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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2023-8-1 Twrr cTaThu: OpUTHHATIBHAS
VIK: 631.461:631.445.53:633.2 Type of article: original

MHUKPOBUOIEHO3 COJTJOHIA KAK UTHIUKATOP UBMEHEHUS CPE/IbI
TP 3BAMEHE KOPMOBbBIX CEBOOBOPOTOB CEAHBIM JIYT'OM

Kopo6osa JI.H.', <) Pukcen B.C.%, barypuna O.A.}

'Hosocubupckuil 2ocyoapcmeentblil aspapHulil yHusepcumenm

Hosocubupck, Poccus

2Cubupckuil pedepanvhulii Hayunwill yenmp azpoouomexnonouii Poccuiickou akademuu nayk
Hosocubupckast oo6nacts, p.im. KpacnooOck, Poccus

SUnemumym xumuueckou buonocuu u hyHoamenmanrbHou MeOUuyuHbl

Cubupckozo omoenenus Poccutickou akademuu Hayk

Hosocubupck, Poccus

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

Ha bapabunckoit paBHHHE BIMSIHEE CEBOOOOPOTOB C JOHHUKOM M KOCTPEIIOM OS30CTHIM Ha COJIOH-
16l U3y4aeTcs B AuHamuke oomnee 30 net. OTMEUEHO, UTO B MOYBE ¢ (PUTOMETHOPATUBHBIMU CEBOOOOPO-
TaM¥ OOIIHE 3aI1achl COJICH B CPAaBHEHUH C UCXOIHOM IIEJIMHOM 3HAYMTEIHbHO CHU3WINCH. B ci10e mo4BsI
0—20 cM ux KOIMYeCTBO YMEHBIIUIOCH B 3,8—4,4 pa3a, B cioe 2040 cm — B 4,6—7,7 paza. B pesynbrare
3aJIy)KEHUST Y4aCTKOB (PUTOMEIHOPATHUBHBIX CEBOOOOPOTOB CMECHIO KOCTpeIa 0€30CTOr0 U JIFOICPHBI
CUHETHOPHUIHON (P PEKT paccoreHHs CHIDKAaeTCs (B BEpXHEM ciioe B cpenHeM Ha 6,4 u 9,3%, B HIK-
HeM — Ha 24,9% B mocieneifcTBUU ceBO00OPOTa ¢ KOCTPEoM). BEIsSBIIEHHBIE H3MEHEHUS B 3aCONCHUN
MOYBBI HAIIJTH OTPAXKEHUE B MPEICTABUTEIILCTBE COJICYCTOMYMBBIX M COJICUYBCTBUTEIBHBIX OAKTCPHU.
OO0wunre Maao NepeHOCAIINX COMb MPEICTaBUTENEH Klacca CapToOaKTepuil Ha 3aTy’)KEHHOM Y4acTKe
IOCJIE CEBOOOOPOTOB C IOHHUKOM M KOCTPEIIOM CHU3WIOCH B 3,2 1 3,6 pa3a, a OTHOCUTEIBHO COJICITIO-
ouBbix Cyfophagia ysennuunock B 1,6 u 2,4 pa3a. B cesHoM Jiyry nocie ceBoo0opoTa ¢ JJOHHUKOM
OTMEUEHO OOJIBIIIEE KOJIMYECTBO CIOKHO Pa3jiaraéMbIX PaCTUTEIILHBIX OCTATKOB (MPEHMYILECCTBEHHO
37IaKOB), O YeM CBHUJICTEIBCTBYET BO3pPOCIIEE COJCPKAHNE allUI00aKTepUiA. Y JIOHHUKA, CYJIs TIO YHC-
neHHocTH ponoB Gaiella w3 knacca Thermoleophilia w Microlunatus w3 xnacca Actinobacteria, menno-
patuBHBINA A3PQEKT B OTHOIICHUN PACCOJICHUS U a3palliy COJOHIIA CPEIHETo OOJIbIIe, YeM Y KOCTpeIa.
3anmyeHue YBEINYHBACT B COJIOHIIE CPETHEM aKTUBHOCTh MUHEPAIU3AIMU U OJTUTOTPO(HOCTD TIOYBBI
B ciioe 20—40 cM cuiibHee, ueM B ciioe 0-20 cm B 1,6-2,2 pa3a. [loreHIranbHOe MUKPOOHOIOTHYECKOE
I'YMYCOHAKOIIJICHHUE IT0J] CESHBIM JIYTOM YMEHBIIIACTCS B BEPXHEM CJIOC YJYacTKa, paHee 3aHUMAaeMOro
CEBOOOOPOTOM C JOHHUKOM, M B HIDKHEM CJIO€ — CEBOOOOPOTOM € KOCTPEIIOM.

KiiroueBble ci1oBa: COJNIOHEI CpeiHUit, pUuTOMETHOpaIusi, KOPMOBBIC TPABBI, 3aJTyKEHUE, MUKPO-
ouom, 16S pPHK, Ononorudeckast akTHBHOCTb ITOYBBI

SOLONETZ MICROBIOCENOSIS AS AN INDICATOR OF ENVIRONMENTAL
CHANGE WHEN REPLACING FORAGE CROP ROTATIONS WITH SOWN
MEADOW

Korobova L.N.!, &) Riksen V.S., Baturina O.A.}
!Novosibirsk State Agrarian University
Novosibirsk, Russia

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

‘Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian Academy
of Sciences

Novosibirsk, Russia

(C<)e-mail: Riclog@mail.ru

In the Baraba Plain, the influence of crop rotations with sweet clover and awnless bromegrass on
solonets has been studied in dynamics for more than 30 years. It has been noted that in the soil with
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Solonetz microbiocenosis as an indicator of environmental change

Korobova L.N., Riksen V.S., Baturina O.A.

when replacing forage crop rotations with sown meadow

phytomeliorative crop rotations total salt reserves have significantly decreased in comparison with the
initial virgin soil. In the 0-20 cm soil layer, their number decreased 3.8-4.4 times, in the 20-40 cm
layer — 4.6—7.7 times. As a result of grassing of the phytomeliorative crop rotation plots with a mixture
of awnless bromegrass and alfalfa blue-hybrid, the effect of desalinization is decreasing (in the upper
layer on average by 6.4 and 9.3%, in the lower layer — by 24.9% in the aftermath of the crop rotation
with awnless bromegrass). The identified changes in the soil salinity have been reflected in the repre-
sentation of salt-tolerant and salt-sensitive bacteria. The abundance of low salt-tolerant representatives
of the class Spartobacteria on the grassed area after crop rotations with sweet clover and bromegrass
decreased by 3.2 and 3.6 times, and the abundance of the relatively salt-loving Cytophagia increased
by 1.6 and 2.4 times. In the sown meadow after crop rotation with sweet clover, a higher amount of
complexly decomposable plant residues (mainly cereals) was observed, as evidenced by the increased
content of acidobacteria. According to the abundance of the genera Gaiella from the class Thermoleo-
philia and Microlunatus from the class Actinobacteria, the meliorative effect in terms of desalinization
and aeration of solonets is greater in sweet clover than in bromegrass. Grassing increases mineral-
ization activity and oligotrophic soil in solonetz on average in 20—40 c¢cm layer more strongly than in
0-20 cm layer by 1.6-2.2 times. Potential microbiological humus accumulation under sown meadow
decreases in the upper layer of the plot previously occupied by the rotation with sweet clover, and in

the lower layer — by the rotation with bromegrass.
Keywords: medium solonetz, phytomelioration, fodder grasses, grassing, microbiome, 16S rRNA,

soil biological activity
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INTRODUCTION

Solonetz and alkaline areas of the Baraba
steppe are characterized by low productivity of
natural lands'. To improve it and create a stable
fodder base, in the 1980s, scientists developed
technologies for growing fodder crops, includ-
ing a set of drought-, salt-, and solonetz-resistant
annual and perennial grasses — phytomeliorants,
and agronomic methods of improving the prop-
erties of solonetzic soils? [1].

One of the first places in Baraba as a phy-
tomeliorant was given to melilot, and among pe-
rennial grasses with high fodder merits — awn-
less brome. In 1987, a station of the Siberian

Research Institute of Fodder Crops (SRI of Fod-
der Crops) was established on the solonetz in the
middle of Baraba, where six-field crop rotations
with yellow melilot and awnless brome began.
After three rotations under the influence of the
agrobiological method, a transformation of the
properties of solonetz soils occurred® [2], mak-
ing them suitable for creating a highly produc-
tive long-term meadow agroecosystem. Conse-
quently, part of the rotational land was artificial-
ly grassed down with a grass mixture of awnless
brome and hybrid alfalfa, which was done 13
years prior to these studies. This allowed for a
reduction in labor costs while maintaining high

'Konstantinov M.D., Kucherenko A.M. Timing and methods of grassing Baraba solonets // Fodder Production, 2000, N 4, pp. 13-15.

2Konstantinov M.D., Kukhar M.A. Improvement of the properties of chernozem-meadow fine solonets in phytomeliorative
meadow crop rotations in Western Siberia // Proceedings of the Russian Academy of Agricultural Sciences, 2006, N. 6, pp. 31-34.

3Konstantinov M.D., Lomova T.G., Kukhar M.A. Phytomeliorative meadow crop rotations on solonetz soils in Western Siberia //
Siberian Branch of the Russian Academy of Agricultural Sciences, 2011, 104 p.
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yields of the used perennial grasses*. At the
same time, the task of assessing the duration of
the preservation of the positive properties of so-
lonetz soils, acquired under the influence of the
agrobiological method of amelioration, became
relevant.

Currently, there is no consensus in the litera-
ture on this matter. It is possible that the absence
of soil tillage over several years and the genet-
ic peculiarities of solonetz soils will gradually
lead to the return of the characteristics limiting
the productivity of the grass stand. Early stag-
es of this can be detected by studying the soil
microbial community — its biological activity
and biodiversity. The sensitivity of microflora to
the slightest changes in the physical and phys-
ico-chemical state of soils has been proven in
many scientific studies® [3—5]. This has made bi-
ological activity and the abundance of individual
ecological-trophic groups an important criterion
for assessing soil fertility and an indicator of the
danger of agrochemicals used in agricultural
practice®.

By studying the microflora, one can judge the
duration of the positive impact on the solonetz
of sown perennial grasses (grassing down) in
the absence of mechanical destruction of the so-
lonetz horizon and the accompanying improve-
ment of the soil’s water-air regime.

The purpose of the study is to compare chang-
es in the rhizosphere microflora of a 13-year-old
artificial meadow, devoid of soil tillage, with the
state of microflora in the middle solonetz, culti-
vated with fodder crop rotations.

Research objectives are:

— to study the microbiological component of
the middle solonetz;

— to determine the overall salt content in the
soil.

MATERIAL AND METHODS

The study focused on the microflora of gleyic
solonetz meadow soil (Gleyic Solonetz Albic.),
medium, medium-sodium, columnar with so-
da-sulfate type of salinization. The research was
conducted at the station of the Siberian Research
Institute of Fodder Crops of the Siberian Fed-
eral Scientific Centre of Agro-BioTechnologies
of the Russian Academy of Sciences (SRI of
Fodder Crops SFSCA RAS) in the Novosibirsk
region (55.389° N, 78.927° E). The experiment
included the following variants: 1) yellow me-
lilot in a six-field crop rotation (melilot with a
cover crop of Sudan grass — second-year meli-
lot — oats for grain-seed); 2) grassing down with
alfalfa and awnless brome after the melilot crop
rotation; 3) awnless brome in a six-field crop ro-
tation (millet — millet + brome — 4-year brome);
4) grassing down with alfalfa and awnless brome
after the brome crop rotation.

Soil samples were collected in 2016, 2018,
2019, and 2020 after mowing in the first ten-
day period of August from the rhizosphere lay-
ers of 0-20 and 2040 cm. For comparison of
salt content, soil was also collected in its natural
state (layers 0—15 and 15-40 cm). For classi-
cal microbiological research, one mixed sam-
ple was prepared, and for metagenomic analy-
sis (2020) — four mixed samples. The total salt
content in the soil was determined using a KL-
C-1 conductometer based on the EC (electrical
conductivity) indicator of soil paste diluted with
water in a 1:5 ratio’. The taxonomic affiliation
of bacteria was identified at the Center for Col-
lective Use “Genomics” (Novosibirsk) of the
Institute of Cytology and Genetics of the Rus-
sian Academy of Sciences using high-through-
put sequencing of the V3—-V4 region of the 16S
rRNA gene. Total DNA was extracted using the
DNeasy PowerSoil Kit (Qiagen). For mechani-

*Lomova T.G. Transformation of solonts into fertile land // Actual problems of agriculture in mountainous areas: proceedings
of the VI International Scientific and Practical Conference, Gorno-Altaisk, June 8-11, 2017, Gorno-Altaisk: Gorno-Altaisk State

University, 2017, pp. 29-33.

SArtamonova V.S. Microbiological features of anthropogenically transformed soils of Western Siberia. Novosibirsk: Publishing

House of SB RAS, 2002, 208 p.

®Microbiological guidelines for comprehensive monitoring of soil fertility of agricultural soils. Moscow, 2003, 82 p.
"Zaidelman FR., Smirnova L.F., Shvarov A.P.,, Nikiforova A.S. Practicum on the course “Soil Reclamation”. Moscow: Grif and

K. 2008, 66 p.
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cal disruption of the sample, TissueLyser II (Qia-
gen) was used for 10 min at 30 Hz. DNA quality
was assessed using 1% agarose gel electropho-
resis, and DNA quantity was measured on Quib-
it (Life Technologies) and Nanodrop (Thermo
Fisher Scientific). The V3—V4 region of the 16S
rRNA gene was amplified using primers 343F
(5’-CTCCTACGGRRSGCAGCAG-3’) and
806R (5’-GGACTACNVGGGTWTCTAAT-3"),
containing adapter sequences (Illumina), linker,
and barcode®. The conditions for amplification
and analysis of the obtained paired sequences
followed those outlined in a previous study [6].
The taxonomic affiliation of OTU sequences
was determined using SINTAX [7] with the 16S
RDP training set v16 as the reference database®.

In classical microbiological research, the
number of microorganisms assimilating organ-
ic nitrogen (MPA), mineral nitrogen (SAA),
and oligonitrophiles (SA) was studied using the
method of limiting dilutions on nutrient media.
The seeding repeatability for one sample was
three and four times. The obtained data were
statistically processed, calculating the standard
deviation or LSD.

