristics
on the content of micro- and macroelements in cider

Ageyeva N.M., Ulyanovskaya E.V., Shcheglov S.N., Shirshova A.A.,
Khrapov A.A., Chernutskaya E.A., Bogdanovich T.V.

cium (14.95 versus 30.85; t = 2.40 at p < 0.05),
iron (1.52 versus 2.19; t = 3.22 at p <0.05), cad-
mium (7.52 versus 10.65; ¢ =2.39 at p <0.05).

The Russian-origin varieties differed from the
American ones in cesium content (1.79 vs. 0.84;
t =2.12 at p < 0.05), nickel (16.91 vs. 31.34;
t =299 at p < 0.01), lead (11.27 vs. 19.43;
t =239 at p <0.05), cadmium (7.05 vs. 9.83;
t=2.95 at p <0.01). A difference was found in
cadmium content between Russian-origin variet-
ies and Polish (7.05 vs. 11.20; t=2.81 at p <0.05)
and Czech varieties (7.05 vs. 10.70; ¢t = 2.47 at
p <0.05).

Grouping of samples by macroelement con-
tent was carried out using the cluster analysis by
the Ward's method (see Fig. 1).

At the merging level of 40 units, three groups
can be distinguished:

— 14 — Orfey, 12 — Virginia;

120

—21-12/2-21-15, 19 — Florina, 10 — Margo,
7 — Bagryanets Kubani, 3 — Interprice, 25 — 12/1-
20-16, 15 — Ketni, 11 — Persikovoe, 2 — Djin;

— 20 — 12/2-20-23, 9 — Ligol, 6 — Renet Pla-
tona, 16 — Champion, 5 — Carmen, 17 — Zolotoe
letnee, 13 — Amulet, 4 — Liberty, 24 — 12/3- 21-6,
18 — Prikubanskoe, 8 — Soyuz, 23 — 12/1- 20-3,
22 —12/2-21-36, 1 — Ekzotika.

The average indicators of macroelement con-
tent in the identified clusters are given in Table 2.

The highest content of macronutrients was
found in the samples included in the first clus-
ter, and the lowest in the third. Grouping of the
varieties and forms by micronutrient content
was carried out using cluster analysis by Ward's
method (see Fig. 2).

At the fusion level of 40 conditional units, the
varieties and forms can be combined into three
groups:

100
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Puc. 1. Pe3ynbraThl KITACTEPHOTO aHAJM3a COPTOB M THOPHUIOB SOJOHH MO COJCPIKAHUI0 MAaKPOIIEMEHTOB
Fig. 1. Results of the cluster analysis of apple varieties and hybrids by macronutrient content
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Taoa. 2. Cpeanue nokasarenu cofepxKaHus
MaKpO3JIEMEHTOB B BBIICTICHHBIX KacTepax

Table 2. Average content of macroelements in the
selected clusters

Macronutrient Cluster
first second third
Potassium 1875,00 1208,88 853,64
Sodium 43,20 25,14 19,92
Magnesium 30,95 21,82 18,37
Calcium 20,80 19,96 13,16
Ferrum 1,89 1,53 1,55

—-20-12/2-20-23, 23 - 12/1-20-3, 21 — 12/2-
21-15, 17 — Zolotoe letnee, 16 — Champion, 15 —
Ketni, 22 — 12/2-21-36, 19 — Florina, 14 — Orfey,
10 — Margo, 9 — Ligol, 6 — Renet Platona, 5 —
Carmen, 4 — Liberty, 3 — Interprice;

— 25— 12/1-20-16, 12 — Virginia, 24 — 12/3-
21-6, 11 — Persikovoe, 8 — Soyuz, 7 — Bagrya-
nets Kubani;

— 18 — Prikubanskoe, 13 — Amulet, 2 — Djin,
1 — Ekzotika.

The average values of macroelement content
in the clusters are given in Table 3.

According to the analysis of variance, the dif-
ferences in the content of zinc, cesium, nickel,
titanium, lead, and cadmium are statistically in-
significant. This allowed adjusting the result of
the cluster analysis by establishing the distinc-
tion of genotypes from different clusters: in the
first cluster — the minimum rubidium content and
maximum molybdenum content, in the second
— the minimum copper, manganese, and molyb-
denum content, maximum rubidium content, in
the third — the maximum copper and manganese
content.

Due to the fact that molybdenum affects the
rate of synthesis of amino acids, proteins, nucle-
ic acids, chlorophyll, and a number of vitamins
in apple plants, it can be concluded that the gen-

120
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Puc. 2. Pe3ynsTaThl KIIACTEPHOTO aHAIHM3a COPTOB U THOPHUIOB SOJIOHH O COEPIKAHUIO MUKPOIIEMEHTOB

Fig. 2. Results of the cluster analysis of apple varieties and hybrids by microelements content
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Ta6a. 3. Cpeauue 3HaUe€HUS COAEP KaHUS MUKPO-
5JIEMEHTOB B BBIICJICHHBIX KIlacTepax

Table 3. Average values of microelements content
in the selected clusters

Cluster
Microelement first second third

Copper 107,16 73,93 249,70
Zinc 160,49 166,73 160,45
Manganese 115,85 69,40 189,32
Molybdenum 16,02 10,13 11,50
Rubidium 490,53 678,80 672,60
Cesium 1,77 1,34 1,86
Nickel 19,92 20,58 15,33
Titanium 1,49 1,67 1,78
Lead 13,02 13,23 11,60
Cadmium 7,96 7,40 7,62

otypes from the first cluster possess a valuable
combination of increased fruit quality indicators
and yield, often determined by enhanced adapt-
ability to the region's stress factors, which is
consistent with previously obtained data from
many years of field and laboratory studies as-
sessing this group of cultivars [3, 13].

The varieties and forms included in the sec-
ond cluster may have good growth vigor char-
acteristics, since rubidium is necessary for the
growth and development of plants. Indeed, the
second cluster lacks weak-growing and moder-
ate-growth genotypes that are present in the first
and third clusters. Genotypes included in the
third cluster may have a valuable combination
of improved fruit quality traits and disease resis-
tance, as copper is present in enzymes and some
amino acids, positively affects the taste and col-
or of fruits, and enhances the plant's immunity.
Manganese, in turn, contributes to the uptake of
nitrogen, potassium, and magnesium by plants.
Most of the four varieties included in the group
have large, high-quality fruits (Prikubanskoe,
Djin, Ekzotika), are resistant to scab (Amulet,
Djin, Ekzotika). It is noteworthy that two of the
five studied triploid varieties were included in
this group (Djin, Ekzotika).

CONCLUSIONS

1. The content of micro- and macroele-
ments in cider was not affected by such factors
as genotype ploidy, ripening time, and fruit ma-
turity.

2. Comparison of the average values of
chemical element content in apple varieties and
crabs revealed statistically significant differ-
ences in the content of potassium (¢ = 3.22 at
p <0.01), sodium (¢ =2.83 at p <0.01), magne-
sium (¢ = 2.22 at p < 0.05), calcium (¢ = 2.40 at
p <0.05), iron (¢ =3.22 at p < 0.05), and cadmi-
um (¢ =2.39 at p <0.05).

3. It has been established that the Rus-
sian-bred varieties differ from the American
ones in cesium content (¢ = 2.12 at p < 0.05),
nickel (t=2.99 at p <0.01), lead (t=2.39 atp <
0.05), and cadmium (¢ =2.95 at p < 0.01). A dif-
ference was found in cadmium content between
the Russian varieties and the Polish (r=2.81 atp
<0.05) and Czech (¢ =2.47 at p < 0.05) varieties.

4. Cluster analysis using the Ward's meth-
od made it possible to identify three groups of
apple genotypes based on the content of mac-
ro- and microelements in cider. For industrial
use and further breeding, the Orfey and Ketni
varieties can be highlighted, possessing valu-
able biochemical composition, a bright aroma,
and a rich harmonious taste of fruit products and
fruits, which may be due to their genetic origin,
including the presence of ancient varieties, spe-
cies, and interspecies forms with valuable tech-
nological properties in their pedigree.
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Kpacnospckuii nayuno-uccieooeamenbcKkuil UHCMUMYm ceibCKo20 X03:UCmead —
obocobnennoe noopazoenenue DedepanbHoco UCCIe)08AMENLCKO20 YeHMPA
«Kpacnosapckuii nayunwiti yenmp Cubupcxozo omoenenus Poccutickotl akademuu HayK»
Kpacnosipck, Poccust

() e-mail: stupko@list.ru

B pamkax cenexkunonHoro npouecca Ha Bropoit ronq KCH npoBezaena orieHka yCTOMYMBOCTH K TOK-
CHUHAM KOPHEBBIX THWIIEH Fusarium poae IepCTIEKTUBHBIX CENIEKIIMOHHBIX JIMHUAHN SIPOBOTO TUIEHYATO-
ro oBca (b-5, b-1, b-22, b-45, b-70) B ycnoBusix KaulyCHON KynbTypbl. UHAYKIIHIO KajTycoreHesa
npoBonwin odasienueM 2,4-J1 (3 mr/n) B cpeny Mypacure-Ckyra (MC) y He3penbIx 3apojbliiei B
CTa/IMI0 MOJIOYHO-BOCKOBOM crientoCcTH. [1oydeHHbIe KauTyChl KyTBFTUBUPOBANN Ha cpenax mponude-
pamm (MC + 1,5 mr/x 2,4-]1), conepxamux 30 u 50% ¢unsrpara kynsTypanbaoi xuakoctr (OKIK)
F poae, a Taxxe Ha KOHTpOIBHOI cpene. Jluanu b-5 u b-70, xak u ctannaptaeiii copt TyOuHCKuiA, He
CHIDKAIIM IpoNuQepaTuBHON akTHBHOCTH B TpucyTcTBUU OKIK B cpaBHeHnU ¢ koHTposeM (60—-70%).
Takske HE OTMEUEHO YMEHBIICHHUS U YaCcTOTHI cTeOsiereHes3a y 3TuX reHotumnos. Y auHuu b-70 yactora
HEKpo3a KaJulycoB Obli1a Ha ypoBHE KOHTPoJs (15%) naxke mpu koHuenTpauu PKK 50%. IIpu pan-
JKUPOBAHHUH 110 COBOKYITHOCTH TTapaMeTPOB POCTa KaJTyCOB MaKCHMAaJbHYIO CYMMY PaHTOB HMeia
nuaus b-70. JInHnu, BeLAETUBIINECS IO pe3ysbTaTaM KOMIUIEKCHOM OLIEHKH B YCJIOBUSX in Vitro, Tipe-
BBIIIAJIM CTaHAAPTHBINA copT TyOMHCKHMI MO TaHHBIM MOJIEBBIX UcnbITaHui B 2022 1, kak u B 2021 1.,
o macce 1000 3epen: 39,3 u 39,7 r coorBeTCcTBEHHO MpOoTUB 35,6 Ty copra TyOuHckuid. Busyans-
Has OIleHKa 12-IHEBHBIX MPOPOCTKOB copTa TyOmHckwit u muHuN b-70 B BereTalMOHHBIX COCyHax C
MOYBOM, HHOKYJIHMPOBAHHOM cycrieH3uen cnop F. poae, moka3ana OTCyTCTBHE BUUMBIX CJIEIOB IOpa-
JKCHUSI KOPHEBOM 30HBI U KoseonTwisl. OAHAKO 3a)MKCUPOBAHO CHHYKCHHUE MAKCHMAJIbHOTO KBaHTO-
BOTO BbIXOMA oTocucTemsl 2 y copra Tyounckuii ot 0,804 [0,798/0,809] no 0,794 [0,790/0,802], HO
He y muann b-70, 94TO moaTBEepKAAaeT Pe3yNbTaThl ONEHKH in Vvitro. 110 COBOKYITHOCTH MPOBEIECHHBIX
ucnpITanuit inans b-70 oTHECEHA K KAaTeTOPUH IICHHBIX.

KarueBble ciioBa: Avena sativa, yCTOMUUBOCTb, Fusarium, KyJabTypalbHbIH (UIBTpaAT, Kajuiyc-
Hasl KyJIbTypa, CeIeKIHs
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As part of the selection process in the second year of the competitive variety trial, the resistance to
Fusarium poae root rot toxins of the promising breeding lines of spring hasky oats (B-5, B-21, B-22,
B-45, B-70) under callus culture conditions was assessed. Induction of callusogenesis of immature
embryos at the stage of milky-wax ripeness was carried out by adding 2,4-D (3 mg/l) to Murashige and
Skoog medium (MS). The developed calli were than cultivated on proliferation media (MS + 1.5 mg/l
2,4-D) containing 30% and 50% F. poae culture filtrate (CLF), as well as on the control one. Lines
B-5 and B-70, as well as the standard variety Tubinsky, did not reduce their proliferative activity in
the presence of CLF in comparison with the control medium (60-70%). There was also no decrease
in the frequency of stem regeneration in callus culture of these genotypes. In the B-70 line, the fre-
quency of callus necrosis was at the control level (15%) even at a CLF concentration of 50%. When
ranking by a set of calli growth parameters, line B-70 had the maximum sum of ranks. The lines that
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were identified as outstanding by the results of a comprehensive assessment in vitro also exceeded the
standard Tubinsky variety according to field tests in 2022, as before in 2021, in terms of 1000-grain
weight: 39.3 g and 39. 7 g, respectively, versus 35.6 g for the Tubinsky variety. Visual assessment of
the 12-day-old seedlings of the Tubinsky variety and line B-70 in growing vessels with soil inoculated
with a suspension of Fpoae spores showed the absence of visible traces of damage to the root zone
and coleoptile. However, a decrease in the maximum quantum yield of photosystem 2 was recorded
for the Tubinsky variety from 0.804 [0.798/0.809] to 0.794 [0.790/0.802], but not for the B-70 line,
confirming the results of the in vitro assessment. Based on the totality of tests carried out, the B-70

line was classified as valuable.
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INTRODUCTION

Oat (Avena sativa) is one of the main cereal
crops for agricultural producers in Russia. How-
ever, despite having high genetic productivity
potential, oats show low yields under production
conditions. One of the reasons is the high level
of oat infection by various species of fungi of the
genus Fusarium' [1, 2]. This pathogen is recog-
nized as the causative agent of one of the main
diseases affecting the quality of oat grain [3, 4].
Also, compared to wheat and barley, oat is more
susceptible to infection by root rot pathogens of
this type of fungus?. This makes resistance to
phytopathogens an important characteristic of
any variety, especially an adaptive one.

Currently, active work is being carried out on
the development of the varieties that, along with
high grain quality, possess genetic resistance
to fungal diseases [5, 6], and the assessment of
resistance plays an important role in it [7, 8].
Field tests for resistance, despite being highly
close to production conditions, are labor-inten-
sive and time-consuming. In addition, due to the
peculiarities of the pathogenesis of oat diseases
caused by fungi of the genus Fusarium, there
are no reliable criteria for resistance® [9]. One of
the approaches to evaluation is selection of the
genotypes resistant to pathogens using biotech-
nological methods, in particular in vitro culture
of plant cells, tissues, and organs [10, 11]. Ap-

YWargach Yu.l., Golovin S.E., Loskutov 1.G. Research on micromycetes in oats (4vena Sativa L.) under the conditions of
Stupino district, Moscow province // Proceedings on applied botany, genetics and breeding, 2019, N 3 (180), pp. 96-105. DOI:

10.30901/2227-8834-2019-3-96-105.

2Efimochkina N.R., Sedova I.B., Sheveleva S.A., Tutelyan V.A. Toxigenic properties of mycotoxin-producing fungi // Tomsk State
University Journal of Biology, 2019, N 45, pp. 6-33. DOI: 10.17223/19988591/45/1.

3Loskutov 1. G., Blinova E. V., Gavrilova O. P, Gagkaeva T. Yu. The valuable characteristics of oats genotypes and resistance to
Fusarium disease // Vavilov Journal of Genetics and Breeding, 2016, N 3 (20), pp. 286-294. DOI: 10.18699/VJ16.151.
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plication of the in vitro evaluation methods can
significantly accelerate the creation of promis-
ing initial material for breeding*.

At the Krasnoyarsk Research Institute of Ag-
riculture (KrasNIISKh), oat breeding was re-
sumed in 2013°. Based on data on the reaction
of oat cultures to various levels of culture liquid
filtrate (CLF), a screening method for resistance
has been developed, which is being implement-
ed in the breeding process along with other pa-
rameters for evaluating genotypes [12].

The aim of the study is to assess the resis-
tance to infection by the most aggressive strain
of the fungus Fusarium poae in five promising
spring oat lines: B-5, B-21, B-22, B-45, B-70.

MATERIAL AND METHODS

The research objects were spring oat lines
B-5, B-21, B-22, B-45, B-70 from the competi-
tive variety testing nursery of the Coarse Grain
Crops Laboratory of KrasNIISKh, obtained by
traditional breeding methods.

Field trials of competitive variety testing
were established in 2021-2023 on the experi-

mental fields of the agricultural production site
"Minino" (Krasnoyarsk Krai). The soil was or-
dinary low-power chernozem, humus content
(according to Tyurin) — 5.10%, nitrate nitrogen
N-NOj; (ionometric express method) — from 3.3
to 10.12 mg/kg of soil, phosphorus P,Os (ac-
cording to Chirikov) — from 188 to 250 mg/kg of
soil, exchangeable potassium K,O (according to
Chirikov) — from 139 to 190 mg/kg of soil, soil
solution reaction in water extract pH — 6.4-6.6.

Weather conditions at the Minino agricultural
production site were as follows: with an average
long-term HTC of 1.25 (sufficient moisture) the
HTC of the 2021 growing season was 1.38 (suf-
ficient moisture), HTC in 2022 was 1.04 (mod-
erate moisture), HTC in 2023 was 0.82 (gener-
ally characterized as dry). The dryness of the
2023 growing season was primarily influenced
by insufficient moisture in the first ten-day peri-
od of June, July, and the first and second ten-day
periods of August (see Table 1).

The experiments were initiated on complete
fallow. Sowing was carried out in the second
and third ten-day periods of May (May 22-30)

Taoda. 1. XapakrepucTuka BECEHHE-IETHIUX MECSIIEB BereTannoHHoro nepuoaa, OIX « Mununoy»

(2021-2023 1)

Table 1. Characteristics of the spring and summer months of the growing season, experimental

production farm “Minino” (2021-2023)

May | June | July | August
Year Ten-day period
1 | 11 | 1 | I | 11 | I | I | 11 | 1 | I | 11 | I
Total precipitation by ten-day period, mm
2021 1,0 22,0 73 27,0 4,8 90,0 9,0 29,0 10,0 32,0 28,0 3,0
2022 0,1 0,0 15,0 23,0 15,0 37,0 20,0 20,0 9,0 3,1 41,0 21,0
2023 53 3,7 31,0 6,0 19,0 17,0 2,1 19,0 28,0 0,9 26,0 34
Average temperature, °C
2021 9,6 9,6 10,5 15,1 16,5 15,1 19,4 20,2 19,4 18,9 17,3 16,1
2022 7,7 17,4 16,2 10,4 20,1 20,4 18,1 16,5 18,3 17,1 14,7 13,0
2023 8,6 7,0 12,4 22,5 16,4 16,9 19,9 20,1 20,4 19,9 16,0 18,3

4Voloshchuk S.1., Voloshchuk A.D., Girko V.S. Morphological and biochemical characteristics of wheat calluses during cultivation
with pathogenic fungi // Reports of the Russian Academy of Agricultural Sciences, 2005, N 3, pp. 35-38.

SLipshin A.G., Gerasimov S.A. The sources of the gene pool of oats of VIR collection for selection in Eastern Siberia // Bulletin

of KrasSAU, 2017, N 12 (135), pp. 16-21.
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using an SSFK-7 selection seeder in triplicate,
with a seeding rate of 500 viable seeds/m? per
plot of 2 m?. Analysis of the structure of oat crop
elements was carried out according to the VIR
methodology®.

For culture initiation, immature embryos
were selected at the milk-wax maturity stage in
2022. Callus induction was carried out on the
Murashige and Skoog (MS) medium with the
addition of 2,4-D — 3 mg/l and [AA — 2 mg/l.
After 30 days, the calluses were passaged to
proliferation medium (MS + 2,4-D — 1.5 mg/l) —
control and selective. To simulate toxic stress,
F. poae fungal culture filtrate (FCF) was added
to the proliferation medium at concentrations of
30 and 50%. After 30 days, the proportion of cal-
luses that had changed in size, the frequency of
necrosis of callus tissues, and the frequency of
shoot formation were recorded.

The assessment of the reaction of oat seed-
lings to root rot infection was carried out accord-
ing to a modified method 7 in the “infected” soil.
The soil substrate was sterilized for 30 minutes
in a drying oven at 100 °C. Cereal seeds were
sown in the cooled soil. On the third day, after

the sprouts appeared, an aqueous suspension of
F. poae spores with a final titer of at least 2 x 10°
conidia/g of soil was added to the substrate. In
addition to the visual inspection of the roots, the
measurement of the maximum quantum yield of
photosystem 2 (F,/F,,) of the leaves of 12-day-
old seedlings was carried out using a PAM fluo-
rometer (Junior PAM, Walz, Germany).

Statistical data processing was carried out us-
ing the RStudio 1.4.1103 (2009-2024 RStudio,
PBC). The reliability of differences between the
mean variants and genotypes was assessed using
the Fisher's criterion for four-field tables. Field
experiment results were processed using the
Snedecor applied software package.

RESULTS AND DISCUSSION

An assessment of cell resistance was con-
ducted for the promising lines of spring oat
B-5, B-21, B-22, B-45, B-70, obtained within
the framework of the program for creating new
adaptive breeding material of spring oat with
increased adaptability and productivity, maxi-
mally utilizing the bioclimatic resources of the
Krasnoyarsk Territory. The lines were selected

Ta6a. 2. OtaenbHbIe AIEMEHTHI CTPYKTYPBI yposkKasi OBCa B KOHKYPCHOM COPTOUCTIBITAHUH

B 2021-2023 rr. (OIIX «MuHUHO»)

Table 2. Individual structure components of oats under competitive variety trial
in 2021-2023 (experimental production farm “Minino”)

Number of plants before Productive plant stand, . . .
. Weight of 1000 grains, g Actual yield, t/ha
Genotype harvesting, pcs/m? pcs/m?

2021 2022 2023 2021 2022 2023 2021 2022 2023 2021 2022 2023
Tubinsky
(standard) 313 459 444 326 465 454 31,0 34,9 32,7 2,35 4,51 4.5
B-5 486 524 - 393 524 - 37,6* | 39,7* - 3,13* | 4,16 -
B-21 455 479 - 397 479 - 32,8 | 33,0* - 2,58 4,78 -
B-22 469* 495 - 393 495 - 36,4% | 344 — 2,63 4,76 —
B-45 445% - - 436 - - 33,1 — — 2,95 — —
B-70 S11* 327 450 498 327 465 36,9% | 39,5% | 329 | 3,23* | 444 4,53

*p<0,05.

*Loskutov 1.G., Kovaleva O.N., Blinova E.V. Methodological guidelines for the study and preservation of the world collection of

barley and oats. St. Petersburg: VIR, 2012, 63 p.

’Study of genetic resources of cereal crops for resistance to harmful organisms: methodological manual / edited by E.E.

Radchenko. Moscow: RAAS, 2008, 416 p.
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based on the results of the field tests from the
previous years. Thus, the B-5, B-40, B-45, and
B-70 samples in the conditions of the first- and
second-year breeding nurseries (2019-2020)
exceeded the Tubinsky standard (30.9 c/ha,
LSDys; = 4.20 c/ha) in yield by 0.46-0.85 t/ha
(see Table 2). Under the conditions of CVT 2021,
all studied lines were distinguished by the num-
ber of plants before harvesting (455-511 pcs/m?)
(Tubinsky —313 pcs/m?). B-45 and B-70 also had
a productive stem stand of 436 and 498 pcs/m?
respectively, compared to 326 pcs/m? for Tubin-
sky. Lines B-5, B-22, and B-70 had an increased
1000-grain weight (36.9-37.6 g) (Tubinsky —
31.6 g). In terms of yield, the lines that year sur-
passed the Tubinsky variety (2.27 t/ha) by 0.31—
0.96 t/ha. The maximum gains were observed in
lines B-70 (0.96 t/ha) and B-5 (0.86 t/ha).

The resistance of each sample to fusariosis
was determined based on a combination of three
indicators. The presence of proliferative activity
in the calluses was monitored, the appearance
of stems was noted, and changes in the color of
the calluses toward brown or orange, indicat-
ing phenolic oxidation processes, were record-
ed [13]. The reaction of oat genotypes to the
presence of F. poae CLF in the nutrient medium
depended on the concentration of the agent. As
the pressure of the selective factor increased, the
proportion of proliferating calluses decreased in
all the varieties (see Fig. 1).

The proportion of samples showing prolif-
eration on the control medium for the Tubin-
sky variety was 81.8%, with a 30% concentra-
tion of CLF — 69.2%, and with 50% — 65.2%
(see Fig. 1). The most resistant to the effects of
toxins present in the medium was the B-70 line,
for which the proliferation rate on the control
reached 94.1%, at the minimum of the used CLF
level (30%) — 86.4%, and on the medium with
50% CLF — 54.2%. Close to it in terms of sta-
bility, with parameters of 89.5, 75.0, and 58.3%
respectively, was the B-5 line. The B-45 line
turned out to be the most sensitive to an increase
in the CLF level.
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nentparm KX mpu p < 0,05; *crarucTiaeckn 3HaYH-
MO€ OTIIMYHE OT KOHTPOIBHBIX ycioBui ipu p < 0,05
Fig. 1. Activity of division of oat callus cells at dif-
ferent levels of CLF in the medium, % of the total
number of calli transplanted on the medium.

Here and in Fig. 2-3 identical letters indicate the values
that do not differ within the same concentration of CLF
at p < 0.05; *statistically significant difference from the
control conditions at p < 0.05
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JMHUHK 0Bca, % OT 0011ero yucia KajulycoB, accu-
POBaHHBIX Ha cpeay nposnepanun

Fig. 2. The influence of different levels of CLF on
the regenerative activity of callus culture of oat
breeding lines, % of the total number of calli pas-
saged on the proliferation medium
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In terms of an indicator such as the frequency
of stem genesis, the B-70 line significantly sur-
passed the other lines and the standard Tubinsky
variety. In the presence of 50% CLF and 25% cal-
luses, the B-70 lines formed stems (see Fig. 2).

High regenerative activity was noted in
this genotype even on the control MS medium
(41.2%) (see Fig. 2). The average rate for the
other genotypes reached 21.2% under control
conditions, 15.5% on the medium with 30%
CLF, and 12.3% at the 50% CLF level. The most
sensitive lines in terms of regeneration frequen-
cy to the action of the stress factor were line
B-21, which consistently decreased its ability to
form shoots with an increasing level of CLF, and
B-45, which had a statistically lower shoot for-
mation frequency already at a CLF level of 30%.
Lines B-5 and B-22 showed a weak response to
an increase in CLF level regarding shoot forma-
tion frequency.
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Puc. 3. YactoTa HeKpo3a KaJLTyCHBIX TKaHEH OBca
no BiusinueM KK B pa3sHbIX KOHIEHTpanusix, %
OT YHCIa MaCCUPOBAHHBIX Ha Cpeay Mpoaudeparun
KaJUIyCOB

Fig. 3. Frequency of necrosis of oat callus tissue
under the influence of CLF in different concen-
trations, % of the number of calli passaged on the
proliferation medium

Necrosis of callus tissues is often used to as-
sess the in vitro genotype response to the action
of CLF toxins® [14]. An increase in the propor-
tion of calluses with signs of necrosis at a CLF
level of 50% was observed in all studied geno-
types, except for line B-70 (see Fig. 3).

Among all the samples, it demonstrated a
reliably minimum necrosis frequency of 15%,
lower than the standard Tubinsky variety. The
least resistant in this regard was line B-45. Line
B-21 also had high tissue death frequencies both
at a CLF level of 50% and at a lower CLF share
in the medium (see Fig. 3).

Ranking was carried out based on the total
of all indicators across all medium variants.
The highest total rank was held by line B-70
(see Table 3). Following it in descending order
are lines B-5, B-22, B-21, B-45. These results
demonstrate not only the high resistance of line
B-70 to F. poae, but also the high regenerative
potential of this genotype. The lines identified
based on the results of a comprehensive assess-
ment under in vitro conditions also exceeded
the standard Tubinsky variety according to the
field-testing data of the Coarse Grain Crops Lab-
oratory in 2022, as well as previously in 2021, in

Taoda. 3. PamxupoBaHue CENEKIIMOHHBIX JTUHUN
SIPOBOTO OBCA 110 YCTOMYUBOCTH K 3apasKEHUIO TPH-
Ooamu Fusarium poae

Table 3. Ranking of spring oat breeding lines
based on resistance to Fusarium poae fungal
infection

Location of the object | Genotype | Sum of ranks

The group of "best" objects

1 B-70 42,0
2 B-5 33,5
The group of "average" objects
3 Tubinsky 31,0
4 B-22 29,5
The group of "worst" objects
5 B-21 29,5
6 B-45 23,5

$Yerzhebayeva, R.S., Abekova, A.M., Bersimbaeva, G.H., Konysbekov K.T., Bastaubaeva S.0., Roik N.V., Urazaliev K.R. In Vitro
Cell Selection of Sugar Beet for Resistance to Culture Filtrate of the Fungus Fusarium oxysporum // Cytology and Genetics. 2019.

Vol.53. P. 307-314. DOI: 10.3103/S0095452719040042.
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1000-grain weight: 39.3 and 39.7 g respectively
compared to 35.6 g for the Tubinsky variety (see
Table 2).

The small number of productive stems pre-
vented B-70 from surpassing the Tubinsky vari-
ety in yield in 2022. In turn, line B-5 stood out
that year in terms of the number of productive
stems. Line B-45 was excluded from the CVT in
2022 due to a high tendency to lodging. In 2023,
lines B-5, B-21, and B-22 were also discarded.
Under these conditions, line B-70 exceeded the
standard in terms of productive stand and was at
the standard level in yield and 1000-grain weight
(see Table 2).

When assessing the reaction to contact with
the fungal culture in the vegetative vessels, the
development of fungal mycelium on the soil
surface was observed just a day after the spore
suspension was introduced into the substrate.
A visual examination of the seedling root sys-
tem, conducted immediately after the fixation of
chlorophyll fluorescence parameters, revealed
no visible signs of root and coleoptile damage.
However, a decrease in the maximum quan-
tum yield of photosystem 2 was recorded in the
Tubinsky variety from 0.804 [0.798/0.809] to
0.794 [0.790/0.802], but not in the line whose
median F/F,, level was 0.794 [0.788/0.802].
A decrease in F,/F,, as a response to pathogen
inoculation has been recorded in several studies
previously [15, 16].