Using the identified abundance of bacteria
on MPA and SAA, the coefficient of potential
microbiological transformation of organic mat-
ter into humus reserves Pm = (MPA + SAA) x
(MPA / SAA)!, the mineralization coefficient
Kmin. = SAA / MPA, and the oligotrophy coef-
ficient Koligotrof = SA / MPA were calculated.

The weather conditions during the years of
the study varied significantly. According to the
Selyaninov hydrothermal coefficient, 2016 was
moist and warm (HTC = 1.01), 2018 was moist
and cold (HTC = 1.87), and 2019 and 2020 were
dry and warm (HTC = 0.74 and 0.65).

RESULTS AND DISCUSSION

The phytomeliorative effect of grasses on
solonetz soils is largely associated with their
ability to extract calcium from the soil, which

replaces sodium in the soil-absorbing complex
upon the decay of roots. This results in a change
in the salt content in the root zone, determined
internationally by the EC (electrical conductivi-
ty) indicator.

The changes in the physico-chemical prop-
erties of the solonetz transformed by crop rota-
tions and the solonetz after prolonged grassing
down according to EC are shown in Fig. 1.

It was found that in soils with phytomeliora-
tive crop rotations (using agronomic measures),
the total salt reserves over 30 years significantly
decreased compared to the original uncultivated
soil. In the 0-20 cm soil layer, their amount de-
creased by 3.8-4.4 times, and in the 2040 cm
layer, by 4.6—7.7 times. The more marked differ-
ences from the uncultivated solonetz in the EC
indicator in the lower layer were caused by agro-
biological amelioration using awnless brome.

Post-rotation grassing down of part of the
territory with crop rotations, conducted in 2007,
slightly reduced the desalination effect by the
time of these studies. In the 0-20 cm soil lay-
er, this manifested after both crop rotations, but
more strongly after the rotation with awnless
brome. Here, under the grass mixture of brome
and alfalfa, more salts were registered on aver-
age by 9.3%. In the solonetz after melilot, the
amount of salts on grassing down increased by
6.4%. In the 2040 cm soil layer, an increase in
EC was noted only after the brome crop rotation
(by 24.9%). In the variant with grassing down
after the melilot rotation, the total amount of
salts continued to decrease.

The identified changes in soil salinity under
the grass mixture of brome and alfalfa, in the
absence of mechanical destruction of the solo-
netz horizon, were reflected in the representation
of salt-resistant and salt-sensitive bacteria. Se-
quencing of 16S rRNA amplicons revealed six
bacterial classes that changed in the rhizosphere
of plants under the influence of post-rotation

8Fadrosh D.W., Ma B., Gajer P, Sengamalay N., Ott S., Brotman R.M., Ravel J. An improved dual-indexing approach for mul-
tiplexed 16S rRNA gene sequencing on the [llumina MiSeq platform // Microbiome, 2014, 2(1): 6.

PWang Q., Garrity G.M., Tiedje J.M., Cole J.R. Naive Bayesian classifier for rapid assignment of rRNA sequences into the new
bacterial taxonomy // Applied and environmental microbiology, 2007, vol. 73, N 16, pp. 5261-5267.

YMukha V.D. About indicators reflecting the intensity and direction of soil processes // Collection of scientific works of Kharkov

Agricultural Institute, 1980, vol. 273, pp. 13-16.
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Puc. 1. VI3meHeHue cofiepKaHust COJICH B COJIOHIIE JIYTOBOM THIPOMOP(GHOM CPEAHEM IO BIUSHUEM KOp-
MOBBIX CEBOOOOPOTOB M HX 3aiTykeHus (B cpeaHem 3a 2018-2020 rr):

a — ceBOOOOPOT ¢ JOHHUKOM; 6 — CEBOOOOPOT C KOCTPEIOM (B LieJIMHE MouBa 0ToOpana u3 cioes 0—15 u 15-40 cm)
Fig. 1. Changes in the salt content in the medium meadow hydromorphic solonetz under the influence of
fodder crop rotations and their grassing (average for 2018-2020):

a — crop rotation with sweet clover; 6 — crop rotation with brome (the soil is sampled from 0—15 and 15-40 cm of

virgin soil)

grass seeding (see Table 1). These classes had at
least 0.1% of sequences among the four studied
variants and four repetitions of each.

The most significant response to grassing
down was observed in the classes of acidobac-
teria from the phylum Acidobacteria and sparto-
bacteria from Verrucomicrobia. The content of
acidobacteria in the solonetz meadow soil, com-
pared to the melilot crop rotation, increased by
1.5 times. They possess a pronounced adaptive
ability to obtain nutrients from complex organic
substrates''. In our case, this is from the residues
of cereals after the death of the grass-legume

vegetation of the meadow, which was much less
in the rotation of Sudan grass + melilot — sec-
ond-year melilot — oats. In the solonetz mead-
ow soil after the brome rotation, the number of
acidobacteria increased by only by 11%, which
also supports the explanation for the increase in
acidobacteria on grassing down.

A 3.2-3.6-fold decrease in the number of soil
Spartobacteria under the sown meadow indi-
cates an increase in the soil alkalinity relative
to the solonetz transformed by fodder crop rota-
tions. Spartobacteria have a pronounced intoler-
ance to salt [8], such soil conditions are formed

"Ward N.L., Challacombe J.F., Janssen P.H., Henrissat B., Coutinho PM., Wu M., Kuske C.R. Three genomes from the phylum
Acidobacteria provide insight into the lifestyles of these microorganisms in soils // Appl. Environ. Microbiol., 2009, vol. 75 (7), pp.

2046-2056.
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Taoa. 1. OtHOCUTENBHOE OOMIINE KITACCOB OAKTEPHil, PEryIUPYEMBIX TOCTCEBOOOOPOTHBIM 3allyKEHUEM
B arporeHHO U3MEHEHHOM COJIOHIIE cpeHeM (coid mouBbl 0-20 cm)

Table 1. Relative abundance of bacterial classes regulated by post-rotation grassing in agrogenically

modified medium solonetz (soil layer 0—20 cm)

Class Crop rotation with Aftereffect of the crop Crop rotation with Aftereffect of the crop
melilot rotation with melilot brome rotation with brome
Acidobacteria 28,1+ 1,1 42,0+0,8 36,6 £1,9 41,3+1,8
Spartobacteria 93+1,8 2,6+0,8 13,9+1,3 43+09
Thermoleophilia 42+04 6,0+0,3 24+03 49+0,2
Gemmatimonadetes 45+0,5 2,1+0,4 33+0,2 2,1+£0,2
Blastocatellia 3,9+0,1 1,3+0,1 1,9+0,2 1,2+0,2
Cytophagia 0,2+0,04 0,32 +0,03 0,12+0,03 0,28 £0,07

on grassing down which hinders the reproduc-
tion of these bacteria.

Secondary salinization is weaker in solonetz
transformed by the melilot rotation and then
grassed down than in grassing down after the
brome rotation (see Fig. 1). This is also indicated
by the representation of Cytophagia. It is known
that these bacteria are positively and closely as-
sociated with the cations of the soil, as well as
with the level of salt content in it [9]. In our case,
on the sown meadow site, the abundance of rhi-
zosphere Cytophagia after the melilot rotation
increased only by 1.6 times, and after the brome
rotation — by 2.4 times (correlating with the in-
crease in EC values by 6.4 and 9.3%)).

With the increasing salt content in the grassed
down solonetz, better acid-alkaline conditions
are established, and excess moisture is lost. This
change can be indicated by the reduced repre-
sentation of the classes Blastocatellia from the
phylum Acidobacteria [10] and Gemmatimona-
detes from the same-named phylum'2. However,
the improvement in acid-alkaline balance and
aeration, judging by the number of these indi-
cator microorganisms, is more characteristic of
the site with post-rotation grassing down with
melilot.

The return changes under meadow grass
mixture (without mechanical tillage) relative to
the soil occupied by forage crop rotations can

be illustrated more clearly by consideration of
Actinobacteria phyla. The phyla are among the
three dominant phyla in the microbiome and are
indicators of soil moisture'3, aeration and salin-
ity conditions.

Within this phylum, we identified 10 genera
that most noticeably differ in relative abundance
between the studied variants (see Fig. 2).

It was found that the genera Gaiella from the
class Thermoleophilia and Microlunatus from
the class Actinobacteria contribute the most
to the altered numbers of actinobacteria due
to grass seeding. Their abundance on grassing
down increases by 2.1 and 4.5 times, and 2.0
and 3.9 times, respectively (see Fig. 2, a and 0).
More Gaiella bacteria were found in the medi-
um solonetz occupied by melilot, and in its after-
math. Since Gaiella are sensitive to the presence
of sodium', it can be asserted that melilot has a
greater meliorative effect regarding the desalini-
zation of soil than brome. Melilot also loosens
the soil more than brome. An indicator of better
aeration conditions is the number of actinobac-
teria from the genus Microlunatus. It belongs to
the order Propionibacteriales, characterized by
tolerance to low oxygen concentrations or com-
plete anaerobiosis. The increase in such repre-
sentatives from this family as Microlunatus and
Aeromicrobium in the agrogenic solonetz on
grassing down indicates less oxygen content in

2DeBruyn J., Nixon L., Fawaz M., Johnson M., Radosevich M. Global Biogeography and Quantitative Season Dynamics of
Gemmatimonadetes in Soil // Appl. Environ. Microbiol., 2011, vol. 77, N 17, pp. 6295-6300.

BChirak E.L., Pershina E.V., Dol ’nik A.S., Kutovaya O.V., Vasilenko E.S., Kogut B.M., Merzlyakova Ya.V., Andronov E.E. Tax-
onomic structure of microbial association in different soils investigated by high-throughput sequencing of 16s-rrna gene library //

Agricultural Biology, 2013, N 3, pp. 100-109.

“4lbuquerque, L., da Costa, M. S. The family gaiellaceae // The prokaryotes, 2014, pp. 357-360.
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Puc. 2. PaznooOpasue bumsl Actinobacteria v mpeACTaBUTEIHCTBO €€ POIOB B COJIOHIIE CPEAHEM

1071 CEBOOOOPOTaMHM U Ha 3aimyxeHuu (cioit 0-20 cm):
a — BIHMSIHAE CEBOO0OPOTA C JOHHUKOM, O — BIIUSIHAE CEBOOOOPOTA C KOCTPEIIOM

Fig. 2. Diversity of the phylum Actinobacteria and the representation of its genera in the medium

solonetz under crop rotations and on grassing (layer 0—20 cm):

a — the effect of the crop rotation with sweet clover, 6 — the effect of the crop rotation with brome

the sown meadow compared to fodder crop rota-
tions, where there is soil treatment, and especial-
ly in the aftermath of brome.

Soil microflora is not only an indicative pa-
rameter of soil fertility but also participates in its
creation. Indicators of optimizing potential soil
fertility are considered to be an increase in the
reserves of organic matter in the soil (humus for-
mation), and for optimizing effective fertility —
the rate of mineralization of organic residues.
Both processes are related to microbiological

activity, and the level of their participation is ap-
proximately reflected by Pm and Kmin.

The data on mineralization activity indicate
that in the medium solonetz under grassing down
the decomposition of organic substances in the
0-20 cm soil layer was more active than under
crop rotations, by 1.5-2.6 times (see Table 2).
This correlates with the change in the abundance
of the class Acidobacteria — organic hydrolyz-
ers — in the grassed down variants (see Table 1).
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An alternative to reduced mineralization ac-
tivity is humus accumulation. Due to decreased
mineralization activity, the cultivation of grass
phytomeliorants in crop rotations contributed to
the microbiological transformation of plant res-
idues into soil organic matter. In the “ melilot
crop rotation” variant, the potential microbiolog-
ical humus formation (Pm) exceeded the grass
seeding variant by 2 times, and in the “brome
crop rotation” variant in the 0-20 cm soil layer,
it was on the level of the sown meadow.

It should be noted that the upper layer of the
medium solonetz under the grass-legume mix-
ture on the sown meadow is more densely popu-
lated with oligotrophic microbes: they are more
abundant compared to crop rotations by 1.7 and
2.6 times. Oligonitrophiles are present only in
environments with residual nitrogen amounts.
This means that under crop rotations, copi-
otrophic soil microflora, inhabiting nutrient-rich
soils, predominated. This conclusion is support-
ed by the lesser occurrence of bacteria from the
oligotrophic class Thermoleophilia in these en-
vironments (see Table 1) [11].

The patterns identified in the 0-20 cm lay-
er of the phytomeliorated solonetz in changing
microbiological processes also manifested in the
2040 cm layer. But here, the differences be-
tween crop rotations and the sown meadow were
stronger. The difference in mineralization coef-

ficients between the grassed down site and the
melilot crop rotation reached 3.2 times, and in
the oligotrophy coefficient — 3.1 times. Potential
humus accumulation (Pm) in the 2040 cm soil
layer corresponded to the 0—20 cm layer.

The difference in mineralization activity be-
tween the grassed down site and the brome crop
rotation in the lower layer increased to 5.8 times,
and in soil oligotrophy — to 4.1 times. Unlike the
upper layer of the medium solonetz, in the 20—
40 cm layer, differences appeared in the poten-
tial microbiological humus accumulation indica-
tor between grassing down and the brome crop
rotation — Pm decreased by 2.4 times.

CONCLUSIONS

1. It has been established that 30 years of
cultivating phytomeliorative crop rotations with
melilot and brome significantly reduce the total
salt reserves in medium solonetz compared to
uncultivated land: by 3.8 and 4.4 times in the
0-20 cm soil layer, and by 4.6 and 7.7 times in
the 20—40 cm layer, respectively. The more pro-
nounced differences in the EC indicator in the
lower layer are caused by the cultivation of awn-
less brome.

2. Post-rotation grassing down with a brome
and alfalfa mixture reduces the desalination ef-
fect in solonetz modified by crop rotations. Over
13 years, the EC in the 0-20 cm soil layer in-

Taoda. 2. V3MeHeHne aKTUBHOCTH MUKPOQIIOPHI B COJIOHLE CPEIHEM, 3aTyKEHHOM I1OCIJIE KOPMOBBIX
CeBOOOOPOTOB, OTHOCHUTEINILHO 3aHATOTO ceBOOOOpoTamMH (cpenHee 3a 4 rofa UCCIeJOBAHHM, CIION TIOUBBI

0-20 1 2040 cm)

Table 2. Changes in the activity of microflora in the medium solonetz, grassed after fodder crop
rotations, relative to those occupied by crop rotations (average over 4 years of research, layers 0—20 and

20-40 cm)
Indicator Crop rotation with |Aftereffect of the crop rotation| Crop rotation | Aftereffect of the crop rotation
melilot with melilot with brome with brome

Soil layer 0-20 cm

K mineralization 3,7 9,5% 6,4 9,6*

Pm** 7,1 3,5% 6,3 5,6

K oligotrophicity 0,5 1,3% 1,1 1,9%
Soil layer 20—40 cm

K mineralization 1,4 4,5% 1,2 6,9%

Pm** 22,3 12,5% 30,7 12,6*

K oligotrophicity 4,3 13,5% 8,7 35,8%

* Pyos cOmpared to the variants with crop rotations.