CONCLUSION

High cellular resistance of the promising
B-70 line to root rots in callus culture is shown.
This characteristic is confirmed in the seedlings
by maintaining high photosynthetic capacity.
This breeding specimen also had a high level of
productivity and is considered a valuable gen-
otype overall. The obtained results confirm the
feasibility of including the assessment of cellu-
lar resistance to root rot on the media with CLF
of the pathogen fungi in oat callus culture in vi-
tro in the breeding process.
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Biusinue cpeacTB MHTEHCH(PUKAIUYA HA BBIXOJ CEMEHHOM Gpakumu
y copToB KapTodesisi CHOMPCKON CeJIeKIUN

Cx>Mamora A.A.!, BatoB A.C.2, I'ypeeBa F0.A.2

'Cubupckuii ghedepanvrwiil Hayunslil yenmp azpodouomexnonocuti Poccutickoii akademuu Hayk
Hosocubupckas obmnacts, p.n. Kpacaoobck, Poccust

2Cubupckuili HAy4HO UCCLEe008AMENbCKUL UHCIMUMYM DACTEHUEB00CMEA U CeleKYUU —
Gunuan DedepanvbHoco UCCIe008amMeNbCKO2O YEeHMPA UHCTIUMYM YUMOI02UY U 2eHEeMUKU
Cubupcroeo omoenenus Poccutickotl akademuu HayK

Hosocubupckas obnacts, p.i. Kpacaooock, Poccust

(<)e-mail: anna_malyuga@mail.ru

[IpencraBieHsl pe3ynbraTsl OUEHKU 3(P(EKTUBHOCTH MPUMEHEHHS Pa3IMYHBIX CPEICTB WHTECHCHU-
¢ukanum (MuHepaibpHoe ynoopenue NyoP4oKgo, XuMuuecknii HHCEKTO-QYHTUIMIHBINA POTPABUTEND,
a TaKKe mpernaparsl Ha OcHOBe rymaroB bepec-8 u PenukT) npu pazMHOXEHHH HCXOTHOTO Marepuaia
copToB KapTodeis cubupckoit ceneknuy FOHa, JInaa, 3marka B yciaoBusx recoctenn HoBocuOupckoro
[Ipro6Oes. Lens wccaemoBaHmii 3aKITI0Yaach B ONPEICIICHHN ONTHMAIBHBIX COYETaHUH MPOTpaBUTE-
JIei, TYMUHOBBIX ITPETapaToB U MUHEPAIBHBIX YIOOPSHUH IS MIOBBIIICHNUS TPOTYKTHBHOCTHY U BBIXOJIA
Macchl M KOJIMUECTBa KiTyOHel cemMeHHOl (pakuuu. OnTHMalIbHOE COOTHOIIEHHE MacChl U KOJTMYECTBA
CEeMEeHHBIX KiTyOHei y copra FOna (BecoBoii mpoueHT 75,6, koadduupent pazmuoxenus 7,0) HOIy4eHO
pu 00paboTke mocagounoro marepuana Cenect Torom (0,4 1/t) B couetanuu ¢ bepecom-8 (0,2 n/t)
¢ MaTpbHEWIINM OTpBICKUBaHUEM mocanok bepecom-8 (0,2 n/ra) B mepuon OyroHm3anuu Ha GoHe Oe3
MUHepalIbHBIX ynoopenuit. s copra JInHa coueranue 3TuX nokazaresiel ObUTo HAWTy M (BECOBON
npoueHt 71,6, koapduuuent pasmuoxenus 10,2) nmpu ob6padoTke nmocanounsix kiyoHer Cenect To-
noMm (0,2 1/T) B cmecu ¢ Penmkrom (0,01 11/T) ¢ mocneayromymM onpeICKUBaHHEM pacTeHui Penrkrom
(0,2 51/ra) O6e3 BHECEHUsI MUHEPAJILHBIX yao0OpeHuid. J{is copra 31naTka COOTHOIICHHUE MACcChl U KOJIMYEe-
CTBa CEMEHHBIX KIIyOHel ObIJIO ONTUMAaJIbHBIM (BECOBOW MPOIEHT 77,9, KoaddunmeHT pazMHOKEHHS
10,8) mpu o6padoTke cemennoro marepuaina Cenect Torom (0,2 11/T) B kKomruiekce ¢ bepecom-8 (0,2 /1)
Y OTIPBICKWBAHHUEM ITOCANIOK KyJIBTYphl bepecom-8 (0,2 1/ra) ¢ BHECEHNEM MUHEPAIBHBIX YIOOPEHUIA.
[lonmy4yeHHbIe pe3yNbTaThl MOATBEPAIH BBICOKYIO 3((EKTHBHOCTh MHTEIPHPOBAHHOTO MPUMEHEHHUS
XUMHYECKUX U OMOCTUMYIUPYIOMIMX MPETapaToB IS MOBBILIECHNS YPO)KaHHOCTH U CEMEHHOHN MPOIYK-
TUBHOCTHU KapToQes, YTO MOXKET OBbITh PEKOMEHIOBAHO AJISI OPUTMHAIBHOTO U IIUTHOTO CEMEHOBO/I-
cTBa B ycinoBusix Cubupu.

KuroueBbie ¢cj10Ba: KapTodeinb, IPOTPABUTEINb, TYMAThI, YPOXKAHHOCTE, CEMEHHAS (QPAKITHS, KOd-
(UIIHEHT Pa3sMHOKEHUS

The influence of intensification agents on the yield of seed fraction
in Siberian potato varieties

<)Malyuga A.A.!, Batov A.S.2, Gureeva Yu.A.2

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

2Siberian Research Institute of Plant Production and Breeding — Branch of the Institute of Cytology
and Genetics of the Siberian Branch of the Russian Academy of Sciences

Krasnoobsk, Novosibirsk region, Russia

(<)e-mail: anna_malyuga@mail.ru

The article presents the results of evaluating the effectiveness of using various intensification agents
(mineral fertilizer Ny4oP,40Kgg, chemical insecticide-fungicide seed dressing, as well as preparations
based on humates Beres-8 and Relikt) in the propagation of the source material of the Siberian potato
varieties Yuna, Lina, Zlatka in the forest-steppe conditions of the Novosibirsk Priobye. The purpose
of the research was to determine the optimal combinations of seed dressings, humic preparations and
mineral fertilizers to increase the productivity and yield of the mass and number of seed fraction tu-
bers. The optimal ratio of the mass and quantity of seed tubers in the Yuna variety (weight percentage
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BnusiHue cpenctB MHTEHCH(HUKALIMU HA BBIXOJ] CEMEHHOM (paKinuu

Mautora A.A., baros A.C., I'ypeepa F0.A.

y COpPTOB KapTodesisi CHOUPCKON CeNeKIHU

75.6, multiplication factor 7.0) was obtained by treating the planting material with Celeste Top (0.4 1/t)
in combination with Beres-8 (0.2 1/t) with subsequent spraying of the plantings with Beres-8 (0.2 1/ha)
during the budding period without mineral fertilizers. For the Lina variety, the combination of these
indicators was the best (weight percentage 71.6, multiplication factor 10.2) when treating planting
tubers with Celeste Top (0.2 I/t) in a mixture with Relikt (0.01 1/t) followed by spraying the plants
with Relikt (0.2 I/ha) without applying mineral fertilizers. For the Zlatka variety, the ratio of the mass
and quantity of seed tubers was optimal (weight percentage 77.9, multiplication factor 10.8) when
treating the seed material with Celeste Top (0.2 I/t) in combination with Beres-8 (0.2 /t) and spraying
the crop plantings with Beres-8 (0.2 1/ha) with the addition of mineral fertilizers. The obtained results
confirmed the high efficiency of the integrated use of chemical and biostimulating preparations in in-
creasing the yield and seed productivity of potatoes, which can be recommended for original and elite

seed production in Siberian conditions.

Keywords: potato, seed dressing, humates, yield, seed fraction, multiplication factor
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INTRODUCTION

Potatoes are one of the key strategic food
crops of the Russian Federation, occupying an
important place in the structure of agro-industri-
al production. In the Siberian regions, they play a
special role in ensuring food security, remaining
one of the main food products for the population
[1]. The crop's yield potential is largely limited
by the natural and climatic conditions of the re-
gion, characterized by a short growing season,
sharp temperature fluctuations, and an increased
risk of disease infestation [2]. To improve the ef-
ficiency of potato production, it is necessary to
develop seed production, primarily of the vari-
eties created under the conditions of this region.
Local varieties have increased adaptability, bet-
ter tolerate temperature fluctuations and dry pe-
riods, which ensures yield stability [3].

Seed potato production occupies a special
place in the potato-growing system, as potatoes
are vegetatively propagated crops!. A current

task of original potato seed production is the
rapid multiplication of healthy initial material in
the volumes necessary for conducting elite seed
production, as well as the environmental safety
of these crop cultivation technologies [4].

There is a need to create production technol-
ogies aimed at increasing the reproduction rate
of the improved material. They should include
various methods of intensification that affect the
growth and development of the culture, such as
plant protection agents, growth stimulants, fer-
tilizers, and others [5].

Modern plant protection products are not
only a way to combat diseases, but also an ef-
fective method to improve the quality indicators
of the harvest. Pre-sowing treatment is a priority
and one of the most important activities in the
protection technology in potato seed production.
Preparations intended for pre-planting treatment
of the tubers (seed dressers, biopreparations, bi-
ologically active substances) provide compre-

'Davidson R.D., Xie K.Y. Seed potato production // The Potato: Botany, Production and Uses. Wallingford, UK: CABI. 2014,

pp- 115-132.
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hensive protection against soil pathogens, dan-
gerous pests, act as root system growth stimula-
tors, and improve stress resistance [6, 7].

The use of intensification means has a posi-
tive effect on photosynthetic activity and nutri-
ent uptake, which ultimately increases yield and
improves the crop structure [8]. In potato seed
production, not only the overall yield level is
important, but also the output of seed fraction
tubers, which determines the efficiency of repro-
ducing healthy material. Optimizing tuber treat-
ment schemes using seed dressers, humates, and
biostimulants represents a promising direction
for increasing the multiplication coefficient and
the quality of seed material [9].

The reaction of potato varieties to various
intensification methods can differ significantly.
This is primarily due to the genetic nature of
the varieties: intensive and extensive types are
distinguished, as well as the forms belonging
to different maturity groups [10]. The biologi-
cal characteristics of each variety determine its
responsiveness to growth stimulants, fertilizers,
and protective agents. Therefore, it is important
to select individual technological cultivation and
seed production schemes that ensure the best re-
alization of the variety's potential [11].

The purpose of the work is to develop the
technologies for propagating the initial mate-
rial of potato varieties of Siberian breeding of
different maturity groups (Yuna, Lina, Zlatka),
aimed at increasing the yield of high-quality
seed fraction from the plants grown from the
first field generation tubers, as well as at reduc-
ing the negative impact on the crop agrocenosis
through the improvement of the use of modern
chemical methods: plant growth stimulants, seed
treatments, and mineral fertilizers and their inte-
grated application.

MATERIAL AND METHODS

The subject of study was potato (Solanum tu-
berosum L.) represented by the Siberian breed-
ing varieties Yuna (early variety), Lina (mid-
dle-early), and Zlatka (medium-maturing).

The methodological basis of the work was the
system-alternative approach, implemented in a
two-factor field experiment?.

The research was conducted in 2022-2024 in
the Novosibirsk region under soil and climatic
conditions typical for the forest-steppe zone of
Western Siberia. The soil cover of the research
station is represented by drained leached cher-
nozem of medium thickness. The depth of the
humus horizon is about 40 cm. Agrochemical
characteristics of the arable soil layer (0-30 cm)
are: humus (according to Tyurin) — 5%, total
nitrogen (according to Kjeldahl) — 0.34%, to-
tal phosphorus — 0.30%, available phosphorus
and potassium (according to Chirikov) — 29
and 13 mg/100 g of soil respectively, pH = 6.7—
6.8 units.

The climatic conditions are characterized by
the following parameters. The duration of the
frost-free period is 110—120 days per year. The
growing season for cold-resistant plants is about
150 days, the sum of positive temperatures
above 5 °C is 2080-2160 °C, above 10 °C —
1770-1860 °C (according to long-term average
data). The spring period is the shortest, windiest,
clearest, and driest of the year. Return frosts are
typical at the end of April and May. The aver-
age date of the last frosts is May 20, as well as
the last frosts on the ground, but they are also
possible in the first ten-day period of June. On
average, the transition through 0 °C occurs on
April 15, through 5 °C — on April 28, through 10
°C —on May 15.

The research site is characterized by suffi-
cient but unstable moisture, with an annual pre-
cipitation of 350400 mm and a hydrothermal
coefficient (according to Selyaninov) of 0.9—1.1.
From May to September, 275 mm of precipita-
tion usually falls, of which about 100 mm occurs
in May—June. The maximum occurs in the sum-
mer months, July and August, and the minimum
in February and March. During the growing sea-
son, precipitation often falls in the form of heavy
rains, which reduces its effectiveness for plants.

*Kiryushin V.I. Methodological concept of the development of agriculture in Siberia / Zemledelie, 1989, N 12, pp. 7-14.
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The frequency of years with moderately defi-
cient, deficient, and sharply arid types of mois-
ture in this area is 25%, 20%, and 10% of years,
respectively. The frequency of droughts during
this period is from 10 to 15% of years>.

Temperatures during the 2022 growing sea-
son were close to the long-term average. It
should be noted that the third ten days of May
and the second ten days of June were slightly
warmer than usual. Precipitation during the cur-
rent growing season was distributed extremely
unevenly. In the third ten-day period of May, the
first and second ten-day periods of July, and the
first and third ten-day periods of August, mois-
ture was insufficient, with precipitation amounts
16.3; 2.6; 26.0; 6.5 and 4.0 times less, respec-
tively, than the long-term average. In other cas-
es, precipitation amounts were close to the cli-
matic norm (see Table 1).

The 2023 growing season was characterized
by low precipitation and high temperatures.
May was particularly humid, with precipita-
tion in the third ten-day period 8.6 times lower

than the long-term average. Temperatures in the
first ten-day period of June were 7.9°C above
the long-term average, with precipitation in the
second and third ten-day periods 2.6 and 50.0
times lower than normal, respectively. Over-
all, atmospheric moisture inflow for the month
was 31.6 mm below the long-term average, or
2.2 times lower. In the second ten-day period
of July, temperatures were 4.1°C above normal,
while in the first and third ten-day periods, they
were 1.9°C above normal. Overall, temperatures
for the month were 2.6°C above normal. Aver-
age precipitation for the month was close to nor-
mal. In August, temperatures were close to the
long-term average, with temperatures in the first
and second ten-day periods being 2.9 and 4.2°C
above normal, respectively, and in the third ten-
day period, close to the long-term average. Pre-
cipitation for the month was 1.7 times above
normal. In the first ten-day period, precipitation
was 30.0 times below normal, while in the sec-
ond and third ten-day periods, it was 3.3 and 2.0
times above normal.

Ta6a. 1. MeTeoycmoBus BETeTalIMOHHOTO Ieproia B Toabl uccienopaamii, AMC OrypmoBo HoBocubup-

ckoit oomactu (2022-2024 rT.)

Table 1. Meteorological conditions of the growing season during the research years, Ogurtsovo AMS,

Novosibirsk Region (2022-2024)

Month, ten-day period
Indicator May June July August
11 I | 1 | 111 I | 11 | 111 I | 1 | 111
2022
Air temperature, °C 190 | 12,0 | 19,5 | 20,2 | 185 | 18,1 | 20,0 | 188 | 15,2 | 157
Precipitation, mm 1,0 | 164 | 205 | 21,9 | 7.4 1,0 | 204 | 3,7 | 13,6 | 55
2023
Air temperature, °C 15,2 | 233 17,7 16,0 | 21,0 | 23,0 | 20,8 | 20,8 14,8 17,7
Precipitation, mm 1,5 5,0 0,4 21,0 13,0 15,0 | 32,0 0,8 67,0 | 45,0
2024
Air temperature, °C 10,3 14,3 19,3 24,6 | 20,3 22,1 22,3 20,6 18,6 16,1
Precipitation, mm 25,0 | 25,0 | 51,0 10,0 19,0 | 34,0 | 27,0 | 38,0 | 28,0 | 66,0
Long-time average annual
Air temperature, °C 13,2 15,4 16,7 18,1 19,1 18,9 18,9 17,9 16,0 13,5
Precipitation, mm 13,0 13,0 | 20,0 | 25,0 19,0 | 26,0 | 27,0 | 24,0 | 20,0 | 22,0

3Voronina L.V, Gritsenko A.G. Climate and Ecology of the Novosibirsk Region. Novosibirsk: SSGA, 2011, 227 p.
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Meteorological data for the 2024 growing
season deviated significantly from long-term av-
erages, particularly for moisture. Heavy rainfall,
often of torrential character, occurred through-
out the season. May, June, and August saw a
significant excess of atmospheric moisture. Pre-
cipitation in May totaled 70 mm, while in June,
it totaled 113 mm, exceeding the long-term av-
erage by 94.4% and 94.8%, respectively. In Au-
gust, precipitation increased even further (133
mm), exceeding the long-term average (66 mm,
or 201.5% of normal). In July, their number was
within the normal range. Heavy rains accompa-
nied by high temperatures created a stressful sit-
uation for potato development. The total amount
of precipitation for the growing season amount-
ed to 396 mm, exceeding the long-term average
by 1.7 times. This growing season was classified
as moderately waterlogged. The average daily
air temperature exceeded the long-term average
from May to August by 1.1, 2.8, 2.6, and 2.6 °C.

The experiment was conducted in a crop ro-
tation of potato — green manured fallow (rape-
seed) — potato. All technological operations in

the cultivation of crops, if they were not the
subject of the study, were carried out according
to recommendations*. The experimental design
met the requirements of the field experiment
methodology? (see Table 2).

Each of the three studied potato varieties was
placed at two levels of mineral nutrition: on the
background of natural fertility and with mineral
fertilizers NyoP4o Kgo. The effectiveness of po-
tato protection with the seed treatment Celeste
Top, SC, and preparations based on humates
Beres-8 and Relikt was evaluated through pre-
plant treatment of seed tubers with these compo-
sitions, as well as spraying the crop with humates
during the growing season. The experiment was
two-factorial: factor A — level of mineral nutri-
tion, B — plant protection.

The experiment is repeated twice, with the
number of plants in each repetition being 24.
Planting density is 57.1 thousand plants/ha, with
a spacing area of 0.25 x 0.7 m.

Crop care included pre-emergence harrowing,
inter-row cultivation, and hilling. Weed control
was carried out using the herbicides Boxer, EC

Taoa. 2. Cxema onbita (copta kaptodens Ona, JIuna, 3marka) (20222024 rr.)
Table 2. Experimental design (potato varieties Yuna, Lina, Zlatka) (2022-2024)

Level of mineral nutrition Pre-planting treatment of tubers Treatment duriln/ﬁavegetation, 02
Without fertilizers Celeste Top (0,4 n/1) -
Celeste Top (0,4 I/t) + Beres -8 (0,2 I/t) Beres -8
Celeste Top (0,2 I/t) + Beres -8 (0,2 I/t) »
Celeste Top (0,4 1/t) + Relikt (0,01 1/t) Relikt
Celeste Top (0,2 I/t) + Relikt (0,01 1/t) »
NyoP4o Kgo Celeste Top (0,4 1/t) -
Celeste Top (0,4 I/t) + Beres -8 (0,2 I/t) Beres -8
Celeste Top (0,2 1/t) + Beres -8 (0,2 1/t) »
Celeste Top (0,4 I/t) + Relikt (0,01 1/t) Relikt
Celeste Top (0,2 I/t) + Relikt (0,01 I/t) »

*Vegetable crops and potatoes in Siberia: recommendations / compiled by G.K. Mashyanova, E.G. Grinberg, T.V. Steinert. No-

vosibirsk: SB RAAS, 2010, pp. 496-507.

SDospekhov B.A. Methodology of field experiment (with basics of statistical processing of research results): textbook for univer-

sities. Moscow, 2012, 351 p.
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(prosulfocarb, 800 g/1) at a rate of 3 L/ha and
Fusilade Super, SC (fluazifop-P-butyl, 125 g/1)°.
The removal of tops was carried out by mech-
anized mowing with KIR. The harvesting of ex-
perimental plots was carried out using a two-row
mounted potato digger (KTN-2V). Potato yield
and the fractional composition of the new har-
vest were determined according to generally ac-
cepted methods at the appropriate times’.

The calculation of the reproduction coeffi-
cient was carried out according to the standard
methodology®.

The results were processed using the Snede-
cor application software package’.

RESULTS AND DISCUSSION

One of the key indicators of the effective-
ness of using intensification means is crop yield.
Increasing plant productivity reflects the com-
bined effect of nutrition, protection, and growth
stimulation factors, and also serves as the main
criterion when evaluating cultivation technolo-
gies. Potato productivity directly determines the
economic efficiency of production and is a ba-
sic indicator when choosing optimal treatment
schemes and levels of mineral nutrition [12].

Research has established that the use of in-
tensification means for cultivating Siberian-bred
potato varieties has increased crop productivity
(see Table 3), as well as the yield of the seed
fraction (see Table 4).

Yuna. On average, for the factor “mineral
nutrition of plants”, a significant increase in the
gross yield of potato tubers was noted in the case
of its optimization. In this case, the increase on
average amounted to 3.5 t/ha (or 28.0%).

On average, in terms of the "protection" fac-
tor, all variants with humates showed a signifi-
cant increase in crop yield compared to treating
seed tubers with pure Celeste Top (dose 0.4 1/t).

The highest potato productivity was observed in
the variant of treating seed tubers with Celeste
Top (0.2 1/t) + Relikt (0.01 I/t) + Relikt (0.2 1/
ha), in this case the yield increase was 5.8 t/ha
(49.1%).

Analysis of the averages showed that a com-
plex of factors allowed obtaining a reliable yield
increase in the Yuna variety in all experimental
variants (except for the seed tuber treatment —
Celeste Top (0.4 1/t) + Beres-8 (0.2 1/t) + Beres-8
(0.2 1/ha)) ranging from 1.1 to 9.4 t/ha (from 9.7
to 83.2%). The maximum yield increase was
observed in the variant of planting tuber treat-
ment — Celest Top (0.2 1/t) + Relikt (0.01 I/t) +
Relikt (0.2 I/ha), which amounted to 83.2%.

Application of mineral fertilizers to the Yuna
variety, on average according to the “mineral nu-
trition” factor, reduced the seed fraction yield by
9.1%. On average, according to the “protection”
factor, the highest yield of the medium frac-
tion was observed in the Celeste Top (0.4 I/t) +
Beres-8 (0.2 I/t) + Beres-8 (0.2 1/ha) variant, and
its increase compared to the pure seed treatment
agent (dose 0.4 1/t) used for treating seed tubers
was 2.7%.

The analysis of averages showed that a com-
bination of factors allowed the maximum in-
crease in the seed fraction of the Yuna variety
against the background of natural fertility in the
Celeste Top (0.4 I/t) + Beres-8 (0.2 I/t) + Beres-8
(0.2 I/ha) treatment by 11.9%.

The calculation of the reproduction coeffi-
cient showed that for the Yuna variety it reaches
the highest value when the crop is grown with
mineral fertilizers and seed tubers are treated
with Celeste Top (application rate 0.2 1/t) mixed
with Berez-8 humates (application rate 0.2 1/t) or
Relikt (application rate 0.01 1/t), as well as when
plants are treated during vegetation with Berez-8
(0.2 I/ha) or Relikt (application rate 0.2 1/ha) (see
the figure).

‘State catalog of pesticides and agrochemicals as of April 11, 2022. Website of the Ministry of Agriculture of the Russian Feder-
ation. URL: https://docviewer.yandex.ru/view/1130000058938082/ (date of reference: 01.03.2022).

"Research methodology on potato cultivation. Moscow, 1967, 263 p.
8StudFiles. Determination of biological yield and reproduction rate.URL: https://studfile.net/preview/2981976/page:16/.
Sorokin O.D. Applied statistics on the computer. Novosibirsk, 2012, 282 p.
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Ta6a. 3. Bousaue cpeacTB MHTEHCU(UKALMK Ha TIPOAYKTUBHOCTB COpPTOB Kaprodenst (2022-2024 rr)
Table 3. The influence of intensification means on the productivity of potato varieties (2022-2024)

Level of mineral Treatment option Yield, t/ha | Yield increase Averages by factor
nutrition Tubers | Plants* t/ha % Protection | Level of mineral nutrition
Yuna
Natural fertili- CT 0,4 (control) - 11,3 - - 11,8 12,5
ty background CT0,4+B0,2 B0,2 11,9 0,6 53 13,6
CT02+B0,2 B 0,2 12,5 1,2 10,6 14,1
CT0,4+R0,01 RO0,2 12,4 1,1 9,7 14,0
CT0,2+R 0,01 R 0,2 14,5 3,2 28,3 17,6
NuoP4oRgo CT04 — 12,4 1,1 9,7 16,0
CT04+B0,2 B0,2 15,4 4,1 36,3
CT02+B0,2 B0,2 15,7 4,4 38,9
CT0,4+R 0,01 RO0,2 15,7 4.4 38,9
CT0,2+R 0,01 R 0,2 20,7 9,4 83,2
LSD, s average quotients 1,1
LSD, s by factors 0,7 0,5
Lina
Natural fertili- CT 0,4 (control) - 20,4 - - 22,1 22,4
ty background CT04+B02 B0,2 23,5 3,1 15,2 24,3
CT02+B0,2 B0,2 21,5 1,1 5,4 23,1
CT0,4+R0,01 R 0,2 22,9 2,5 12,2 24,1
CT0,2+R 0,01 R 0,2 23,7 33 16,2 25,7
N4oP40Rgo CT04 — 23,9 3,5 17,2 25,4
CT04+B0,2 B0,2 25,1 4,7 23,0
CT02+B0,2 B0,2 24,7 4,3 21,1
CT0,4+R 0,01 RO0,2 25,4 5,0 24,5
CT0,2+R 0,01 R 0,2 27,8 7,4 36,3
LSD, s average quotients 1,1
LSD, s by factors 0,8 0,5
Zlatka
Natural fertili- CT 0,4 (control) - 15,6 - - 19,0 18,7
ty background CT04+B0,2 B0,2 19,1 3,5 22,4 21,6
CT02+B0,2 BO0,2 19,0 34 21,8 21,2
CT 0,4+R 0,01 R 0,2 19,0 34 21,8 20,3
CT0,2+R 0,01 R 0,2 20,7 5,1 32,7 20,4
Na4oPsoRso CTo04 - 22,5 6,9 442 22,4
CT04+B0,2 B 0,2 24,1 8,5 54,5
CT02+B0,2 B 0,2 23,5 7,9 50,6
CT0,4+R0,01 R 0,2 21,7 6,1 39,1
CT0,2+R 0,01 R 0,2 20,2 4,6 29,5
LSD, 5 average quotients 1,2
LSD, 5 by factors 0,8 0,5
Here and in Table 4:

* The plants were treated once during the budding phase:

CT 0,4 — Celeste Top (the consumption rate of the preparation is 0.4 1/t);

CT 0,4 + B 0,2 — Celeste Top (the consumption rate of the preparation is 0.4 1/t) + Beres -8 (the consumption rate of the prepara-
tion is 0,2 1/t);

CT 0,2 + B 0,2 — Celeste Top (the consumption rate of the preparation is 0,2 1/t) + Beres 8 (the consumption rate of the preparation
is 0,2 1/t);

CT 0,4 + R 0,01 — Celeste Top (the consumption rate of the preparation is 0,4 1/t) + Relikt (the consumption rate of the preparation
is 0,01 1/t);

CT 0,2 + R 0,01 — Celeste Top (the consumption rate of the preparation is 0,2 1/t) + Relikt (the consumption rate of the preparation
is 0,01 1/t);

B 0,2 — Beres -8 (the consumption rate of the preparation is 0,2 I/ha);

P 0,2 — Relikt (the consumption rate of the preparation is 0.2 1/ha)
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Ta6a. 4. Bausaue cpencTs MHTEHCU(UKALMK HA BBIXOZ CEMEHHON (ypakimu, BecoBor %o (20222024 1t)
Table 4. The influence of intensification means on the yield of seed fraction, weight % (2022-2024)

. - Treatment option . Increase (+), Average by factor
Mineral nutrition Quantity decrease (-)
level Tubers Plants* of seed fraction in the amount Protec- | Mineral nutrition
of the seed fraction tion level
Yuna
CT 0,4 (control) - 63,7 - 64,3
. CT0,4+B0,2 BO0,2 75,6 +11,9 67,0
Nawral fertility | - 1054802 | BO2 69,5 5.8 64,7 67.7
ackground
CT0,4+R0,01 R 0,2 62,3 -1,4 57,0
CT0,2+R 0,01 R 0,2 67,6 +3,9 62,6
CTO0,4 - 65,0 +1,3
CT0,4+B0,2 B 0,2 58,5 -5,2
Na4oP4oRgo CT0,2+B0,2 B 0,2 60,0 -3,7 58,6
CT0,4+R 0,01 R 0,2 51,7 -12,0
CT0,2+R0,01 R 0,2 57,6 6,1
Lina
CT 0,4 (control) — 56,8 - 59,7
. CT0,4+B0,2 B 0,2 62,6 +5,8 62,5
Natral fertility | - 1054802 | BO2 65.8 +9.0 65.0 63.8
ackground
CT0,4+R 0,01 R 0,2 62,3 +5.,5 68,7
CT0,2+R 0,01 R 0,2 71,6 +14,8 72,5
CTO0,4 — 62,7 +5,9
CT04+B0,2 BO0,2 62,4 +5,6
NaoP10Rg0 CT0,2+B0,2 B0,2 64,2 +27,7 67,6
CT0,4+R 0,01 R 0,2 75,2 +18,4
CT0,2+R0,01 R 0,2 73,4 +31,7
Zlatka
CT 0,4 (control) — 73,1 - 73,9
. CT0,4+B0,2 B 0,2 72,8 -0,3 71,9
Eﬁ;ﬁ;ﬁgﬁ%ﬂlw CT02+B02 B0.2 72,7 0.4 75,3 72,1
CT0,4+R 0,01 R 0,2 65,8 -7,3 71,3
CT0,2+R0,01 R 0,2 76,2 +3,1 77,1
CT04 — 74,7 +1,6
CT0,4+B0,2 B 0,2 71,0 -2,1
NaoP10Rgo CT0,2+B0,2 B0,2 77,9 +4,8 75,7
CT0,4+R 0,01 R 0,2 76,9 +3.8
CT0,2+R 0,01 R 0,2 78,1 +5,0

Lina. On average, for the factor “mineral nu-
trition of plants”, a significant increase in the
gross yield of potato tubers was noted in case of
its optimization. The average increase amounted
to 3.0 t/ha (or 13.4%). On average, for the fac-
tor “protection”, there was no sharp difference
in productivity among the variants. The signif-
icant increase in yield ranged from 1.0 to 3.6 t/
ha, but the highest potato productivity, as with
the Yuna variety, was noted in the variant of seed
tuber treatment with Celeste Top (0.2 1/t) + Re-
likt (0.01 1/t) + Relikt (0.2 1/ha); in this case, the
yield increase amounted to 3.6 t/ha (16.3%).

Analysis of the averages showed that the
combination of factors allowed for a reliable in-
crease in yield of the Lina variety in all experi-
mental options from 1.1 to 7.4 t/ha (from 5.4 to
36.3%). The maximum yield increase was noted
in the variant with the treatment of seed tubers
with Celeste Top (0.2 I/t) + Relikt (0.01 I/t) +
Relikt (0.2 I/ha), which amounted to 36.3%.

The application of mineral fertilizers to the
Lina variety, on average according to the “min-
eral nutrition” factor, increased the yield of the
seed fraction by 3.8%. On average, according to
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BrusiHue ypoBHS MUHEpAIBHOTO MUTAHUS B 00pabOTKH KapTodest MPOTPaBUTEIEM U TyMaTaMu

Ha K03()(QUIMEHT pa3MHOKEHHUS:

a —OHua; 6 — Jluna; 6 — 3nmarka (2022-2024 rr.): 1 — CT 0,4 — Cenect Ton (Hopma pacxozaa mpemnapata 0,4 11/T) —

Ha (poHE ecTeCTBEHHOTO TUIOIOPOANS IaHHBIN BapuaHT siBisuics: koutpoiem; 2 — CT 0,4 +5 0,2 + 5 0,2 — Cenecr
Tom (0,4 n/t) + Bepec-8 (0,2 /1) + Bepec-8 (0,2 n/ra); 3 — CT 0,2+ 5 0,2+ 5 0,2 — Cenecr Ton (0,2 51/t) + Bepec-8
(0,2 n/T) + Bepec-8 (0,2 n/ra); 4 —CT 0,4 + P 0,01 + P 0,2 — Cenecr Tomn (0,4 5n/T) + Pemukr (0,01 1/T) + Penukr
(0,2 n/ra); 5—CT 0,2+ P 0,01 + P 0,2 — Cenecr Tomn (0,2 n/1) + Pemuxr (0,01 51/T) + Penukr (0,2 11/ra)

The influence of mineral nutrition level and potato treatment with seed dressing and humates on the
multiplication coefficient:

a—Yuna; 6 — Lina; ¢ — Zlatka (2022-2024): 1 — CT 0.4 — Celeste Top (consumption rate of the drug 0.4 1/t) — against
the background of natural fertility, this option was the control; 2 — CT 0.4 + B 0.2 + B 0.2 — Celeste Top (0.4 I/t) +
Beres-8 (0.2 1/t) + Beres-8 (0.2 I/ha); 3— CT 0.2 + B 0.2 + B 0.2 — Celeste Top (0.2 I/t) + Beres-8 (0.2 I/t) + Beres-8
(0.2 1/ha); 4—CT 0.4 +P0.01 +P 0.2 — Celeste Top (0.4 I/t) + Relikt (0.01 I/t) + Relikt (0.2 1/ha); 5—-CT 0.2 + P
0.01 +P 0.2 — Celeste Top (0.2 I/t) + Relikt (0.01 I/t) + Relikt (0.2 1/ha)

42 Siberian Herald of Agricultural Science * 2026 * 56 * 1 Plant growing and breeding




BuusiHne cpecTB MHTCHCH(HKALMY HA BHIXOZ CEMEHHOI (paKkiuun
y COpPTOB KapTodesisi CHOUPCKON CeNeKIHU

Mautora A.A., baros A.C., I'ypeepa F0.A.

the “protection” factor, the highest yield of the
medium fraction was observed in the Celeste
Top (0.2 I/t) + Relikt (0.01 1/t) + Relikt (0.2 I/ha)
variant, and its increase compared to pure Ce-
leste Top (rate 0.4 1/t), used for treating seed tu-
bers, was 12.8%.