**Ph — coefficient of potential microbiological transformation of organic matter into humus reserves.
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MI/IKp06I/IOHeHO3 COJIOHIIA KaK MHAUKATOP U3MEHEHUSA CPEIbL
IIpHU 3aMEHE KOPMOBBIX CeBOOGOpOTOB CEAHBIM JIyrOM

Kopo6osa JI.H., Pukcen B.C., Barypuna O.A.

creased by 6.4% on the sown meadow site after
the melilot rotation and by 9.3% after the brome
rotation. In the 20—40 cm soil layer, an increase
in EC was noted only following the brome rota-
tion (+24.9%).

3. The classes of bacteria Spartobacteria and
Cytophagia became indicators of the increased
soil alkalinity of the original solonetz, trans-
formed by fodder crop rotations, under the sown
meadow. The abundance of salt-intolerant spar-
tobacteria in the grassed down site decreased by
3.2 and 3.6 times, while the relative abundance
of salt-loving Cytophagia increased by 1.6 and
2.4 times after the melilot and brome rotations,
respectively.

4. Judging by the abundance of Gaiella from
the class Thermoleophilia and Microlunatus
from the class Actinobacteria, melilot has a
greater meliorative effect in terms of desalina-
tion and aeration of the soil than brome.

5. In the sown meadow after the melilot rota-
tion, there is an increase in the presence of diffi-
cult-to-decompose plant residues (mainly cere-
als), as indicated by the content of acidobacteria.
It increases by 1.5 times compared to the melilot
rotation, and by 11% compared to the brome ro-
tation.

6. Grassing down increases the activity of
mineralization and oligotrophy in medium so-
lonetz. These changes are characteristic for the
0-20 and 20—40 cm soil layers, but are 1.6-2.2
times more pronounced in the lower soil layer.
Grassing down leads to a decrease in potential
microbiological humus accumulation. This is
evident in the 0-20 cm solonetz layer after the
melilot rotation and in the 2040 cm layer after
the brome rotation.
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[IpencraBneno BHI0BOE pa3HOOOpa3He AMKOPACTYIIMX STOAHBIX pacTeHuil [lanbHero Bocrtoxa.
PaccMoTpeHbl epcreKTHBHBIE UCTOYHUKHA OMOJIOTUYECKH aKTUBHBIX BEUIECTB, a TAKXKE MIAJIAIINE U
3¢ PeKTUBHBIC CIIOCOOBI HIKCTPArupoOBaHus JaHHBIX BellecTB. B J[adbHEBOCTOYHOM pETHOHE €KEeTO-
HO TIPOM3PACTAET 3HAUNTEIFHOE YHCIIO BO30OHOBIISIEMBIX PACTUTENEHBIX OHOPECYPCOB. BOMBIIMHCTBO
OIKMCaHHBIX B pabOTe SATOIHBIX PACTCHUH O0JIAJAl0T TOTSHIIMAIOM JIJIsl IIPOMBINUICHHOW 3arOTOBKH.
Y4YeHbIMH PEeTHOHA TIPOBOIATCS CEIEKIIMOHHBIE Pa0OTHI IT0 COXPAHEHUIO M YBEIWYEHHUIO COPTOBOTO
pa3zHO00pa3us )KUMOIIOCTH Kam4aTckoi. [Ipomomkaercst mepeHoc MeHHBIX (OPM KUMOIOCTH U3 JIH-
KOU IIPHUPOJIBI B KYJABTYPY ISl BKITFOUEHUS X B CENEKIIMOHHBIN mporiecc. [IpencTaBieHs! momydeHHbIC
COpTa JKUMOJIOCTH, UX XapaKTEPUCTHKA U YPOKAMHOCTh. PacTyiiuii HHTEpeC BBI3BIBAKOT aHTOLIUAHO-
BBIC MMUTMEHTHI SITO]T U BO3MOXKHOCTH HCIIOJIb30BAHUS UX B KAYECTBE HATYPATbHBIX MUILEBHIX KPacu-
teneit. K guciry BUI0OB TUKOpACTYIUX pacTeHnid Maraganckoi 061acTa u UyKOTCKOTo aBTOHOMHOTO
OKpyTa, KOTOPBIE MIPECTABIISIOT COOOH MOTEHIIMATbHBIC UCTOYHUKH aHTOIUAHOB, OTHOCSTCS TOIYOH-
ka OosiotHas (Vaccinium uliginosum), pa3indHbie BUIbI cMOpOauHbI (Ribes fragrans P., R. acidum,
R. dicuscha, R. triste Pallas), sxumonocts (L. chamissoi Bunge ex kirillon, L. edulis Turezaninow ex
Freyn) u npyrue nukopacTyIuue sSrofpl. 3HaYMMOM 3a1aueii sSBisieTcss MOIUupHUKaLus U pa3paboTka Ho-
BBIX CITOCOOOB IKCTPAarupOBaHUS OMOAKTHBHBIX COCAMHEHUH U3 PaCTUTEIHLHOTO CHIPhs. [Ipenoxeno
HCTOJIb30BaHUE BBICOKOI()(EKTUBHOTO M SKOJIOTUYECKH OE30IIaCHOTO CII0CO0a IKCTPAKIH — CBEPX-
kputrueckoi prmonanoii CO,-skcTpakiuu. Menons3oBanue CBEPXKPUTUIECKOTO JUOKCH/IA YITIEPO/IA
B KOMITJICKCE C JIPYTHMH PACTBOPHUTEISAMH TIO3BOJISIET ¢ OOJBINEH MOJTHOTOW MPOBECTH U3BJIICUCHHE
OHMOJIOrMYECKU aKTHUBHBIX COCIMHEHUN U3 PACTUTEIbHBIX MaTpull. Vccien0BaHus, MOCBSIICHHBIC HH-
TEHCU(HUKAINH TPOIIECCOB M3BICUCHHUS IKCTPAKTUBHBIX COSNMHEHUHN M3 AUKOPACTYIIHX srox Jlams-
Hero BocToka u ux mocneayiomei uaeHTU(PUKALNH, TO3BOIAT CHOPMUPOBATH HAYYHO 0OOCHOBaH-
HBI KOMIUTEKCHBIN TIOIXO/T K TTepepaboTKe TUIOIOBO-STOHOTO TUKOPACTYIIIETO CHIPBS IS TUIIIEBON 1
OMOTEXHOJIOTMUECKOM MTPOMBIIIICHHOCTH.

KuroueBble cj10Ba: 1ukopacTyiiye arognbie pactenus Jlampaero Bocroka, pacTuTeIbHBIE MTOTH-
(heHOTIBI, pacTUTEbHBIC TUTMEHTHI, aHTOLIMAHBI, AHTHOKCHIAHTHI, JKUMOJIOCTh
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Aspects of complex processing of Far Eastern berry crops Razgonova M.P., Senotrusova T.A., Li N.G., Timoschenko E.E.,
Murzina O.G., Rusakova E.A., Golokhvast K.S.

ASPECTS OF COMPLEX PROCESSING OF FAR EASTERN BERRY CROPS
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The species diversity of wild berry plants of the Far East is presented. Promising sources of bio-
logically active substances, as well as gentle and effective methods of extraction of these substances
are considered. A significant number of renewable plant bioresources grow annually in the Far Eastern
region, most of the berry plants described in this paper have the potential for industrial harvesting.
Scientists of the region carry out breeding works on preservation and increase of the varietal diversity
of Kamchatka honeysuckle. The transfer of valuable forms of honeysuckle from the wild to culture
for inclusion in the breeding process is in progress. The obtained honeysuckle varieties, their charac-
teristics and yields are presented. There is growing interest in the anthocyanin pigments of the berries
and the possibility of using them as natural food colors. Wild plant species of the Magadan region and
Chukotka Autonomous Okrug that represent potential sources of anthocyanins include bog blueberry
(Vaccinium uliginosum), various currant species (Ribes fragrans P., R. acidum, R. dicuscha, R. triste
Pallas), honeysuckle (L. chamissoi Bunge ex kirillon, L. edulis Turezaninow ex Freyn) and other
wild berries. A significant task is the modification and development of new methods of extraction of
bioactive compounds from plant raw materials. The use of a highly efficient and environmentally safe
extraction method — supercritical fluid CO, extraction — is proposed. The use of supercritical carbon di-
oxide in combination with other solvents allows for a more complete extraction of biologically active
compounds from plant matrices. Studies devoted to the intensification of the processes of extractive
compounds extraction from wild berries of the Far East and their subsequent identification will allow
to form a scientifically grounded complex approach to the processing of wild fruit and berry raw ma-
terials for food and biotechnological industry.

Keywords: wild berry plants of the Far East, plant polyphenols, plant pigments, anthocyanins,
antioxidants, honeysuckle
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ACTIeKThI KOMIIJIEKCHOM nepepa60TKH JalTbHECBOCTOYHBIX
SATOAHBIX KYJIBTYP

Pasronosa M.II., Cenorpycosa T.A., JIu H.I'., Tumomienxo E.E.,
Myp3una O.I', Pycakosa E.A., Tonoxsact K.C.

One of the popular groups of edible wild
plants among the population is berries which
are of interest as prospective raw materials
for the food, biotechnological, cosmeceutical,
pharmaceutical, and other industries. Among
these plants, the following species are known
for their pleasant organoleptic characteristics:
wild strawberry, Juneberry, bilberry, blackberry,
raspberry, etc.! [1, 2].

Most wild berries and fruits are rich sources
of bioactive substances (vitamins, polyphenolic
complexes, macro- and microelements, etc.).
For example, cranberry and wild bilberry have
a high content of flavonoids, which can have
a protective effect on the human body and be
used as nutraceuticals and functional food in-
gredients [1, 3]. In the Far Eastern region of
Russia, a significant number of renewable plant
bioresources grow annually. The biological re-
serves of berry fruits in the Magadan region and
the Kamchatka territory, as well as the extent of
their use by humans, are crucial characteristics
for assessing the resource potential and the pos-
sibility of comprehensive processing, including
use in agro- and food biotechnologies.

Industrial processing of berry fruits involves
a comprehensive approach, which is important
for the rational use of biological resources. It is
promising to obtain bioactive substances (BAS)
from berry fruits, including those not suitable
for consumption based on organoleptic charac-
teristics. In this context, it is necessary to deter-
mine the most promising method of extracting
BAS, including polyphenolic complexes, that
will preserve the properties of BAS and ensure
an adequate yield of substances. In identifying
the most promising method of extraction, there
are several disadvantages and limitations: for
example, BAS from plant matrices are quite dif-

ficult to extract due to their low mass fraction;
examples of such plant matrices include essen-
tial oil and medicinal plants. It is also important
to consider limitations and drawbacks in sample
preparation during liquid extraction: the lengthy
process, low productivity, the need for addition-
al freeing of target substances from solvents not
permitted for use in the food and feed indus-
tries, low selectivity and limited control options
during extraction, using only a small part of the
extract for analysis, etc.

In this regard, the use of supercritical flu-
id extraction is promising. Compared to other
methods, this approach has several advantages:
the ability to conduct selective extraction by
changing the temperature and pressure of the
fluid; reducing the risk of distorting the sample
composition due to various impurities brought
in with the solvent (carbon dioxide, nitrogen
oxide (I)) because its purity is significantly
higher than any organic solvent; simplifying the
process of extracting and retrieving target sub-
stances from the extract®”.

To utilize bioactive substances (BAS) ob-
tained from extracts in agro- and food biotech-
nologies, it is important to use the safest possible
extractants for humans and animals. Compared
to other potential supercritical solvents, carbon
dioxide is non-toxic, non-flammable, environ-
mentally friendly, and a renewable resource
(see footnotes 2, 3). As a result, supercritical
fluid CO, extraction is a promising method.

The purpose of the study is to examine the
biopotential of berry crops in the Magadan re-
gion and the Kamchatka territory.

Standard research methods have been ap-
plied, including analytical selection, propaga-
tion by herbaceous cuttings “with the bottom”
and hardwood cuttings with a growing point.

'Khokhryakov A.P. Analysis of the flora of the Kolyma Plateau / ed. by V.N. Pavlov; Reports of the Academy of Sciences,
Institute of Biological Problems of the North. Moscow: Nauka, 1989, 152 p.

*Kasyanov G.I, Stasieva O.N., Latin N.N. Pre- and supercritical extraction: advantages and disadvantages // Food Industry. 2005,

N 1, pp. 36-39.

SPokrovsky O. Sample preparation in chemical analysis by supercritical fluid extraction method // Methodology. 2013, N 6,

pp- 22-27.
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Murzina O.G., Rusakova E.A., Golokhvast K.S.

The content of dry substances (%) was deter-
mined by thermogravimetric method accord-
ing to GOST 29031-91, soluble sugars (%) by
the permanganate method according to GOST
8756.13-87, and ascorbic acid (%) by the titri-
metric method converted to citric acid accord-
ing to GOST 24556-89.

Currently, wild berry plants from the
Magadan region, which are promising for use

in food biotechnologies, have been described.
Their appearance is presented in Figures 1-8.

Berry plants growing on the peninsula are
also of interest (see Figures 9—13).