Analysis of the averages showed that a com-
bination of factors allowed the maximum in-
crease in the seed fraction in the Lina variety
when optimizing mineral nutrition in the Celeste
Top (0.2 I/t) + Relikt (0.01 1/t) + Relikt (0.2 1/ha)
variant, amounting to 31.7%.

The calculation of the reproduction coeffi-
cient showed that the highest value for the Lina
variety is achieved when cultivating the crop
on the background of natural fertility and using
Celeste Top for treating seed tubers (application
rate 0.2 1/t) in a mixture with the Relikt humate
(application rate 0.01 1/t), as well as treating
plants during vegetation with Relikt (application
rate 0.2 I/ha) (see the figure).

Zlatka. On average, for the factor “miner-
al nutrition of plants”, a significant increase in
the gross yield of potato tubers was noted in the
case of its optimization. The increase averaged
3.7 t/ha (or 19.8%). On average, with respect to
the “protection” factor, the variants differed little
in productivity, with a significant yield increase
ranging from 1.3 to 2.6 t/ha. The highest pro-
ductivity of the Lina potato variety was noted in
the variant of treating seed tubers — Celeste Top
(0.4 1/t) + Beres-8 (0.2 I/t) + Beres-8 (0.2 1/ha);
in this case, the yield increase was 2.6 t/ha
(13.7%).

Analysis of the averages showed that the com-
bination of factors made it possible to achieve a
reliable yield increase in the Zlatka variety in all
experimental variants from 3.4 to 8.5 t/ha (from
21.8 to 54.5%). The maximum yield increase
was observed in the treatment variant of seed tu-
bers — Celeste Top (0.4 1/t) + Beres-8 (0.2 1/t) +
Beres-8 (0.2 1/ha), which amounted to 54.5%.

The application of mineral fertilizers to the
Zlatka variety, on average according to the “min-
eral nutrition” factor, increased the yield of the

seed fraction by 3.6%. On average, according to
the “protection” factor, the highest yield of the
medium fraction was observed in the Celeste
Top (0.2 1/t) + Relikt (0.01 1/t) + Relikt (0.2 1/ha)
option, and its increase compared to the pure
seed dressing agent (rate 0.4 1/t) used for treating
seed tubers was 3.2%.

Analysis of the averages showed that a com-
bination of factors allowed obtaining the maxi-
mum increase in the seed fraction of the Zlatka
variety with the optimization of mineral nutri-
tion in the Celeste Top (0.2 1/t) + Relikt (0.01 1/t)
+ Relikt (0.2 1/ha) option, amounting to 5.0%.

The calculation of the reproduction coeffi-
cient showed that it reaches its highest value for
the Zlatka variety when the crop is grown on the
background of natural fertility and Celeste Top
(consumption rate 0.4 I/t) is used for treating
seed tubers in pure form (see the figure).

Ranking of such traits as the weight percent-
age of the seed fraction and the reproduction co-
efficient made it possible to identify cultivation
options for the varieties that allow obtaining the
optimal ratio of the number and mass of seed tu-
bers (see Table 5).

This statistical method showed that the best
option for the Yuna variety, allowing to achieve
an optimal ratio of quantity and mass of seed tu-
bers, is its cultivation without the use of mineral
fertilizers, as well as the treatment of planting
material with a mixture of Celeste Top (0.4 1/t)
and Beres-8 (0.2 1/t) followed by spraying with
Beres-8 (0.2 1/t).

In this case, it can be seen that the yield of the
average fraction in weight equivalent is maxi-
mal (75.6%) (see Table 4), and the multiplica-
tion coefficient (7.0) is slightly lower than the
maximum (7.7) noted for this variety in the ex-
periment (see the figure).

For the Lina variety, the optimal mass-to-tu-
ber ratio was found in the treatment variant of the
planting material Celeste Top (0.2 I/t) in combi-
nation with Relikt (0.01 1/t), followed by cultiva-
tion of the crop on the background of natural soil
fertility and treatment of the plantings during
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Ta6a. 5. PamxupoBanue Npu3HAKOB (BECOBOW MPOLEHT CEMEHHOH (hpakuuu, K03(QPUIUSHT pa3sMHOKEHHS)
JUISL pa3InaHbIX cOpTOB KapToderns (2022-2024 rr.)

Table 5. Ranking of traits (weight percentage of seed fraction, multiplication coefficient) for different
potato varieties (2022-2024)

Location of Mineral nutrition level Treatment option Sum of
the object tubers | plants, 0,2 1/ha ranks
Yuna
The group of "best" objects
1 NFB* Celeste Top (0,4 I/t) + Beres -8 (0,2 1/t) Beres -8 20,5
2 NFB Celeste Top (0,2 I/t) + Relikt (0,01 I/t) Relikt 20,0
3 NFB Celeste Top (0,2 1/t) + Beres -8 (0,2 1/t) Beres -8 19,5
The group of "average" objects
4 N4oP10Kso Celeste Top (0,2 1/t) + Beres -8 (0,2 I/t) Beres -8 15,5
5 N4oP40Ksgo Celeste Top (0,4 1/t) - 15,5
6 NaoP10Ksgo Celeste Top (0,2 I/t) + Relikt (0,01 I/t) Relikt 13,5
7 NFB Celeste Top (0,2 1/t) + Relikt (0,01 1/t) » 11,5
8 NFB Celeste Top (0,4 1/t) (control) — 10,5
The group of "worst" objects
9 NaoP10Ksgo Celeste Top (0,4 1/t) + Beres -8 (0,2 I/t) Beres -8 6,5
10 NyoP40Kso Celeste Top (0,4 1/t) + Relikt (0,01 I/t) Relikt 2,0
Lina
The group of "best" objects
1 NFB Celeste Top (0,2 I/t) + Relikt (0,01 I/t) Relikt 22,0
2 NaoPa0Ksgo Celeste Top (0,4 1/t) + Relikt (0,01 I/t) » 21,5
3 NaoP4oKso Celeste Top (0,2 I/t) + Relikt (0,01 I/t) » 20,5
The group of "average" objects
4 NaoP40Kso Celeste Top (0,2 1/t) + Beres -8 (0,2 1/t) Beres -8 16,0
5 NFB Celeste Top (0,4 1/t) + Relikt (0,01 1/t) Relikt 15,0
6 NFB Celeste Top (0,2 1/t) + Beres -8 (0,2 I/t) Beres -8 14,0
7 NaoP40Kso Celeste Top (0,4 1/t) - 13,0
8 NaoP1oKso Celeste Top (0,4 I/t) + Beres -8 (0,2 1/t) Beres -8 12,0
9 NFB Celeste Top (0,4 I/t) + Beres -8 (0,2 1/t) » 10,0
The group of "worst" objects
10 NFB Celeste Top (0,4 1/t) (control) | — 4,0
Zlatka
The group of "best" objects
1 NaoP1oKso Celeste Top (0,2 I/t) + Beres -8 (0,2 1/t) Beres -8 19,5
2 NFB Celeste Top (0,4 1/t) (control) — 17,0
The group of "average" objects
3 Na4oP10Ksgo Celeste Top (0,4 1/t) + Relikt (0,01 1/t) Relikt 14,0
4 NaoP40Kso Celeste Top (0,4 I/t) - 14,0
5 N4oP40Ksgo Celeste Top (0,2 I/t) + Relikt (0,01 1/t) Relikt 13,5
6 NFB Celeste Top (0,2 1/t) + Relikt (0,01 1/t) » 12,0
7 NFB Celeste Top (0,4 1/t) + Beres -8 (0,2 I/t) Beres -8 11,0
8 N4oP40Kso Celeste Top (0,4 1/t) + Beres -8 (0,2 1/t) » 10,5
The group of "worst" objects
9 NFB Celeste Top (0,2 I/t) + Beres-8 (0,2 1/t) Beres -8 8,0
10 NFB Celeste Top (0,4 1/t) + Relikt (0,01 1/t) Relikt 2,5

Note: NFB — natural fertility background.
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vegetation with Relikt (0.2 I/ha). In this case, it
is seen that the yield of the medium fraction in
weight equivalent (71.6%) and the reproduction
coefficient (10.2) are maximal (see Table 4, the
figure) for this variety in the experiment.

For the Zlatka variety, among all the studied
options, ranking revealed that using mineral fer-
tilizer for growing this variety, treating the tu-
bers with Celeste Top (0.2 l/t) in combination
with Beres-8 (0.2 I/t), as well as treating the
plants during the growing season with Beres-8
(0.2 I/ha), allows obtaining the optimal ratio
of the quantity and mass of seed tubers. In this
case, the yield of the middle fraction in weight
equivalent is 77.9%, which is slightly less than
the maximum (78.1%) (see Table 4), and the
multiplication factor (10.8) is also slightly lower
than the maximum (11.0) noted for this variety
in the experiment (see the figure).

CONCLUSIONS

1. To achieve the highest yield of seed tubers
for the Yuna variety in terms of weight, it should
be cultivated on the basis of natural fertility us-
ing Celeste Top (0.4 1/t) for seed tuber treatment
in combination with Beres-8 humate (0.2 1/t) and
treating plants during the budding period with
Beres-8 humate (0.2 1/ha). In this case, the out-
put of the seed fraction increased by 11.9%. To
increase the number of seed tubers in numerical
terms, the crop should be grown with mineral
fertilizers and the use of Celeste Top (applica-
tion rate 0.2 1/t) to treat the seed tubers in com-
bination with Beres-8 humates (0.2 1/t) or Relikt
(0.01 1/t), as well as treating the plants during
the growing season with Beres-8 (0.2 1/ha) or
Relikt (0.2 1/ha), respectively. The reproduction
coefficient in these cases is 7.7, in the control —
6.5. The optimal ratio of quantity and mass of
seed tubers for the Yuna variety was observed
when cultivating it without the use of mineral
fertilizers, as well as when treating the planting
material with a mixture of Celeste Top (0.4 1/t)
and Beres-8 (0.2 1/t) followed by spraying with
Beres-8 (0.2 1/t). In this case, the yield of the av-

erage fraction in weight equivalent is maximum
(75.6%), and the reproduction coefficient (7.0) is
slightly lower than the maximum (7.7).

2. For the maximum realization of the pro-
ductivity of the Lina variety, it is necessary to
treat the planting tubers with Celeste Top (appli-
cation rate 0.2 L/t) in a mixture with the humic
preparation Relikt (application rate 0.01 L/t),
followed by treatment of the plantings during
the vegetative period at the budding stage with
Relikt (application rate 0.2 L/ha). In this case,
the increase in gross yield amounted to 36.3%.
To achieve the highest yield of seed tubers of
the Lina variety in terms of weight, it should be
cultivated with mineral fertilizers, using Celeste
Top (0.2 1/t) for seed tuber treatment in combi-
nation with Relikt humate (0.01 1/t) and treating
the plants during the budding period with Relikt
(0.2 I/ha). In this case, the yield of the seed frac-
tion increased by 31.7%. To increase the number
of seed tubers in numerical terms, the crop should
be cultivated on the basis of natural fertility and
the use of Celeste Top for seed tuber treatment
(application rate 0.2 1/t) in a mixture with Relikt
humate (application rate 0.01 I/t), as well as the
treatment of plants during vegetation with Relikt
(application rate 0.2 1/ha). The reproduction rate
in these cases is 10.2, in the control — 6.6. For
the Lina variety, the optimal mass-to-tuber ratio
was found in the treatment option with Celeste
Top (0.2 I/t) in combination with Relikt (0.01 1/t)
for seed material, followed by crop cultivation
under natural fertility conditions and treatment
of the plantings during the growing season with
Relikt (0.2 1/ha). The yield of the medium frac-
tion in weight equivalent was 71.6%, the repro-
duction rate was 10.2, which was the maximum
for this variety in the experiment.

3. For the maximum realization of the produc-
tivity of the Zlatka variety, it is necessary to treat
the planting tubers with Celeste Top (applicant
rate 0.2 I/t) in a mixture with the humic prepara-
tion Beres-8 (applicant rate 0.2 1/t), followed by
treatment of the plantings during vegetation at
the budding period with Beres-8 (applicant rate
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0.2 1/ha). In this case, the increase in gross yield
was 54.5%. To obtain the highest yield of seed
tubers of the Zlatka variety in weight terms, it
should be grown on a background with mineral
fertilizers using Celeste Top (0.2 I/t) for seed tu-
ber treatment in combination with Relict humate
(0.01 1/t) and treating plants during the budding
period with Relict (0.2 1/ha). In this case, the
yield of the seed fraction increased by 5.0%. To
increase the number of seed tubers in numerical
terms, the crop should be grown on the back-
ground of natural fertility and using only Ce-
leste Top (application rate 0.4 I/t) for seed tuber
treatment. The reproduction rate in these cas-
es is 11.0. For the Zlatka variety, it was found
that using mineral fertilizer to grow this variety,
treating tubers with Celeste Top (0.2 I/t) in com-
bination with Beres-8 (0.2 1/t), as well as treating
plants during the growing season with Beres-8
(0.2 1/ha), allows achieving an optimal ratio of
the quantity and weight of seed tubers. The yield
of the average fraction in weight equivalent was
77.9%, which is slightly below the maximum
(78.1%), and the reproduction rate (10.8) is also
slightly lower than the maximum (11.0).
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Ouenka ce0ecTOMMOCTH NMPOU3BOACTBA MOCAT0YHOTO
MaTepuaJia YeCHOKa crpeikywierocs (Allium sativum L.)
C MCIOJIHL30BAHUEM TE€XHOJIOTHUH In Vitro

(<) AzonkoBa M.A.

Bcepoccuiickuii nayuno-ucciedosamenbCKkull UHCMUMYm 080ue600Cmaead —
Gunuan PedepanrbHoe0 HAYUHO20 YEHMPA 080ULE800CMBA

MockoBckast 061acTh, 1. Bepes, Poccust

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

B pamkax uccienoBaHusl BBITOIHEH CPAaBHUTEIbHBINA aHAIN3 c€0ECTONMOCTH MOITYYEHUS 030POB-
JICHHOTO TMOCAJIOYHOTO MaTepualia YeCHOKa 03MMOTO C UCIIOJIb30BAHUEM KJIIACCHUECKON TEXHOIOTUU
(13 BO3OYLIHBIX TYKOBUYEK) M MeToAa in vitro. [IpeacTaBiensl 3aTpaThl Ha Pa3HbIX dTaax MoTydeHHs
[0CaJO4YHOr0 MaTtepuaia. IIpy ncnosnb30BaHNN KIIACCHYECKONW TEXHOJIOIMM OOIME 3aTpaThl COCTaB-
ns1t0T 368 ven. u u 258,94 ThIC. p., pacueTHast ce0ECTOMMOCTh OJHON JTYKOBHUIIBI Y€CHOKA TOXOAUT JI0
26 p. [Ipu 3TOM OCHOBHOU CTaTbel 3aTpaT sBIsieTCs 3apaboTHas 1uiata. [lepBblil 3Tan TEXHOJIOTHH
in vitro (BBeZICHUE B KYJIBTYpy) 3aHUMaeT 3,74% 3aTpart, B ACHEI)KHOM 3KBUBaJieHTE — 28,83 THIC. .
Oranbl MUKPOPa3MHOKEHHS, 8 TaKKEe YKOPCHEHHSI M TIOAPALIUBAHUS PACTCHUH i Vitro 1o JUTHTEIb-
HOCTH M 00BbEMY 3aTpaT HaxXOIATCs HAa OAHOM ypoBHeE. MIX 1omnst B cTpykType 3arpar coctasisieT 17%
(132,85 1 134,65 ThIC. p. cCOOTBETCTBEHHO). Ce6eCTOMMOCTh OTHOTO PACTEHUS YECHOKA in vitro — 8,86
u 10,20 p. coorBeTcTBeHHO. OCHOBHBIMHU CTATBhSIMH PACcXOJI0OB CIIy)KaT 3apaboTHAas IulaTa U MaTepHa-
1e1 (B cpenaeM 1o 45%). Hanbomee 3aTpaTHBIM 3TAIlOM SIBISETCS aaNTalys PACTeHUN K YCIOBUSIM
ex vitro: nyutcst Oonee 7 Mec, B CTPYKType 3arpar ero jaoiis cocrasisier 61,81%, cebectoumMocThb
OJHOTO pacTeHus coctasisier 31,76 p. B menom 3arparsl Ha HolydeHHE OCAAOYHOIO MaTepuaia C
WCIIOJIB30BAHNEM METOAA in vitro cocTaBisioT 899,72 Teic. p. CebecTOMMOCTh OJHON JTYKOBHIIBI —
89,95 p., uto Ha 64 p. TOPOXKE MO CPABHEHUIO C KIACCUUECKOM TEXHOIOTUEH. XOTS BHICOKOTEXHOIO-
THUYHBIC U HAYKOEMKHE METObI 0340POBICHHS MOCAJOUYHOIO MaTepHrala YeCHOKAa CTPEJIKYIOIIErocs
CYIIECTBEHHO MOBBIMIAIOT €T0 Ce0ECTOMMOCTh, OTHAKO SIBJISIOTCS Oosee 3pQEeKTUBHBIMHU U MOTYT pac-
CMaTpUBaThCs KaK JIOJATOCPOUHbIC MHBECTHIIMHU B Pa3BUTHE YECHOKOBOACTBA B Poccun.

KarwueBble ciioBa: cebecTONMOCTh, YECHOK, 03/JOPOBJICHHBIN MOCAIOUYHBIA MaTepHal, KyJlIbTypa
in vitro, BO3AYIIHbIE TyKOBUYKH

Estimation of the production cost of the planting material
of bolting garlic (Allium sativum L.) using in vitro technology

C<DAzopkova M.A.

All-Russian Scientific Research Institute of Vegetable Growing —
Branch of the Federal Scientific Center of Vegetable Growing
Vereya village, Moscow region, Russia

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

The study included a comparative analysis of the cost of obtaining improved winter garlic planting
material using the classical technology (from aerial bulbs) and the in vitro method. The costs at diffe-
rent stages of obtaining the planting material are presented. When using the classical technology, total
costs amount to 368 man-hours and 258.94 thousand rubles, the estimated cost of one bulb of garlic
reaches 26 rubles. The main cost item is the wages. The first stage of the in vitro technology (introduc-
tion to culture) accounts for 3.74% of costs, in monetary terms — 28.83 thousand rubles. The stages
of micropropagation, as well as rooting and growing plants in vitro, are at the same level in terms of
duration and cost. Their share in the cost structure accounts for 17% (132.85 and 134.65 thousand
rubles, respectively). The cost of one in vitro garlic plant is 8.86 and 10.20 rubles, respectively. The
main expense items are wages and materials (45% each on average). The most expensive stage is the
adaptation of plants to ex vitro conditions: it lasts more than 7 months, its share in the cost structure is
61.81%, the cost of one plant is 31.76 rubles. In total, the costs of obtaining the planting material using
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Onenka ce6ecTONMOCTH IIPOU3BOACTBA II0CAT0YHOTO MaTepuaia
4ecHOKa cTpenkytoerocs (Allium sativum L.)
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the in vitro method amount to 899.72 thousand rubles. The cost of one bulb is 8§9.95 rubles, which is
64 rubles more expensive than the classic technology. Although high-tech and science-intensive me-
thods for improving the planting material of bolting garlic significantly increase its cost, they are more
effective and can be considered as a long-term investment in the development of garlic growing in

Russia.

Keywords: cost price, garlic, improved planting material, in vitro culture, air bulbs
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INTRODUCTION

The government, within the framework of the
Program of Fundamental Scientific Research in
the Russian Federation for the long-term peri-
od (2021-2030), allocated about 2 billion rubles
for the creation of new highly productive forms
of cultivated plants that are resistant to adverse
abiotic and biotic environmental factors. This
indicates the state's interest in using scientific
achievements to ensure the country's food secu-
rity under conditions of economic isolation. In
this regard, modern biotechnological methods
are becoming in demand not only in science but
also in the production of agricultural products.

According to data from the Food and Agricul-
ture Organization of the United Nations (FAO),
the total demand for garlic is about 300 thousand
tons per year, while actual production of this
vegetable crop across all types of farms in 2020
amounted to 190 thousand tons. In Russia, 18.5
thousand hectares are planted with garlic. Ac-
cording to Rosstat, in 2023 the total gross garlic
harvest amounted to 1,712.9 thousand centners
[1]. Garlic occupies a special place in human nu-
trition. In addition, its role as a medicinal plant is
increasingly growing.

Garlic can be propagated by cloves, aerial
bulbs, and single-clove bulbs [2—-5]. Due to the
vegetative method of propagation, this valuable
vegetable crop is susceptible to numerous dis-

eases [6-9]. The use of infected starting material
leads to a loss of bulb mass by 12.3%, a reduc-
tion in the number of cloves by 40.2%, and a
decrease in yield up to 60%. At the same time,
new varieties created by the method of clonal
selection are initially at risk of degeneration [3,
10]. Therefore, the issue of renewing varieties
and obtaining healthy planting material is par-
ticularly pressing.

For example, in Russia, in order to solve this
problem in potato cultivation, which also repro-
duces through vegetative organs, a technology
for obtaining pathogen-free planting material us-
ing the in vitro method has been developed and
widely implemented. According to open sourc-
es, the price of one potato microtuber obtained
in this way can range from 150 to 1500 rubles.

The use of biotechnological methods is also
possible in garlic breeding and seed production
[11-15].

In order to implement the technology for im-
proving the health of garlic planting material, it
is necessary to conduct an economic analysis.

The purpose of the work is a comparative
analysis of costs and the calculation of the cost
of obtaining improved planting material of win-
ter garlic (Allium sativum L.) using the classical
technology (from aerial bulbs) and the in vitro
method.
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Estimation of the production cost of the planting material
of bolting garlic (4/lium sativum L.)
using in vitro technology

Azopkova M.A.

MATERIAL AND METHODS

Calculation of the cost of the improved win-
ter garlic planting material was carried out in
the laboratory of the All-Russian Scientific Re-
search Institute of Vegetable Growing based on
the previously developed methods':2.

The following initial data were used to calcu-
late the costs of obtaining the planting material
in in vitro culture: specialist's salary with bene-
fits — 100 thousand rubles, cost of 1 kW-h — 8.5
rubles.

Donor plants were grown on beds with a total
area of 15 m? at a plant density of 40 plants/m? to
simultaneously obtain 350 garlic inflorescences
suitable for introduction into culture.

All work on obtaining the planting material
from airborne bulbs was carried out in the exper-
imental plot using manual labor. The calculated

area at the first stage was 15 m?, at the second —
300, at the third — 50 m2.

RESULTS AND DISCUSSION

Obtaining garlic planting material from ae-
rial bulbs involves a complex set of activities.
In general, this method involves the sequential
production of aerial bulbs, as well as single- and
multi-clove bulbs. The total costs for imple-
menting this method amount to 368 man-hours
and 258.94 thousand rubles (see Table 1). The
most labor-intensive process is the production
of single-clove bulbs. Labor costs at this stage
amount to 184 man-hours, and monetary costs
are 123.42 thousand rubles. The main cost item
is the salary.

At the same time, the cost of one garlic bulb,
obtained using the classical scheme of planting
material health improvement, averaged 25.9 ru-
bles.

Obtaining garlic planting material using bio-
technological methods consists of three stag-
es: growing donor plants, the biotechnological

Tao6xa. 1. 3arparsl Ha NONTy4YEHUE O03J0POBICHHOIO OCAJ0YHOIO MaTepraa

Table 1. The cost of obtaining an improved planting material

Expenses
St Duration, labor materi- electricity other total
age als
months th th th th th
ous. ru- ous. ous. ous. ous.
mhrs bles rubles kW*h rubles rubles rubles
In vitro culture

Donor plant cultivation 10 24 12,0 1,58 0 0 3,0 16,58

Biotechnological 10,5 440 261,5 339,82 19930 169,4 11,0 781,72
Cultivation of the first field
generation 10 140 70,0 21,42 0 0 10,0 101,42
Total 30,5 604 343,5 362,82 19 930 169.4 24,0 899,72
Aerial bulbs

Obtaining aerial bulbs 10 44 22,0 2,10 0 0 10,0 34,10
Obtaining single-clove bulbs 10 184 92,0 21,42 0 0 10,0 123,42
Obtaining multi-clove bulbs 10 140 70,0 21,42 0 0 10,0 101,42
Total 30 368 184,0 44,94 0 0 30,0 258,94

'Polyakov A.V., Azopkova M.A., Muravyova 1.V. Obtaining in vitro planting material of winter garlic (4//ium sativum L.):

methodological recommendations. Moscow,2018, 18 p.

2Polyakov A.V., Alekseeva T.V. Obtaining planting material of winter garlic (4//ium sativum L.) from aerial bulbs in the Non-
Black Earth zone of the Russian Federation: methodological recommendations. Moscow, 2018, 16 p.
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stage, and growing the first field generation (see
Table 1).

Growing donor plants includes preparing the
soil for planting, cutting the beds, preparing the
planting material, planting, caring for the plants
during the growing season, as well as preventive
treatment against diseases and pests. The dura-
tion of the stage is 10 months. Labor costs at this
stage amount to 24 person-hours, and monetary
costs — 16.58 thousand rubles.

The biotechnological stage is carried out un-
der the laboratory conditions. It consists of the
preparation of the plant material, in vitro culti-
vation (introduction into in vitro; microprop-
agation; rooting and growth of plants in vitro),
adaptation of plants to ex vifro conditions, and
their growth. The biotechnological stage lasts on
average 11 months, including the period from
introduction into culture to adaptation to ex vi-
tro conditions, which takes 4 months, adaptation
to ex vitro conditions and growth of plants up to
single-clove bulbs, and storage in a cold cham-
ber — 7 months (see Table 2).

The first stage of in vitro cultivation is the
introduction into the culture. The effectiveness
of this stage determines all subsequent work. In
the overall cost structure, it accounts for only
3.74%, which is 28.83 thousand rubles in mon-
etary terms.

Micropropagation and in vitro rooting of
plants are similar in duration and in their share of
the cost structure. At the micropropagation stage,

one passage from a single garlic inflorescence
can produce 30 well-formed plants in vitro [12].
Thus, 350 inflorescences are sufficient to produce
11,000 plants in vitro. The share of these stages
in the overall cost structure is 17% (132.85 and
134.65 thousand rubles, respectively). The cost
of one plant is 8.86 and 10.20 rubles.

At the same time, the main expense items are
salaries and materials, which account for an av-
erage of 45% of costs each.

The adaptation of garlic plants to ex vitro
conditions is the costliest stage, accounting for
61.81% of the total costs. At this stage, the in
vitro plants are grown to a single-clove bulb,
followed by storage in refrigeration chambers
until planting in the soil. The cost of one plant
is 31.76 rubles.

Electricity costs include payment for elec-
tricity consumed by the lighting system, laminar
box, split system, drying cabinets, autoclaves,
distillers, and refrigerated chamber for vernal-
ization of single-toothed bulbs. Electricity costs
at the ex vitro plant growing stage are the highest
compared to other stages and amount to 147.90
thousand rubles.

Material costs include the cost of dishes,
chemical reagents, insulating materials, disin-
fectants, containers, and soil. It should be noted
that during the experiment for plant adaptation,
Jiffy peat tablets with a diameter of 24 mm were
used, which increased the material costs by 184
thousand rubles.

Taoa. 2. 3arparsl Ha nomy4yerne 10 TBIC. pacTeHUN METOIOM in Vitro

Table 2. Costs of producing 10,000 plants using the in vitro method

Costs, thous.rubles
Duration,
Stage . .

months total labor electricity materials
Introduction into in vitro 1 28,83 13,0 2.2 13,63
Micropropagation 1,5 132,85 62,75 8,75 61,35
Rooting and growing plants in vitro 1,5 134,65 62,75 10,55 61,35
Adaptation of plants to ex vitro conditions,
growing, storage in a cold chamber 7 474,39 123,0 147,90 203,49
Total 11 770,72 261,5 169,4 339,82
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Estimation of the production cost of the planting material Azopkova M.A.
of bolting garlic (4/lium sativum L.)
using in vitro technology
The total costs of obtaining winter garlic 2. Condamenxo A.B., Ilueosapoeé B.D., Ilviu-

plants in in vitro culture amount to 770.72 thou-
sand rubles, the cost of one plant is 77 rubles.

The final stage in obtaining the planting ma-
terial by the in vitro culture method is the cul-
tivation of the first field generation. The dura-
tion of this stage is 10 months (see Table 1). The
obtained adapted plants are planted in beds, and
care for the plantings is carried out according to
the technology for growing winter garlic from a
single-clove bulb.

In total, the costs of obtaining the planting
material using the in vitro method amount to
899.72 thousand rubles. The cost of one bulb of
the first field generation is 89.95 rubles, which is
64 rubles more expensive compared to the con-
ventional technology.

CONCLUSION

Since winter garlic is an exclusively vegeta-
tively propagated plant, complete elimination of
infections from the planting material using tra-
ditional methods is impossible. The use of high-
tech and knowledge-intensive methods for the
purification of the planting material significantly
increases its cost.

As a result of the work carried out, it was es-
tablished that the cost of the planting material
obtained using the in vifro method is 3.5 times
higher than the cost of bulbs obtained by the
classical method.

It is possible to obtain the planting material
for an area of 1 hectare from the bulbs of the first
field generation, after two years of cultivation in
open ground with compliance with all agronom-
ic standards. Such material is free from phyto-
pathogens, and the costs of obtaining it can be
considered long-term investments in the devel-
opment of garlic growing in Russia.
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DeHOJIOrHYEeCKOe PA3BUTHE U YPOKANHOCTH POMALIKHU allTEYHOM
U KAJICHYJIbI JIEKAPCTBEHHOI B 3aBUCUMOCTH OT CPOKOB IOCEBA
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Hayuno-uccireoosamenvcxuil uncmumym eemepunapuu Bocmounoii Cubupu — gpunuan
Cubupcrozo gpedepanvrozo nayunozo yenmpa azpodouomexuonocuii Poccutickoti akademuu Hayk
Yura, Poccus

(X)e-mail: frau.olgaa2015@yandex.ru

B crarbe Ha ocHoBarwmm TpexyeTHUX (2020—-2022) mMoIeBBIX OMBITOB U 1a00PATOPHBIX UCCIIEIOBA-
HUH W3JI0KEHBI Pe3yJbTaThl U3yUeHUs Ipoliecca GOPMUPOBAHUS arpo(PHUTOIICHO30B IIEHHBIX JIEKap-
CTBEHHBIX PacTCHUH — pomallku anteuHou (Matricaria chamomilla) u KaneHIy/bl JIEKapCTBCHHON
(Calendula officinalis L.) — mpu pa3HBIX CpOKax MOCEBa B JIECOCTEITHON 30HE 3a0alKaIbCKOTO Kpasi.
HccnenoBanre mpoBOAWIN Ha OMBITHOM ojie HaydHo-HUCClieqoBaTeabCKOro MHCTUTYTA BETEPUHAPUU
Bocrounoit Cubupu. IlouBa onmpITHOrO ydacTka JIyrOBO-4€pHO3E€MHAasi MyYHUCTO-KapOOHaTHas, 1O
TPaHyJIOMETPUIECKOMY COCTaBY — JIETKUH CYTIIMHOK. L{enh paboThl — OIleHKa BIUSHAS CPOKOB TIOCEBa
(IT nexana masi, 11 nexana wrons, 11 nexaaa uroIst) Ha MPOAOIKUTEILHOCTh MEK(a3HBIX TIEPUOOB pa3-
BUTHS PacTEHHI, TMHEHHBIM POCT, OOIMCTBEHHOCTb, MOJIEBYIO BCXOKECTh, COXPAHHOCTh PACTEHHUH U
YPOXKalHOCTB JIEKAPCTBEHHOTO CHIphA. [lomydenHbIe TaHHBIE CBUAETENHCTBYIOT O TOM, YTO OIarofaps
pa3IUYHBIM CPOKaM MOCEBA B 3aBUCUMOCTHU OT OYBEHHO-KIMMATUYECKUX YCIOBUM PETHOHA MOXKHO
MOJTy4aTh PAa3INYHYI0 YPOKANMHOCTh M3YyYaeMBIX JEKAPCTBEHHBIX KyabTyp. HamOombimas yposkaii-
HOCTB JICKAPCTBEHHOTO CHIPhs chopMHUpOBaIach Mpu mocere 15 Mas u 15 UioHS: yposKalHOCTh CBIPOM
MaccChl pOMaIllKu anTedHou cocrasuina 8,20-9,60 1/ra, cyxoit maccel — 1,37-1,49 1/ra, cemsa — 0,15—
0,16 T/ra, y xanenyisl jJekapctseHHon — 9,80-10,30; 1,80-1,87; 0,40-0,41 T/ra COOTBETCTBEHHO.
K MomenTy yOOpKH BBICOTA paCTEHUH POMAIITKH alTeIHON Joxonuia 10 89—95 cM, 00IMCTBEHHOCTD —
1o 57-58%, xaneHayinsl iekapcTBEHHOH — 82—84 cM u 52-55% cooTtBeTcTBEHHO. OTMEUYEHO, YTO Je-
KapCTBEHHBIC PacTeHHUsI CBOOOHBI OT OOJIC3HEH M BpEUTENCH, X TOCEBBI YCTONUMBBI K TIOJICTAaHUIO
7 3aCyXe B YCIIOBHAX 3a0aiiKkaibs.

KuroueBble cji0Ba: JIGKAPCTBEHHBIC PACTEHMsI, pOMAIlKa anTeuHas, KaJeHIyJa JEKapCTBEHHas,
CPOKH TI0CEBa, MeK(a3HbIe EPUOIbI, PA3BUTHE PACTCHUMN, YPOXKAMHOCTb, aalTHBHOCTb

Phenological development and productivity of wild chamomile and
calendula officinalis depending on the sowing time in Transbaikalia

)Andreeva O.T.

Scientific Research Institute of Veterinary Science of Eastern Siberia — Branch of the

Siberian Federal Scientific Centre of Agro-Biotechnologies of the Russian Academy of Sciences
Chita, Russia

(<X)e-mail: frau.olgaa2015@yandex.ru

The article presents the results of a study on the formation of agrophytocenoses of valuable me-
dicinal plants — wild chamomile (Matricaria chamomilla) and calendula officinalis (Calendula offi-
cinalis L.) — at different sowing times in the forest-steppe zone of the Trans-Baikal Territory, based
on three years (2020-2022) of field experiments and laboratory research. The study was conducted on
the experimental field of the Scientific Research Institute of Veterinary Science of Eastern Siberia. The
soil of the experimental plot was meadow-chernozem floury-carbonate, light loam in granulometric
composition. The purpose of the work was to study the effect of the sowing dates (second ten days of
May, second ten days of June, second ten days of July) on the duration of interphase periods of plant
development, linear growth, foliage, field germination, plant survival, and yield of medicinal raw
materials. The obtained data indicate that, thanks to different sowing times depending on the soil and
climatic conditions of the region, it is possible to obtain different yields of the studied medicinal crops.
The highest yield of medicinal raw materials was achieved when sowing on May 15 and June 15:
the yield of the raw mass of wild chamomile was 8.20-9.60 t/ha, dry mass — 1.37-1.49 t/ha, seeds —
0.15-0.16 t/ha, and for calendula officinalis — 9.80—10.30; 1.80—1.87; 0.40—0.41 t/ha, respectively. By
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Phenological development and productivity of wild chamomile
and calendula officinalis depending on the sowing time
in Transbaikalia

Andreeva O.T.

the harvest time, the wild chamomile plants reached 89—95 cm in height, with a foliage coverage of
57-58%, while the calendula officinalis plants reached 82—-84 cm and 52-55%, respectively. These
medicinal plants were noted to be free of diseases and pests, and their crops were resistant to lodging

and drought in the conditions of Transbaikalia.

Keywords: medicinal plants, wild chamomile, calendula officinalis, sowing dates, interphase pe-

riods, plant development, yield, adaptability
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INTRODUCTION

At present, medicinal plants play a signifi-
cant role in the production of pharmaceuticals,
since about half of all medicines used in modern
world medicine are of natural origin, obtained
from products processed from medicinal plant
raw materials. The distinctive feature of medic-
inal plants and preparations based on them is
that their range of action is very wide, because
plants naturally contain a whole complex of var-
ious substances, each of which not only has a
specific effect on the body but also enhances the
action of other biologically active substances.
The therapeutic spectrum of action of the prepa-
rations based on certain plants is quite signifi-
cant. Examples of such plants include calendula
officinalis, wild chamomile, Ural licorice, and
others. Medicinal plants and preparations made
from them have a mild therapeutic effect, lower
toxicity, and minimal side effects compared to
substances obtained synthetically.

The use of medicinal plants has its roots in the
distant past. Many of them have undergone cen-
turies of testing and are an invaluable resource
for modern medicine. Thanks to the combina-
tion of the historical experience of the peoples
of the world and the results of scientists' work,
a unique arsenal of medicinal plant preparations

has been created, which is in great demand both
in Russia and in other countries. Eco-products
from medicinal plants are used in the production
of medical and veterinary drugs, in the food in-
dustry, perfumery, and cosmetology. Medicinal
plants are widespread in all geographic zones
of our country, with a large number growing in
Transbaikalia, Western and Eastern Siberia. Cur-
rently, the domestic pharmaceutical industry's
needs for medicinal raw materials are not ful-
ly met, with imports accounting for up to 80%'
[1-3].

In recent years, there has been a sharp turn
towards the use of medicinal plants for treat-
ment, which has been facilitated by an increased
level of knowledge about medicinal plants and
the stability of the effects obtained. In govern-
ment program documents, the Government of
the Russian Federation has set the crucial task of
providing the country's population with highly
effective domestic herbal medicines?. Therefore,
the revival and development of medicinal plant
cultivation in the Russian Federation at the pres-
ent stage and in the future constitute an import-
ant and relevant task of great national economic
significance.

Promising sources of medicinal products are
wild chamomile (Matricaria chamomilla) and

Telyatyev V.V. Healing treasures of Eastern Siberia. Irkutsk,1976, 445 p.

2Order of the Ministry of Industry and Trade of the Russian Federation dated October 23, 2009 No. 965 “On approval of the
strategy for the development of the pharmaceutical industry of the Russian Federation for the period up to 2020” // GARANT.RU:
information and legal portal. URL: https://www.garant.ru/products/ipo/prime/doc/4089282/.
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calendula officinalis (Calendula officinalis L.).

Calendula officinalis is an annual herbaceous
plant of the Asteraceae family. The flowers of ca-
lendula contain a whole complex of biological-
ly active substances. For example, carotenoids
help reduce inflammation and have anti-cancer
effects. Sterols contribute to the improvement
of the cardiovascular system and remove excess
cholesterol. Triterpenoids stabilize blood sugar
levels and tone the immune system. Essential
oils support immunity and have an antibiotic ef-
fect. Coumarins maintain the elasticity of blood
vessels and reduce the chance of blood clot for-
mation. Lactone has an anti-tumor effect [4—7].

Wild chamomile is an annual herbaceous
plant of the Aster family. The flowers, stems,
and leaves of chamomile contain many essen-
tial oils, coumarins, polysaccharides, flavonoids,
organic acids, and vitamins of various groups.
Chamomile helps with stomach ulcers, acute and
chronic inflammations of the intestinal muco-
sa, gastritis, colitis, constipation, and neuralgic
pain. Valuable components in medicinal cham-
omile are glycosides, flavonoids, and a type of
ether — chamazulene, which is used for the treat-
ment of bronchial asthma, rheumatism, aller-
gic gastritis and colitis, and burns from X-rays.
Chamomile flower infusion has anti-inflamma-
tory, hemostatic, antiseptic, analgesic, antispas-
modic, and diaphoretic effects, enhances and
quickens breathing, dilates the cerebral vessels,
and stimulates appetite. Ready-made medicinal
forms: Romazulan, Alorom, Arfazetin, Rotokan,
Kamilosid [8-10].

The content of biologically active substances
in various organs of medicinal plants largely de-
pends on the growing conditions, the vegetative
period, the mass, and the size of these organs.
Within the complex of technological methods
of cultivating medicinal crops, the sowing dates
are of great importance. Sowing dates affect the
yield and quality of the produce to the extent
that they coincide with favorable conditions (in
terms of moisture and temperature) during the
period of plant growth, development, and har-
vest formation. The technological method that
most influences the formation and quality of the

harvest is the use of different sowing dates. By
adjusting sowing dates, it is possible to reduce
the plants' dependence on adverse environmen-
tal factors and achieve a high yield of high-qual-
ity medicinal raw materials. The yield and qual-
ity of medicinal raw materials are the basis for
the effective use of medicinal crops in produc-
tion [11, 12].

The sowing dates influence on the yield
of medicinal calendula and chamomile in the
Trans-Baikal region has not been previously
studied. Therefore, research to determine the
optimal sowing dates for these medicinal plants
is timely, relevant, and has both scientific and
practical significance.

The purpose of the study is to determine the
optimal sowing periods for chamomile and me-
dicinal calendula, which allow for consistently
obtaining high yields of medicinal raw materials
and full-fledged seeds under the conditions of
Transbaikalia.

MATERIAL AND METHODS

The study was conducted in the forest-steppe
zone of the Trans-Baikal Territory, in the fields
of the Research Institute of Veterinary Science
of Eastern Siberia. The soil of the site is mead-
ow-chernozem, floury-carbonate, with a loamy
texture according to granulometric composition.
The content of organic matter in the arable layer
is 3.67%, total nitrogen is 0.31%. The availabili-
ty of assimilable forms of phosphorus is low, and
of potassium is medium. The reaction of the soil
solution of the arable horizon is slightly acidic
(pH of the water extract 5.9), of the sub-arable
horizon — neutral (pH = 6.3). The area of the
sowing plot is 20 m?, of the accounting plot —
10 m?. The plot arrangement is sequential, the
shape is rectangular, with fourfold replication.

Mineral fertilizers were applied at a rate of
NgoPeoKgo for pre-sowing cultivation. Sowing
was carried out after fallow in three stages (sec-
ond ten-day period of May, second ten-day peri-
od of June, second ten-day period of July). Wild
chamomile seeds were sown at a rate of 4 kg/
ha, and calendula officinalis seeds at a rate of 10
kg/ha. Wild chamomile seeds were embedded to
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a depth of 0.5-1.0 cm, and calendula officinalis
seeds were embedded to a depth of 2.0-3.0 cm.
When sowing, the seeds were mixed with granu-
lated superphosphate (at a ratio of 1:5) to ensure
uniform seeding. The medicinal plant material
was collected four times during the growing sea-
son (every 8—10 days) when sowing on May 15
and June 15, and once when sowing on July 15.
Records and observations were conducted ac-
cording to the methodological guidelines??.

The climate in Transbaikalia is sharply con-
tinental, with cold winters and hot summers,
with little snow. Average annual precipitation is
330-380 mm, with most (85-90%) falling in the
summer, and the maximum from July to August.
Overall, the climate is characterized by variable
moisture levels. The sum of temperatures above
10°C during the summer months ranges from
1500-1800°C, with a high average daily tem-
perature in July (19.1°C). The frost-free period
lasts for 90—110 days.

A distinctive feature of the Transbaikal Terri-
tory's climate is its long sunshine hours. In this
regard, the region surpasses even the southern
regions of Russia. The average sunshine hour
in Chita is 6.4 hours per day. The abundance of
warmth and light in the summer and the long du-
ration of direct sunlight are extremely favorable
factors for the cultivation of many crops. These
plants, fully utilizing the region's bioclimatic re-
sources (moisture, nutrients, and solar energy),
have time to mature before the onset of autumn
frosts. If all agricultural practices are followed,
they can produce a fairly high yield of medicinal
plants and seeds.

The study period (2020-2022) was character-
ized by a sufficient level of moisture and heat
supply. In 2020, 320 mm of precipitation fell
from April to September, in 2021 — 349 mm, in
2022 — 406 mm, which exceeds the long-term
average (276 mm) by 44, 73, and 130 mm. The

average temperature of the growing seasons
exceeded the long-term average (11.2 °C) by
0.7, 0.9, and 1.9 °C. The hydrothermal coeffi-
cient (HTC) averaged: 1.0 in May, 1.2 in June,
2.6 in July, 1.1 in August, and 2.4 in September.
May, June, and August were characterized as
sufficiently wet, while July and September were
excessively wet. Overall, the established weath-
er conditions ensured the timely appearance of
seedlings, good plant development, and the for-
mation of high yields of medicinal raw materials
and seeds. It was noted that the studied crops in
the forest-steppe conditions of the Trans-Baikal
region are resistant to pests and diseases, lodg-
ing, and drought.

RESULTS AND DISCUSSION

The study revealed that the growth of wild
chamomile and calendula officinalis plants at
the beginning and throughout the phenological
phases was strongly influenced by weather con-
ditions (temperature and soil moisture), sowing
date, and the biological characteristics of the
plants. Active plant development was observed
with precipitation and optimal temperature con-
ditions (20-23 °C).

The average daily air temperature during the
sowing-to-emergence interphase period during
sowing in the second ten-day period of May was
8.8-9.0 °C, in the second ten-day period of June
—16.2-16.5 °C, in the second ten-day period of
July —20.6-21.3 °C. The productive moisture in
the arable soil layer was 31.2-32.1; 36.4-36.6;
38.3-39.0 mm, respectively. Soil temperature
at the seed depth varied between sowing dates:
7.2-8.3°C on May 15, 11.9-12.5°C on June 15,
and 19.5-20.1°C on July 15. All of this signifi-
cantly influenced soil warming and differences
in seedling emergence times. When sowing in
the second ten-day period of May, seedlings

3Methodological guidelines for conducting field experiments with fodder crops. Moscow,1983, 197 p.

“Experimental work in crop production. Moscow, 1982, 190 p.

SDospekhov B.A. Methodology of field experiment (with basics of statistical processing of the research results). Moscow, 1985,

357 p.

®Methodology of state variety testing of agricultural crops. Moscow, 1985, 267 p.
"Instructions for zonal agrochemical laboratories on the analysis of feed and plants. Moscow: Kolos, 1968, 56 p.
8GOST 34221-2017. Seeds of medicinal and aromatic plants. Varietal and sowing qualities. General technical conditions.

Moscow: Standartinform, 2017, 23 p.
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emerged 23-24 days after sowing, 5—6 days ear-
lier in the second ten-day period of June, and
15-16 days earlier in the second ten-day period
of July (see Table 1).

For wild chamomile, the germination-bud-
ding period lasted from 33 to 38 days, while for
calendula officinalis it was 30-35 days. The ger-
mination-flowering period lasted 52-54 days for
wild chamomile and 47-50 days for calendula
officinalis when sown in May and June. More-
over, this period was shorter by 2-3 days when
sown in June. In July crops, the full flowering
phase occurred in only 40% of wild chamomile
plants and 60% of calendula officinalis plants. In
wild chamomile and calendula officinalis agro-
cenoses, seed ripening was observed only when
sown in May and June, with the periods lasting
82-86 and 72-75 days, respectively.

An important element of the agrophytoceno-
sis is the number of plants per unit area. Field
germination rates varied across experimental
variants depending on sowing time. The most
favorable conditions for heat and moisture were
observed during sowing in the second ten-day
period of July, due to precipitation and optimal
average daily temperatures during germination
and subsequent vegetation. High plant survival
rates were noted—96-98% (see Table 2).

In wild chamomile crops, field germination
was 57-70%, and in calendula officinalis, 69—
78%. This indicator increased from early sowing
(May 15) to later ones (by 4-6% when sowing

on June 15 and by 9-13% when sowing on July
15). Plant survival was quite high in all experi-
mental variants (93-98%). The standing density
at harvest for chamomile was 31-39 pcs/m?, and
for calendula officinalis, 61-73 pcs/m?.

Weed infestation in spring crops during the
germination period (with one cultivation) was
high (96-109 weeds/m?). When sowing on June
15 (with two pre-sowing cultivations), weed in-
festation rates decreased slightly (7375 weeds/
m?). Less weedy were the July crops, where two
pre-sowing cultivations were carried out (30-33
weeds/m?). By the end of the growing season, as
a result of clearing and harrowing, weed infesta-
tion in all variants decreased to 2—7 weeds/m>.

Important parameters influencing the produc-
tivity of the grass stand are the height and foliage
of the plants. In the sowings carried out on May
15 and June 15, the height of the plants was the
greatest by the time of harvesting: wild chamo-
mile — 89-95 cm, calendula officinalis — 8284
cm, which is higher than in the sowings carried
out on July 15 by 51-61 and 3840 cm, respec-
tively. The foliage coverage was 57-59 and
52-55%. With the late sowing date (July 15), the
plant height was the smallest and amounted to
34-44 cm, while the foliage coverage was high
(62-65%) (see Table 3).

When assessing the response to drought us-
ing a method based on yellowing of basal leaves
and loss of turgor, it was noted that all the stud-
ied crops are drought-resistant (5 points).

Ta6a. 1. Mexdaszable nepruosl POMAIIKY alITEYHON U KaJeH TyJIbl JISKAPCTBEHHOU, JHH

(cpemnee 3a 2020-2022 1)

Table 1. Interphase periods of wild chamomile and calendula officinalis, days

(average for 2020-2022)

Culture Sowiflg - Seedlir.lgs - Seedlings - Seedl.ings. -
seedlings budding flowering seed ripening
Sowing on May 15
Wild camomile 23 33 54 82
Calendula officinalis 24 30 50 72
Sowing on June 15
Wild camomile 18 34 52 86
Calendula officinalis 18 32 47 75
Sowing on July 15
Wild camomile 8 38 50 —
Calendula officinalis 8 35 44 —
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Ta6ua. 2. I'ycToTa cTOAHNUS, MOJIEBAsE BCXOKECTh, COXPAHHOCTh U 3aCOPEHHOCTH MIOCEBOB POMAIITKH
anTeuYHO! M KaJeHIyJbl JIekapcTBeHHOM (cpennee 3a 2020-2022 rT.)

Table 2. Plant density, field germination, survival and weed infestation of wild chamomile

and calendula officinalis crops (average for 2020-2022

)

Plant density, pcs./m? Weed inf;est? tion,
Field pes.m
Culture Sowing time during the germination, | Viability, % during the by the end
sprouting h beforg % sprouting of the
. arvesting . growing
period period
season
Wild camomile May 15 33 31 57 93 109 7
June 15 36 34 63 94 73 5
July 15 41 39 70 96 33 3
Calendula May 15 64 61 69 95 96 5
officinalis
June 15 69 66 73 96 75 4
July 15 74 73 78 98 30 2

Important indicators of the yield structure of
medicinal raw materials of the studied crops are
the plant density per unit area and the weight of
inflorescences. In wild chamomile, in sowing
carried out on May 15, with a plant density of 31
pcs/m?, the fresh weight of inflorescences was
820 g/m?; in sowing carried out on June 15, the
values of these indicators were 34 pcs/m? and
960 g/m?; in sowing carried out on July 15 — 39
pcs/m? (of which flowering — 16 pcs/m?, or 40%)
and 277 g/m?. For calendula officinalis, the pre-
sented indicators were 61 pcs/m? and 980 g/m?;
66 pcs/m? and 1030 g/m?; 73 pcs/m? (of which
flowering — 44 pcs/m?, or 60%) and 383 g/m?, re-
spectively. The diameter of the flowering heads
of wild chamomile, depending on the declared
sowing dates, was 3.9; 3.7; 2.9 cm, for calendula
officinalis — 7.6; 7.3; 5.7 cm.

It was found that, under the prevailing grow-
ing season conditions, wild chamomile and ca-
lendula officinalis achieved maximum produc-

tivity when sown on May 15 and June 15: fresh
weight of 8.20-9.60 and 9.80-10.30 t/ha, dry
weight of 1.37-1.49 and 1.80-1.87 t/ha, thou-
sand-seed weight of 0.089-0.090 and 13.9-14.0
g, and seed yield of 0.15-0.16 and 0.40-0.41 t/
ha, respectively (see Table 4).

In the sowings carried out on July 15, a de-
crease in the yield of medicinal raw materials
was observed: for wild chamomile, the raw mass
decreased by 5.43-6.83 t/ha (66.2-77.1%), the
dry mass — by 0.95-1.11 t/ha (69.3-74.5%), for
calendula officinalis, the raw mass decreased by
5.97-6.47 t/ha (60.9—62.8%), the dry mass — by
1.20-1.27 t/ha (66.7-67.9%). Seeds in the July
sowings of wild chamomile and calendula offic-
inalis did not form.

On average, over the years of study, the high-
est yield of medicinal raw materials of wild
chamomile was obtained at a plant density of 31—
34 plants/m?, and calendula officinalis — 61-66
plants/m?. A close positive correlation was noted
between the yield and plant height (» = 0,87).

Ta6a. 3. Beicora u 0OOMUCTBEHHOCTh PACTCHHUI POMAIIKH alITEYHON M KaJICH /Ty bl JICKAPCTBECHHOM

(cpennee 3a 2020-2022 1)

Table 3. Height and foliage of medicinal plants of wild chamomile and calendula officinalis

(average for 2020-2022)

Height, cm Foliage, %
Culture
May 15 June 15 July 15 May 15 June 15 July 15
Wild camomile 89 95 34 57 59 65
Calendula 82 84 44 52 55 62
officinalis
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Tadua. 4. YpoxaliHOCTb JIEKAPCTBEHHOTO CBHIPbSI U CEMSTH POMAIIIKHU allTEYHON 1 KaJIeHYIIbI

nexapcTBeHHOH (cpennee 3a 2020-2022 rr.)

Table 4. Yields of medicinal raw materials and seeds of wild chamomile and calendula officinalis

(average for 2020-2022)

o Yield, t/ha Weight
Culture Sowing time
raw mass dry mass seeds of 1000 seeds, g

Wild camomile May 15 8,20 1,37 0,16 0,090

June 15 9,60 1,49 0,15 0,089

July 15 2,77 0,38 - -
LSDys 1,41 0,16
Calendula May 15 9,80 1,80 0,41 14,00
officinalis June 15 10,30 1,87 0,40 13,90

July 15 3,83 0,60 - -
LSDys 0,89 0,15
CONCLUSIONS 59%, calendula officinalis — 82—84 c¢cm and 52—

1. The natural and climatic conditions of the
Trans-Baikal Territory correspond to the bio-
logical requirements of wild chamomile and
calendula officinalis and, if optimal agricultural
cultivation methods are observed, allow for the
formation of high yields of medicinal raw mate-
rials and seeds.

2. Based on the results of the study, it was
established that the optimal time for sowing
wild chamomile and calendula officinalis in the
forest-steppe zone of the Trans-Baikal Territo-
ry is the period from May 15 to June 15. When
sowing during the specified period, the highest
yield of medicinal raw materials and seeds was
recorded: for wild chamomile, raw mass is 8.20-
9.60 t / ha, dry mass - 1.37-1.49 t / ha, seeds
-0.15-0.16 t/ ha, for calendula officinalis - 9.80-
10.30; 1.80-1.87; 0.40-0.41 t / ha, respectively.

3. The duration of the transitional phases of
medicinal plants at the specified sowing times
was:

— for wild chamomile: from sowing to seed-
lings — 18-23 days, from seedlings to budding —
33-34 days, from seedlings to flowering — 5254
days, from seedlings to seed maturation — 82—86
days;

— for calendula officinalis — 18-24; 20-22;
47-50 and 72-75 days respectively.

4. By the time of harvest, the height of wild
chamomile plants was 89-95 cm, foliage — 57—

55% respectively.

5. It has been found that wild chamomile and
Calendula officinalis are resistant to drought and
lodging, as well as to diseases and pests in the
forest-steppe zone of Transbaikalia.
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Ce30HHAs IMHAMUKA JIETA JOMUHUPYOLIHMX YeIIYCKPbLUIbIX BpeAUTEIeH
B COBPEMEHHBIX €a/1axX

<) Bacuabuenko A.B., [Ipax C.B., Ilogropnas M.E.

Cesepo-Kaskaszckuil hedepanvbhblii HAyYHbIL YeHMpP ca00800CMEd, BUHOSPAOAPCIEd, BUHOOENUs
Kpacuonap, Poccust

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

[ox BnustHMEM psifa GaKTOPOB B IUIOJOBBIX arpoOLEHO3aX MPOUCXOIST U3MEHEHNS, IPOSBIISIOLIHC-
Csl B €CTECTBEHHBIX IBOJIIOIIMOHHBIX TIPOIIECCaX JHHAMHUKH BHJIOBOTO U KOJMYECTBEHHOTO cocTaBa (hu-
To(haroB, MX BPEJOHOCHOCTH W OWosiornH pa3BuTHsi. Hambonbinee BiusHUE HA POPMHUPOBAHHE KOM-
TUIEKCOB HACEKOMBIX-BPEIUTEIICH OKa3bIBAIOT CABUTH B KJIMMAaTHUECKOHM CHCTEME, HApAaCTaHUE TEMIIOB
I00ANEHOTO TIOTETUICHHS, YBEIMUYCHNUE BOJH YKCTPEMAaJbHO BBICOKHX TEMIIEpaTyp M MX MOBTOpsie-
MOCTB, POCT KOJTMYECTBA ONACHBIX METEOPOIOTUUECKUX SIBICHUHA. MOHUTOPHHT MHOTOJIETHUX TUIOAO-
BBIX HACAKICHUI MOKa3bIBaCT M3MEHEHMS B (POPMHPOBAHMU U OCOOCHHOCTSX PAa3BHTHUsI KOMIUIEKCA
YenryeKpbUIbIX. EjKerosHo B TeueHHe BCEro BEreTallMOHHOTO CE30HAa B CaJIOBBIX arporieHo3ax Kpac-
HOJIAPCKOTO Kpasi OTMEUAOTCS CIICAYIONIMe cuMIarpuuHbie Bubl: siononHas (Cydia pomonella L.),
ciuBoBas (Grapholitha funebrana Mats.) n Boctounast mopoxopku (Grapholita molesta Busck) u3 ce-
meiictBa Tortricidae, a Takke ABymoocasi OorHeBKa-ToAoKopKa (Euzophera bigella Zeller) nz cemeii-
ctBa Pyralidae, oOurtaromue B arpoiieHo3¢e Ha IPOTSHKEHUH BCEH BereTaluu. YCTaHOBJICHO, YTO pa3HbIN
TEMIIEPaTypHBII PEKUM M OTHOCUTEJIbHAS BIAXKHOCTh BO3AyXa B BECEHHHUM IEPUOA BIMSIOT HA Xa-
paxTep IMHAMHKH BbUIETa 0co0eil mepe3snmoBasiiero mokosneHus. Ocodennocts B nére C. pomonella,
G. funebrana, G. molesta — MHOTOUMCIICHHBIE TTMKH, YTO CBHJICTEIBLCTBYET O HEPABHOMEPHOM BBIXOJIC
oco0eil B arporieHo3e cajla B Havajie BereTauuu. B pesynbrare MOHUTOPHHTA IUIOJOBBIX HACAKICHUH
OTMEUEHO CYIIECTBEHHOE pa3nnyre (110 30HaM CaJI0BOJICTBA M TOJlaM) B CPOKaxX BbIIeTa 0abodek Te-
PE3UMOBABIIETO MOKOJICHUS — Pa3HUIIA COCTABIAET OT 5 M0 12 mHeil. BeisgBneHo, UTO HEycTOUMBas
BECCHHSIS 1I0r01a CIIOCOOCTBYET HEPABHOMEPHOMY M PACTSHYTOMY BBIJIETY MMaro Iepe3uMOBaBIIEIO
nokosenus. [Iponnenne BereTarronHoro neproaa Ha Mecsil B 2023 u 2024 TT. yBEIHYWIIO TIPOIOIKH-
TEJILHOCTD JIETA YelyeKpbUIbiX (puTodaros. M3ydeHue ce30HHON TUHAMUKH JIETa YeITyeKPbUIbIX Bpe-
JUTenel nokasano, yto B KpacHogapckoM kpae JOMUHHPYIOIIUE BHIbI PA3BUBAIOTCS B HECKOJIBKHX I'e-
Hepamwsix: C. pomonella u G. funebrana — o Tpu nokonenwns, E. bigella — aetvipe, G. molesta — msITh.

KaroueBble ciioBa: yenryekpbuible, JTOMUHUPYIOIINE BPEAUTEINH, TUI0I0BbIC HACAKACHUS, TEMIIe-
paTypHBIH PeXUM, TeHepaLus

Seasonal flight dynamics of dominant Lepidoptera pests
in modern gardens

(<) Vasilchenko A.V., Prach S.V., Podgornaya M.E.

North Caucasian Federal Scientific Center of Horticulture, Viticulture, Wine-making
Krasnodar, Russia

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

Under the influence of a number of factors, changes occur in fruit agrocenoses that manifest them-
selves in the natural evolutionary processes of the dynamics of the species and quantitative composi-
tion of phytophages, their harmfulness and developmental biology. The greatest impact on the forma-
tion of the complexes of harmful species is exerted by the shifts in the climate system, an increase in
global warming, an increase in the waves of extremely high temperatures and their recurrence, and an
increase in dangerous meteorological phenomena. Monitoring of perennial plantations shows changes
in the formation and development features of the Lepidoptera complex. Every year, during the entire
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Ce30HHAs AUHAMUKA JIETA JOMHHHPYIOIIUX YEIITYeKPBLIBIX
BpeUTeNe B COBPeMEHHBIX ca/lax

Bacwunsuenko A.B., ITpax C.B., ITogropuast M.E.

growing season, sympatric species are observed in the garden agrocenoses of the Krasnodar Territo-
ry: apple Cydia pomonella L., plum Grapholitha funebrana Mats., oriental codling moth Grapholita
molesta Busck (fam. Tortricidae) and the double-banded pyralid moth Euzophera bigella Zeller (fam.
Pyralidae), which live in the cenosis throughout the growing season. It has been established that dif-
ferent temperature conditions and relative air humidity in the spring period influence the nature of the
dynamics of the emergence of individuals of the overwintered generation. A distinctive feature in the
flight of C. pomonella, G. funebrana, G. molesta is numerous peaks, which indicates an uneven yield
of individuals in the agrocenosis of the orchard at the beginning of the growing season. As a result of
monitoring fruit plantations, significant differences have been noted (across horticultural zones and
years) in the timing of the emergence of butterflies of the overwintered generation — the difference
ranges from 5 to 12 days. It has been revealed that the spring period unstable weather contributes to
uneven and extended the emergence of the imago of the overwintered generation. The extension of
the growing season by a month in 2023 and 2024 increased the flight duration of Lepidoptera phy-
tophages. A study of the seasonal flight dynamics of Lepidoptera pests showed that dominant species
develop in several generations in the Krasnodar Territory: C. pomonella and G. funebrana have three
generations each, E. bigella has four, and G. molesta has five.

Keywords: Lepidoptera, dominant pests, fruit and berry plantations, temperature conditions, ge-
neration
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INTRODUCTION average monthly temperatures, as well as No-

One of the aspects determining the transfor- vember and December, were extremely warm.

mation of the structure of insect pest complex-
es 1s the change in the main climate parameters.
According to Roshydromet, since the late 1970s,
there has been an unprecedented disruption of the

The average annual air temperature anomaly in
the spring of 2023 was +1.77 °C, in the autumn of
the same year it reached +2.38 °C, and in the sum-
mer of 2024 it was +2.07 °C. There is also a noted

climate balance!. The last two years have been
marked as the warmest in the Southern Federal
District in the entire history of observations. In
2024, new daily maximum temperatures were re-
corded in the Krasnodar Territory. The summer

increase in average monthly temperatures in the
region from May to September by 2.4 °C [1].

In this regard, the duration of the growing
periods (7 > 5 °C) and active growing periods
(T> 10 °C) exceeded the long-term average (on

!Climate Change: Information Bulletin / Roshydromet, No. 112. URL: www.global-climate-change.ru.
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average by 11 and 15 days, respectively), which
resulted in the extension of the growing season
by a month?.

Over the past decade, the frequency of ex-
treme weather conditions recording has in-
creased’: prolonged thaws at the beginning and
middle of winter, return frosts in spring, heavy
precipitation, hail, dry and hot weather in July
— August with relative humidity on certain days
below 30% combined with extremely high tem-
peratures (36,8-38,2 °C).