The annual biological reserve of the most
common wild edible berry plants in the Magadan
region is estimated to be around 130 thousand
tons — accounting for 6.2% of the total berry re-
serve in the entire Far Eastern region of Russia;
in the Chukotka region, the berry reserves of the

Puc. 1. bpycuuka (Rhodococcum avrorin)
Fig. 1. Lingonberry (Rhodococcum avrorin)

=

Puc. 4. Pabuna cubupckas (Sorbus sibirica Hedlung)

Fig. 4. Siberian mountain ash (Sorbus sibirica Hedlung)

Puc. 2. Tonyouxa (Vaccinium uliginosum)

Fig. 2. Bog Blueberry (Vaccinium uliginosum)

Puc. 3. Manuna oObIkHOBeHHas (Rubus
stellatus Smith)

Fig. 3. Common raspberry (Rubus stellatus
Smith)

Puc. 5. Yepemyxa (Padus Miller)
Fig. 5. Bird cherry (Padus Miller)

Puc. 6. llunosuuk (Rosa jacutica Juzepczuk)

Fig. 6. Wild rose (Rosa jacutica Juzepczuk)

18  Siberian Herald of Agricultural Science » 2023 ¢ 53 « 8

Plant growing and breeding



AcCHEKTHI KOMIITIEKCHOH IepepaboTKH AaIbHEBOCTOUHBIX
ATOIHBIX KYJIBTYP

Pasronosa M.II., Cenorpycoa T.A., JIu H.I'., Tumomienxo E.E.,
Mypsuna O.I', Pycaxosa E.A., T'onoxsact K.C.

Puc. 7. Cmopoauna yepHas (Ribes nigrum Sibilla)
Fig. 7. Black currant (Ribes nigrum Sibilla)

Puc. 8. Cmoponuna nieuanbHasi (Ribes triste Pallas)

Fig. 8. Swamp red currant (Ribes triste Pallas)

production fund are about 14.5 thousand tons —
1% of the total berry reserve in the entire Far
Eastern region [2, 4].

It is known that the fruits and berries of wild
berry plants, such as currants, are rich in provi-
tamins, vitamins, polyphenolic complexes, etc.
(see Table 1).

It can be concluded that the raw material po-
tential of wild berries in the Far Eastern region
has sufficient volumes for industrial processing

Puc. 9. Manuna npusemucTasi, Mopoinka (Rubus
chamaemorus L.)

Fig. 9. Fen berry, cloudberry (Rubus chamaemorus L.)

Puc. 10. llukma BogsHast, cubupckas (Empetrum
sibiricum V. Vasiliev)

Fig. 10. Water crowberry, Siberian (Empetrum
sibiricum V. Vasiliev)

Puc. 11. CmoponuHa quKyIa, ajdaaHCKUN BUHOTPA
(Ribes dicuscha Fischer ex Turczaninow)

Fig. 11. Dikusha currant, Aldan grape (Ribes dicus-
cha Fischer ex Turczaninow)

Puc. 12. )XumonocTh cheioOHas1, kamuarckas (Lon-
icera edulis Turczaninow ex Freyn)

Fig. 12. Edible honeysuckle, Kamchatka (Lonicera
edulis Turczaninow ex Freyn)

-

Puc. 13. lllunosuuk (Rosa acicularis Lindley)
Fig. 13. Wild rose (Rosa acicularis Lindley)
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to extract bioactive compounds and their use in
the development of dietary supplements, as well
as in food biotechnology.

A significant place in the cultivation and se-
lection of berries in the Far Eastern region is oc-
cupied by the experimental site of the Kamchat-
ka Research Institute of Agriculture, located in
the south-eastern zone of the Kamchatka Penin-
sula. Here, long-term research is conducted on
Kamchatka honeysuckle (Lonicera kamtschati-
ca (Sevast.) Pojark), which is found in all dis-
tricts of the territory* [5].

Results of modern scientific research show
the high nutritional value and preventive prop-
erties of Kamchatka honeysuckle. Its fruits
contain vitamin C, carotenoids, B vitamins,
and P-active polyphenols, which determine its
high antioxidant activity. The dessert flavor of
the fruits of certain species and forms of hon-
eysuckle is due to the increased sugar content
with relatively low acidity. The sugar composi-
tion includes glucose, fructose, galactose, and
rhamnose. The fruits of the honeysuckle contain
macroelements such as potassium, phosphorus,
calcium, sodium, magnesium, iron, silicon, as
well as trace elements copper, zinc, strontium,
barium, and iodine [3, 5-7].

At the Kamchatka Research Institute of Ag-
riculture, research work on studying the ini-
tial material of honeysuckle and identifying
high-yielding forms for introducing honeysuck-

Ta6a. 1. Xumudeckuii coctaB cMopoauHsl (Ribes
vulgare), %

Table 1. Currant chemical composition (Ribes
vulgare), %

Indicator Content
Solids 14,26 0,26
Carbonhydrates 6,33 +£0,21
Ascorbic acid 34,83 £5.24
Soluble pectins 0,13-0,18 £ 0,04

le into cultivation is carried out using the meth-
od of analytical selection (see Fig. 14).

Currently, the transfer of valuable honey-
suckle forms from the wild into cultivation
continues for their inclusion in the breeding
process. The main goal of breeding Kamchatka
honeysuckle is to preserve and mobilize its bio-
diversity. This task is particularly relevant due
to the increasing anthropogenic pressure on the
natural habitats of honeysuckle in Kamchatka
[8, 9]. The goal of the breeding work at the Ka-
mchatka Research Institute of Agriculture is to
improve the assortment of honeysuckle and cre-
ate new promising early-fruiting varieties with
high productivity and fruit quality.

New varieties should be characterized by
frost resistance, various ripening times, high
yield (1.5-2.5 kg per bush), early fruiting onset
(in the 3rd year after planting), attractive, large
(fruit weight over 1 g), non-shedding fruits with
easy detachment, a dessert flavor, high content

ik @
Puc. 14. CenexioHHBIN MTUTOMHUK KaM4yaTckoro
HUNCX

Fig. 14. Selection nursery of the Kamchatka
Research Institute of Agriculture

4 Nechaev A.A. Species composition, resources and development of wild berry plants of the Russian Far East / Forestry Bulletin,

2012, N 3, pp. 127-131.
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of sugars, vitamin C, P-active substances, and
low acidity. The research work is conducted ac-
cording to the “Program and Methods of Breed-
ing of Fruit, Berry, and Nut Crops,” “Program
and Methods of Variety Testing of Fruit, Ber-
ry, and Nut Crops,” “Methods of Biochemical
Research of Plants,” and the “Classifier of the
genus Lonicera L. subsection Caeruleae Rehd”
[7-10]. The main biochemical compounds in
honeysuckle berries are evaluated based on the
following parameters: content of dry substances
(%) by thermogravimetric method, soluble sug-
ars (%) by permanganate method, and ascorbic
acid (%) by titrimetric method converted to cit-
ric acid.

As a result of many years of work, 4000
seedlings from various locations in the Kam-
chatka Territory have been studied, and a col-
lection of 37 introduced varieties obtained from
other breeding institutions in Russia has been
researched (Federal Research Center “N.I.
Vavilov All-Russian Institute of Plant Genetic
Resources”, Federal Altai Scientific Centre of
Agro-BioTechnologies, regional state unitary
enterprise “Bakcharskoe”). From the assess-
ment of the collection study, the best varieties
of non-local breeding of honeysuckle have been
identified. Particular attention is paid to the de-
velopment of cultivation techniques for honey-
suckle and identifying the most effective meth-
ods of propagation in the conditions of the Ka-
mchatka Territory. As a result of studying meth-
ods of cutting, effective methods of propagation
by herbaceous cuttings “with the bottom” and
hardwood cuttings with a growing point have
been identified.

Currently, the breeding material is systemat-
ically updated, new nurseries have been estab-
lished, where more than 500 seedlings of wild
forms of plantings from 2018-2022 are being
studied. For primary variety testing based on a
set of economically valuable characteristics, 37
promising selectionally significant forms have
been selected into the elite group (see Table 2).

Selectionally significant forms of honey-

suckle are rich sources of bioactive substances,
including essential nutrients. Consuming 100
grams of honeysuckle meets 62% of the ade-
quate daily intake level of ascorbic acid.

Kamchatka Honeysuckle Varieties

Atlant — a seedling of Kamchatka honeysuck-
le from open pollination. An early ripening va-
riety. The yield in the 6th year after planting is
1.0-1.2 kg per bush. The fruits are large (1.2 g),
oval-shaped, with a slightly bumpy surface, thin
skin, and tender pulp consistency. Easy, dry de-
tachment. The taste is sour-sweet with a pleas-
ant aroma. Dry matter content — 13.16%, sugars
—6.78-9.05, ascorbic acid — 48.90-63.36% (see
Fig. 15).

Slastena — a seedling of Kamchatka honey-
suckle from open pollination. An early ripening
variety. The yield in the 6th year after planting
is 1.0 kg per bush. The fruits are large (1.6 g),
elongated-oval in shape. High taste quality.
Sugar content — 7.91%, dry substances — 12.91,
ascorbic acid — 36.96-52.80%.

Sopernitsa Goryanka — a seedling of Altai
honeysuckle from open pollination. A late-rip-
ening variety. The yield in the 6th year after
planting is 0.8—1.0 kg per bush. The fruits are
medium-sized (0.66-0.92 g), elongated-oval.
The taste is sweetish with a noticeable bit-

Tadua. 2. XapakTepucTuka MepcrleKTUBHBIX
CEJIEKLIMOHHO 3HAYMMBIX (POPM >KUMOJIOCTH

Table 2. Characteristics of the promising breeding
significant forms of honeysuckle

Indicator Characteristics

High winter hardiness, early
and mid-early ripening peri-
od, pleasant in taste charac-

teristics, attractive nonshat-

tering fruits

Properties of the promis-
ing breeding significant
forms of honeysuckle
(Kamchatka NIISKh)

Fruit weight 1,0-1,2+0,03r
50,8-56,9 + 1,07%
15,2-15,6 £ 0,92%

7,8-10,5 £ 0,41%

1,8-2,5 + 0,06%

Ascorbic acid
Solids

Soluble sugars

Organic acids

PactreHneBoncTBO M ceneKIus
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terness. Fruit detachment is slightly difficult.
Dry substance content — 13.98%, sugars — 6.06—
8.53, ascorbic acid — 21.10-38.72%.

Mil’kovchanka — a seedling of Kamchatka
honeysuckle from open pollination. A mid-ear-
ly ripening variety. The yield in the 6th year af-
ter planting is 0.8—1.2 kg per bush. The fruits
are large (1.2 g), oval in shape. Dessert taste.
Easy, dry detachment. Dry substance content —
12.5%, sugars — 7.0-9.5, ascorbic acid — 38.7—
50.9, acidity — 1.7-2.4%.

Darinka — a seedling of Kamchatka honey-
suckle from open pollination. An early ripening
variety. The yield in the 6th year after planting is
1.2 kg per bush. The fruits are large (1.0-1.2 g),
elongated-oval. Sour-sweet taste with a refresh-
ing aroma. Easy, dry detachment. Dry substance
content — 12.9%, sugars — 9.6, ascorbic acid —
50.8, acidity — 1.7%.

Elena — a seedling of Kamchatka honeysuck-
le from open pollination. An early ripening va-
riety. The yield in the 6th year after planting is
1.7 kg per bush. The fruits are large (1.1-1.3 g),
elongated-oval, teardrop-shaped. Slightly diffi-

Puc. 15. Xumonocts copra ATIaHT
Fig. 15. Atlant honeysuckle

cult detachment without skin tearing. Dessert
taste. Sugar content — 9.4%, ascorbic acid —
47.8, acidity — 1.5%.

In 2022, as a result of many years of work,
three new promising elite forms were identified
and are being prepared for state variety testing.

Elite form 1-5 (Malka variety) — a seedling of
Kamchatka honeysuckle from open pollination.
An early ripening variety. Productivity is higher
than the standard by 0.12 kg/bush (an increase
of 31.6%). The fruits are large (1.3 g), wide-
pyxidate -shaped. Dessert taste with a distinct
aroma. Easy, dry detachment. Sugar content —
8.9%, ascorbic acid — 50.85, dry matter — 14.7%.

Elite form 1-20 (Vilyuyka variety) — a seed-
ling of Kamchatka honeysuckle from open pol-
lination. A mid-early ripening variety. Produc-
tivity is higher than the standard by 0.14 kg/
bush (an increase of 38.8%). The fruits are large
(1.1 g), wide-spindle-shaped. Sour-sweet taste
with a light piquant bitterness and distinct aro-
ma. Slightly difficult detachment without skin
tearing. Sugar content — 7.2%, ascorbic acid —
46.09, dry matter — 12.4%.

Elite form 31-35 (Ganalochka variety) — a
seedling of Kamchatka honeysuckle from open
pollination. An early ripening variety. Produc-
tivity is higher than the standard by 0.07 kg/
bush (an increase of 18.4%). The fruits are large
(1.2 g), elongated-oval in shape, attractive.
Sour-sweet, dessert taste with a pronounced
aroma. Easy, dry detachment. Sugar content —
8.5%, ascorbic acid —47.46, dry matter — 15.3%.

It is known that polyphenolic compounds are
present in many plants and berries. For exam-
ple, anthocyanins give bright colors to fruits,
berries, and vegetables, and also contribute to
taste and aroma. A meta-analysis of eight sci-
entific studies showed that increasing the intake
of foods high in polyphenols by 300 mg per day
reduces the risk of developing type 2 diabetes
[5-7]. Other authors’ research suggests that due
to their antioxidant properties, polyphenols may
be used in treating certain cancers of the gas-
trointestinal tract [5—7]. Research by Hossain et
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al., 2016, shows that consumption of polyphe-
nol-containing products helps in the prevention
and fight against obesity. Scientists suggest that
polyphenols suppress the activity of fat tissue
cells responsible for inflammation [5-7].

Currently, there is an increasing demand
among producers and consumers for natural
food colorants, among which red dyes hold
leading positions in terms of sales volume. One
of the most common among them are antho-
cyanin pigments. Among the species of plants
in the Magadan region and the Chukotka Au-
tonomous District that are potential sources of
anthocyanins are bog whortleberry (Vaccinium
uliginosum), various types of currant (Ribes fra-
grans P., R. acidum, R. dicuscha, R. triste Pal-
las), honeysuckle (L. chamissoi Bunge ex Kiril-
lon, L. edulis Turezaninow ex Freyn), and other
wild berries.

There is particular interest among research-
ers in improving and developing new methods
of extracting anthocyanins from plant material.
Choosing a suitable extraction method consid-
ering optimal combinations of extraction fac-
tors for obtaining natural anthocyanin dyes is
crucial for the success of their isolation. Sev-
eral methods of extracting anthocyanins from
plant material are described in literature sourc-
es: maceration, thermal extraction, catalyst-sol-
vent extraction, ultrasonic extraction, micro-
wave-assisted extraction, and supercritical fluid
extraction. A promising direction in the field of
extracting the polyphenolic complex is super-
critical fluid extraction, which has been used
since the late 1970s for food analysis, extraction
of bioactive substances, determining lipid levels
in food products, and levels of toxic substances.
Supercritical fluid CO, extraction has several
advantages: easy removal of the solvent from
the final product, high selectivity, and the use of
moderate temperatures during extraction, which
are important factors when determining the

method of extraction and conducting research
in the food and pharmaceutical industries’® [11,
12].