Air temperature and precipitation significant-
ly affect the physiology, spatial distribution, and
biological characteristics of phytophagous or-
ganisms: in particular, the timing of organism
appearance and their development rates*°[2, 3].
Over longer periods, the temperature regime af-
fects the seasonality and evolutionary respons-
es of insects® 7. Short-term daily temperature
fluctuations affect the activity and survival of
individuals, which has a decisive impact on the
dynamics of the flight intensity of Lepidoptera.
Insects' response to extreme temperatures over a
short period of time may be an important factor
in population development and, consequently, in
abundance and geographical distribution over
longer time periods (see footnote 6) [4, 5].

Reactions of the type to extreme temperatures
are recorded in phenological modeling of the
consequences of climate change [6—8]. Chang-
es in the dynamics of phytophage development
appear after prior exposure to sublethal tempera-
tures and, possibly, in anticipation of extreme
environmental conditions [9], allowing insects
to survive in conditions that may be lethal or sig-
nificantly reduce population numbers. Individu-

als unable to increase thermal tolerance through
rapid plastic responses exhibit higher mortality
during subsequent exposure to extreme tempera-
tures [10].

The purpose of the study is to investigate the
seasonal dynamics of flight and the developmen-
tal characteristics of dominant pest species of the
order Lepidoptera in fruit plantations in the ter-
ritory of the Krasnodar Territory under the influ-
ence of biotic, abiotic, and anthropogenic factors.

MATERIAL AND METHODS

The research was conducted in 2023 and
2024 in industrial orchards located in the Black
Sea, Prikubanskaya Central, and Prikubanskaya
Floodplain gardening zones of the Krasnodar
Territory.

Objects of study are the agrocenoses of apple,
plum, and cherry plum, as well as lepidopteran
pests (representatives of the order Lepidoptera).

In the course of work, the method of phy-
tosanitary monitoring was applied according
to the generally accepted standard methods.
The dynamics and intensity of the flight of lep-
idopteran pests were determined using 'Delta’
pheromone traps (OOO 'Pheromone', Russia).
During the spring period, counts of overwinter-
ing caterpillars and lepidopteran pupae were car-
ried out. From the flowering phase, the onset and
dynamics of butterfly flight were recorded by
setting up pheromone traps. During fruit growth,
the damage to harvested fruits and fallen fruits,
the presence of carpophagous insects, and the
species and age composition of the insects were
monitored®1°.

2Report on the climate characteristics in the territory of the Russian Federation for 2023 / Roshydromet, Moscow, 2024, 104 p.

3Third assessment report on climate change and its impacts on the Russian Federation. general Summary / Roshydromet. St.
Petersburg,2022, 124 p.

4Crozier L. Winter warming facilitates range expansion: cold tolerance of the butterfly Atalopedes campestris // Oecologia. 2003,
N 135 (4), p. 648.

SRosenzweig C., Iglesias A., Yang X.B., Epstein P.R., Chivian E. Climate change and extreme weather events // Global Change &
Human Health, 2001, N 2 (2), pp. 90-104.

®Bale J.S. Insects and low temperatures: from molecular biology to distributions and abundance // Philosophical Transactions of
the Royal Society B., 2002, N 357, pp. 849-862.

"Chown S.L., Nicholson S.W. Insect Physiological Ecology: Mechanisms and Patterns, New York, 2004, 237 p.
8Phytosanitary and toxicological monitoring in orchards and berry fields. Krasnodar, 2002, 57 p.
“Methodological and analytical support for horticultural research. Krasnodar, 2010, 300 p.

Experimental methods and guidelines of the North Caucasian Zonal Research Institute of Horticulture and Viticulture. Kras-
nodar, 2002, pp. 143—-176.
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RESULTS AND DISCUSSION

Annually, throughout the entire growing
season, the following sympatric species are ob-
served in the garden agrocenoses of the Kras-
nodar Territory: codling moth (Cydia pomonel-
la L.), plum moth (Grapholitha funebrana
Mats.) and oriental codling moth (Grapholita
molesta Busck) from the family Tortricidae, as
well as double-banded pyralid seedworm (Eu-
zophera bigella Zeller) from the family Pyrali-
dae. The study of the development of the lepi-
dopteran complex showed that these species are
dominant, characterized by high abundance and
harmfulness (see Fig. 1).

Double-banded pyralid seedworm has been
recorded in the Krasnodar Territory since the late
1990s, and since the 2000s it has been damaging
pome and stone fruit crops; in apple orchards, it
is the most numerous and harmful species. With-
out protective measures, fruit damage can reach
60% or more.

Oriental codling moth is a quarantine species
whose adaptive properties have allowed it to ex-
pand its range and become a cosmopolitan, dam-
aging a wide range of crops. In the Krasnodar
Territory, G. molesta causes significant damage
to stone fruit crops — peach, plum, cherry plum,
and in the second half of the growing season,
damage to apple fruits is observed (1-2%).

Double-banded

pyralid moth I
Codling
moth -
Oretalcodlive pg
moth
Plum
moth T
0 100 200 300 400
Indv./trap
m April -May u July-August
u June-July August-September

Puc. 1. YucneHHOCTh YEIIYEKPbUIbIX BpEeAUTENCH
Ha tepputopus [IprukyOaHckoii 30HBI CaI0BOICTBA
B2023 .

Fig. 1. The number of the Lepidoptera pests in the
Prikubanskaya horticultural zone in 2023

Plum moth is a flexible species, quite numer-
ous in the region. Most common and harmful on
stone fruit crops.

In the apple agrocenosis, the codling moth
continues to remain a dangerous and econom-
ically significant pest. In recent years, the de-
velopment of the species has been greatly influ-
enced by biotic stress factors, which is manifest-
ed in fluctuations in the number and harmfulness
of the insect.

Pheromone monitoring of dominant species
showed changes at the onset of flight of the
overwintered generation and the subsequent de-
velopment of phytophages during the growing
season. It was established that different tem-
perature regimes and relative air humidity in the
spring period affect the dynamics of the flight of
individuals of the overwintered generation. The
beginning of imago flight, depending on the gar-
dening zone, varies in timing (from 5 to 12 days)
and in the sum of effective temperatures (SET).

In 2023, a prolonged spring with periodic
drops in temperature and heavy rains caused shifts
in the timing of flight, the start of egg-laying, and
larval emergence. The flight of C. pomonella but-
terflies of the overwintered generation was ob-
served when the SET reached 101-123 °C, with
the main flight occurring when this value reached
120-140 °C and above (see Fig. 2, a).

In recent years, this period (April — the first
half of May) in the region has been character-
ized by unstable weather, temperature fluctua-
tions from 25 °C to significant drops with return-
ing frosts, and frequent and heavy precipitation.
Such conditions lead to a decrease and complete
cessation of flight and, as a result, uneven and
prolonged ontogenesis.

The 2024 growing season began with a short-
age of precipitation and several rises in air tem-
perature up to 30°C in April, which triggered an
earlier flight of butterflies of the overwintered
generation; however, the drop in temperature to
below zero and periodic precipitation in the first
ten-day period of May during the flowering phe-
nophase interrupted the flight (see Fig. 2, 6).
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Fig. 2. Dynamics of the beginning of the flight of C. pomonella of the overwintered generation

by gardening zones 2023 (a) and 2024 (6)

A similar situation is observed with the emer-
gence of the plum moth, but with differences in
the timing of emergence and the SET indicators:
over several years, the appearance of the first
individuals is recorded when the SET reaches
40-50 °C, and the main flight occurs at the SET
above 75 °C [11].

A prolonged period of precipitation and low-
er temperatures in 2023 caused stress on the de-
velopment of C. pomonella, G. funebrana, and

G. molesta, which in the season was manifested
by a low number of individuals caught in traps,
a large number of peaks, extended flight, and
overlapping generations (see Fig. 3).

Dry July and August with elevated tempera-
ture backgrounds are becoming the norm for the
region. In 2023, the extremely high air tempera-
tures noted after a prolonged period of precipita-
tion, acting as a stress factor, triggered aestiva-
tion in up to 60% of the C. pomonella population
(see Fig. 4).
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Fig. 4. Flight dynamics of the C. pomonella on the territory of the Prikubanskaya central horticultural zone

(ZAO "Loris") in 2023 and 2024

The 2024 growing season was characterized
by elevated temperatures and a deficit of pre-
cipitation. The prolonged dry period with high
temperatures and hazardous natural phenomena
(hot dry winds, atmospheric drought), which set
in from the third ten-day period of May, caused
a mass emergence of C. pomonella individuals
from estivation in the second ten-day period of
June. From June to September, no distinctions

between the first and second summer genera-
tions were observed (see Fig. 4).

A distinctive feature of this period in the de-
velopment of C. pomonella, G. funebrana, and G.
molesta was the overlap of the flight of individu-
als emerging from estivation and the main flight
of the phytophagous insects. At the same time, as
a result of monitoring fruit crops, an overlap of
all stages of ontogenesis was recorded.
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The extension of the growing season by a
month and the drop in temperatures to abnormal
levels in September 2023 stimulated the resump-
tion of lepidopteran flight. For the region, this is
a dangerous period, characterized by high harm-
fulness of C. pomonella, G. molesta, and E. bi-
gella, which damage apple fruits. In 2024, these
species completed their development at the end
of September.

One of the responses of living organisms to
climate warming is an increase in the number of
multivoltine species. Such a reaction has been
observed in the plum moth — three full genera-
tions have been recorded over the past ten years
[11]. The oriental codling moth in the region
develops in five generations. The codling moth
exhibits three full generations (for the devel-
opment of one generation, the sum of effective
temperatures should be 570-650 °C), and the
double-banded pyralid seedworm has four gen-
erations (with a sum of effective temperatures of
450-470 °C).

CONCLUSIONS

1. It has been determined that the following
carpophagous species are among those constant-
ly recorded in the territory of the Krasnodar Ter-
ritory: codling moth, plum moth, oriental cod-
ling moth and double-banded pyralid seedworm,
living in the garden throughout the entire season.

2. A significant difference has been noted (by
gardening zones and years) in the timing of the
flight of butterflies of the overwintered genera-
tion (from 5 to 12 days).

3. It has been found that unstable weather
during the spring period contributes to an uneven
and prolonged emergence of imagos of the over-
wintered generation and further ontogenesis.

4. It has been established that in the region
the dominant species of lepidopteran pests are
multivoltine: C. pomonella and G. funebrana —
for three generations, E. bigella — four, G. mo-
lesta — five.
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B crarbe npuBeeHbI CBEACHUS O COPHBIX pacTeHUsIX ceMmeiicTBa I peuntunsie (Polygonaceae Juss.)
n Kamycrtoseie (Brassicaceae Burnett) — romoBkornBetHuk Henanbckuit (Cephalophilon nepalense
(Meissn.) Tzvel.) u xxepymnuk necHoit (Rorippa sylvestris (L.) Bess.). Llens uccnenoBanus — 0000-
HIUTH COBPEMEHHbIE JaHHBIE O PACTPOCTPAHEHHUH YKa3aHHBIX BUIOB PacTeHHU B arporeHo3ax [Ipu-
Mopckoro kpas. [loneBele uccnenoBanus BwioaHeHb! B 2018—2024 rr. Ha TeppUTOPUM TOPOACKUX
M CeNbCKUX IOCeNeHni. Vcrmomp30BaH METOA MapIIpyTHOTO OOCIeNOBaHMA, MPOAHATU3UPOBAHBI
JUTEpaTypHbIC aHHbIe, HH(POPMALUs U3 UHTepHET-pecypcoB. [IpoBenen ananus repOapHbIX 00pas-
noB C. nepalense n R. sylvestris (VLA, VBGI, MW, MHA, LE), oToOpaHHBIX Ha TEPPUTOPUH POC-
cuiickoro JlansHero Bocroka. OcyiiecTBieHbl (eHONOrHYeCKUe HaOMOAeH s, IPOU3BEICHBI cOOp U
orpejeneHne repdbapHoro Marepuania, GpororpadgupoBanue 00bEKTOB M3 MECT IpouspacTtanus. [ep-
OapHble 00pasLbl IepeJanbl B peruoHaibHble GoH b DenepaabHbli HayYHbIH HeHTp OnopasHooopa-
3us HazeMHON 6moTHl Boctounoit Asun /IBO PAH (VLA), borannueckuii cag-uncturyt JJBO PAH
(VBGI). CornacHo nonmy4yeHHbsIM JaHHbIM, C. nepalense u R. sylvestris B HacTosilee BpeMsi IPOYHO
BOIILJIM B TPYIITY COPHBIX M 3aCENMIIN arpoleHo3kl fora [I[puMopcKoro kpas, B TOM 4HCIIe OTOPOIHBIE
yuactku. C. nepalense B umncie HEKOTOPBIX APYTHX pacTeHHi cemeilicTBa Polygonaceae oOHapyxeH
B OOJIBIIMHCTBE a]MHHUCTPATUBHO-TEPPUTOPUAIBHBIX PAOHOB PETHOHA H aKTUBHO PACCEISETCS 110
AQHTPOIIOTEHHO TPaHC(HOPMHUPOBAHHBIM yudacTKaM. [Ipenmaraem BHECTH 3TOT BHJ B CHHCOK COPHBIX
pactenuit [Ipumopckoro kpas. R. sylvestris cTal OOBIYHBIM BHIOM Ha OTOPOTHBIX YUaCTKAaX YaCTHBIX
XO3SHCTB.

Kuarouessbie cioBa: Cephalophilon nepalense, Rorippa sylvestris, COpHBbIC pacCTEHUS, arpOIICHO3HI,
Yeceypuiicknii ropoackoit okpyr, ITpumopcekuii kpait

Distribution of Cephalophilon nepalense (Polygonaceae)
and Rorippa sylvestris (Brassicaceae) in agrocenoses of the south
of the Primorsky Territory

Fedina L.A., <)Markova T.O., Maslov M..V.

Federal Scientific Center of the East Asia Terrestrial Biodiversity of the Far Eastern Branch of the
Russian Academy of Sciences

Vladivostok, Russia
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Information is provided on the weeds of the Buckwheat (Polygonaceae Juss.) and Cabbage (Brassi-
caceae Burnett) families — persicaria nepalensis (Cephalophilon nepalense (Meissn.) Tzvel.) and yel-
low field cress (Rorippa sylvestris (L.) Bess.). The purpose of the study is to summarize modern data
on the distribution of the indicated plant species in the agrocenoses of the Primorsky Teritory. Field
research was conducted between 2018 and 2024 in urban and rural settlements. A route survey method
was used, and literature and online information were analyzed. The analysis of herbarium specimens
of C. nepalense and R. sylvestris (VLA, VBGI, MW, MHA, LE) collected in the Russian Far East was
carried out. Phenological observations were carried out, herbarium material was collected and identi-
fied, and objects from the vegetation areas were photographed. Herbarium specimens were transferred
to the regional funds: the Federal Scientific Center of the East Asia Terrestrial Biodiversity of the Far
Eastern Branch of the Russian Academy of Sciences (VLA), and the Botanical Garden-Institute of
the Far Eastern Branch of the Russian Academy of Sciences (VBGI). According to the data obtained,
C. nepalense and R. sylvestris have now firmly entered the group of weeds and have populated ag-
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rocenoses in the south of the Primorsky Territory, including vegetable gardens. C. nepalense, along
with several other plants in the Polygonaceae family, is found in most administrative districts of the
region and is actively spreading through anthropogenically transformed areas. We propose adding this
species to the list of weeds of the Primorsky Territory. R. sylvestris has become a common species in
private garden plots.

Keywords: Cephalophilon nepalense, Rorippa sylvestris, weeds, agrocenoses, Ussuriysk urban
district, Primorsky Territory
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INTRODUCTION them both in the fields and in other types of agro-
cenoses. It is known that the systematic compo-
sition and abundance of weeds depend not only
on ecological factors but also on crop cultivation
technologies, the extent of chemical protection
use, the area of disturbed lands, and the presence
of uncultivated lands, which become sources of
the spread of harmful and invasive species. To
date, the results of studies on the flora of weeds
in the south of the Russian Far East have been
summarized and published. The most aggressive
of them are quarantine objects'*[8—12].

observations, and in order to combat them in The intrusion of many plant species into spe-
crops and plantings of agricultural crops, it is cially protected natural areas causes great con-
necessary to identify the species and know their cern. Among these is the persicaria nepalensis
biological characteristics [1-7]. Considering (Cephalophilon nepalense (Meissn.) Tzvel.,
that weeds are capable of moving from one plant family Polygonaceae), which was first discov-
community to another, there is a need to monitor ered in the Ussuriysk Urban District (UUD)

According to the existing -classification,
weeds are considered to be wild plants that
grow alongside cultivated plants and thrive in
agrocenoses (in summer cottages, gardens, and
vegetable plots). Weeds reduce the yield of cul-
tivated plants: they create a moisture deficit,
actively consume nutrients from the soil, shade
seedlings, have a mechanical impact, and create
favorable conditions for pest reproduction.

Weeds have traditionally been the subject of

' Nikitin V.V. Geographical distribution of the most important weed plants of the USSR and their dynamics // Botanical Journal,
1979, vol. 64, N 7, pp. 943-949.

2Buch T.G., Kachura N.N., Shvydkaya V.D., Andreeva E.R. Weeds of the Primorskii Territory and their control. Vladivostok:
Dalnevostochnoe Publishing House, 1981, 250 p.

3Nechaeva T.I. New data on the adventive flora of Vladivostok // Bulletin of the Main Botanical Garden, 1981, Iss. 121, pp. 54-55.

*Vinogradova YK., Antonova L.A., Darman G.F., Devyatova E.A., Kotenko O.V., Kudryavtseva E.P, Lesik (Aistova) E.V,
Marchuk E.A., Nikolin E.G., Prokopenko S.V., Rubtsova T A., Khoreva M.G., Chernyagina O.A., Chubar E.A., Sheiko V.V., Krestov P.V.

Black Book of the Flora of the Far East: invasive plant species in the ecosystems of the Far Eastern Federal District. Moscow, 2021,
510 p.

3amuTa pacTeHui CubupCKuil BECTHHK CEITbCKOX03IHCTBEHHOM HayKH ¢ 2026 ¢ 56 ¢ | 73



Distribution of Cephalophilon nepalense (Polygonaceae)
and Rorippa sylvestris (Brassicaceae) in agrocenoses
of the south of the Primorsky Territory

Fedina L.A., Markova T.O., Maslov M.V.

on the territory of the V.L. Komarov Ussuriysk
State Nature Reserve in 2008 6. The first data on
the persicaria nepalensis (as a weed were pub-
lished in a popular guide to the flora of the Far
East’. Data on the yellow field cress (Rorippa
sylvestris (L.) Bess., family Brassicaceae) as a
weed plant in the agrocenoses of the Primorsky
Territory is reported by us for the first time.

The aim of the study is to summarize current
data on the distribution of C. nepalense and R.
sylvestris in agrocenoses of the Primorsky Ter-
ritory.

MATERIAL AND METHODS

Field studies were carried out in 2018-2024 in
the Primorsky Territory: Gorno-Tayezhnoye vil-
lage (43°41'37" N; 132°08'32" E), Kamenushka
village (43°37'36" N; 132°14'49" E), Kaimanov-
ka village (43°3829" N; 132°15'19" E), Zarech-
noye village (43°41'07" N; 132°06'34" E), the
arboretum of the Gorno-Tayezhnaya station of
the Far Eastern Branch of the Russian Acade-
my of Sciences (43°41'37" N; 132°09'10" E),
Ussuri State Nature Reserve (43°39'13" N;
132°25'12" E) (see Fig. 1).

The route survey method was used, literary
data and information from Internet resources
were analyzed. The analysis of herbarium spec-
imens of C. nepalense and R. sylvestris was car-
ried out, collected in the territory of the Russian
Far East (Primorsky Territory): Kavalerovsky
District, Kavalerovo village (44°16'14" N;
135°03'17" E); Shkotovsky District, Anisimov-
ka village (43°10'20" N; 132°45'22" E), Novone-
zhino village (43°13"21" N; 132°35'47" E); Parti-
zansky District, Sergeevka village (43°20'35" N;
133°21'15" E); Vladivostok Urban Okrug, Vlad-
ivostok (43°06'54" N; 131°53'07" E); Russky Is-
land (43°01'01" N; 131°54'23" E); Nakhodka Ur-

132> 138°

| 4 Y
y
N /ii_ i
‘. — Cephalophilon nepalense “;% i{—‘

\® — Rorippa sylvestris

&

132° 138°

Puc. 1. Mectonaxoxnenus C. nepalense
U R. sylvestris B arpolieH03ax Ha TEPPUTOPUN
IIpumopckoro kpast

Fig. 1. Locations of C. nepalense and R. sylvestris
in agrocenoses in the Primorsky Territory

ban Okrug, Nakhodka (42°49'00"” N; 132°53'00"
E); Khasansky District, Mramornaya settlement
(43°19'67" N; 131°26'31" E); Krabbe Peninsula
(42°38'00" N; 130°52'00" E); ZATO Fokino, the
outskirts of the village of Fokino (42°5822" N;
132°24'31" E); Kedrovaya Pad Nature Reserve
(43°06'18" N; 131°30'45" E). The herbarium of
the VLA (Federal Scientific Center of the East
Asia Terrestrial Biodiversity of the Far Eastern
Branch of the Russian Academy of Sciences),
VBGI (Botanical Garden-Institute, Far Eastern
Branch of the Russian Academy of Sciences),
MW (Moscow State University), MHA (N.V.
Tsitsin Main Botanical Garden, Russian Acad-
emy of Sciences), and LE (V.L. Komarov Bo-
tanical Institute, Russian Academy of Sciences)
was used. The nomenclature and volume of taxa

SFedina L.A. Floristic discoveries in the Ussurisky Reserve of the Far Eastern Branch of the Russian Academy of Sciences //
Bulletin of the Krasnoyarsk State Agrarian University, 2012, N 12, pp. 37-40.

®Fedina L.A. Additions to the flora of the Ussurisky Nature Reserve (Primorsky Territory) over ten Years (2007-2016) // Komarov

Readings, 2017, Iss. 65, pp. 55-59.

"Vorobyov D.P.,, Voroshilov V.N., Gorovoy P.G., Shreter A.T. Guide to the plants of Primorye and Priamurye. M.; L.: Nauka, 1966,

490 p.
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are given according to the following publica-
tions: "Vascular Plants of the Soviet Far East"®?
and “Illustrated Flora of the Primorsky Territory
(Russian Far East)”!°.

Collection and identification of herbarium
material were carried out, photographing of ob-
jects from their habitats. Herbarium specimens
were transferred to regional funds (VLA, VBGI).

RESULTS AND DISCUSSION

Persicaria nepalensis —
Cephalophilon nepalense (Meissn.) Tzvel.
Brief description. Annual and biennial grass
up to 40 (50) cm tall, taprooted monocarpic.
Stems are erect, ascending, or prostrate, slightly
fleshy. Inflorescences are terminal, consisting of
15-30 flowers, with upper leaves close to their
base, with glandular hairs, head-shaped. Leaf
blades lanceolate-ovate or ovate, 1-5 cm long,
0.8-2.5 cm wide, tapering at the apex, finely tu-
berculate along the edge (see footnote 7).

Distribution  and  ecology.  Pan-Asian
(East-Southeast Asian) species. In the Russian
Federation, it has been recorded only in the
south of the Far East (see notes 8, 9). It is not-
ed for the Kurilsky Nature Reserve, where it is
often found on river gravel beds, wet meadows,
and roadsides. Kunashir Island — introduced spe-
cies!'. Meadow-floodplain (near-channel) type.

Typical habitats for C. nepalense are sands
and pebbles of riverbeds and lake valleys. It can
grow as a weed in settlements, along roads and
trails. It was recorded in the Kedrovaya Pad Na-
ture Reserve (Khasansky District) in the 1980s.
In 1998, it was found in the same district on the
Krabbe Peninsula, in 2000 — in the agrocenoses
of Mramornaya village, and later it was not-
ed in the cities of Vladivostok and Nakhodka
(VBGD)'?[13, 14].

Persicaria nepalensis was discovered in the
Ussurisky Nature Reserve in 2008 (see foot-
notes 5, 6). According to our observations, this
ornamental honey plant became a common weed
in the yards of private households in the villag-
es of the Ussuriysk Urban District from 2000
to 2020. On the iNaturalist platform, C. nepal-
ense has been recorded in the UUD territory — in
the villages of Gorno-Tayezhnoye (2019) and
Kameniushka (2021). In 2023 and 2024, this
plant was widely noted by us in garden plots in
the villages of Kameniushka, Kaimanovka, Za-
rechnoye, Gorno-Tayezhnoye, and was found in
the arboretum of the Gornotaezhnaya station of
the Far Eastern Branch of the Russian Academy
of Sciences (see Fig. 2). Persicaria nepalensis
blooms from July to September and bears fruit
from August to September (October).

Yellow field cress —
Rorippa sylvestris (L.) Bess.

Brief description. Annual and biennial grass
up to 50 cm tall, taprooted stolon-forming mono-
carpic plant. Laminas are pinnately-parted or

Puc. 2. C. nepalense Ha OTOPOTHOM y4acTKe
(c. KaiimaHOBKa, YccypHuiickuii TOPOACKOH OKPYT).
®oro M.B. Macnosa

Fig. 2. C. nepalense on a garden plot (Kaymanovka,
Ussuriysk urban district). Photo by M.V. Maslov

8Vascular plants of the Soviet Far East: in 10 vols. / Chief editor S.S. Kharkevich. Leningrad: Nauka, 1988, vol. 3, 420 p.
“Vascular plants of the Soviet Far East: in 10 vols. / ed. S.S. Kharkevich. Leningrad: Nauka, 1989, vol. 4, 380 p.
YKozhevnikov A.E., Kozhevnikova Z.V., Kwak M., Lee B.Y. Illustrated flora of the Primorsky Territory (Russian Far East).

Incheon, 2019, 1124 p.

"Barkalov V.Yu., Eremenko N.A. Flora of the Kuril Nature Reserve and the Malye Kurily Sanctuary (Sakhalin Region).

Vladivostok: Dalnauka, 2003, 285 p.

2Dmitrieva E.A., Chernomyrdina I.N. Species diversity of adventitious plants in Vladivostok and analysis of their life forms //
Modern scientific research: current issues, achievements and innovations: collection of articles of the XII International scientific-
practical conference (Penza, June 5, 2020). Penza: Science and Education, 2020, pp. 29-35.
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Puc. 3. R. sylvestris B arpouieno3ax [Ipumopckoro kpas (YccypuiCKuii TOPOJCKOH OKPYT):

a — caioBblil yuacTok (c. KalimaHoBka); 6 — Mexaypsiibs Ha kaprodensHoM mosie (c. Kamenymika). @oro M.B. Maciosa
Fig. 3. R. sylvestris in agrocenoses of the Primorsky Territory (Ussuriysk urban district):

a — garden plot (Kaimanovka); 6 — row spacing in a potato field (Kamenushka). Photo by M.V. Maslov

dissected, the upper ones are sessile, sometimes
with little ears at the base, the lower ones are
on petioles. Leaf segments are lanceolate, often
dentated or lobed, the upper ones are linear and
often entire. Flowers are 618 mm long, 1.0-1.5
mm wide, have pedicels, and are collected in ter-
minal inflorescences (see footnote 7).
Distribution and ecology. Eurasian-Mediter-
ranean rare introduced species (see footnote 8).
Listed for the Kedrovaya Pad Nature Reserve
in 20023 (VBGI, herbarium No. 164142). The
appearance of this decorative, medicinal, and
honey-bearing plant in the gardens of residents
of the Primorsky Territory (Vladivostok, settle-
ments of the Khasansky and Shkotovsky dis-
tricts) was recorded in 1997-2002 (VBGI).
According to our data, the first reports of the
discovery of R. sylvestris in potato plantations
and other vegetable crops in the UUD territory
were obtained in 2020. In 2023 and 2024, yel-
low field cress was observed by us not only in
agricultural crop plantings but also in single
numbers in roadside ditches in the villages of

Kamenuska, Kaimanovka, Zarechnoe, and Gor-
no-Tayozhnoye (see Fig. 3). The plant flowers
from June to August, and fruits from August to
September.

CONCLUSION

According to the obtained data, by 2024 C.
nepalense and R. sylvestris (an epecophyte),
classified as vascular plants, have firmly entered
the group of weeds and have inhabited the ag-
rocenoses of the southern Primorsky Territory,
including garden plots. At present, C. nepalense,
along with some other plants of the Polygona-
ceae family, has been found in most adminis-
trative-territorial districts of the region and is
actively spreading in anthropogenically trans-
formed areas. We propose to include this species
in the list of weeds of the Primorsky Territory.
R. sylvestris has become a common species in
the garden plots of private households. Ruderal
habitats may become a permanent source of field
contamination, so for protection against weeds,
their edge treatment is necessary.

BKorkishko R.I. Vascular plants of the Kedrovaya Pad Nature Reserve // Flora and fauna of nature reserves. Moscow, 2000, 84 p.
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I'emaTosiornyeckuii 1 OMOXMMHUYECKHUI COCTAB KPOBH
UBILIAT-0POilJIepOB IPU NPUMEHEHUH OMOJIOTHYeCKH
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B oTnene BeTrepuHapuu cenbCKOX03HCTBEHHON NTHIBI OMCKOTO arpapHOTro HAyYHOTO LIEHTPa Ipo-
BEJICHO HCCJIEOBAaHKE TI0 OL[CHKE BIMSHHUS OMOJIOTMYECKU aKTUBHOM NOOABKH HA OCHOBE 3(DUPHBIX
Macell Ha FeMaToJIOTHUECKUEe U OMOXUMHUYECKUE MTOKA3aTeNI KPOBH IBITUISAT-OpOHIepOB OTEUECTBEH-
HOTO Kpocca Ha (poHe BaKIIMHAIIMH, WCIIOJIB30BABIIEHCS B KadecTBe MOAENH cTpecc-hakropa. Jis
MIPOBEICHUS MICCIICIOBAHUS M3 CYTOYHOTO MOJIOHSIKA ObLIH C(OPMHUPOBAHEI ABE TPyIIbl 10 70 TOII.
[lepuon BeIpamuBaHusi — ¢ CyTOYHOTO JI0 38-THEBHOTO Bo3pacTta. [IpeacTaBurens KOHTPOIBLHOM TPyTI-
TIbI TTOJTyYaJTH YUCTYHO BOJIY, & B OIBITHOM IPyTIIe B IEpBbIC 7 THEH B BOLY JT0OABIISUIH OUOIOTUYESCKU
aKTHBHYIO 100aBKy B 103e 0,2 M/, ¢ 8-ro o 38-ii nensb — B go3e 0,3 mu/n. B Bo3pacte 9 nHeit mpose-
JIeHa BaKIIMHAINAS KIIMHAYECKH 3I0POBBIX MBITUIAT-OPOMIIEPOB MPOTUB HHIOKACIICKOW OOJIC3HU KUBOM
BakimHOM «Jla-CoTta» (MHTpaHa3aIbHO, COTIIACHO CXEME XO03s1CcTBa). BaKIIMHY IBITUISITAM 3aKaIlbIBa-
JIM TTUTIETKOM TI00YEPEHO B 00€ HO3pH B 00beMe JIBYX KarleJb, IIPH ATOM JIPYTYIO0 HO3PIO 3aKPhIBAIIN
nanpLeM it Ooiee ITyOOKOTo MoNaAaHusl BaKIIMHBI B HOCOBYIO MOJOCTh. | eMaronoruyeckue u Ouo-
XUMHUYECKHUE MCCIICIOBAHUS KPOBHU ITPOBOJIMIIM 32 JICHB JI0 BaKIIMHAIUY, a Takxke uepe3 4 u 19 nueit
II0OCJIC BaKIIMHAIlMU U II0 OKOHYaHHWU OIIbITAa. YCTaHOBHCHO, YTO OMOJIOTMYECKH aKTHBHAS IlO6aBKa
croco0CcTBOBaJIA MOBHIICHUIO KOJIMUECTBA 001I1eTro OeKka B CBIBOPOTKE kpoBu Ha 18,3-20,9%, ann0y-
muHOB Ha 13,8-23,3%, mmobynuHoB Ha 19,7-22,3%, MoueBO# KUCIOTH Ha 4,5—6,9%, COOTHOIICHIS
anpOymuH/ModeBas kuciora B 1,2—-2,0 pa3a, 4TO CBUAETENBCTBYET 00 YIyUdlIeHHH OEIKOBOTO 0OMeHa
B OpraHu3Me NTUilsl. Kpome Toro, oTMeueHo yBeIMYeHHE coAepKaHus dpuTpouunTos Ha 13,0-37,5%,
remorinoouna Ha 10,4-22,6%, neiikouutos Ha 9,0-56,8%, 94TO cI0OCOOCTBOBATIO HACKIIIEHHIO KICTOK
KPOBHU KHUCJIOPOJAOM U MOJIOKUTCIbHOMY BIIMAHUIO HA €CTCCTBCHHYIO PE3UCTCHTHOCTb OpraHn3Ma Ibl-
IIJIAT.

KuroueBble cioBa: crpecc-hakTop, BaKITMHAINS, OMOJIOTHYECKH aKTUBHAS N00aBKa, allbOYMUHBI,
[I00YIUHBI, SPUTPOIUTHI, TEMOTIIOOHH, IIBITUIATA-OpOMIIEPhI

Hematological and biochemical composition
of the blood of broiler chickens when using
a biologically active supplement during vaccination

<) Zadorozhnaya M.V., Lysko S.B., Goffman A.A., Suntsova O.A.
Omsk Agrarian Scientific Center

Morozovka village, Omsk region, Russia

(<)e-mail: mfil2525@mail.ru

The Department of Veterinary Medicine for Agricultural Poultry at the Omsk Agricultural Research
Center conducted a study to evaluate the effect of a dietary supplement based on essential oils on the
hematological and biochemical parameters of the blood of domestic cross broiler chickens against the
background of vaccination, which was used as a model stress factor. To conduct the study, two groups
of 70 heads each were formed from day-old young animals. The rearing period was from one day to
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38 days of age. The control group representatives received clean water, and in the experimental group,
a biologically active supplement was added to the water at a dose of 0.2 ml/l during the first 7 days,
then from the 8th to the 38th day — at a dose of 0.3 ml/l. At the age of 9 days, clinically healthy broiler
chickens were vaccinated against Newcastle disease with the live vaccine "La Sota" (intranasally,
according to the farm's schedule). The vaccine was administered to the chickens using a pipette, one
at a time, in both nostrils at a volume of two drops, while the other nostril was closed with a finger to
ensure deeper penetration of the vaccine into the nasal cavity. Hematological and biochemical blood
tests were performed the day before vaccination, as well as 4 and 19 days after vaccination and at the
end of the experiment. It was established that the biologically active supplement contributed to an
increase in the amount of total protein in the blood serum by 18.3-20.9%, albumin by 13.8-23.3%,
globulin by 19.7-22.3%, uric acid by 4.5-6.9%, and the albumin/uric acid ratio by 1.2-2.0 times,
which indicates an improvement in protein metabolism in the bird's body. In addition, an increase in
the content of erythrocytes by 13.0-37.5%, hemoglobin by 10.4-22.6%, and leukocytes by 9.0-56.8%
was noted, which contributed to the saturation of blood cells with oxygen and a positive effect on the
natural resistance of the chickens' body.

Keywords: stress factor, vaccination, biologically active supplement, albumins, globulins, eryth-
rocytes, hemoglobin, broiler chickens
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INTRODUCTION The study of the patterns of adaptation of

Raising agricultural poultry in industrial
conditions is associated with numerous stress
factors [1]. At the same time, the leading role
is given to technological stress, which arises
during regrouping, transportation, vaccination,
and the like!. Currently, at poultry farms, taking
into account the epizootic situation, prophylaxis
against more than 16 infections (viral, bacteri-
al, parasitic) is carried out using a specific set of
vaccines [2].

animals' bodies to the effects of stress is one of
the current problems in modern biology. Special
attention is paid to protein metabolism, since
an increased protein content in the blood posi-
tively affects body mass, viability, productivity,
metabolism in the bird's body, including mineral
metabolism, the intensity of which changes de-
pending on the period of development [3].

Since it is not possible to completely protect
a bird from stressful situations, a rather rele-

'Sudakov K. V. Stress: Postulates, analysis from the positions of the general theory of functional systems // Pathology, Physiology,

and Experimental Therapy, 1992, Iss. 4, pp. 86-93.
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vant direction is the search for environmentally
friendly ways to increase its stress resistance.
For these purposes, preparations based on the
substances capable of maximally mobilizing the
body's defenses and minimizing the negative ef-
fects of stress can be used. These include the new
biologically active supplement (BAS) based on
essential oils “Phytogenics” (NPO “Phytogen-
ics”, Chelyabinsk). This drug has not been suffi-
ciently studied, and data on its effect on protein
metabolism in the body of broiler chickens un-
der stress factors are lacking. Conducting bio-
chemical and hematological studies is necessary
to assess the effect of the BAS on the body of
chickens during vaccination stress.

The purpose of the study is to investigate
the effect of the biologically active supplement
“Phytogenics” on the biochemical and hemato-
logical blood parameters of broiler chickens un-
der stress in the context of vaccination against
Newecastle disease virus.

MATERIAL AND METHODS

The study was conducted in the Department
of Veterinary Science of Agricultural Poultry
and in a private subsidiary farm in the Omsk re-
gion on chicks of the "Smena 9" cross. Based
on live weight, one-day-old chicks were divided
into a control group and an experimental group
(70 heads in each). Feeding and housing condi-
tions complied with the guidelines for working
with "Smena 9" meat-type poultry cross and
were the same in both groups®. According to the
applied technology, broiler chickens were raised
on the farm on the floor with a deep, unchanging
litter from one day to 38 days of age. Clean, dry
(with moisture not exceeding 25%) wood shav-
ings were used as litter, which were spread on
the concrete floor in an even layer 57 cm high.

Chicks of the experimental group were giv-
en the drug “Phytogenics” with water, which
contains cinnamon essential oils (Cinnamomum
zeylanicum), clove (Syzygium aromadticum), rose-

mary (Rosmarinus officinalis), thyme (Thymus
vulgaris), Indian sesame (Sésamum indicum) and
lactic acid. At the age of 1-7 days, the drug was
administered at a dose of 0.2 ml/l of water, from
8 days and older — at a dose of 0.3 ml/l. Broilers
in the control group did not receive the drug. To
simulate experimental stress, vaccination against
Newecastle disease virus was carried out intrana-
sally at the age of 9 days as a stress factor.

In order to study the effect of dietary supple-
ments under stress on biochemical and hemato-
logical parameters, blood samples were collect-
ed from the subwing vein before vaccination at
the age of 8 days and after it at 4, 18, and 28
days. The blood collection site was treated with
alcohol. Blood was taken individually into ster-
ile Florinsky tubes, which were pre-rinsed with
saline for biochemical studies, and for hemato-
logical studies, they were treated with a 1% hep-
arin solution [4].

Laboratory studies were conducted at the FSB-
SI "Omsk Agrarian Scientific Center". The con-
tent of total protein was determined by the biuret
method, albumin by the bromocresol method, and
uric acid by enzymatic methods using reagent kits
from Hospitex diagnostics (Italy) on a semi-auto-
matic biochemical analyzer BS 3000 M (Sinnowa
Medical Science & Technology Co., Ltd, China).
The number of globulins, the ratio of albumins,
and uric acid were determined by calculation.
Red and white blood cell counts were performed
in a Goryaev chamber after preliminary dilution
of the blood in erythrocyte melangers. The con-
centration of hemoglobin in the blood was de-
termined by the hemichrome method using the
"Olvex" kit (Olvex Diagnostikum, Russia) on an
Elx800 photometer (BioTek, USA).

Experimental data were processed using the
method of variational statistics (M = SEM). The
significance level of differences was calculated
using Student's t-test. A difference was consid-
ered statistically significant at p < 0,05-0,0013.

2Guide to working with the meat crossbreed 'Smena 9' with an autosexing maternal form: method. instructions. Sergiev Posad,

2021, 95 p.
3Lakin G.F. Biometry: a textbook. Moscow, 1973, 344 p.
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RESULTS AND DISCUSSION

Biochemical and hematological indicators in
the experimental group were within the physi-
ological norm*. One of the factors determining
the effectiveness of animals' adaptation to stress
factors is considered to be blood proteins, the
mobility of which reflects the degree of the or-
ganism's resource expenditure. This is due to the
fact that blood proteins are closely interconnect-
ed with tissue proteins and respond very sensi-
tively to changes in metabolic processes in the
organs of birds [5, 6]. The results of protein me-
tabolism during the use of dietary supplements
against the background of immunity formation
after vaccination are presented in Table 1.

Chickens receiving the drug showed a ten-
dency toward accelerated metabolic processes.
The total protein content at 8 days of age (before
vaccination) in the experimental group exceeded
the control by 18.3% (p <0,01). During the peri-
od of antibody formation after vaccination (at 13
and 27 days of age), there was a tendency for an
increase in total protein levels, while the indica-
tors of the experimental group were 20.9% high-

er than the control group (p < 0,01). Moreover,
this indicator at the end of the experiment (at
the age of 38 days) exceeded the control values
by 19.7% (p < 0,01). Thus, the dietary supple-
ment contributed to the synthesis of total protein
in the bodies of broiler chickens. The obtained
data are consistent with the results of the studies
by other scientists, who, when using a probiotic
in combination with a feed additive against the
background of vaccination and other stress fac-
tors, recorded an increase in the amount of total
protein and a change in some protein fractions in
the blood of chickens [7, §].

It should be noted that at 813 days of age,
the intensity of albumin synthesis decreased in
both groups due to a critical period in the devel-
opment of the birds caused by vaccination. In
the control group, the decrease in albumin syn-
thesis was more pronounced. Thus, their amount
in the blood serum of chicks in the experimen-
tal group before vaccination exceeded that of
the control by 13.8% (p < 0,01), at 13 days of
age—Ha 19,4% (p <0,01), at 27 days of age — Ha
23,3% (p < 0,05), at 38 days of age — Ha 16,2%

Ta6a. 1. Biusaue BAJ| Ha OnoxuMHUYeCKre TTOKa3aTeNN ChIBOPOTKH KPOBH TIOCIIE BaKIIMHAIIUU

Table 1. The effect of dietary supplements on biochemical parameters of blood serum after vaccination

Group Age, days | Total protein, g/l Albumins, g/l Uric acid, pmol/l Al:;ﬁfhclﬁric Globulins, g/1
Control 8 327+1,4 152+0,5 210,6 +£ 1,9 0,07 £0,01 17,5+1,3
13 349+1,3 11,3+0,3 218,7+3,1 0,05+ 0,01 23,6+1,3
27 36,3+1,2 12,0+£0,3 220,3+3,4 0,05 +0,01 243+ 14
38 37,4+0,9 12,9+£0,6 220,0 +2,7 0,06 + 0,01 245+1,2
Experimental 8 38,7 + 0,5%* 17,3 + 0,4%* 2202 +2,7* 0,08 + 0,01 21,4 +0,8*
13 42,2 + 1,4%* 13,5+£0,6%* 229,9 +2,9*% 0,06 £0,01* 28,7 £ 1,6*
27 43,9 + 1,3%* 14,8+ 1,1* 2322+ 1,8% 0,06 + 0,01** 29,1 +£1,1*
38 44,8 +1,8%* 15,0 £0,5% 2352 £ 1,6%** | 0,06 + 0,01*** 29,8 £1,7*

Note. In Tables 1 and 2, the differences with the control are significant at: *p < 0,05; **p <0,01; ***p < 0,001.

Vertiprakhov V.G., Grozina A.A., Karamushkina S.V., Ovchinnikova N.V., Koshcheeva M.V, Kislova 1.V. Morphological and

biochemical studies of blood in agricultural poultry: textbook. Blagoveshchensk, 2021, 134 p.
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(p < 0,05). Moreover, the growth rate in the ex-
perimental group for the specified period also
exceeded the control by 3.3%, which indicates
the influence of dietary supplements on albumin
synthesis® [9].

Uric acid concentrations in the experimen-
tal group before vaccination exceeded control
levels by 9.6 umol/l. At 13 and 27 days of age
(the antibody formation period), this difference
reached 11.2-11.9 pmol/l, with a simultaneous
increase in albumin levels. The study showed
that the albumin-to-uric acid ratio in the blood
of chickens in both groups remained the same.
This may indicate increased albumin production
in the experimental group. At 38 days of age,
the experimental group's albumin concentration
was 16.3% higher than that of the control group,
while the uric acid concentration was 6.9%. This
indicates higher growth rates in the experimental
group's chickens.

The obtained results are confirmed by live
weight indicators: the chicks of the experimental
group were 0.3% heavier compared to the con-
trol group. Thus, a higher concentration of albu-
min and uric acid combined with a slight but still
noticeable increase in body weight indicates a
stimulating effect (presumably related to the ex-
perimental conditions) on the growth of chicks
in the experimental group.

In the experimental group, the level of globu-
lins in the blood serum was significantly higher
than in the control group. This difference was sta-
tistically significant throughout the observation
period. In particular, on the 8th day of the chicks'
life, the globulin level in the experimental group
was 22.3% higher, on the 13th day —21.6% high-
er, on the 27th day — 19.7% higher, and on the
38th day — 21.6% higher. The increased level of
globulins in the blood serum of the experimen-
tal group chicks probably indicates an enhanced
immune response. This enhancement is presum-
ably caused by the administration of the New-

castle disease vaccine and additional immune
stimulation with the supplement. In other words,
the vaccine and the supplement together con-
tributed to a more active functioning of the im-
mune system in the experimental group chicks,
which was manifested in an increased number
of globulins—proteins that play a key role in the
immune response. Higher globulin content indi-
cates a more active and effective defense of the
body against potential infections.

The results of hematological studies of the
blood of birds from the experimental group sig-
nificantly exceeded those of the control group:
before vaccination, in terms of red blood cell
content — by 37.5%, hemoglobin — by 22.6%,
white blood cells — by 26.1%; at 13 and 27 days
of age (the period of antibody formation to the
virus after vaccination) in terms of red blood
cell content — by 13.0-17.3%, hemoglobin — by
11.4-12.8%, white blood cells — by 9.0-56.8%;
at 38 days —by 20.8, 10.4, and 32.7% respective-
ly (see Table 2). The obtained results are consis-
tent with the data of other researchers [10].

An increase in the number of erythrocytes
indicates an enhancement of erythropoiesis,
caused by the high rate of metabolic processes
in growing chicks. In the blood of broilers in
the experimental group, after vaccination, an
increase in hemoglobin concentration was ob-
served, which contributes to more efficient ox-
ygen supply to tissues and organs. During the
experimental period, an increase in the level of
leukocytes was noted in the birds receiving the
dietary supplement, which indicates a favorable
reaction of the immune system. The administra-
tion of the preparation to the chicks of the ex-
perimental group stimulated the process of he-
matopoiesis.

In addition, throughout the entire growing
period (1-38 days), the preservation of the live-
stock was taken into account. This indicator in
the experimental group was 100.0%, in the con-
trol group — 98,4%.

*Frolova O.A., Chuina D.V., Grigoryev I.V. Biochemical changes in the blood of Ross-308 chickens after vaccination against
coccidiosis // Proceedings of the XIV International Scientific and Practical Conference of Young Scientists. Krasnoyarsk, 2021, vol.

1, pp. 149-153.
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Hematological and biochemical composition of the blood
of broiler chickens when using a biologically active
supplement during vaccination

Zadorozhnaya M.V, Lysko S.B., Goffman A.A., Suntsova O.A.

Taoua. 2. Biousuue BAﬂ Ha reMaToJIOTHYCCKUEC TOKA3aTC/IM KPOBHU MMOCJIC BaAKIITMHAIIUN

Table 2. The effect of dietary supplements on hematological parameters of blood after vaccination

Group Age, days Erythrocytes, x10'%/1 Hemoglobin, g/l Leukocytes, x10%1

Control 8 1,6+0,1 100,3 + 4.3 6,5+0,8

13 2,3+0,1 84,8+ 1,0 7,7+0,6

27 23+0,1 94,8+ 1,0 8,8 + 0,4

38 2,4+0,1 104,8 + 1,0 10,4 £0,5
Experimental 8 2,2 +0,1%* 123,0 + 3,3%* 82+0,5

13 2,6 +0,1%* 95,7 4+ 1,6%%* 8,4+0,1

27 2,7+0,1% 105,7 £ 1,6%** 13,8 £1,8%*

38 2,0+0,1% 115,7 £ 1,6%%* 13,8 + 1,3*
CONCLUSION NPOMBIIUIEHHBIX KpoccoB: MoHOTpadus. Exare-

The results of biochemical and hematologi-
cal studies indicate that the use of dietary sup-
plements based on essential oils reduces the
likelihood of negative reactions of the body to
vaccination. Stimulation of metabolic processes
and an increase in the level of serum proteins
(globulins — by 19.7-22.3%, albumins — by
13.8-23.3%) were recorded, which indicates ac-
tivation of the bird's immune system. The use of
the preparation also contributed to an increase
in the number of red blood cells by 13.0-37.5%,
hemoglobin by 10.4-22.6%, and white blood
cells by 9.0-56.8%. This, in turn, contributed to
an increase in flock survival by 1.6%.
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CucremMa aBTOMATHYECKOT0 cOOpa 010K B HHTEHCUBHBIX €a1axX
C UCII0JIb30BAHMEM NMEPUCTATBTHYECKOU CUCTEMBI
TPAHCIIOPTHPOBKH IJIO0B

Mannypos K.H., bapatanos B.I'., <) Kyxruk M.IL., ®exoposa H.B.
Bonzozpaockuii cocyoapcmaenmviii mexHuweckuil YyHugepcumem
Bonrorpan, Poccust

(<)e-mail: mpkuhtik@gmail.com

[IpeanoxkeHa cucreMa aBTOMAaTHUECKOro cOopa sI0J0K B MHTEHCHBHBIX Cajax, MPeACTaBISIoIas
ABTOHOMHYIO MOABIKHYIO MJIaTGopMy, Ha KOTOPOH YCTAaHOBJICH MaHMITYJIATODP ISl 3aXBara IJI0/I0B.
PaccMOTpeHbI HeIOCTaTKU TaKuX PACIPOCTPAHEHHBIX KOHCTPYKIIMHN JUTS TPAHCTIOPTHPOBKH TUTOJA OT
YCTPOMCTBA 3axBaTa K OyHKEpYy-HAKOIHTEINI0, KaK MAaHHITYJISTOPHl U THOKHE TPYOBI C OTpHIATEIhb-
HBIM JaBieHueM. /Iy Toro 4ToObl N30€XaTh MPUBEACHHBIX HEJOCTATKOB U IMTOBPEXKICHHS SOIOK MpH
HepEeMEIeHNH, PACCMOTPEHA UX TPAHCIOPTHPOBKA C MOMOIIBIO EPUCTATBTHYECKOl cuctembl. [1po-
BE/ICHBI pacyeThl IPOU3BOAUTEIHLHOCTH BEHTUIATOPA JAHHOW CUCTEMBI M BEHTHUJISITOpA Pa3peKeHUS
TpYOBI C BLIOOPOM KOHKPETHBIX Mojiesielt. [TomydeHbl 3aBUCHMOCTD a3pOJHHAMHYECKOTO CONPOTHBIIC-
HUSI CHCTEMBI OT pacxojia BO3yXa H 3aBUCUMOCTh TPeOyeMOro JIaBICHHS ISl TIOMHSTHS sI0JI0KA OT €T0
nuamerpa. [IpemioxkeHHas mepucTalbTHUECKas CUCTEMa COCTOUT M3 MHOTOCETMEHTHOW HayBHOU
TpyOBI M BpAIIAIOIIETOCS ITHEBMAaTUYECKOTO pactpenennuTens. Paspadoran nmpuHIum padoThl Mmepu-
CTaJBTHYECKON TPYOBI, COCTOSIIMN B MOOYEPEIHOM TOBBIIICHHN M cOpoCe NaBieHUs B Marucrpa-
J51X. BBINONHEHHBIH pacdeT nmokasal, YTO BEHTHIISTOP HE MOAXOIUT ISl OTIEJICHHS 10JI0Ka OT BETKH,
TaK Kak TpeOyemoe pa3pexeHHe BO3/yXa sIBJISIETCS OUYCHb BHICOKUM M HEAOCTHKMMO BEHTHIISTOpA-
MU, Ta0apHUThI KOTOPBIX TO3BOJIMIIN OBl YCTAHOBUTH UX Ha MOJBIKHYIO mardopmy. Jis stoi 3ama-
YH 11e1ec000pa3HO UCIOB30BaTh BAKYyMHBIH HACOC, MPON3BOAUTEIBHOCTH KOTOPOTO PACCUUTAHA C
BBIOOPOM KOHKPETHOW MOJIETH M JIOCTaTOYHa JJIsi TpeOyeMoll MPpOU3BOAUTENILHOCTH cOopa. Onmcan
anmaparHblii COCTaB YCTaHOBKH, MPEACTABIICH ee 00N BUI U pa3paboTaHa ee CTPyKTypHas CXema.
PazpaboranHas cucremMa aBTOMaTH4ecKoro coopa si0I0K MO3BOJISIET aBTOMaTU3UPOBATh PYUYHOH TPy
0e3 MOBPEKICHUS JIOA0B U 00ECIIEUUTh YIKOHOMHIO OJaronapsi UCIOIb30BaHUIO HU3KOKBaTH(UIHU-
POBAHHOTIO TpyJa.

KiroueBble cjioBa: s07I0KH, WHTEHCHBHBIC Cajbl, aBTOMaTHYECKHH COOp IUIONOB, MOJABMIKHAS
atdopma

An automatic apple harvesting system for intensive orchards using
a peristaltic fruit transport system

Mantsurov K.N., Barabanov V.G., X)Kukhtik M.P., Fedorova N.V.
Volgograd State Technical University

Volgograd. Russia

(<)e-mail: mpkuhtik@gmail.com

The proposed system of automatic apple harvesting in intensive orchards is an autonomous mobile
platform on which a manipulator for gripping fruits is installed. The disadvantages of such common
designs for transporting fruits from the gripping device to the storage bin as manipulators and flexible
pipes with negative pressure are considered. In order to avoid the above disadvantages and damage to
apples during movement, their transportation using a peristaltic system is considered. Calculations are
made of the performance of the fan of this system and the fan of the pipe vacuum with the selection of
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Cucrema aBTOMaTH4eCKOTo cOopa s10510K
B MHTEHCHBHBIX CaJlaX ¢ UCIOJIb30BAHUEM NEPHCTAIBTHIECKON
CHCTEMbI TPAHCTIOPTUPOBKH ILIOI0B

Mannypos K.H., bapa6anos B.I"., Kyxtux M.II., ®enoposa H.B.

specific models. The dependence of the aecrodynamic resistance of the system on the air flow rate and
the dependence of the required pressure for lifting the apple on its diameter are obtained. The proposed
peristaltic system consists of a multi-segment inflatable pipe and a rotating pneumatic distributor. The
operating principle of the peristaltic pipe is developed, consisting in alternately increasing and relea-
sing the pressure in the mains. The calculation performed showed that the fan is not suitable for sepa-
rating an apple from a branch, since the required vacuum is very high and unachievable by fans whose
dimensions would allow them to be installed on a movable platform. For this task, it is advisable to
use a vacuum pump, the performance of which is calculated with the selection of a specific model and
is sufficient for the required collection performance. The hardware composition of the installation is
described, its general appearance is presented and its structural diagram is developed. The developed
system of automatic apple collection allows for the automation of manual labor without damaging the
fruit and provides savings due to the use of low-skilled labor.
Keywords: apples, intensive orchards, automatic fruit picking, mobile platform
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INTRODUCTION of automatic fruit harvesting [1-5], in particu-
lar apples [6-9], including in intensive orchards
[10]. Robots of this type can be divided into re-
search prototypes! [11-13] and commercial.

The goal of the work is to develop a system
for automatic apple harvesting in intensive or-
chards, ensuring the collection and movement of
fruits from the gripping device to the receiving

hopper without damaging them.

Apple tree is one of the agricultural crops whose
fruit is currently mostly harvested by hand. While
the use of a harvester that grips the tree trunk and
causes the apples to fall through vibration is ac-
ceptable for fruits used for juice production, this
method is not suitable for fruits intended for sale
as whole, because the falling apples inevitably get

damaged, leading to rapid spoilage. The inten-
sive orchard technology involves maintaining a
young orchard of low trees. Special varieties yield
a harvest as early as the second year after plant-
ing, which allows the plantation to recoup costs
faster and reduces the impact of plant diseases.
The small size of the apple trees makes it possi-
ble to harvest apples at human height without spe-
cial equipment. Young trees do not have a dense
crown, have few leaves, and present no obstacles
to easily spotting and picking the fruits. Such con-
ditions facilitate automatic fruit harvesting.
Analysis of scientific and technical literature
has shown interest in developments in the field

Objectives of the work are:

— to theoretically substantiate the fundamen-
tal possibility of transporting apples using a per-
istaltic system;

— justify the choice of a peristaltic system fan,
a pipe vacuum fan, and a device for separating
the apple from the branch by calculating their
performance;

— describe the principle of operation of a per-
1staltic tube;

— to describe the hardware components of the
automatic apple harvesting system and develop
its structural diagram.

The most common types of structures for
transporting the crop from the gripping device to

'De-An Z., Jidong L., Wei J., Ying Z., Yu C. Design and control of an apple harvesting robot / Biosystems Engineering, 2011, vol.

110 (2), pp- 112-122. DOI: 10.1016/j.biosystemseng.2011.07.005.
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the receiving hopper are manipulators [14] and
flexible pipes with negative pressure?.

Let's consider the disadvantages of these
structures. The drawback of manipulators with
redundant kinematics is the low movement
speed and difficulty of control, since not only the
position of the end effector but also each individ-
ual link is programmed. The drawback of paral-
lel kinematics manipulators is complex control,
which must provide protection of the manipula-
tor from singularity, i.e., such a combination of
actuator positions for which the solution of the
kinematic equations tends to infinity.

The disadvantage of Cartesian (portal) ma-
nipulators is the limitation in three axes, since
further addition of kinematic links will convert
the manipulator into a category of manipulators
with redundant kinematics and will no longer be
considered Cartesian. Another disadvantage is
the relatively low movement speed, as the drive
of each preceding link provides acceleration to
the subsequent one. This leads to the fact that
with a small mass of the working body, the mo-
ment of inertia of the links may to a greater ex-
tent consist of the inertia of the guides and drives
if they are located on movable links. Overall, it
can be noted that transporting fruits using a ma-
nipulator reduces harvesting productivity and
increases requirements for the number of de-
grees of freedom of the manipulator.

The disadvantages of flexible pipes, in which
fruits are moved using negative pressure, are
the inability to control the speed of movement,
which is especially dangerous for apples when
entering the receiving hopper, and a decrease in
productivity for smaller sized apples due to par-
asitic air flow.

To ensure the movement of fruits without
damaging them, let us consider a peristaltic tube
as a transportation device. As a result of the
search conducted in domestic and foreign bib-

liographic and patent databases, no devices or
systems using peristaltic tubes for transporting
fruits from the capture device to the collector
were found, except for one design®. This design
is a peristaltic system consisting of electromag-
netic valves and has the corresponding draw-
backs: dependence on electrical power and sus-
ceptibility to contamination and wear.

MATERIAL AND METHODS

The Microsoft Excel package was used to
build graphical dependencies. The nanoCAD
package was used to create the drawings illus-
trating the principle of the peristaltic tube oper-
ation, the general view of the automatic apple
collection system, and its structural diagram.
Theoretical calculations were carried out based
on the basic laws of physics and the hydraulic
head loss formula.

RESULTS AND DISCUSSION

The proposed automatic apple picking sys-
tem is an autonomous mobile platform equipped
with a manipulator for fruit handling. A stereo-
scopic camera mounted on the mobile platform
determines the position of the apples in space
as the installation moves along the tree row.
The manipulator successively brings the work-
ing tool to the fruits, which performs the apple
grasping.

For transporting fruits from the gripping de-
vice to the receiving hopper, a peristaltic system
i1s proposed, consisting of a multi-segment in-
flatable tube and a rotating pneumatic distribu-
tor. The tube consists of groups of inflatable seg-
ments connected to corresponding segments of
other groups and operating synchronously. The
smoothness of apple movement depends on the
number of segments in the group. The length of
a single segment should not exceed half of the
minimum diameter of the fruit; otherwise, there

2Robots for picking apples and similar fruits. URL: http://robotrends.ru/robopedia/roboty-dlya-sbora-yablok-i-analogichnyh-

fruktov (date of reference: 24.08.2025).

3Patent (CN) Ne 108029341A A 01 D 46/24. Pipeline creeping mechanism and fruit picking robot / L. Zhou, L. Wang, N. Yu, Y.

Mou, applied 2017.12.15; published 2018.05.15.
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will be an uncertainty in the direction of move-
ment. The number of segments in a group is de-
termined by the maximum diameter of the fruit,
since the fruit must fit into one group; otherwise,
it will get stuck between the corresponding seg-
ments of different groups.

Let's set the fruit diameter from 40 to 120
mm. In this case, the segment length /s, will be
20 mm, that is, half of the minimum fruit diam-
eter. We will take the number of segments in a
group to be six, then the length of each group
Lo, will be 120 mm. The range of segment diam-
eters will be from 150 to 30 mm to ensure the
advancement of fruits of any diameter.

Let's find the volume of air required to acti-
vate one segment:

Let's find the volume of air
— Driin) —

max

4

V _n-(D2

cer

cer

-(0,15% —0,03%)

=0,02- =0,339-10"m?. (1)

Let's take the length of the pipe /;, as 3.1 m,
then the number of segment groups will be

L, 31
10,12

p

~ 26.

= 2)

Thus, the volume of air required for the si-
multaneous activation of the corresponding seg-
ments will be

V. -n=0,339-10"-26=8,814-10"m’. (3)

cer

Vn:

In order for one group of segments to be
passed by the fruit and freed for another fruit,
it is necessary to sequentially activate each seg-
ment. Then the required air volume per cycle
will be

V.=V, -6=8,814-6=52,884-10"m’. (4)

Let's assume the performance of the collec-
tion system is equal to 12 apples per minute.
Then the required performance of the fan, ensur-
ing the movement of the fruits in the peristaltic
tube without damaging them, will be

0 =52,884-107-720=38,1 m¥/h. (5)

Since the sequential activation of the seg-
ments does not result in the movement of the
apple, but only in the narrowing of the lumen to
prevent parasitic air intake for movement due to
air flow in the pipe, there are no requirements for
pressure in the segments.

Let’s calculate the pressure losses due to fric-
tion in the supply pipes

68) " 1 :

-V
2 B
Re d 2

SKB

}’szo,ll-[k—er
d

DKB

where k,, — absolute equivalent roughness of
the air duct; /, — air duct length; d,,, — air duct
equivalent diameter; p — air density (under nor-
mal conditions is 1.2754 kg/m?®); Re — Reynolds
number; v — air movement speed.

Each of the six segments of the group requires
a separate tube for power supply. Let's assume
their inner diameter is 32 mm, and their material
is silicone, which has a roughness of 0.01 m. We
will determine the length of the air duct as the
length of the main pipe. We will obtain a graph
of the dependence of the system's aerodynamic
resistance on the air flow rate (see Fig. 1).

As follows from Fig. 1, the fan should pro-
vide a capacity of 38.1 m*/h at a pressure of 280
Pa. This condition is met by a centrifugal fan
Ebmpapst G1G140-AV17-02.

In Fig. 2, the numbers from 1 to 6 indicate
the numbers of the mains supplying air to the
segments. Currently, pressure is maintained in

& 1250
1000

(0]

2 750

<500

o

= 250

S0

& 0 20 40 60 30

Air flow, m%h
Puc. 1. 3aBUCUMOCTb a3POJUHAMUYECKOTO COMPO-
TUBJICHHUS CUCTEMBI OT pacXoja BO3AyXa

Fig. 1. Dependence of the aerodynamic resistance
of the system on the air flow rate
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main No. 3. Fig. 3 explains the principle of op-
eration of the peristaltic tube during the further
advancement of the fetus, which consists in the
sequential increase and release of pressure in the
mains.

Let's determine the performance of the tube
vacuum fan. Since both the mass of the apple

= N

—_ N W

Puc. 2. [lepucransrudeckas Tpyoa
Fig. 2. Peristaltic tube

2% o

234561
6

2345061

23456061

234561

Puc. 3. [TpuHIIMTT paOOTHI IEPUCTATBTUIECKOM
TPYOBI:

a — TIOBBIIIICHUE JTaBIEHU B Maructpaiu Ne 4, copoc
JaBieHus B Maructpanu Ne 3; 6 — nopaepxaHue nasie-
HUS B MarucTpaiau Ne 4; ¢ — MOBBIILICHHUE JaBICHUS

B MarucTpanu Ne 5, copoc nanenus B maructpain Ne 4;
2 — ojiJiep KaHKe JIaBlIeHns1 B Maructpaimu Ne 5

Fig. 3. Operating principle of peristaltic tube:

a — increasing pressure in line No. 4, releasing pressure
in line No. 3; 6 — maintaining pressure in line No.4;

6 — increasing pressure in line No. 5, releasing pressure
in line No. 4; 2 — maintaining pressure in line No. 5

and the area on which the pressure acts change
with different apple diameters, we will construct
a graph of the dependence of the required pres-
sure to lift the apple on its diameter according
to formula (6). From Fig. 4, it can be seen that
the maximum required pressure of 670 Pa cor-
responds to the maximum apple diameter of
120 mm.