An alternative to using co-solvents in the
case of poorly soluble or practically insoluble
compounds is a complete change in the process
scheme using so-called solvent-aided supercrit-
ical extraction (SAE). Industrial devices with
technological schemes containing CO, process-
ing installations have already been developed,
thus regenerating a large part of the solvent/
anti-solvent. The improvement of solvent-aid-
ed supercritical extraction is associated with the
same process conditions: pressure, temperature,
and concentration of dissolved substances in the
suspension. However, the main parameter is the
molar fraction of CO,. This parameter depends
on the relative flow rate of CO, and liquid sol-
vent to establish a supercritical composition of
the precipitate for the used CO_/solvent mixture
[12]. Comparing possible supercritical solvents,
carbon dioxide has the most attractive advan-
tages: non-toxicity, non-flammability, environ-
mental friendliness, and renewability of the re-
source (see footnote 5) [11-13].

CONCLUSIONS

Currently, there is increasing public inter-
est in ensuring a complete nutritional diet, as
well as in maintaining the necessary quality of
products under a sanction regime. Studying the
characteristics of the composition of plant berry
resources is necessary for their comprehensive
processing and the development of new food
ingredients based on them. In this context, one
of the relevant research directions in the field
of food biotechnologies is fundamental and ap-
plied scientific research on the chemical com-
position and properties of wild berry plants, as
well as the improvement of processes for ob-
taining bioactive substances. The use of super-
critical fluid CO, extraction is promising. Wild

SProgram and methodology of varietal study of fruit, berry and nut crops / edited by E.N. Sedov and T.P. Ogoltsova. Sedov and

T.P. Ogoltsova. Orel: VNIISPK, 1999, 608 p.
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berry plants are an important source of bioactive
substances, including vitamins, polyphenolic,
and mineral complexes. This raw material can
be used to obtain food and technological addi-
tives for import substitution, which is currently
of particular relevance.
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MenoHOCHBIE YTOIbs ¥ TPUPOIHO-KIMMaTHYECKHEe YCIOBUS B JecHOM (hoHe crermHoro [IpuaoHss
XapaKkTepu3yrTcs OONBIION M3MEHUYMBOCThIO. HacaxmeHus Bsi3a TIIaKoro, WibMa U OepecTa 3aHH-
MatoT 2,2% mrnomaau crenHoro punonss. Llens TaHHOTO MCclen0oBaHUsS — BBISIBUTH MEIOHOCHBIE
BUJbI 110 KOMIIOHEHTaM JIECHOI'O (1)I/ITOIICHO33 B BA30BHHUKaAX 6a171paqH1)1x M TIOMMEHHBIX U OIpeACINTb
MCAOBYIO NPOAYKTHUBHOCTb PACTUTCIIbHBIX (1)OpMaHI/II>'I. Wcnonp30Banbl MMPUHATBIC METOAbI HAYYHBIX
WCCIIeZIOBaHUH B mYenoBocTBe. [lomydeHs! 1ecoBOICTBEHHO-TAKCAIMOHHBIE XapaKTEPUCTUKH JIpe-
BOCTOSI, YTOUHEH BHJOBOH COCTaB MEIOHOCHOU (DIOPHI M OmpeseneHa MeA0Basi MPOAYKTUBHOCT TI0
TUTIaM Jieca. MemoBasi MPOJYKTUBHOCTh PACTHTEIBHON (opManuu OalipayHbIX BI30BHHUKOB COCTaB-
msier 106,4-203,3 xr/ra. Ha TeHeBbIx Oeperax OalipauyHbIX JTyOHSIKOB MEIOBYIO HPOAYKTHBHOCTBIO
32,9 kr/ ra B yiecHOM (huTOLIEHO3E OOecreunBaeT Bsi3 00ObIKHOBeHHBIN (Ulmus laevis). Ha npucere-
BOM CKJIOHE JJAHHOMY 3HAuUTeJIbHOMY mokasateinto (203,3 Kkr/ra) B COCTaBe JIPEBOCTOS CIIOCOOCTBYET
KJICH TIOJIeBOU (Acer campestre). Ha cBeTOBBIX Oeperax CyIieCTBEHHON MEIOBOU MPOTyKTUBHOCTHIO
OTIIMYAIOTCS MEJIOHOCHI TTO/ITIECKa, KOTOPBIE BCTPEYAIOTCS MPEUMYIIIECTBEHHO Ha JIECHBIX MOJISHAX U
OITyIIKaX JIeCa, a TAK)Ke MPECTAaBUTEIN TPABSIHICTOTO MIOKPOBa. B BSA30BHUKE pa3HOTpPaBHO-Kparn-
BO-€KEBUKOBOM MOMMEHHBIX JIECOB OCHOBHOM MeocOop (35,3 Kr/ra) 1atoT B3 OOBIKHOBEHHBIH 1 UBa
Oenas (Salix alba), B monnecke — KpyumHa ciaburenvHas (Rhamnus cathartica), onvxa (R. alnus),
KanmuHa oObikHOBeHHas (Viburnum opulus). Ilpu ymenoM HCIOIb30BaHUHM MEIOHOCHOTO MOTCHIIHA-
Jla JTECHBIX PACTEHHH HE TOJIBKO BO3MOXKHO YCIIEIIHO Pa3BUBATh MTYEIIOBOJICTBO, HO M OOECTIEYHBATh
3HAYHUTEIHHOE YBEITMUYCHNE JIECHOTO (POH/a IOKHBIX pernoHOB EBponeiickoii wacti Poccutickoit De-
Jieparuu.

KuroueBble ciioBa: Bsi3 maakuii, 6epecr, Oaiipadnble BI30BHUKH, TIOHMEHHBIE JIeCa, MEIOHOCHBIE
pacTeHwust, MeoBasi MPOAYKTHBHOCTb, pACTUTENIbHBIE (pOpMAIINK, KOMIOHEHTHI JIECHOTO (PUTOLIEHO3a
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Bee pasturages and natural-climatic conditions in the forest fund of the steppe Pridonye are char-
acterized by great variability. Plantations of European white elm, Scotch elm and English elm occupy
2.2% of the area of the steppe Pridonye. The purpose of this study was to identify honey-bearing spe-
cies by the forest phytocenosis components in ravine elms and floodplain forests and to determine the
honey productivity of plant formations. Accepted methods of scientific research in beekeeping were
utilized. The silvicultural and taxational characteristics of the forest stand were obtained, the species
composition of the honey-bearing flora was specified and the honey productivity by forest types was
determined. Honey productivity of the plant formation of ravine elms is 106.4-203.3 kg/ha. European
white elm (Ulmus laevis) provides honey productivity of 32.9 kg/ha in the forest phytocenosis on the
shady banks of the ravine oak forests. Field maple (Acer campestre) contributes to this significant
index (203.3 kg/ha) in the stand composition on high and steep gully slopes. On the light banks honey
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production is characterized by honey-bearing undergrowth species, which are found mainly in forest
glades and woodsides, as well as the carpet plants representatives. In elm-herbage-nettle-blackberry
floodplain forests, the main honey yield (35.3 kg/ha) is given by European white elm and white willow
(Salix alba), while in the undergrowth it is given by common buckthorn (Rhamnus cathartica), alder
(R. alnus), and European cranberry bush (Viburnum opulus). Skillful use of the honey-bearing poten-
tial of forest plants not only makes it possible to successfully develop beekeeping, but also to ensure
a significant increase in the forest fund of the southern regions of the European part of the Russian

Federation.

Keywords: European white elm, English elm, ravine elms, floodplain forests, nectariferous plants,
honey productivity, plant formations, components of forest phytocenosis
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INTRODUCTION

Foreign and domestic scientists in scientif-
ic works explore the issues of studying the mutu-
ally beneficial influence of the symbiosis between
forests and entomophagous insects [1-8]. The use
of the resource potential of forest lands for honey
collection systematically requires clarification and
assessment of honey-producing plant communi-
ties. A territory is considered valuable for beekeep-
ing where a variety of natural vegetation is present
within the effective flight radius of bees, providing
them with nectar and pollen throughout the honey
collection season. The more diverse and frequently
intersected the area is with beams and valleys, the
richer it is in terms of honey production and, under
favorable climatic conditions, ensures the best pro-
ductive honey collection. In the floodplains of rivers
and along the ravines of the south of the European
part of Russia, such territories occupy a small area
and are not of significant importance, although here
are found good honey plants: wild fruit and berry
species, willows, maples, ringed sage, melilot, clo-
vers, bluegrass, etc.' [9].

Studying the honey potential of a specific region
is necessary for organizing intensive technologies

for keeping bee families, allowing the rational use
of local honey resources [10].

Successional processes in floodplain forests are
influenced by the water regime, the intensity of allu-
vial processes, and geomorphological structure. Elm
stands are transitional to oak groves and aspen for-
ests of the central floodplain. For example, on fertile
alluvial loams, the intensity of species replacement
is maximal. This is most pronounced in oak groves,
where there has been a 25% replacement of oak by
elm. Along with ecological and anthropogenic fac-
tors, the biological properties of tree species signifi-
cantly affect the transformation of floodplain forest
biogeocenoses.

The specificity of the forest-growing conditions
of river floodplains has led to a strict correlation of
tree species with soils of different mechanical com-
positions, certain relief elements, flooding zones,
and parts of floodplains. Among the formations of
floodplain forests, a significant part (54 species) is
accounted for by honey plants. On the tops of ridg-
es and along the riverside bank, pollen plants of
black poplars grow; low-lying locations and oxbows
are occupied by nectar and pollen plants of white
willow, coastal and sandy spits are forested with

!Gryazkin A.V., Smirnov A.A., Mannapov AG., Beljaev N.V. Bioresource potential of forest lands as the source of honey yield in
steppe area of the river Don // Forests of Russia: policy, industry, science and education. IOP Conference Series: Earth and Environ-
mental Science. IV scientific-technical conference 2019. P. 012057. DOI: 10.1088/1755-1315/316/1/012057.
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multi-species formations of willow plots; formations
of elm stands and oak groves have gained the most
distribution near the central part of the floodplain. In
the central part of the floodplain, on the most fertile
and rich soils, oak groves and their companions are
concentrated. In the terrace-edge part, black alder, a
pollen carrier, dominates, and on micro-elevations,
there are stands of willow and white poplar.

Elm, elm stands, and elm forests in the area rep-
resent 15.6% in relation to the total forest-covered
area. The role of elm forests is increasing in the low-
er reaches of the Don River — accounting for 25.7%
[11].

In the Don floodplains, honey-producing lands
distinguished by high productivity have been not-
ed. These include shrubby thickets of black maple
and willows, as well as the early spring honey plant
sloe, which is valuable for honey collection when it
spreads in dense thickets of blackthorn.

Plantations of European white elm, Scotch elm
and English elm occupy over 10,000 hectares (2.2%)
of the area in the steppe region near the Don, pre-
dominantly preserved in more humid areas (I-III)
(see Fig. 1). Their increase in area in region VIII is
associated with artificial introduction into floodplain
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Fig. 1. Scheme of the forest zoning of the Don
River basin

cultures. English elm occupies a significant area
(20%) in region VII. For elm forests, the predom-
inance of young growth is characteristic, explained
by the widespread drying of mature and ripening
stands due to Dutch elm disease and the replacement
of species in oak clearings due to abundant seedling
and seed regeneration of elm.

Scientists are currently actively studying the
growth characteristics of dwarf elm. V.V. Lepesko
and L.P. Rybashlykova note that the condition of
tree stands is determined by two complexes of fac-
tors: zonal-edaphic and pastoral-economic. The lon-
gevity of dwarf elm in the arid zone on the brown
soils of the Astrakhan semi-desert is determined by
the presence of productive moisture in the soil and
its salinity level. It has been established that the vi-
tality of 57—64-year-old dwarf elm stands is noted
on sandy and dark soils, located in micro- and in-
ter-hill depressions [12].

As aresult of comprehensive studies in the flood-
plain forests of the Republic of Mari El in the three
selected phytocenotic tiers, tree species with a com-
plete ontogenetic structure were noted. Among hon-
ey-producing species in floodplain forests, winter
linden tree is most common. European white elm
(Ulmus laevis Pall.) is also fairly common, but with
an insignificant presence in the stand composition.
Studying the diversity, age, and spatial structure of
the stand, scientists noted that smooth elm has the
worst life condition [13].

The purpose of the study is to identify honey-pro-
ducing species in the components of the forest phy-
tocenosis in ravine and floodplain elm groves and
to determine the honey productivity of plant forma-
tions.

MATERIAL AND METHODS

For conducting research in ravine elm groves
during 2018-2021, trial plots and accounting areas
were established in the territory of the Kasharskoe
and Shakhtinskoe forestries, and for accounting
of floodplain elm groves — in the Bagaevskoe and
Morozovskoe forestries of the Rostov region. Trial
plots were laid out using materials from forest man-
agement enterprises (plans of forest stands, taxation
descriptions). The type of forest and topograph-
ic location were indicated in accordance with the
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taxation descriptions [14]. In describing the forest
management-taxation characteristics, the follow-
ing abbreviations were used: ROGLB — ravine oak
groves on light banks, ROGGS — ravine oak groves
on gully slopes, ROGSB — ravine oak groves on
shady banks, EFVG — elm forest of various grasses,
GEFVGS — gramineous elm forest of various grass-
es with sedge, TM — Tatarian maple, E — elm, WW
— white willow, GA — green ash, ALM — ash-leaved
maple, CP — common pear, BP — black poplar, EE —
English elm (plain elm), LSO — low-stemmed oak,
FM — field maple, CA — common ash.

The identification of honey plants in the phyto-
cenosis components, conducting a quantitative ac-
count of honey plants and their flowering intensity,
collecting nectar samples to determine the honey
productivity of plant formations were carried out
according to the “Methods of conducting research
in beekeeping” [14].

RESULTS AND DISCUSSION

The formation of ravine oak groves occupies over
90% of the area of ravine forests, predominantly lo-
cated in the northern and central parts of the Rostov
region. Elm groves are widespread in the Veshensk
district in the floodplain of the middle course of the
Don River. As a companion species, elm is found
in the floodplains of the Don and Seversky Donets
tributaries along with English elm.

Elm groves are favored by moist habitats on rich
meadow and meadow-swamp soils. The groundwa-
ter level under the studied formations ranges from
0.8 to 1.5 meters. In the southern regions, the condi-
tion of the elm worsens, accompanied by drying of
the stand.

European white elm, common, large-leaved (U.
laevis Pall.) grows throughout the Rostov region in
ravine mixed forests, at the lower parts of ravine
banks as a mixture with the main stand, and as a sec-
ond tier. It is more commonly found in river flood-
plains, preferring moist soils. It is a large tree with
a slender trunk and branched crown. It is easily dis-
tinguished from other species by its bark, which is
initially smooth and later forms a gray-brown crust
that peels off in thin plates. The flowers on long
stalks are gathered in hanging bunches. It blooms in
April before the leaves unfold and is a valuable early

honey plant, providing a lot of nectar and pollen. On
warm days, bees eagerly visit the flowers of elm,
collecting nectar, pollen, and glue from the buds.

Scotch elm (U. scabra Mill.) is cold-resistant. It
is most common in the north of the region. Scotch
elm groves are sporadically noted along the edges,
bottom parts of ravines, and as forest islands on riv-
erside slopes. It differs from European white elm by
its rough upper leaves with an asymmetric base. It
blooms in April and provides a lot of nectar and pol-
len.

Cork elm (U. suberosa Moench.) grows in
shrubs, mainly in floodplain oak groves and in the
undergrowth of ravine forests. It blooms slightly lat-
er than the previous two species and is distinguished
from them by branches with wing-like corky out-
growths [6].

English elm, plain elm (U. campestris L.) is
drought-resistant and a representative of the steppe
zone. It is widespread in the southern forestry re-
gions of the Rostov region (Ust-Donetsk, Roma-
novskiy). It differs from cork elm in its branches,
which lack corky outgrowths.

In addition to these forms, the dwarf elm (U.
pumila L.) is cultivated in gardens and parks. All of
them produce a lot of nectar and pollen and are good
early spring honey plants. Almost every year, bees
collect honeydew from the leaves of elms.

Research has revealed that the taxation indicators
of middle-aged elm stands on the banks of light-ex-
posure ravines are higher than those of gully slopes
(see Table 1).

In the fresh sub-forest of the Shakhtinskoe for-
estry, in the mature age group, European white elms
reach an average height of 16.0 meters, and the aver-
age trunk diameter is 26.0 cm, while in young stands,
the figures are 6.3 meters and 8.7 cm, respectively.

English elm, along with high honey-producing
field maple, as well as European white elm and
low-stemmed oak, is found on the riverside slope
of the eastern exposure with a slope steepness of 20
degrees. In the understory, oleaster, a May honey
plant, is rarely noted.

In the herbaceous layer, honey plants such as
common yarrow, Jerusalem sage, horehound, steppe
sage, and eight-leafed bedstraw, which bloom at
different times, are found. Among them are honey
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Ta6a. 1. JlecoBoncTBeHHO-TaKCAIIMOHHAS XapaKTEPUCTUKA OOBEKTOB UCCIIEIOBAHUS
Table 1. Silvicultural and taxational characterization of the study sites

FST (forest . F t . Di t
Forest type site (ty(;r:)s Composition de(;f:iiy Age, years | Height, m 1a21rl:1: er,
Ravine elm forests
On light banks E,,  |5E2GAILSO2 FM 0,5 30 11,0 12,2
4E2CA2ALM 2TM 0,6 60 14,0 18,1
E, 4LSO4EE2TM 0,8 30 10,0 14,4
8E1ICAILSO 0,7 20 6,7 10,5
7EE3LSO 0,7 60 15,0 18,3
On shady banks E, 6E2TMILSO1GA 0,6 16 6,3 8,7
S8E2WW 0,5 80 16,0 26,0
Gully slopes E,, 7EE3FM 0,6 50 10,3 14,6
5B2LSO3EE 0,7 60 12,1 14,1
Floodplain elm forests
Various grasses D,H, 4E4GA2WW + M + ALM 0,6 50 9,0 16,2
SE2WW+ GA 0,7 50 15,2 22,0
10E+ WW 0,7 30 10,4 16,3
SE4AWWI1BP 0,7 40 12,6 16,7
6B2WWI1ALMI1CP 0,4 30 11,0 12,5
TTM3E 0,8 40 10,4 10,2
Gramineous elm forest D,H, SE3WW2BP + GA 0,5 60 13,6 23,2
of various grasses with OWWIE 0,4 55 15,2 22,1
sedge 4E3GA3WW + ALM 0,7 40 12,2 14,0

plants with an extended blooming period, forming a
continuous honey-producing conveyor.

To study the honey productivity of floodplain
forests, we have established trial plots in plantations
of interest to beekeeping (see Table 1, Fig. 2).

Analyzing the obtained forest management-tax-
ation characteristics (see Table 1), we found that in
terms of height, the gramineous elm forest of vari-
ous grasses with sedge in the Bagaevskoe forestry
stands out among middle-aged stands compared to
the nettle-blackberry elm forest of various grass-
es — 13.0 and 12.6 meters, respectively. In terms of
diameter, the opposite relationship of values is not-
ed — 14.0 and 16.7 cm. Changes in the composition
of the stand have been identified on the studied trial
plots. For instance, in the gramineous elm forest of
various grasses with sedge, ash and ash-leaf ma-
ple are mixed with the main species, while in the
nettle-blackberry elm forest of various grasses, the
accompanying species are white willow and pol-
len-bearing black poplar.

Having clarified the silvicultural and taxonomic
characteristics of the stand, identifying the presence
of valuable species of honey-bearing plants by com-

Puc. 2. BszoBuuk B noiime p. JloH. baraesckoe
ydacTKoBO€ JiecHu4ecTBO. COOp 1IBETKOB IS aHA-
JM3a HeKTapa

Fig. 2. Elm tree in the floodplain of the Don River.
Bagaevskoye district forestry. Collection of flowers
for nectar analysis
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Fig. 3. Nectariferous productivity of the elm forest formations

(R.0. —ravine oak forest; E. — elm)

ponents of forest phytocenosis, we determined the
honey productivity by forest type in ravine elm for-
ests and floodplain forests (see Table 2). It can be
concluded that elm forests with insignificant honey
productivity (106.4-203.3 kg/ha) are valuable sites
for beekeeping.

Let’s analyze the components of the honey lands
of the studied formations.

On the shady banks of ravine oak forests, Euro-
pean white elm is characterized by the highest honey
productivity (32.9 kg/ha) among elms, as it accounts
for 60-80% of the stand composition (see Fig. 3).
On the gully slope in the studied forest conditions,
the plant formation of elms in the stand with field
maple improves the total honey productivity up to
203.3 kg/ha. On the light banks, significant honey
productivity (42.6 kg/ha) is characterized by hon-
ey-bearing underwood consisting of rose hips, sloe,
common pear and hawthorn, which are found in for-
est glades and forest edges [6]. Herbaceous vegeta-
tion under the canopy and at the edges of the stand is
characterized by adaptation to the conditions of light
and soil moisture, species composition, occurrence
and intensity of nectar production. Common yarrow
and steppe sage respectively play a certain role in
the composition of honey-bearing lands with signif-
icant honey productivity of 25 and 100 kg/ha on the
light banks of ravine elms.

In the nettle-blackberry elm forest of various
grasses, European white elm and white willow pro-
vide the main honey yield, while in the underwood
- hart’s-thorn and alder, European cranberry bush

(35.3 kg/ha). In live ground cover, blackberry, bed-
straw and bird vetch are characterized by honey pro-
ductivity (30.3 kg/ha).

CONCLUSION

Observations of the state of tree stands and the
dynamics of forest management-taxation character-
istics in different forest-growing conditions allowed
us to establish the dependence of honey productivity
on these indicators. Due to the presence of elms, the
tree tier of this formation is a source of significant
honey collection in early spring during the period of
strengthening the bee family. Various Acer species
and representatives of herbaceous vegetation play
an important role in the formations of ravine and
floodplain elm groves, but their flowering does not
coincide with that of the elms, thereby increasing
the honey value of Ulmus in the absence of flower-
ing honey plants.
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Table 2. Flowering and honey productivity of formations of the ravine and floodplain elms by forest types

Phytocoenosis component/ honey Honey
Honey plant type bee participation in the forest stand Flowering time productivity,
composition kg/ha
Ravine oak forests on light banks
English elm Forest stand/40-70 - 262
European white elm 40-80 08.1V — 14.1V ’
Low-stemmed oak -
Field maple Forest stand 25.1V - 09.V 35,5
Tatarian maple 12.V-26.V
Hawthorn 07.V-18.V
Common pear . -
Roschip Shrub vegetation 17V 27V 42,6
Black thorn 19.1V - 28.1V
Thousand-leaf -
Sage Herbage cover 25V 25.V] 70,6
Total 179,3
Ravine oak forests on shady banks
European white elm Forest stand /60—80 08. 1V -14.1V 32,9
Tatarian maple 12.V-26.V
Low-stemmed oak - 12,3
White willow 18.1V -29.1V
Hawthorn 07.V-18.V
Common pear Shrub vegetation - 22,5
Black thorn 19.1V - 28.1IV
Jerusalem sage -
Hoarhound Herbage cover B 20,2
Total 106,4
Ravine oak forests on gully slopes
English elm Forest stand /30-70 - 95
European white elm 50 08.IV -14.1V ’
Field maple Forest stand 251V -09.V 151.0
Low-stemmed oak -
Oleaster Shrub vegetation — 4,8
Sage 25.V -25.VI
Bedstraw Herbage cover B 333
Total 203,3
Nettle-blackberry elm forest of various grasses
European white elm Forest stand /40-50 08.1V -14.1V 50,0
Rosehip 17.V =27V
Alder buckthorn 14.V -26.V
Cranberry tree Undergrowth 14.V-20.V 35,3
Hart's thorn -
Dewberry -
Bedstraw Grass cover - 30,3
Bird vetch 13.VI-15.VII
Total 90,7
Gramineous elm forest of various grasses with sedge
European white elm Forest stand /10-50 08.1V — 14.1V 55,7
Alder 14.V-26.V
Hart's thorn Undergrowth 3 40
Total 95,7
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XAPAKTEP HAPACTAHUS I'PUBHOM MTHO®EKIIMA B COPTOBBIX
BHOIIEHO3AX O3UMOM PKU Y IOUCK YCTOMYNUBBIX TEHOTHUIIOB

X lexaenna JI.M., lllemerosa T.K.

Dedepanvhbiii acpapuwiti Hayunwlil yenmp Cesepo-Bocmoka um. H.B. Pyonuykozo
Kwupog, Poccus

(<) e-mail: immunitet@fanc-sv.ru

Nzydeno 26 renoturioB o3umoi pxu ceneknn @AHIL Cesepo-BocToka u 43 obpasma u3 KoUIeK-
un Beepoccuiickoro HHCTUTYyTa reHeThdeckux pecypcoB pactenuit um. H.M. Basunosa (BUP). Ilo-
JIeBBIC MccaenoBanus mpoBeneHsl B 2020—2022 1T. B yenoBusax KupoBckoil 00acTe Ha €CTECTBCHHOM
¢oHe pazBuTHs rPUOHBIX OOJIE3HEH C LETbI0 TOMCKA HOBBIX TEHETUUECKIX HCTOYHUKOB C KOMITJIEKCHOM
HECTIEIM(PUICCKON YCTOMIUBOCTBIO K TPHOHBIM OoJie3HsM. MoruTopuHT 60ie3nelt (¢ ¢asel 31 mo 85
o mkasne Zadoks) mo3BosniI NpoBECTH aHAIM3 HapacTaHus TPHOHOM MH(EKIMU U BBISIBUTH BOCIPUIM-
yuBble TeHOTUTIBL. [Ipr ydere Gones3Hel MCob30Bal O0IIEN3BECTHRIE METONUKH. XapaKTep pacTu-
TENBHO-MUKPOOHBIX B3aUMOJICHCTBHI M apaMeTphl YCTOWYNBOCTH OLIEHHUBAIH 10 noka3zaresisim [IKPB
(TuTomaab IO KpHUBOH pa3BuTHs Oone3Hn) 1 Y (uHIeke ycroiunBocTH). K BOCKOBOI CIIETOCTH TOBKO
OZIMH KOJUIEKIIMOHHBIN 00pasel PoccrsiHKa 2 cOXpaHsil BEICOKYIO YCTOWYHBOCTD K CENITOPHO3Y B COUETA-
HUH ¢ Ipu3HaKoM «slow rustingy. [Tokazarens IIKPB coctasmr 105 equaut, 1Y — 0,12. [IpuBeneHHbie
YpaBHEHHSI PErpeccHy HOCST JMHEHHBIH XapakTep, Ha OCHOBAaHWM KOTOPBIX MOXKHO YTBEpP)KAATh, UYTO
CyTOYHOE HapacTaHue OonesHeit mo TpeHmy Ha coprax GAHIL CeBepo-Bocroka cocrapmser 5,4...9,9%
(Oypast p>xaBuuHa) u 8,4...16,4% (crebnenast); Ha oOpasuax komwiekuuu BUP — 6,4...12,1% (Oypast) u
15,0...45,0% (crebnesast). Benuunna koabdurmenta aerepmunanun R = 90-99% xapakrepusyercst
kak cuibHas. OTMedeHa Gosee BbICOKas pikaBunHOycToiunBocTh coptoB GAHIL CeBepo-Bocrtoka no
CPaBHEHHIO ¢ M3yYCHHBIMH oOpasiiamu Koimiekimun BUP. BrissBinero 24 copra 0o3uMoi pku ¢ Heclte-
I(UIecKoil yCTOMYMBOCTBIO K ABYM TpUOHBIM OONEe3HsIM 1 OoJiee M MEAJICHHBIM «slow rustingy Ha-
pactanreM HHQEKITNHN B TeueHue onTorenesa (dmnopa, I'paduns, [lepernen, ['padur, I'padut PII, Jlnka,
l'apmonus, Cumdonus, Pymba kpynnosepnas, Wibro, Kaupo, Pastewne Zielone u ap.). lanabie copta
MOTYT OBITh HCIIOB30BAaHbI B CEJIEKIIMH Ha TIOBBIIICHNE (PUTOMMMYHUTETa K KOHKPETHBIM OOJIE3HSIM B
KaueCTBE UCTOYHMKOB NIPU3HAKA.