A minimal airflow is required here, sufficient
only to move the fruit through the peristaltic
tube. Based on the accepted performance of
the collection system, the time between the col-
lection of adjacent apples is 5 seconds. During
this time, the fruit must pass through a group of
segments 120 mm long. We determine the corre-
sponding air volume using formula (1)

T ‘0,152 -3
V=012 ————=2,12-10"m’. (7)
The vacuum fan performance of the pipe will be
V
Q,=—-3600="
5
_ 2,12-107

.3600=1,53 m¥h.  (8)

Air resistance due to friction can be neglected
at such a low flow rate. An axial fan Ebmpapst
3218 JH4 meets this condition.

Let's consider the possibility of using a fan to
separate an apple from a branch. The key char-
acteristics of a fan in an automatic harvesting
system are static pressure and air flow volume.

800
<
& 600
% /
% 400
o
o
2 200/
=
)
0
40 60 80 100 120

Apple diameter, mm
Puc. 4. 3aBucuMOoCTh TpeOyeMOTro JaBICHUS IS
MOAHATHS I0JI0Ka OT €ro TuaMeTpa
Fig. 4. Dependence of the required pressure to lift
an apple on its diameter
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The pressure must be sufficient to detach the
fruit from the branch, and the flow volume de-
termines how quickly the pressure in the main
line reaches the required value when sucking in
the apple.

The force F required to detach the apple is
about 20 N. The minimum diameter of the apple
is 40 mm. Let's determine the minimum contact
area of the airflow with the fruit:

_ n-D? _Tc-0,042
4

S

=1,26-10" m2. (9)

Let's determine the required air rarefaction:

F 20

S 12610

The vacuum value of 15873 Pa is very high
and unattainable by fans whose dimensions
would allow them to be mounted on a movable
platform. Therefore, the fan is not suitable for
separating the apple from the branch.

Let's consider a vacuum pump for this task
and determine its required capacity. The outer
diameter of the gripping device is equal to the
diameter of the pipe, i.e., 150 mm. The length
of the chamber should be at least the diameter of
the apple. Taking into account the allowance for
the deformation of the cuff, we will assume the
length of the chamber to be 200 mm. Then we
find the volume of air using the formula (7)

—15873Pa. (10)

2
y_00. 5015

g =3,53-10" m®. (11)

The evacuation of this volume of air should
be provided by the vacuum pump in 5 seconds.
Then the required pump capacity will be

3,53:10°7

0 = -3600 = 2,54 m¥h. (12)

This condition is satisfied by the Pfeiffer Vac-
uum 3 DC permanent magnet rotary vane vacu-
um pump with a capacity of 2.7 m*/h. At a vac-
uum of 200 hPa, its capacity will be 2.6 m*/h,
which is sufficient for the required collection
performance.

The hardware components of the apple auto-
matic harvesting system include the following
elements: a mobile platform, a gantry manipu-
lator, a peristaltic system, an industrial comput-
er, a gripping and moving system, a navigation
system, and a power source. Figure 5 shows the
general view of the apple automatic harvesting
system.

Figure 6 shows the block diagram of the auto-
matic apple picking system.

CONCLUSION

The proposed method of transporting apples
from the gripping device to the hopper-accumu-
lator using a peristaltic system is free from the
drawbacks of the most common types of such

Puc. 5. O01mii BUg CUCTEMBI aBTOMAaTHYECKOTO
cbopa s0JOK:

1 — BaKyyMHBI 3axBar; 2 — BaKyyMHBII HacOC 3aXBaTa,
3 — BpaIAIOIINIACS THEBMATHYCCKHUI PACTIPEICIUTENb;

4 — BEHTWIATOP NMEPUCTATBTHYCCKOH CUCTEMBI; 5 — BEH-
TUISITOP Pa3peskeHUs! TPYObI

Fig. 5. General view of the automatic apple picking
system:

1 —vacuum gripper; 2 — vacuum pump gripper;

3 —rotating pneumatic distributor; 4 — fan of the peristal-
tic system; 5 — fan of the pipe vacuum
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camera
Limit
Industrial switches
GNSS RS-485 | computer
I kS-485 Stepping Stepping
| — motor driver [ || motor Y
CAB PS PS
Programmable .
relay Limit
| ‘ switches
PS PS PS PS RS-485 Stepping Stepping
T T T T oS | —~| motor driver (| motor Z
Stepping Vacuum Peristaltic Mai
motor driver pump control amn pump Limit
i pump switches
Position Stepping motor N
sensor of the distributor Tachometer

Puc. 6. CTpyKTypHas cxeMa CUCTEMbl aBTOMaTH4ECKOro cOopa s0JI0K:

BII — 6ok muranns; AKD — aBromoOmmsHas kucnotHas 6arapes; GNSS — HaBUTaIIMOHHBIN MOYITh
Fig. 6. Block diagram of the automatic apple picking system:
PS — power supply; CAB — car acid battery; GNSS — navigation module

designs — manipulators and flexible tubes with
negative pressure. The performed calculation of
the performance of the peristaltic system fan and
the tube vacuum fan with the selection of spe-
cific models, as well as the developed principle
of operation of the peristaltic tube and the pro-
posed structural scheme of the automatic apple
collection system, demonstrate the fundamental
feasibility of using the peristaltic system for au-
tomatic fruit collection. As a result of the cal-
culations performed, it was established that it is
most rational to use a vacuum pump to separate
the fruit from the branch, since the fan cannot
provide the required force. The developed auto-
matic apple collection system extends the dura-
tion of the shift during harvesting, as the instal-
lation is used at a time of day when manual col-
lection would be impossible or ineffective, and it
eliminates the need for employment and training
of personnel each harvesting season. The pros-
pects for the development of this research con-
sist in the development of the system's operation
algorithm, its implementation in the form of a

control program, the development of an apple
detection algorithm, and the development of the
system's navigation technology.
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BrusiHue kmumMaTtnyeckux (pakTopoB M TIOTOIHBIX SBJICHUM Ha JIFOCH 1 MAIlIMHBI HAYaJIU U3y4aTh B
Hadase XX B. OTHUM 13 THOHEPOB 3TOTO HAIIPABIICHUS CTaN MIBEICKUH (DH3UK U TOISIPHBIA HCCIIEO-
Barens ['€cra boamaH, KOTOPBIN MPEIOKUAI METOIMKY OIIEHKHA CypOBOCTH KIIMMara B OaJUTBHOM CH-
creme. [To3nnee coperckuii yuenniit [1.11. Kox npomosmkuil vcciieJoBaHus B 3TOM HaIlpaBJI€HUU, BBE
MOHATHE TEXHUYECKON JKECTKOCTU KIIMMaTa U MPeIJIoKWT KoHIenuio aeneHus tepputopuu CCCP
Ha IIITh 30H B 3aBUCHMOCTH OT TEXHMUYECKOM KEeCTKOCTH Kiumara. Llenbro uccienoBanus sBisercs
OIICHKA YCIIOBUH AKCIUTyaTalluy TPAKTOPHOTO MapKa arpoIpOMBIIUIEHHOTO KoMIuiekca Poccuiickoit
®denepaniu TPUMEHUTENHFHO K YCIOBUSAM TEXHUYECKOH JKECTKOCTH XOJOAHOTO KiMMaTa. B 0CHOBY
HCCIIOBAHNS TTOJIOKEH METOJ OIEHKH TEXHUYECKON )KECTKOCTH KiIMMarta, paspadorannsrit [1.1. Ko-
xoM. OrperienieHo pacmpeziesieHne TPaKTOPOB 110 30HaM JKeCTKOCTH KITUMara, U3y4eHbl MOCIIEACTBUS
HETaTUBHOTO BJIMSIHUS KJIMMAaTHUECKUX (DAaKTOPOB U TIOTOJIHBIX sIBJICHUN HA 3(H(HEKTUBHOCTH 3KCILIY-
aTaluy TEXHUKU. YCTAHOBJICHO, YTO, COMIACHO oduinanbHbIM naHHbM, B AIIK P® no cocrosHuio
Ha koHen 2022 1. uMmenock 214,8 ThIC. TPAKTOPOB BCEX TATOBBIX KiaccoB. M3 HuX nmmb okono 21%
AKCILUTYaTUPYIOTCS B YCIOBHSX, TPUOIIKEHHBIX K HOPMAIbHBIM. OCTaIbHOW TPAKTOPHBIN MapK MPH-
XONIUTCS Ha XO3SHCTBA, PACTIONIOKEHHBIE B 30HaX YMEPEHHO JKECTKOTO, KECTKOTO, O4€Hb )KECTKOTO H
HanOosee xecTkoro kmmara. K kiuMarnyeckuM (pakTopaM U TOTOJHBIM SIBICHHSM, OKa3bIBAIOIIM
HanOoJee CHIbHOE HETaTUBHOE BIMSHUE HAa paboTy Y3JI0B M arperaToB TPaKTOPOB M MaIllMH, B Mep-
BYIO OYepelb OTHOCSTCS TEMIIEparypa BO3AyXa, €ro BIAKHOCTb U CKOPOCTb BeTpa. BhIMOIHEHHOE
WCCIIeJIOBaHUE CBUJIETEIBCTBYET O CEPhE3HOM MaciTabe mpoOieM, CBS3aHHBIX C 3UMHEW JKCILTya-
TalMel MalIMHHO-TPAKTOPHOTO mapka. [IpuMepHbIe pacdeTsl U3ZepKeK OT Iepepacxoia TOIUINBA B
pe3yibraTe moTeph MOITHOCTH B MOTOPHO-TPAHCMHUCCHOHHOM YCTaHOBKE TPAKTOPa CBUIECTEIHCTBYIOT
0 HEOOXOAMMOCTH JATbHEHIINX HCCIIeAOBaHUN B 001aCTH 0OecrieueH s ONTHMAJIbHBIX TEMIIEpPaTyp B
y37IaX U arperarax TPaKTOPOB U MAILIMH B YCIOBUAX MOHMKEHHBIX TEMIICPATYP OKPYKAIOLICH Cpebl.

KuaroueBbie c10Ba: TeXHUYECKas )KECTKOCTb, XOIOHBIN KIIUMAT, 3UMHSISI SKCIUTyaTaIus, MalliH-
HO-TPaKTOPHEIH Mapk, OpocoBas TEIIoTa

The influence of climatic conditions on the efficiency of using
the machine and tractor fleet in the agro-industrial complex
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The influence of climatic factors and weather phenomena on people and machines began to be
studied at the beginning of the 20th century. One of the pioneers of this field was the Swedish phy-
sicist and polar researcher Gesta Bodman, who proposed a method for assessing the severity of the
climate in a scoring system. Later, Soviet researcher P.I. Koch continued his research in this direction
and introduced the concept of "technical rigidity" of the climate and proposed the concept of dividing
the territory of the USSR into five zones of technical rigidity of the climate. The purpose of the study
is to assess the operating conditions of the tractor fleet of the agro-industrial complex of the Russian
Federation in relation to the conditions of technical rigidity of the cold climate. The study is based on
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the P.I. Koch method of assessing the cold climate technical rigidity. The distribution of tractors by
cold climate severity zones was determined and the consequences of the negative impact of climatic
factors and weather events on the operational efficiency was studied. It was found that, according to
official data, the agro-industrial complex of the Russian Federation had 214.8 thousand tractors of all
traction classes as of the end of 2022. Of these, only about 21% are operated in conditions close to
normal. The rest of the tractor fleet is located on the farms in moderately harsh, harsh, very harsh and
most harsh climate zones. The climatic factors and weather phenomena that have the strongest impact
on the operation of the components and aggregates of tractors and machines primarily include air tem-
perature, humidity and wind speed. The conducted studies indicate the serious scale of the problems
associated with the winter operation of the machine and tractor fleet. Approximate calculations of the
cost of fuel overruns associated with power losses in the tractor's engine and transmission indicate the
need for further research in the field of ensuring optimal temperatures in components and assemblies
of tractors and machines at low ambient temperatures.

Keywords: technical rigidity, cold climate, winter operation, machine and tractor fleet, waste heat
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INTRODUCTION

At present, the negative impact of climatic
factors and weather phenomena on the operation
of the machine and tractor fleet (MTF), as well
as the properties of materials used in mechani-
cal engineering and various technical fluids, has
been studied fairly well. Analysis of the avail-
able data indicates that of all the factors that in
one way or another affect the efficiency of equip-
ment operation, the strongest negative influence
is exerted by low ambient temperature (air).

The study of the influence of climatic factors
and weather phenomena on machines, techni-
cal systems, and people working outdoors be-
gan at the beginning of the 20th century. One
of the pioneers of this field of scientific activity
was the Swedish physicist and polar explorer
Gosta Bodman (1875-1960), who, based on the
results of the Swedish Antarctic Expedition of

1901-1903, proposed a method for assessing the
severity of the climate using a scoring system!'.
With the development of mechanical engi-
neering and the process of mechanization of the
national economy, the negative consequences
of the influence of climatic factors on machines
began to manifest more intensively, which led
to the emergence of the concept of winter op-
eration problems. Many researchers dealt with
and continue to deal with the solution of these
problems. For example, the Soviet scientist P.I.
Kokh proposed a method for improving G. Bod-
man's methodology?. He introduced the concept
of technical harshness of climate and weather,
which could be determined not only for cold
climates but also for hot ones, taking into ac-
count air humidity. It was separately proposed
to determine the technical harshness of climate
and weather for high-altitude regions. This is
explained by the fact that in Bodman's method-

'Bodman G. Results of scientific research of the Swedish expedition to the South Pole in 1901-1903, Moscow, 1910, vol. 2.
2Kokh P1. Climate and reliability of machines. Moscow: Mashinostroenie, 1981, 175 p.
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ology, an unjustifiably large role is assigned to
wind speed, as a result of which the calculation
of climate harshness, for example, for Yakutsk
and Stavropol, gives the same value. P.I. Kokh
also developed the concept of dividing the terri-
tory of the USSR into five zones depending on
the technical harshness of the climate.

Since Soviet times, research on natural and
climatic zoning has been conducted at the Insti-
tute of Geography of the Russian Academy of
Sciences [1]. Taking into account the climatic
features of the Russian Federation, issues of the
impact of climate on human life remain con-
stantly relevant and are reflected in the works of
many researchers. For example, D.E. Mingalev
in his article considers the problems of agrocli-
matic zoning of Russia and Kazakhstan under
climate change conditions [2]. Yu.V. Rodionov
et al. [3] propose a methodology for determining
the technical condition of automotive and tractor
equipment using an automated monitoring and
diagnostic system under low-temperature condi-
tions. A.N. Yakubovich and I.A. Yakubovich [4]
assess climate risks in relation to the transport
infrastructure of the northern regions of Russia.
In the article with the self-explanatory name
"Western Agro-Investors in Russia and Ukraine:
Enchanted by Soil — Disappointed by Climate"
[5], the discussion is about the inadmissibility of
ignoring climatic features when conducting eco-
nomic activities and investing in agribusiness.

In the context of modern economic manage-
ment, studying the influence of climate on the
economic indicators of the activities of national
economy enterprises is, in essence, no longer a
whim, but a necessity. Thus, in their article, A.S.
Apatenko and A.M. Timofeev examine the pe-
culiarities of the influence of climatic factors on
the technical and economic indicators of the op-
eration of technological machines?®, .M. Shkol-

nik et al. [6] study the issues of the impact of
climate change on the economy of the federal
districts of the Russian Federation.

The problem of winter operation of equipment
has been actively studied by many researchers,
which has made it possible to accumulate a fair-
ly substantial body of experimental data, tech-
nical and design solutions, some of which have
been adopted in production, and some are used
in the educational process.

For example, the works of N.G. Berezhnov*3
have trained generations of specialists in the
field of operating marine transport systems in
the agro-industrial complex of Siberia and the
Far East. Despite their age, these works remain
relevant today. Prominent scientist and educator
G.M. Krokhta, in his monograph “Features of
Tractor Operation in Low Temperature Condi-
tions,” summarizes and analyzes the problems
of MTF winter operation®. M.M. Razyapov
[7] raises the issue of increasing the reliability
of the transmission of automotive and tractor
equipment when operating in low temperature
conditions. N.G. Grinchar and N.A. Shilyaev [§]
investigate the issues of hydraulic losses in the
hydraulic drive of machines when operating in
low temperature conditions.

The impact of low temperatures on the prop-
erties of various materials is also of interest to re-
searchers. For example, D.S. Aleksandrova et al.
[9] examine the negative impact of cold climates
on polymer and composite materials widely used
in modern mechanical engineering. In low-tem-
perature conditions, starting a car engine, espe-
cially a diesel engine, becomes a pressing issue.
For example, in [10] it is proposed to use a heat
accumulator for these purposes, in [11] — a fire
heat exchanger with an autonomous heating
module. A.V. Kucher et al. [12] are investigating
the issue of increasing the efficiency of engine

3Apatenko A.S., Timofeev A.M. The influence of climatic factors on the technical and economic performance of technological

machines // Environmental Engineering, 2011, N 4, pp. 76-79.

4Berezhnov N.G. Lectures on the winter operation of machine-tractor fleet. Barnaul, 1972,151 p.
SBerezhnov N.G. Fundamentals of operation of the machine-tractor fleet in winter conditions of Western Siberia. Barnaul, 1975,

330 p.

°Krokhta G.M. Features of tractor operation in low-temperature conditions. Novosibirsk: Zolotoy Kolos, 2017, 376 p.
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starting in winter by increasing the performance
of the battery.

The purpose of this study is to assess the op-
erating conditions of the machinery and tractor
fleet of the agro-industrial complex of the Rus-
sian Federation in relation to the technical sever-
ity of the cold climate.

MATERIAL AND METHODS

A multitude of problems that arise in the
process of winter MTF operation can be diffi-
cult for even experienced specialists to correlate
with economics and labor productivity. The
most illustrative way to solve this problem can
be demonstrated by the example of the author's
methodology for determining the economic ef-
ficiency of implementing a technical means to
ensure the optimal oil temperature in the gear-
box of a self-propelled machine in winter con-
ditions’.

During the MTF operation, the main part of
the costs is associated with the expenses for pur-
chasing fuel and lubricants. Therefore, it can be
stated that the greater the fuel savings from the
implementation of technical solutions that facil-
itate winter operation, the higher the economic
efficiency of implementing such developments.

The main costs associated with MTF operat-
ing can be calculated using the formula

U:3TCM+3T0+A’ (1)

where U — annual cost of operating one unit
of MTF, rubles; 3,.,, — annual costs for the pur-
chase of fuel and lubricants, rubles; 31o — annual
costs for scheduled maintenance, rubles; A — an-
nual depreciation charges, rubles.

Fuel and lubricant costs can be determined by
the following formula:

GTcp
Bremw =— 4

pr’ Tpc “Lr + 3cw 2)

where G, —average annual hourly fuel con-
sumption of a single MTF unit, kg; p — fuel den-
sity, g/cm?; Il — number of working days in a
year; T, — working shift duration, h; Ll; — price
per liter of fuel, rubles; 3,,, — annual costs for the
purchase of lubricants, rubles.

Formula (2) can be easily adjusted for the in-
terested time period to obtain more detailed in-
formation on operational periods. The main term
of'this formula, determining the amount of costs,
all else being equal, is the hourly fuel consump-
tion, a reduction of which will allow increasing
the economic efficiency of winter operation.

It is known that when transmitting torque
from the engine to the propulsion system, part
of the engine power is lost in overcoming resis-
tance in the transmission units and kinematic
pairs. These losses are especially high during the
winter operation period when oils thicken due to
decreased temperatures. For example, in a study
of power losses in the gearbox of the T-150K
tractor, it was found that at an ambient tempera-
ture of —30 °C, they reach about 52 kW during
the initial period of operation, and the stabiliza-
tion of power losses occurs approximately after
3 hours at a level of 12 kW?.

A similar situation occurs during winter op-
eration of all types of machines, with the only
exception being that the figures for power losses
will depend on the type of machine and the am-
bient air temperature. During the study of power
losses in the gearbox of the K-701 tractor, it was
determined that at an oil temperature of 60 to 80
°C, power losses in the transmission are minimal
(about 4 kW). Moreover, if power losses before
reaching this temperature range are associated
with oil thickening, then at a temperature above
80 °C, losses increase due to the loss of oil prop-
erties as a result of its thinning®.

"Ivannikov A.B. Secondary use of engine exhaust heat to improve the efficiency of unit operation using the example of a tractor
gearbox: dissertation for the degree of Candidate of Science in Engineering, Novosibirsk, 2017, 181 p.

8Krokhta G.M., Gosman A.I. Determination of power and oil temperature losses in the T-150K transmission depending on the
ambient air temperature // Scientific works of the Novosibirsk Agricultural Institute, Novosibirsk, 1983.

Selivanov N.I., Filimonov K.V., Kirin V.S., Boldaruk Yu.N. Power losses in the gearbox of the K-701 tractor // Collection of
scientific works of the Krasnoyarsk State Agrarian University, Krasnoyarsk, 2000, part 1.
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Therefore, to reduce the hourly fuel con-
sumption, it is necessary to decrease power
losses in the transmission units by creating and
maintaining an optimal temperature regime in
them. However, under routine operating condi-
tions, achieving the optimal temperature regime
in the gearbox is difficult even in the summer
period, especially in the conditions of Russia's
Far North, Siberia, and the Far East.

To understand the scale of the problem, during
the study we used the method of assessing the
technical severity of a cold climate according to
P.I. Kokh.

The technical rigidity of a cold climate is cal-
culated using the following formula (see foot-
note 2):

NK = (0575tmin cp + Oazstmin a6c) X
x (1+0,0156,) x (1+0,07v,) x
x (140,260) x (1 +0,14n,,) x

x (14 0,0221y), 3)

where N, — cold climate technical stiffness,
point; Zy, o, — the average value of minimum
air temperatures for the three coldest months,
°C; tmin a6c — the average value of the absolute
minimum air temperatures for the three coldest
months, °C; o, — the average aperiodic tempera-
ture of daily air temperature fluctuations for the
three coldest months, °C; v, — the average wind
speed for the three coldest months, m/s; ¢, — av-
erage value of the relative air humidity for the
three coldest months, fractions of a unit; n,, —
the average monthly number of days with fog
and blizzards during the three coldest months;
T, — duration of the period with an average air
temperature below zero, months

The cold climate technical stiffness assess-
ment system involves a division into five groups
(points):

1) low stiftness — 0-30;

2) moderate stiffness — 31-60;

3) stiff — 61-90;

4) very stiff — 91-120;

5) the stiffest — 121-170.

In addition to the methods presented above,

the study used scientific research methods such
as analysis and synthesis, deduction, induction
and analogy, description and measurement.

RESULTS AND DISCUSSION

From the analysis of formula (3), it becomes
obvious that the climatic factors and weather
phenomena that have the strongest impact on
the operation of machine units and aggregates
primarily include air temperature, its humidity,
and wind speed.

The nature of the adverse effects of air hu-
midity on materials depends on the percentage
of moisture content. At high humidity (above
90%), the operational properties of materi-
als decrease due to the penetration of moisture
into these materials or the formation of a liquid
film on their surface. At humidity below 50%,
the moisture contained in materials evaporates,
which also changes their properties: they be-
come brittle and cracks appear in them. Mois-
ture in the air, interacting with liquid mineral
oils, hydrates them, reducing their lubricating
and anticorrosion properties. Wind speed af-
fects the intensity of heat exchange between
the surface of the engine-transmission unit and
the surrounding air, leading to a decrease in the
thermal regime of components and assemblies
during operation and inter-shift storage. At the
same time, the factor that has the most negative
impact on the operation of machine units and as-
semblies is, as noted earlier, the low ambient air
temperature.

During the study, the visualization of cold cli-
mate technical stiffness zones by regions of the
Russian Federation was refined (see the figure).

The analysis of the presented map indicates
that the distribution of cold climate technical
stiffness zones across the territory of Russia is
uneven. Approximately half of the country's ter-
ritory is located in the severe climate zone, and
about 75% are in three zones: severe, very se-
vere, and the most severe climate. At the same
time, about half of the subjects of the Russian
Federation are located in the moderately severe
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climate zone, and only 18 regions belong to the
low-severity climate zone. This is explained by
the administrative and historical division of the
territory of the Russian Federation. For exam-
ple, the Krasnoyarsk Territory and the Republic
of Sakha (Yakutia) are simultaneously located in
three zones, and the total area of their territory is

approximately equal to the total area of the terri-
tories of the Russian Federation subjects that fall
into the zone of moderately severe climate. The
distribution of the Russian Federation subjects
by technical climate severity zones is presented
in Table 1.

According to the Federal State Statistics Ser-

Tab6a. 1. Pacupenenenne cyorexkToB PD 1m0 30HAM TEXHUYIECKON KECTKOCTH XOJIOAHOTO KITMMaTa

Table 1. Distribution of the subjects of the Russian Federation by the cold climate technical severity zones

Subject of the Russian Federation Percegtage of Subject of the Russian Federation Perceqtage of
territory territory
1 2 3 4
Mild climate
Astrakhan Region 10 Republic of Daghestan 100
Volgograd Region 100 Republic of Ingushetia 100
Sevastopol 100 Republic of Kalmykia 70
Donetsk People's Republic 20 Republic of Crimea 100
Zaporizhzhia Region 100 Republic of North Ossetia — Alania 100
Kabardino-Balkarian Republic 100 Rostov Region 50
Karachayevo-Cherkessian Republic 100 Stavropol Territory 100
Krasnodar Territory 100 Kherson Region 100
Adyghe Republic 100 Chechen Republic 100
Moderately harsh climate

Altai Territory 50 Oryol Region 100
Amur Region 40 Penza Region 100
Arkhangelsk Region 100 Perm Territory 100
Astrakhan Region 90 Primorsky Territory 100
Belgorod Region 100 Pskov Region 100
Bryansk Region 100 Republic of Altai 100
Vladimir Region 100 Republic of Bashkortostan 40
Vologda Region 100 Republic of Kalmykia 30
Voronezh Region 100 Republic of Karelia 100
Moscow 100 Komi Republic 20
Donetsk People's Republic 80 Republic of Mari El 100
Jewish Autonomous Region 100 Republic of Mordovia 100
Ivanovo Region 100 Republic of Tatarstan 100
Kaliningrad Region 100 Republic of Tyva 5

Kaluga Region 100 Rostov Region 50
Kamchatka Territory 50 Ryazan Region 100
Kirov Region 95 Samara Region 100
Kostroma Region 100 Saratov Region 100
Kursk Region 100 Sakhalin Region 100
Leningrad Region 100 Smolensk Region 100
Lipetsk Region 100 Tambov Region 100
Lugansk People's Republic 100 Tver Region 100
Magadan Region 10 Tula Region 100
Moscow Region 100 Udmurt Republic 95
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Oxonuanue Tadm. 1

1 2 3 4
Murmansk Region 100 Ulyanovsk Region 100
Nizhni Novgorod Region 100 Khabarovsk Territory 75
Novgorod Region 100 Chuvash Republic 100
Orenburg Region 50 Yaroslavl Region 100

Harsh climate
Altai Territory 50 Republic of Bashkortostan 60
Amur Region 60 Republic of Buryatia 100
Trans-Baikal Territory 100 Komi Republic 80
Irkutsk Region 95 Republic of Sakha (Yakutia) 30
Kamchatka Territory 50 Republic of Tyva 95
Kemerovo Region 100 Republic of Khakassia 100
Kirov Region 5 Sverdlovsk Region 100
Krasnoyarsk Territory 35 Tomsk Region 100
Kurgan Region 100 Tyumen Region 100
Magadan Region 90 Udmurt Republic 5
Novosibirsk Region 100 Khabarovsk Territory 25
Omsk Region 100 Chelyabinsk Region 100
Orenburg Region 50 Chukotka Autonomous Region 100
Perm Territory 95 100
Very harsh climate
Irkutsk Region 5 Republic of Sakha (Yakutia) 40
Krasnoyarsk Territory 30
The harshest climate

Krasnoyarsk Territory | 35 H Republic of Sakha (Yakutia) | 30

vice, by the end of 2022 there were 214.8 thou-
sand tractors of all traction classes in the country's
farms, including tractors on which earth-moving,
reclamation, and other machines were mount-
ed!?. It should be noted that tractors operated by
industrial enterprises, in the field of municipal
services, etc., are not taken into account. The dis-
tribution of tractors by zones of technical severi-
ty of cold climate is presented in Table 2.

It should be especially noted that the figure
and Table 1 reflect only the territorial and pro-
portional distribution of regions by zones of
technical severity of the cold climate. An exact
count of the number of tractors corresponding to
specific parts of the Russian Federation subjects
located in different zones is quite problematic,
so the information presented in Table 2 is of a
reference nature and illustrates the approximate
number of tractors corresponding to each of the
five zones.

Ta6a. 2. Pacripenenenue TpakToOpoB MO 30HAM
TEXHUYECKOH KECTKOCTH XOJIOAHOTO KIIMMAaTa

Table 2. Distribution of tractors by the cold
climate severity zones

Climate Number of Percer}ltage

tractors ratio

Mild 45 290 21

Moderately harsh 122 109 57

Harsh 43 839 20

Very harsh 1739 1

The harshest 1871 1

Total 214 849 100

The figures presented indicate that only about
21% of tractors are operated under conditions
close to normal (mild climate zone) and are
less exposed to the negative effects of the cli-
mate. More than half of the tractor fleet (57%)
is operated in a moderately harsh climate zone
and is periodically exposed to cold climate, es-

0Availability of machinery and energy capacities in agricultural organizations of the Russian Federation in 2022: statistical
compilation / Federal State Statistics Service (Rosstat), Moscow, 2023.
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pecially late in the autumn, in winter, and ear-
ly in the spring. About 22% of tractors are in
the areas of harsh, very harsh, and the harshest
climates. Operation in these areas is associated
with practically constant negative effects of the
cold climate. For example, the average annual
temperature in Novosibirsk and the Novosibirsk
region is 0.2 °C, and ground frosts begin in the
second half of September and end at the end of
May!!. Thus, it becomes evident that the vast
majority of the tractor fleet of the agro-indus-
trial complex of the Russian Federation is sub-
jected to the negative effects of a cold climate
during operation, which reduces the efficiency
of tractors according to their intended use and
increases costs associated with winter operation
problems. Simple analytical calculations can
help estimate the volume of costs related to in-
creased fuel consumption due to engine power
losses in overcoming friction forces in the trac-
tor's power-transmission system.

According to the data of the 2016 All-Rus-
sian Agricultural Census'?, the structure of the
tractor fleet of the Russian agro-industrial com-
plex is conventionally divided into four catego-
ries (see Table 3). At the same time, more than
50% of tractors fall into three traction class-
es (1.4; 2 and 3), which are the most common
in farms. Based on the existing patterns, it can
be determined that in the zones of moderately
harsh, harsh, very harsh, and the harshest cold
climates, there are approximately 88,100 trac-
tors of the specified classes. It is quite obvious
that not all tractors are operated for a full shift
every day, especially in winter. Therefore, it is
advisable in calculations to start from one op-
erating unit, increasing the obtained data by the
number of working tractors if necessary.

Taking the above into account, based on the
formula (2), the costs associated with fuel over-
consumption due to the influence of low ambient
temperature can be calculated as follows:

Tabua. 3. Crpykrypa TpakTopHOro napka PO

Table 3. Structure of the tractor fleet of the
Russian Federation

Percentage of
Power, kW (hp) Traction class total
number
Up to 37,0 (50,3) J0 0,9 5
37,1-75,0 (50,3-102,0) 1,4;2;3 52
75,1-150,0 (102,1-204,0) 4;5 27
Over 150,0 (204,0) 5;6 16
— v Nen o | :
T — 1000 - p Tcn Apn ]—lT; 4)

where gt — specific fuel consumption by the
engine, g’kW-h; N,,— current engine power loss-
es to overcome resistance in the tractor's power-
train, KW; p — density of diesel fuel kg/m?* (for
winter fuel we assume 840 kg/m?); T, — power
loss stabilization time, h; Il — number of days
(shifts) in the work period.

As noted earlier, it was experimentally estab-
lished that the stabilization of power losses in
the T-150 tractor's engine-transmission unit in
winter occurs on average within 3 hours of op-
eration. We will assume this dependence is valid
for all tractors and will use it in further calcula-
tions.

The specific fuel consumption is a techni-
cal characteristic of the engine, and its value is
known for each tractor brand. As the calculation
period, we will take the number of working days
or shifts during which the tractor was operated
(for example, 10 days). Also, for the purpose of
calculations, we will assume that the price of 1
liter of diesel fuel is 60 rubles, and the power
loss is 5 kW. As examples of tractors, we will
use MTZ models belonging to the three traction
classes mentioned above (MTZ-80, MTZ-1221,
MTZ-2022).

Simple calculations using formula (4) with
the accepted initial data show that for MTZ-80

"'Climate of Novosibirsk and the Novosibirsk Region // FSBI “West Siberian AHEM”: website.URL: http://www.meteo-nso.ru/

pages/46.

2Results of the All-Russian Agricultural Census 2016: statistical collection / Federal State Statistics Service (Rosstat). Moscow,
2018, vol. 6: Technical means, production facilities and infrastructure, 526 p. (https://rosstat. gov.ru/vshp/2016).
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and MTZ-1221 tractors, the costs of fuel over-
consumption will amount to about 2420 rubles
for ten shifts per tractor. For the MTZ-2022 trac-
tor with an MMZ D-260 engine, the costs will be
about 2360 rubles, and with a TCD0213L06-2V
engine — about 2670 rubles. According to the
calculated data, even with minimal power loss-
es, there are significant costs, which increase
exponentially with the decrease in ambient air
temperature and accumulate according to the
number of tractors and machines in operation.

Thus, the obtained results indicate the ne-
cessity of developing the methods and means to
reduce power losses in the motor-transmission
unit in order to increase the economic efficiency
of MTF operation.

One of the promising directions for solving
the problems of winter operation (in particu-
lar, reducing power losses in the powertrain) is
to ensure optimal temperatures in the power-
train components through the implementation
of technical solutions for the secondary use of
waste heat from the internal combustion engine.
Research in this direction is actively being car-
ried out by the members of the author team of
this article [13].

CONCLUSIONS

1. It has been established that about 75%
of the territory of our country is located in the
zones of harsh, very harsh, and the most severe
climate, while only 27 subjects of the Russian
Federation are situated here.

2. Analysis of the distribution of the tractor
fleet by zones of technical severity of cold cli-
mates shows that about 57% of tractors are sub-
ject to periodic negative effects of cold climate
during operation, and about 22% experience
such effects constantly.

3. The main factor having the maximum neg-
ative impact on the operational efficiency of the
MTF is low ambient temperature.

4. Calculations of the costs associated with
the overconsumption of fuel by a tractor engine
in winter conditions indicate the existing poten-

tial for improving economic efficiency and the
need to develop methods and means to ensure
optimal temperature regimes in the units and as-
semblies of the tractor's powertrain.
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IIpuMeHeHMe KOJIbIEBbIX 1 BAHTOBBIX KATKOB MPH MOCEBE MIIEHUIIbI
10 00pPa0dOTAHHOM 3aJI€’KHOM MOYBe

) Axosaes H.C., Paccomaxun I K., Uepusimon A.Il.
Cubupckuii ghedepanvhulil Hayuuslll yenmp azpodouomexronocuti Poccutickoil akademuu nayk
HoBocubupckas obnacts, p.ii. KpacnooOck, Poccust

(CXpe-mail: yakovlevns@sfsca.ru

B crarbe mpescTaBieHbl pe3ynbTaThl CPAaBHUTEIHHBIX UCTIBITAHUH KOJIBIIEBOTO W BUHTOBOTO KaT-
KOB Ha ITOCEBE MIICHUIIBI IO 00pabOoTaHHOHU 3aiexHO mouBe. [loneBbie IKCIIePUMEHTHI TIPOBOIITN
Ha nonurone CHOMPCKOro HayYHO-MCCIIEA0BATEIbCKOTO HHCTUTYTa MEXaHU3AMH U 2JIeKTPH(PUKALIH
CEJIBCKOTO XO3sICTBA M Ha ONBITHOM Mojie CHOMPCKOTO HayYHO-HCCIEN0BaTeNbCKOrO HHCTUTYTa KOP-
MOB ¢ anpesst o ceHTI0pb 2024 1. [lnst 06paboTKH 3alie)KHON TTOYBBI HCIIOIB30BAIN TTOYBO0Opada-
teBatomuit arperat KJI-2,5H, mist moceBa — skcriepuMeHTaIbHYI0 moceBHyto Mammay [11IM-2,53T.
Pa6ounit oprar KJI-2,5H u [11IM-2,53T u3roToBjieH B BHIE CTAaHAAPTHOW MPSMOM CTOMKHU C Jarou
pasmepom 410 mm. KonblieBo#l KaTok COCTOMT W3 OTIENBHBIX KOJEl B JOPME YCEUEHHOTO KOHYcCa,
C ONpe/IeJICHHBIM IIaroM cOOpaHHBIX B OaTape, BAHTOBOH KaTOK — M3 HABUTOM 110 CIIMPAJIHU C OTpeie-
JICHHBIM 1Iarom JICHTHI. H_[I/IpI/IHa JICHTBI Y BUHTOBOI'O KaTKa TaKas K€, KaK U 'y KOJIbLLICBOTO, — 40 MM,
TOJNIMHA — § MM. B pe3ynbrare pacueToB yCTaHOBICHO, YTO Y KOJIBIIEBOTO KaTKa CHJIa PEaKIIMH T10Y-
BbI, OKa3bIBAIOIIasi COMPOTUBIICHNE TIEPEMEIICHHAIO KOIbIIA, 3HAYUTEIHHO MTPEBBIIIAET CHILY, ITPETIAT-
CTBYIOIIYIO Jiehopmaryiv mouBbl. COOTBETCTBEHHO, IIPU MAJIOM YTIIE aTaKW IT0YBa, MOIHATAs 000/10M
KOJIbIIa, OCTaBHUT BBICOKHE TPEOHHU. Y BUHTOBOTO KaTKa CHJIA COTPOTUBIICHUS TIEPEMEIICHUIO JISHTHI
W CWIIa, TIPETSATCTBYIOMAs JeOpMalMy TOUBbI, MPAKTUYECKH paBHBL. Clie0BaTeNbHO, YBEIUUCHHE
yIJla aTaKy IPUBEET K OOJIbIIeMY MEPEMEIICHHIO TIOUBBI M YBEIIMUYCHHUIO BHICOTHI I'peOHel. B pe3yib-
TaTe MOJIEBOTO SKCIIEPUMEHTA YCTaHOBJICHO, UTO TIPH paboTe B aKTHBHOM PEXXHUME Y BHHTOBOTO KaTKa
MUHUMAaJIbHASI BBICOTA TPEOHS TMONy4YeHa NP YCTAaHOBKE KaTka Ha yroi atakd 15°; y KOJbIIeBOTO —
25°. Ilpu BOCCTAaHOBIICHHH 3aJIC)KHBIX 3eMEITb, HAXOMSIINXCS B MTMOHEPHON CTaINH, HEOOXOIMMO HC-
TMIOJIb30BATh KOJIBIIEBhIC WIIM BUHTOBBIC KAaTKH I BRIPABHUBAHHS TTOBEPXHOCTH TIOJIS U BBIYECHIBAHUS
COpHSIKOB. BecenHIo0 00paboTKy MpH MOATOTOBKE K IOCEBY 11€7I€CO00pa3HO MPOBOIUTH KYJIETHBATO-
pamu, 000pyIOBaHHBIMHU KOJIBIIEBBIMH KaTKaMU, IPEANIOCEBHYIO 00pab0TKy — KOJIbLIEBOM OOPOHOIA.

KuroueBblie cji0Ba: 04YBa, KOJIbIEBOW U BUHTOBOM KaTKH, 3aJI€KHBIE 3€MJIU, COPHSKH, YIOJ aTakH,
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Using ring and screw rollers when sowing wheat on cultivated fallow soil
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The article presents the results of comparative tests of ring and screw rollers for sowing wheat on
cultivated fallow soil. Field experiments were conducted at the site of the Siberian Research Institute
of Mechanization and Electrification of Agriculture and at the experimental field of the Siberian Re-
search Institute of Fodder Crops from April to September 2024. Fallow soil was cultivated with the
KL-2.5N tillage unit, and sowing was carried out with the PPM-2.5ZT experimental seeding machine.
The working body of the KL-2.5N and PPM-2.5ZT is designed as a standard straight rack with a
410 mm paw. The ring roller consists of individual rings made in the shape of a truncated cone, assem-
bled into batteries with a certain pitch, and the screw roller is made of a tape wound in a spiral with a
certain pitch. The width of the belt of the screw roller is the same as that of the ring roller (40 mm), the
thickness is 8 mm. As a result of calculations, it was established that for a ring roller, the soil reaction
force that resists the movement of the ring significantly exceeds the force that prevents soil deforma-
tion. Accordingly, at a low angle of attack, the soil raised by the rim of the ring will leave high ridges.
In a screw roller, the force of resistance to belt movement and the force preventing soil deformation
are practically equal. Therefore, increasing the angle of attack will result in greater soil movement and
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increased ridge height. As a result of the field experiment, it was established that when operating in an
active mode, the minimum ridge height of the screw roller was obtained when the roller was set to an
attack angle of 15°, and for the ring roller it was 25°. When restoring fallow lands in the pioneer stage,
it is necessary to use ring or screw rollers to level the field surface and remove weeds. Spring tillage in
preparation for sowing is best carried out with cultivators equipped with ring rollers, and pre-sowing
cultivation should be carried out with a ring harrow.

Keywords: soil, ring roller and screw roller, fallow lands, weeds, angle of attack, sowing
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INTRODUCTION

When cultivating soil for grain crops, level-
ing the field and clearing it of weeds are crucial.
This problem is especially pressing when restor-
ing abandoned fields during the first five years,
when the neglected field is in its pioneer stage
and the sod layer has not yet formed. The field is
overgrown with weeds, and the surface soil con-
tains a large number of weed seeds. Weedy veg-
etation has a powerful root system and large, tall
stems, which makes it difficult to cultivate such
fields. According to agrotechnical requirements,
when sowing cereal crops, the height of the ridg-
es on the field surface after the passage of the
implement should not exceed 30 mm. According
to the results of our research, when working with
fallow soils, it is most advisable to use ring or
helical rollers as raking and leveling devices [1].

Similar research is conducted by many sci-
entific organizations. The greatest interest is
shown in ring rollers as the most versatile work-
ing tools. Thus, at the Institute of Agroengineer-
ing and Environmental Problems of Agricultural
Production, technologies and technical means
with ring working tools were studied for the pri-
mary restoration of fallow lands in the North-

western region of the Russian Federation, which
i1s a zone of increased moisture [2—5]. Experi-
mental samples of new soil-cultivating working
bodies were created, which ensure a reduction
in energy consumption and environmental im-
pact, and improve soil treatment quality [6, 7].
Employees of the Tver Agricultural Academy
recommend using a soil-treating rod roller after
a set of measures for bringing fallow land into
circulation. According to their data, this contrib-
utes to obtaining a well-prepared soil surface for
sowing [8, 9].

Research aimed at identifying effective meth-
ods for developing virgin lands was carried out
at the All-Russian Scientific Research Institute
of Agriculture and Soil Erosion Protection. It
was established that soil treatment with the
BDT-3 disc harrow leads to increased weedi-
ness, thinning of crops, weaker crop develop-
ment, and reduced yields compared to plowing'.
At the Voronezh State Agrarian University, to-
gether with the All-Russian Scientific Research
Institute of Plant Protection, experiments were
conducted at the OOO "Lebyazhye" (Ramonsky
District, Voronezh Region) on weed control in
fallow lands. The treatment involved using disc

'Cherkasov G.N., Sosov N.A. The effectiveness of the method of developing fallow lands for grain crops on the slopes of the
Central Black Earth region // Achievements of Science and Technology of AIC, 2016, vol. 30, N 2, pp. 35-37.
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implements to turn the soil layer on its edge?. At
the National Research Mordovia State Universi-
ty named after N. P. Ogarev, the effectiveness of
the combined use of the herbicide 'Roundup' and
treatment with a disc harrow on fallow lands is
being studied [10].

The problem of returning fallow lands to ag-
ricultural use is addressed, in particular, by spe-
cialists of the All-Russian Research Institute of
Hydraulic Engineering and Land Reclamation
named after A.N. Kostyakov. Thus, based on
conducted studies, the feasibility of further use
of lands withdrawn from circulation is estab-
lished depending on the age of the fallow peri-
od [11]. Weed control in organic farming means
using cultivation methods that allow fighting
rhizomes by bringing them to the surface of the
soil, where they wither and dry out. At the Soil
Science and Agrochemistry Institute of the Si-
berian Branch of the Russian Academy of Sci-
ences, research was conducted to determine the
plant cover of middle-aged fallows in the for-
est-steppe zone of the Novosibirsk region [12].
It was noted that hay mowing and grass burning
block the development of succession, returning
it to previous stages of overgrowth?.

The purpose of the study is to examine the in-
fluence of the operating mode of ring and screw
rollers on the quality of wheat sowing on treated
fallow land.

The research objectives are:

1) the identification of patterns of changes in
the surface ridgedness of the field depending on
the angle of attack and the operating mode of the
rollers;

2) assessment of the impact of rollers on weed
removal when sowing wheat using no-till tech-
nology after the destruction of weed vegetation.

MATERIAL AND METHODS

Field experiments were conducted at the test-
ing ground of the Siberian Research Institute of
Mechanization and Electrification of Agricul-
ture and at the experimental field of the Siberian
Research Institute of Fodder Crops from April
to September 2024. Fallow land was cultivated
with the KLL-2.5N soil cultivation unit, and sow-
ing was carried out using the experimental sow-
ing machine PPM-2.5ZT.

The units used are adapted for operation with
the MTZ 80 tractor. The working body KL-2.5N
and PPM-2.5ZT is made in the form of a stan-
dard straight tine with a foot 410 mm in size [13].
The ring roller consists of individual rings in the
shape of a truncated cone, assembled in banks
at a certain pitch (Fig. 1, a). When the machine
moves, the rings of the roller capture a part of the
soil with their inner surface and move it to the
side, while cutting the ridges and filling the fur-
rows. The screw roller consists of a tape wound
in a spiral with a certain pitch (Fir. 1, 6). The belt
width of the screw roller is the same as that of
the ring roller, — 40 mm, thickness — 8 mm. Two
spirals with a pitch of 190 mm are wound onto a
roller with a diameter of 500 mm. The screw roll-
er, like the ring roller, moves the soil as a result of
shearing and tossing [ 14] (see Fig. 2).

The effect of the roller ring on the soil de-
pends on its geometric dimensions, attack angle,
as well as the speed of the machine®.

When moving, the roller ring leaves a fur-
row bottom in the soil in the form of a sector of
a circle. Between the sectors along the furrow
bottom, ridges are formed, the height of which
depends on the diameter of the roller ring, the
distance between the rings, and the attack angle
of the roller?:

2Saratovsky L.1., Khryukina E.I. Use of fallow lands // Plant Protection and Quarantine, 2008, N 10, pp. 38-41.

3Miller G.F., Solovev S.V., Bezborodova A.N., Filimonova D.A., Chumbaev A.S. Revisiting the changes of some properties of the
soil developed under young fallow on the territory of the Novosibirsk region // Modern problems of science and education, 2017,

N 6, URL: https://science-education.ru/ru/article/view?1d=27133.

*Yakovlev N.S., Kolinko P.V. Soil displacement by the ring of a ring roller // Agricultural machinery and technologies, 2013, N 3,

pp. 32-34.

SYakovlev N.S., Kolinko P.V. Interaction of a ring roller with soil // Siberian Herald of Agricultural Science, 2012, N 3 (226),

pp- 95-100.
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Puc. 1. KaTku Ha TOCEeBHON MaIlIniHe:
a — KOJIBIIEBOM; 6 — BUHTOBOU

Fig. 1. Rollers on a seeding machine:

a —ring; 6 — screw

D 1

>~ E\/DZ_ bz-ctga, (1)

where /2 — ridge height, m; D — roller diam-
eter, m; b, — distance between the rings of the
roller, m; a — roller attack angle, degrees.

The distance between the crests is determined
from the ratio

¢ =2sina -4/h - (D —h),

where ¢ — distance between the crests, m.

When the unit moves, the ring of the ring roll-
er cuts into the soil with a force P, which can be
broken down into two components: P; — a force
acting perpendicular to the plane of the ring rim;
P, — a force acting perpendicular to the end of
the ring rim (see Fig. 3, a). Accordingly, forces
P, and P, cause soil reactions R; and R,. In turn,

h =

)

reaction R, can be decomposed into the force
Rpg, acting in the plane of the roller's rotation and
rotating it with an angular velocity @ around the
axis, and force R¢, counteracting the displace-
ment of the roller towards its turning. Reaction
R, can be broken down into the resistance force
to the movement of the ring in the soil Ry, acting
in the plane perpendicular to the roller's rotation,
and the soil's resistance force to deformation
during its compaction Rj. Given the fact that
P,=R;, and P, = R,, we have

R, =P cos(a+o0);

3)
R, =P - sin(a + o), 4)

where P — pressure force of the roller ring on
the soil; a — roller attack angle; ¢ — the angle of

inclination of the roller ring rim to its axis of
rotation.
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Puc. 2. Ilepemenienre OYBbI KOJTBIIAMH KOJBIICBOTO KaTKa:
a — CABUT, 6 — CABHUI' U IEPECCHITIAaHNE

Fig. 2. Soil movement by rings of a ring roller:

a — shift; 6 — shift and pouring

P

Puc. 3. Cunpl, eicTByIONINE HA TPaHb KaTKa:
a — KOJIBIIEBOT0; & — BUHTOBOIO

Fig. 3. Forces acting on the edge of the roller:
a —ring; 6 — screw

As a result, the force that rotates the roller Accordingly, the force resisting the move-
around the axis can be determined by the for- ment of the ring in the soil and the force resisting
mula the deformation of the soil can be determined by

Rg =P - cos(a+o0) - coso, ®)) the formulas
R =P sin (0 + 0) - coso; (7)

and the force opposing the displacement of

the roller in the direction of its rotation — using Ry =P sin(a+o)-sino. (8)
the expression When the helical roller moves, the edge of the

Rc=P - cos(a+0) - sinc. (6) helical belt also cuts into the soil with a force
Mexanu3armst, aBTOMATH3ALIS, MOLE/POBAHHE CubUpCKU BECTHUK CEIbCKOXO035CTBEHHOM Hayku * 2026 « 561 111
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P, which can be broken down into the following
components: P, — a force acting perpendicular
to the plane of the tape rim; P, — a force acting
perpendicular to the end of the tape (see Fig. 3,
0). Soil reactions R; and P, from the actions of
forces P, and P, can also be decomposed into
two component forces: R; — into force Ry, ro-
tating the roller around the axis, and force R,
counteracting the roller's displacement toward
its rotation; R, — into force Ry, which is trying to
turn the roller, and force Ry, preventing soil de-
formation (compaction). These forces can be de-
termined by formulas (3) — (6). The force acting
in the plane perpendicular to the rotation of the
roller and tending to turn the roller is calculated
by the formula

Ry =P - sin(a+0) - cost,

)

and the force resisting soil deformation — us-
ing the expression

Ry=P - sin(a+o)-sinT, (10)
where 1 — the angle between the perpendicu-
lar to the direction of the line of contact of the
tape end with the soil and the surface of the tape
rim, determined by the formula
Ry =P - sin(a+o)-sint, (10)
where 3 — helix belt entry angle.
Analyzing the calculation results presented as

graphs in Fig. 4, it can be noted that the ring roll-
er's soil reaction force Ry, resisting the move-
ment of the ring, significantly exceeds force Ry,
preventing soil deformation. Consequently, with
an increase in the angle of attack o the soil will
rise along the rim of the ring and scatter over a
larger area, hiding the ridges formed by its shift.
In a screw roller, the soil resistance to movement
Ry and the force Ry, which prevents soil defor-
mation, are practically equal. Thus, increasing
the attack angle will lead to greater soil displace-
ment and an increase in the height of the ridges.

The identification of patterns in the change
of ridging and field contamination when sowing
wheat on treated fallow soil depending on the
type of roller, its installation angle, and mode of
operation was carried out at a working speed of
7.25 km/h, which corresponds to the third gear
of the MTZ-80L tractor. When the speed of the
unit increased, the soil was thrown to the side
opposite to the roller installation angle, which
made measuring the ridges difficult. In addition,
lateral forces caused the roller to drift to the side,
and the attack angle of the roller changed.

Ring and screw rollers were installed in ac-
tive (base of the cone in the direction of the
machine) and passive modes of operation (apex
of the cone in the direction of the machine). At

200
180
160 //.
3] —
A nmm—
e léﬁ m—— .
g censapssen ) meoseeee
© 120 ’
§ 100 ®
= 80 em= Ring, R,
40 -—_& . >
20 =@ Ring, R,
0 =@= Belt, R,
15 20 25 30

Angle of attack, deg.

Puc. 4. Iamenenne cui JaBJICHUS ITOYBbI RH nu Rﬂ Ha TOPCIL KOJIbIAa U JICHTHI Y KOJBLICBOTO 1 BUHTOBOI'O

KaTKOB B 3aBUCUMOCTH OT yIJIa aTaK1

Fig. 4. Change in soil pressure forces Ry and Rj; on the end of the ring and belt of a ring and screw roller

depending on the angle of attack
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the same time, the attack angle was 15, 20, and
25° at a working speed of 7.25 km/h, which al-
lowed for stable operation of the sowing unit.
In the active position, the roller ring works like
a plowshare, cutting into the soil; in the passive
position, it works like a roller, pressing the soil.
The rollers were installed behind the sowing ma-
chine, which sowed grain crops under the paw.
The sowing strip was 20-22 cm with a row spac-
ing of 14-16 cm.

The field trial scheme for determining the
performance quality of rollers is shown in Fig. 5.
The field trial was established on May 31, 2024,
at the field of the Siberian Research Institute of
Fodder Crops. The seeding machine in operation
is shown in Fig. 6.

The field was left fallow until 2023 and be-
came overgrown with weeds. In the autumn of
2023, the weeds were mowed with a KRN-2.1
mower, after which it was treated with a BDN-
2.5 disc harrow. The characteristics of the field
were the presence of a large number of organ-
ic residues from dense weedy vegetation and a
high infestation with weed seeds.

The field was divided into two plots: the first,
measuring 30 x 170 m, was cultivated before
sowing with a KL-2.5N cultivator-ripper, while
the second was left uncultivated. On the cultivat-
ed plot, the surface roughness was determined.
At the same time, the rollers were set to active
and passive operating modes at attack angles of
15, 20, and 25°. In the untreated area, the oper-

Cultivated field Uncultivated field
Q [ % Q % [ %
5% 5 52 28 57 5 5% 28
= g = E e g o ) & S o o g g o
2o e e 4 z .2 = 0 = > 0 B2
= o7 52 o'z .2 o7 £z 5z

= A = Qo = o
53 58 3 < 3 & 2 < ol 32 3£

15020 (2525|120 (1512520151520 (25|15({20(25(25({20(15|25(20|15|15|20]|25
Roller installation angle, degrees

Puc. 5. Cxema HOJICBOTO OIBITA 110 OIPEIETICHHIO KauecTBa pabOThI KaTKOB
Fig. 5. Scheme of field experiment to determine the quality of roller operation

Puc. 6. TloceB nmenuitsl moceBHoM MamuHoM T1TIM-2,53T Ha onbITHOM IT10J1€
Fig. 6. Sowing wheat with the PPM-2.5ZT seeding machine on an experimental field
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ation of the rollers was tested for the quality of
weed combing during sowing using the no-till
technology. The rollers were also set to active
and passive modes of operation at attack angles
of 15, 20, and 25°. The installation of the attack
angle was carried out by moving the beams along
the guide rails. Field roughness measurements
were carried out using an overlay rail along the
working width of the seeding machine. Rough-
ness was measured along the length of the run in
three locations. The length of the run was 170 m.
Field roughness was determined as the average
value of the three measurements. Experimental
data were processed using mathematical and sta-
tistical methods [15].

RESULTS AND DISCUSSION

Based on theoretical studies of the interaction
of pressure forces of ring and screw rollers on

the soil, it can be noted that for the ring roller,
as the attack angle increases, the soil pressure on
the end of the roller rim decreases, so the ridge
should be reduced; for the screw roller, as the at-
tack angle increases, the soil pressure on the end
of the roller rim increases, therefore, the ridge
should be increased. Generalized data of field
ridge measurements are presented in Table 1,
and graphs were constructed based on the mea-
surement results (see Fig. 7).

Analyzing the graphs presented in Fig. 7, it
can be noted that for the screw roller, the height
of the ridges increases with the attack angle
(more intensively in the active operating mode).
According to the results of three measurements,
the minimum ridge height for the screw roller
was recorded in the active operating mode at an
attack angle of 15°, and for the ring roller — in
the active operating mode at an attack angle of

Ta6a. 1. [peOHUCTOCTH MOBEPXHOCTH IOJIS ITOCIIE TOCEBA CESUTKOM C KOJIBIICBBIM U BUHTOBBIM KaTKaMu, MM

Table 1. Field surface ridge after sowing with a seeder with ring and screw rollers, mm

Ring roller Screw roller
Measurement Active mode Passive mode Active mode Passive mode
number Roller installation angle, degrees
15 20 25 25 20 15 25 20 15 15 20 25
1 242 | 23,5 16,8 | 30,0 | 20,8 | 21,8 | 22,5 | 22,0 | 29,5 | 25,0 | 31,0 19,8
2 21,3 9,8 11,3 17,0 17,0 15,5 | 23,3 | 243 10,3 | 22,5 | 21,0 | 33,5
3 13,5 14,5 16,3 16,5 14,0 15,8 | 36,3 15,8 15,8 16,0 14,5 | 25,8
Average 19,6 15,9 14,8 | 21,2 17,3 17,7 | 27,3 | 20,7 18,5 | 21,2 | 22,2 | 26,3
30
[ ]
25 /'

E - a» o - ol —

= 20 et - ] o -

Eﬁ - - o» -

5 15 .

=

(]

o0 10 . .

E e Ring roller, active mode

5 @& e» @ Ring roller, passive mode
emlim» Screw roller, active mode
0 @» l» ® Screw roller, passive mode
15 20 25

Roller installation angle, deg.

Puc. 7. I3meHeHue rpeOHUCTOCTH TONS TIPU 00pabOTKE KOJIBIICBBIM U BUHTOBBIM KaTKaMU
Fig. 7. Change in field ridgeness during processing with ring and screw rollers
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G

Puc. 8. Iloces o o6paboranHomy (a) u HEoOpaboTanHOMY (0) pony 31.05.2024 1.

e AN

Fig. 8. Sowing on the treated (a) and untreated (6) background 31.05.2024

Tao6a. 2. KonrnuecTBo COpHSIKOB MpH 1oceBe N0 HeoOpaboTaHHOMY (oHY, IIT./M?

Table 2. Presence of weeds per square meter when sowing on an untreated background, pcs./m?

Roller Mode Roller installation angle, degrees 1 2Repetitio3n 1 Average

Ring Active 15 9 19 20 30 20

20 3 4 2 2 3

25 8 18 19 14

Passive 25 9 20 29 15

20 5 17 10 10

15 13 16 18 12 15

Screw Active 25 9 8 3 5 4
20 11 7
15 13 10

Passive 15 12 10 10

20 14 10 11 11

25 13 17 7 13 12

25°. Considering that the ridge of the ring roll-
er noticeably decreases when operating in ac-
tive mode at an angle of attack of 20°, it can be
concluded that the ring roller in active operation
mode should be set at an angle of attack of 20°.
In Fig. 8 a, a field with wheat crops hoed over

a treated background is shown. No weeds be-
yond the permissible limit are observed, despite
the fact that part of the field was treated 2 hours
before sowing the wheat.

On the untreated plot during the spring peri-
od, sowing was carried out using the no-till tech-

MexaHn3aLys1, aBTOMATH3ALIHSL, MOICITHPOBAHHE
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nology. According to the experimental scheme,
the rollers were set to active and passive oper-
ating modes at attack angles of 15, 20, and 25°.
The results of weed counting on the plot are
presented in Table 2. Analyzing the obtained
results, it can be concluded that a single treat-
ment of unprepared soil during sowing does not
provide guaranteed weed-free crops. In almost
all sowing options on untreated fields, a large
number of weeds remain (see Fig. 8 6). The re-
sults differ only for the helical roller when oper-
ating in active mode. However, this could have
been influenced by the presence of an area with
a small number of weeds, as the first and sec-
ond measurements showed almost identical re-
sults compared to the operation of the rollers in
other modes. The small number of weeds in the
third and fourth measurements occurred in plac-
es where the field background differed from the
main one. For a more objective assessment, it is
necessary to apply the method of randomization.

CONCLUSIONS

1. According to the obtained results, the
ring roller's soil reaction force Ry, resisting the
movement of the ring, significantly exceeds force
Ry, preventing soil deformation. Therefore, the
roller ring will not dig deeply into the soil, and
at a small angle of attack, the soil lifted by the
ring's rim will leave high ridges. In a screw roll-
er, the soil resistance to the movement of the belt
Ry and force Ry, hindering soil deformation, are
almost equal. Accordingly, increasing the angle
of attack will lead to greater soil movement and
an increase in the height of the ridges.

2. It has been established that for a screw roll-
er, the ridge height increases with an increase in
the attack angle, with a more intense increase in
the active operating mode. The minimum ridge
height in the active mode corresponds to an at-
tack angle of 15°. For a ring roller, the minimum
ridge height is observed when operating in the
active mode at an attack angle of 25°. Since for
aring roller the ridge noticeably decreases in the
active mode already at an attack angle of 20°,

it is possible to set the ring roller in the active
mode at an attack angle of 20°.

3. The technological process for the resto-
ration of fallow lands in the pioneering stage has
been justified. Ring or screw rollers for leveling
the field surface and combing weeds should be
used in accordance with the recommended op-
erating modes. During preparation for sowing,
it is advisable to carry out spring cultivation to
a depth of 10—12 cm with cultivators equipped
with ring rollers, and pre-sowing treatment with
a ring harrow.
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References to tables should be formatted as follows: “Table 3 states that ...” or “It is stated that ... (see Table 3)”. The
title of the table includes a table number and its title: “Table 2. Description of Vital Processes.” The translation of the
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Photos, screenshots must be uploaded separately as files of the following format*.jpeg files (*.doc and *.docx if the
image has additional marks). The resolution of the image should be >300 dpi. The image files should be given a name
corresponding to the figure number in the text. In the description of the file a caption should be given separately, which
should correspond to the name of the picture placed in the text.

Graphs, charts, histograms, etc. should be attached as a separate file in Microsoft Excel program.

Attention should be paid to the spelling of formulas in the article. All formulas must be editable, i.e. it must be
possible to make changes to them. To avoid confusion, it is necessary to write Greek (a, B, w, etc.), Russian (A, a, B, b,
etc.) letters and numbers in straight font, Latin letters in italics (W, Z, m, n, etc.). Mathematical signs and symbols should
also be written in straight font. It is necessary to clearly indicate upper and lower superscript characters (W, F, etc.).

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR

The Editorial Board asks the authors to be guided by the above stated rules when preparing the article.

All the articles submitted to “Siberian Herald of Agricultural Science” go through preliminary check for compliance
with formal requirements. At this stage the Editorial Board reserves the right to:

* accept the article for review;

* return the article to the author (authors) for revision with a request to correct the mistakes or add the missing data;

* return the article which is designed not according to the journal’s requirements to the author (authors) without
consideration;

« reject the article due to its inconsistency to the journal’s goals, lack of originality and little scientific significance.

Correspondence with the authors of the manuscript is maintained through a key contact mentioned in the manuscript.

All scientific articles submitted to the editorial board of the journal “Siberian Herald of Agricultural Science” un-
dergo obligatory double-blind reviewing (author and reviewer do not know about each other). Manuscripts are sent in
accordance with their research profile for reviewing to the members of the Editorial Board.

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

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

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author.

The designated author (contact author) is sent the final version of the manuscript accepted for publication, which
he/she must check.

REVERSAL OF EDITOR/ REVIEWER’S DECISION

In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision
made. In order to do this, the author should:

 amend the manuscript in compliance with the comments substantiated by reviewers and editors;

* clearly outline their stance on the issue under question.

The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due
to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be
rectified in the manuscript for it to be accepted for publication.

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

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

ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL

In case of error detection that affect understanding of an article but do not distort the results of research, they can
be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
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