KuaroueBnle ciioBa: Secale cereale L., mydnucras poca, cenrtopro3s, Oypas u cTeOneBast pkaBUrHa,
nokazarens [IKPB, naaexc yctoiunBoCTH, HCTOUHUKY yCTOWYHBOCTH

THE NATURE OF FUNGAL INFECTION GROWTH IN VARIETAL BIOCOENOSES
OF WINTER RYE AND THE SEARCH FOR RESISTANT GENOTYPES

)Shchekleina L.M., Sheshegova T.K.

Federal Agrarian Research Center of the North-East named N.V. Rudnitsky
Kirov, Russia

(X)e-mail: immunitet@fanc-sv.ru

26 genotypes of winter rye from the selection of FASC of the North-East and 43 samples from the
collection of the All-Russian Institute of Plant Genetic Resources named after N.I. Vavilov (VIR) were
studied. Field studies were conducted in 2020-2022 in the conditions of the Kirov region on the natural
background of fungal disease development in order to search for new genetic sources with complex non-
specific resistance to fungal diseases. Disease monitoring (phases 31 to 85 on the Zadoks scale) allowed
analysis of fungal infection build-up and identification of susceptible genotypes. Commonly known
techniques were used to record the diseases. The nature of plant-microbial interactions and resistance
parameters were evaluated by the AUDPC (area under disease progress curve) and the RI (resistance
index) figures. By wax ripeness, only one collection sample, Rossiyanka 2, retained high resistance to
septoriose in combination with the “slow rusting” trait. The AUDPC indicator was 105 units and the RI
was 0.12. The given regression equations are linear in nature, on the basis of which it can be stated that
daily increase of diseases according to the trend on the varieties of FASC of the North-East is 5.4...9.9%
(brown rust) and 8.4...16.4% (stem rust); on the VIR collection samples — 6.4...12.1% (brown rust) and
15.0...45.0% (stem rust). The value of the coefficient of determination R? = 90-99% is characterized as
strong. Higher rust resistance of the FASC of the North-East varieties was noted in comparison with the
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XapakTep HapacTaHUs IPUOHOIT HH(EKIIHU B COPTOBBIX OHOIEHO3aX
03UMOM PKU U TIOMCK YCTOWYMBBIX T€HOTUIIOB

Illexnenna JI.M., lllemerosa T.K.

studied samples of the VIR collection. 24 winter rye varieties with nonspecific resistance to two or more
fungal diseases and slow “slow rusting” increase of infection during ontogenesis were identified (Flora,
Grafinya, Perepel, Grafit, Grafit FP, Lika, Harmony, Symphony, Rumba large-grained, Wibro, Kaupo,
Pastewne Zielone, etc.). These varieties can be used in breeding for increasing phytoimmunity to specific

diseases as the trait sources.

Keywords: Secale cereale L., powdery mildew, septoriose, leaf and stem rust, AUDPC index, resis-

tance index, sources of resistance
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INTRODUCTION

Winter rye is a unique grain crop that is not
demanding in terms of growing conditions:
soil fertility, pesticides, and agrochemicals. It
has high winter hardiness, frost resistance, tol-
erance to soil drought, and acidity. It is known
that commercial plantings of rye slow down the
development of weeds, preserve the soil cover
from destruction, and improve its structure [1—
5]. Currently, the sown area under winter rye is
less than 1 million hectares. The main plantings
are located in the Volga Federal District, where
74% of all rye areas are concentrated (in 2020 —
730.9 thousand hectares), of which 58 thou-
sand hectares are in the Kirov region [6]. The
prolonged vegetative period and instability of
climatic factors in the Kirov region exacerbate
the phytosanitary situation in winter rye crops,
creating a suitable environment for various in-
fections such as snow mold, root rots, powdery
mildew, rust, ergot, etc. [1, 7].

In Russia, there are still no varieties of winter
rye with resistance at the threshold of harmful-
ness level. Long-term protection against mass
infection of plants with infectious diseases over
a large territory will increase grain production in
specific agroclimatic conditions, as well as im-

prove its quality and control in crops. Therefore,
one of the important tasks of breeding improve-
ment of this crop is the identification of effective
gene sources of resistance for breeding [8, 10].
Currently, research in breeding for immunity in-
volves the search for genotypes with long-term
nonspecific resistance, which manifests as a re-
duction in the number of pustules, scabs, spots
on the surface of the affected organ, an increase
in the duration of the latent period of pathogen-
esis, and a decrease in the rate of development
of epiphytoty. For winter rye, an important food
crop in conditions of constant presence of dis-
ease pathogens and long-term variety rotation,
resistance to the slow buildup of fungal diseases!
is characteristic. Disease development forecast-
ing allows monitoring their pathogenicity and
early disease development and identifying gen-
otypes with slow infection accumulation “slow
rusting’.

Additionally, in analyzing plant-microbial
interactions and accounting for diseases, two
indicators of resistance are used: AUDPC (area
under the disease progress curve) and RI (resis-
tance index).

The purpose of the research is to search for
new genetic sources with complex nonspecific

'Zhuchenko A.A. Adaptive plant growing (ecological and genetic bases) theory and practice. M.: Agrorus publishing house, 2009,

vol. 3,958 p.

*Kolomiets T M., Kovalenko E.D., Pankratova L.F., Skatenok O.O., Bockelman H. Study of partial resistance parameters in wheat

varieties to the pathogens Stagonospora nodorum and Septoria tritici // Tmmunological protection of agricultural crops from diseases:
theory and practice: Proceedings of the International Scientific and Practical Conference dedicated to the 125th anniversary of the
birth of N.I. Vavilov. Bolshiye Vyazmy, Moscow region, 2012, pp. 257-261.
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The nature of fungal infection growth in varietal biocoenoses
of winter rye and the search for resistant genotypes

Shchekleina L.M., Sheshegova T.K.

resistance to fungal diseases among domestic
varieties of winter rye and samples from the VIR
collection.

Research objectives:

— study of different gene pool materials of
winter rye in terms of the development of ep-
iphytotically dangerous fungal diseases under
natural infectious load of pathogens;

— identification of the least diseased varieties
and samples, as well as forms with slow infec-
tion build-up in biocenoses for phyto immunity
breeding.

MATERIAL AND METHODS

The research was conducted at the Feder-
al Agrarian Scientific Center of the North-East
(FASC Northeast) in 2020-2022. Field studies
were carried out at the experimental field of
FASC North-East (Kirov city) following a fal-
low forecrop. Nitroammophoska was applied
at 1.5 c/ha before pre-sowing cultivation. The
agricultural technology was the standard prac-
tice for the central zone of the Kirov region. The
soil of the experimental plots is sod-podzolic,
medium loamy. The agrochemical character-
istics of the soil in the nurseries: humus con-
tent — 2.43-3.56%; mobile phosphorus content —
334-349 mg/kg; exchangeable potassium — 232-
304 mg/kg of soil; pH of the salt extract—5.0-5.4.

The research material comprised 26 promis-
ing varieties from the selection of FASC North-
east and 43 samples from the VIR collection (St.
Petersburg). The studied material was sown in
the collection nursery and competitive variety
testing department of winter rye at FASC North-
east. Plot sizes were 1 and 15 m?, with two and
six repetitions, respectively. Field experiments
were laid out according to the methodology of
state variety testing®. Diagnosis and registration
of disease development were determined by

standard methods* °. The degree of development
was assessed 3-5 times during the plant devel-
opment period — from the boot stage to the wax
ripeness of the grain (phases 31-85 according to
the Zadoks scale) at intervals of 10-16 days from
the first symptoms of damage to the cessation of
the pathological process.

The AUDPC (Area Under the Disease Prog-
ress Curve) is calculated using the formula pro-
posed by D.F. Johnson and R.D. Wilcoxson®.
Absolute AUDPC values vary annually depend-
ing on agrometeorological conditions and infec-
tious load, with an additional criterion being the
RI (Resistance Index). The RI classifies geno-
types by the level of partial resistance or “slow
rusting”. The RI is calculated using a formu-
la’ and divided into four groups: 0.10...0.35 —
high resistance level; 0.36...0.65 — medium;
0.66...0.80 — low; more than 0.81 — susceptible.

Statistical processing was performed using
the AGROS software package for statistical and
biometric-genetic analysis in plant breeding and
selection (version 2.07.) and Microsoft Office
Excel.

RESULTS AND DISCUSSION

To identify the genotypes with different
types of nonspecific disease resistance (with a
prolonged incubation period and slow infection
build-up), collection samples and varieties from
FASC Northeast were evaluated in the dynam-
ics of disease development. Accounts were con-
ducted from the first symptoms of damage. Such
monitoring allows forecasting early develop-
ment of epiphytoties and identifying genotypes
susceptible at the beginning of ontogenesis,
as well as forms with slow infection build-up.
These studies are particularly relevant for crops
with long variety rotation, such as winter rye
(see footnote 1).

3Methodology of state variety testing of agricultural crops. Moscow, 1985, Issue 2, P. 2, 230 p.
‘Kobylansky V.D., Koroleva L.A. Methodical guidelines for selection of winter rye for resistance to fungal diseases. Leningrad,

1977, 26 p.

SSheshegova TK., Kedrova L.I. Methodical recommendations on creation of artificial infection backgrounds and evaluation of

winter rye for resistance to diseases. Kirov, 2003, 30 p.

8Johnson D.F., Wilcoxson R.D. A table of areas under disease progress curves. Technical Bulletin, Texas Agriculture Experiment

Station. Texas, 1981, N 1377, pp. 2-10.

"Makarov A.A., Strizhekozin Y.A., Solomatin D.A. Quantitative classification of wheat varieties by the degree of race-specific
resistance to brown rust / Immunity of agricultural crops to pathogens of fungal diseases. Moscow, 1991, pp. 105-110.
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There were no critical deviations in tempera-
ture and water regimes. The winter vegetation
of plants occurred under a thick snow cover. Fa-
vorable water and thermal regimes in the spring
contributed to the active regeneration of winter
rye. Due to the cold conditions in May (average
temperature below normal by 3.4 °C), there was
a delay in plant ontogenesis at the beginning of
vegetation and the development of phytopatho-
genic fungi. Therefore, sufficient soil moisture
and a relatively favorable temperature back-
ground in the summer period of rye vegetation
contributed to the development of fungal diseas-
es, allowing an objective assessment of the win-
ter rye gene pool material.

Interaction: Secale cereale — Blumeria gr-
aminis. The most severe development of pow-
dery mildew infection reduces plant productiv-
ity, decreases leaf assimilation of nutrients, and
destroys chlorophyll [10, 11]. According to our
data, the disease occurs in the Kirov region with
a frequency of 4-5 times in 10 years, with harm-
fulness of 10-15%?®. The first signs of B. gram-
inis among the studied material were noted in
the phase of the beginning of heading (phase 51
according to the Zadoks scale). Seven varieties
from FASC Northeast selection (Kirovskaya
89, Flora, Harmony, Symphony, Perepel, Lika,
and Graphite FP) and seven collection samples
(Kaupo (Latvia), Maru 4 (Japan), SCW 1662,
Borulles, Danae (Germany), and two samples
from the V.D. Kobylansky collection) showed
no symptoms of powdery mildew. These gen-
otypes are presumed to have a more extended
incubation period. The most severe develop-
ment of the disease was observed in the third and
fourth registrations (phase 69-75) in four variet-
ies: NVAK 285/15 (28.3%), Nioba (28.0), Nika
3 NP (40.0%), and Folud (40.0%). Resistance
(disease development up to 15.0%) was found in
six varieties from FASC Northeast (Flora, Graf-
inya, Lika, Harmony, Symphony, Perepel) and
eight collection samples (IN-14, Wiedmanns-
dank, SCW 1662, Borulles, Danae (Germany),
Low-stemmed (Bulgaria), and two samples from
the V.D. Kobylansky collection). Judging by the

8Kedrova L.I. Winter rye in the North-Eastern region of Russia.

relatively low AUDPC values (233...370 and
225...363 units, respectively), there is relative-
ly slow build-up of powdery mildew infection
in the biocenoses of these genotypes. The sus-
ceptibility index of most studied varieties was
noted at 0.36...0.65, indicating a medium level
of resistance to powdery mildew. Exceptions are
the varieties Borulles, Danae, SCW 1662, and
samples from the V.D. Kobylansky collection,
with a degree of infestation up to 15.0%, and RI
— 0.26...0.29. In indicator varieties, the values
of AUDPC = 634 units (Kiprez) and AUDPC =
875 units (Nika 3 NP).

Interaction: Secale cereale — Septoria nodo-
rum. Over 10 years of observation, the occur-
rence of Septoria infection in the region on rye
crops appeared 3—4 times with harmfulness of
10-15% (see footnote 8). Since 2012, the fre-
quency and development of the disease have in-
tensified, and almost every year, more than half
of the rye areas are affected by this disease [7].
During the study of winter rye’s gene pool, weak
development of Septoria from 0.5 to 10.0% was
diagnosed in phases 51-59. Symptoms were ab-
sent in four FASC Northeast selection varieties
(Kirovskaya 89, Grafinya, Harmony, Symphony)
and five collection samples (Polko (South Afri-
ca), Wibro (Poland), Kaupo (Latvia), Rossiyan-
ka 2, and Falenskaya Universal NP), indicating
a more prolonged latent period in the pathosys-
tem. At the beginning of milk ripeness, all FASC
Northeast varieties still maintained high resis-
tance; 18 collection samples retained this trait.
Intensive Septoria build-up occurred during the
wax ripeness phase. The most resistant (disease
development up to 15.0%) and characterized by
“slow rusting” features were FASC Northeast
varieties Harmony and Perepel, and collection
samples: Polko (South Africa), Wibro (Poland),
Kaupo (Latvia), Pastewne Zielone (Poland),
Carsten’s (Germany), Talovskaya 2, Rossiyanka
2, Falenskaya Universal, Ottawa NP, and a sam-
ple from the V.D. Kobylansky collection. Only
one collection sample, Rossiyanka 2, main-
tained high resistance to the disease combined
with the “slow rusting” trait. AUDPC was 105

Kirov: NIISKh Severo-Vostoka. 2000, 158 p.
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units, RI — 0.12, compared to indicator varieties
with AUDPC values of 527 units (Rosa) and 870
units (Borulles).

Interaction: Secale cereale — Puccinia re-
condita. According to our data, rust infection in
the Kirov region occurs on average 5—7 times
(brown) and 3—4 times (stem) with harmfulness
levels of 10—-15% and 20-50% respectively (see
footnote 8). The first pustules of P. recondita on
leaves were detected in phases 51-55 (see fig-
ure). Disease symptoms were absent in eight
FASC Northeast varieties (Kirovskaya 89, Sne-
zhana, Flora, Grafinya, Lika, Symphony, Rumba
Large Grain, Sarmat) and six collection sam-
ples (Wirbo (Poland), Kaupo (Latvia), Pastewne
Zielone (Poland), IN-14, Wiedmannsdank (Ger-
many), and Snezhana 2 NP 242/1). The intensi-
fication of rust infection up to 54.0% occurred
by phase 75. AUDPC was 874 (Snezhana) and
1245 units (Palada); SI — 0.98 and 0.93. In
these conditions, moderate resistance (disease
development up to 20.0%) was noted in FASC

35T FARC of the North-East varictics
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Northeast varieties (Rumba large-grained, Flora,
Graphite, and Graphite FP) and VIR collection
samples (Wirbo, Kaupo, and Pastewne Zielone).
AUDPC values were 367...427 and 275...366,
RI-0.42...0.52 and 0.22...0.35.

Interaction: Secale cereale — Puccinia disper-
sa. Increasing severity of rye stem rust infection
leads to reduced grain weight per spike, 1000
grain weight, number of grains per spike, and
grain filling, and infected stems become more
prone to lodging [12]. The first symptoms of
stem rust appeared during the grain-filling pe-
riod (phase 71-75). In most collection samples
and FASC Northeast varieties, no pathogen pus-
tules were detected. The development of rust in-
fection increased with rising temperatures from
+18.6 °C (first ten-day period of July) to +20.2
°C (second and third ten-day periods of July), as
evidenced by the level of infection in the studied
varieties at subsequent accounts.

Disease development in indicator variet-
ies across different gene pool material reached
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Hapacranue nHdexun B OMOIIEHO3aX COPTOB, OTIIMYAIONINXCSI YPOBHEM TOPU30HTAIBHON YCTOHYNBOCTH K

BUIaM PIKaBUNHBI

The growth of infection in the biocenoses of the varieties that differ in the level of horizontal resistance to

rust species
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50.0% (NVAK 285/15) and 100% (Otello, Edel-
hofer New, Coro Kurz, and SCW 1662), charac-
terizing the natural infection background as very
harsh (see the figure). Against this background,
among the FASC Northeast varieties, the least
affected (up to 15.0%) are Lika, Harmony, Sym-
phony, and Graphite, with AUDPC values of
135...203 units. In the VIR collection, the least
infection (up to 30.0%) was found in two sam-
ples from the V.D. Kobylansky collection, as

well as in the varieties Snezhana 2 NP 242/15,
Donskaya NP, and Nika 3 NP.

Thus, in the studied gene pool material of
winter rye, genotypes have been identified that
exhibit resistance to two or more fungal diseases
and can be used in breeding to increase resis-
tance to these diseases as sources (see Table 1).

For a part of the studied gene pool, which
varies in the level of rust infection, the trend
of increasing rust infection was analyzed. The

Tab6a. 1. VICTOUHUKYN KOMIUIEKCHONW YCTOHIMBOCTH M MEIUICHHOTO HapacTaHWsI TPUOHON MH(EKITNH

Table. 1. Sources of complex resistance and slow growth of fungal infection

Powdery mildew Septoriose Brown rust Stem rust
Flora, Grafinya, Lika, Harmony, Perepel, Polko, Wibro,
Harmony, Symphony, Kaupo, Pastewne Zielone, Grafit, Rumba Grafit,

Perepel, IN-14,
Wiedmannsdank, SCW 1662,
Borulles, Danae, Short stature
variety, two samples from the

V.D. Kobylansky collection

Carsten’s,

Talovskaya 2, Rossiyanka 2,
Falenskaya Universal, Ottawa
NP, two samples from the V.D.

Kobylansky collection

large-grained, Flora,
Grafit FP; Wirbo,
Kaupo, Pastewne
Zielone

Rumba large-grained,
Flora, Grafit FP, Wirbo,
Kaupo,
Pastewne Zielone

Degree of infestation of resistant varieties, %

11,7...15,5 | 10,0...15,0 | 16,3...20,5 | 10,0...30,0
AUDPC indicator

225...380 | 105...324 | 275...367 | 135...277

RIvalue
0,26...0,36 | 0,12...0,37 | 0,22...0,35 | 0,13...0,31
Degree of damage in indicator (susceptible) varieties, %

28,3...40,0 | 28,3...45,0 | 42,5...54,0 | 50,0...100
AUDPC indicator

634...875 | 527...870 | 874...1245 | 645...923

Taoa. 2. ypaBHGHI/IH perpecCumn Ha pas3sjindHbIX MO BOCIIPUMMYUBOCTHU K JIUCTOCTEOETLHOM p)KaB‘-IHHHOﬁ

I/IH(beKIII/II/I TCHOTUIIAX PIKU

Table 2. Regression equations for rye genotypes with different susceptibility to leaf rust infection

. . . . Coefficient of
Variety, sample Gene pool material Regression equation determination, R*
Brown rust
Lika FARC of the North-East y=35,42x-5,35 0,969
Falenskaya 4 varieties y=9,87x-6,6 0,962
Grafinya y=17,83x-5,05 0,984
Wibro . y=06,35x-7,25 0,971
Pallada Specimens from the VIR y=12,1x+1,5 0,905
Otello y=11,07x-4,1 0,996
Stem rust
Lika y=28,35x-7,0 0,982
Falenskaya 4 FARC of the North-East y=164v-15,5 0,994
Rushnik y=12,7x-11,5 0,995
Snezhana 2 NP-242/15 ) y=15,0x-16,67 0,964
Kaupo Specimens from the VIR y=31,5%-20,0 0,959
SCW 1662 y=45,0x-26,67 0,907
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presented regression equations are linear, from
which it can be asserted that the daily increase
in diseases according to the trend on FASC
Northeast varieties is 5.4...9.9% (brown rust)
and 8.4...16.4% (stem); in VIR collection sam-
ples — 6.4...12.1% (brown) and 15.0...45.0%
(stem). The value of the coefficient of determi-
nation R2 = 90-99% is characterized as strong
(see Table 2). These data indicate the relatively
successful work of FASC Northeast in increas-
ing the rust resistance of winter rye compared to
the studied VIR collection samples.

CONCLUSION

As a result of immunological research, 24
varieties of winter rye were identified, char-
acterized by non-specific resistance to two
or more fungal diseases and slow “slow rust-
ing” increase in infection during ontogenesis,
among them: Flora, Grafinya, Perepel, Graph-
ite, Graphite FP, Lika, Harmony, Symphony,
Rumba large-grained, Wibro, Kaupo, Pastewne
Zielone, etc. They can be used in breeding to
enhance phytoimmunity to specific diseases as
sources of the trait.
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OIIEHKA TUEPUJIOB TUMO®EEBKH JIYTOBOM
(PHLEUM PRATENSE L.) HA CEMEHHYIO ITPOAYKTUBHOCTD

Kiaouxosa H.JL!, CX) Teauuxo O.H.?

!Dedepanvhblil Hayunslil yenmp azpodbuomexnonocuil JJanoneco Bocmoxa um. A.K. Yatiku
IIpumopckuii kpaii, Yecypuiick, Poccus

[lanbrneeocmounvill HAYYHO-UCCIE008AMENbCKULL UHCIUNTYM 3AUUNMbL PACMEHU —

Gunuan @edepanvroeo Hayuno2o yenmpa azpobuomexuonozutl /laroneco Bocmoka um. A.K. Yaiiku
[Tpumopckuii kpaid, c. Kamens-Pribonos, Poccust

(<)e-mail: biometod@rambler.ru

TumodeeBka sryroBasi — IieHHasi KOPMOBas KyJIbTypa, UCIOJIb3yeMasi Ul CO3aHHs CEHOKOCOB M
nactoum. [lpeacraBieHsl pe3ynsTaThl UCCIENOBAHUI CEMEHHOW MPOAYKTMBHOCTU THOPHIHBIX 00-
pas3uoB TUMOQeeBKH TyroBoi. Llenb mccrmenoBaHusl — CO34aTh HOBBIA TMOPHIHBIA MaTephal s
CeJIEKIIUH THMO(EEBKH JIyTOBOH, aJalTHPOBaHHbBIN K YCIOBHUSIM CTEITHOW 30HBI [IprMopcKoro kpas.
OOBbEKTOM HCCIIENOBAHMH CTAIIM THOPHIBI THMO(EESBKH JIyTOBOM BTOPOTo nokosienus (F,). B cenexnu-
OHHOM ITMUTOMHHKE (F',) TPETHETO rojia XU3HHU U3y4eHo 39 rubpuanbix 00pasuos. Cpenn Hux Hanbo-
Jlee TEPCIEKTUBHBIME OKasanuch crnenyromue: Ne 4 (Hapbimckas @ x IIpumopcekas MectHasd), Ne 12
(TTpumopckas MectHas @ *x Mopuianckas 6973), Ne 27 (Ilpumopckas MectHasQ x Hapeimckasd) u
Ne 36 (Mopanckas 699 x ITpumopckas MectHasd ). [1o uuciy TeHEpPaTHBHBIX TI0OOETOB BHIIEIMIHCEH
o6pasipl Ne 12 (Tlpumopckas MectHas @ x Mopmanckas 693) u Ne 36 (Mopmanckas 699 x ITpumop-
ckas MecTHasd ) — 19-21 w./pactenue. [IpoayKTHBHOCT CEMSH Y M3y4EHHBIX THOPHIHBIX 0OPA3IIOB
BapsupoBana ot 3,95 r/pacrenue (Ne 4, Hapeimckas @ x ITpumopckas MectHasd) no 10,0 r/pacrenue
(Ne 36, Mopmianckas 699 x Ipumopckas MectHasd ). Cpend HUX HauOOJbIIEH MPOLYKTUBHOCTBIO
xapakrepusoBanuch o0pasisl Ne 27 (Tlpumopckas MectHas 9 x Hapobimckasd) — 8,15 r/pacrenue u
Ne 36 (Mopanckas 699 x Ipumopckas mectHas) — 10,0 r/pacrenue, peBbILIEHNHE HAJ CTaHIap-
ToM cocTtaBuwio 7,2-31,6%. AHanau3 MOCEBHBIX KadeCTB IOKa3all, 4To Hanbojee KPyIMHOCEMSHHBIM
spysiercs rubpun Ne 27 (Ipumopckas MecTHas @ X HapeiMckasd'), KOTOpBIN MPEB30LIEN CTAHAAPT 110
macce 1000 cemsn Ha 0,18 1. [Io KOMITIIEKCY XO3SHCTBEHHO IICHHBIX MPHU3HAKOB BHIICIUIICS THOPHT
Ne 27 (ITpumopckas mectHas @ x Hapbimckasd).

KiroueBble ciioBa: rubpun, TuModeeBKa JIyroBas, poAyKTHBHOCTb, T0OOETH, CeMEHa, TOCEBHBIE
Ka4yecTBa

EVALUATION OF TIMOTHY HYBRIDS
(PHLEUM PRATENSE L.) FOR SEED PRODUCTIVITY

Klochkova N.L.!, <) Telichko O.N.2

!Federal Scientific Center of Agricultural Biotechnology of the Far East named after A.K. Chaiki
Ussuriysk, Primorsky Territory, Russia

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

Kamen-Rybolov, Primorsky Territory, Russia

(CXDE-mail: biometod@rambler.ru

Timothy grass is a valuable forage crop used to create hayfields and pastures. The results of re-
search on seed productivity of timothy grass hybrid samples are presented. The purpose of the research
is to create a new hybrid material for selection of timothy grass adapted to the conditions of the steppe
zone of the Primorsky Territory. The second generation (F,) hybrids of timothy grass were the object
of research. Thirty-nine hybrid accessions were studied in the breeding nursery (£,)) of the third year
of life. The following accessions were found to be the most promising: No. 4 (Narymskaya® x Pri-
morskaya mestnayad), No. 12 (Primorskaya mestnaya @ x Morshanskaya 697, No. 27 (Primorska-
ya mestnayaQ x Narymskayad), and No. 36 (Morshanskaya 699 x Primorskaya mestnayad). Ac-
cessions No. 12 (Primorskaya mestnayaQ x Morshanskaya 693') and No. 36 (Morshanskaya 699 x
Primorskaya mestnayad) had the highest number of generative shoots (19-21 shoots per plant). The
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seeds productivity of the studied hybrids ranged from 3.95 (No. 4, NarymskayaQ x Primorskaya
mestnayad) to 10.0 (No. 36, Morshanskaya 699 x Primorskaya mestnayad') g/plant. Accessions No.
27 (Primorskaya mestnayaQ x Narymskayad) and No. 36 (Morshanskaya 699 x Primorskaya mest-
nayad) were characterized by the highest productivity (8.15 and 10.0 g/plant, respectively) exceeding
the standard by 7.2-31.6%. Analysis of the sowing characteristics showed that hybrid No. 27 (Pri-
morskaya mestnaya$ x Narymskayad) was the largest seeded hybrid; the 1000 kernel weight was by
0.18 g higher than the standard. Hybrid No. 27 (Primorskaya mestnayal x Narymskayad') stood out

for its complex of economically important traits.

Keywords: hybrid, timothy, productivity, shoots, seeds, sowing characteristics

Jnst murupoBanusi: Knouxosa H.JI., Tenuuro O.H. Ouenka ruopunos tumodeeBku 1yroBoit (Phleum pratense L.) Ha ceMeHHYIO
HPORYKTUBHOCTH // CHONPCKYI BECTHUK cesibckoxo3siicTBenHoM Hayku. 2023. T. 53. Ne 8. C. 44-50. https://doi.org/10.26898/0370-

8799-2023-8-5

For citation: Klochkova N.L., Telichko O.N. Evaluation of timothy hybrids (Phleum pratense L.) for seed productivity. Si-
birskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2023, vol. 53, no. 8, pp. 44-50. https://doi.

org/10.26898/0370-8799-2023-8-5

Kondumukr nnrepecon

ABTOPBI 3asBISIFOT 00 OTCYTCTBUH KOH()TUKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

INTRODUCTION

For the successful development of the
livestock industry and the improvement of the
quality of the products obtained, special attention
must be paid to the full-feeding of farm animals
[1, 2]. Annual and perennial grasses play an
important role in creating a fodder base in the
conditions of the Far East [3-5]. Among the
grasses, Timothy grass is of particular interest,
as this crop is distinguished by its high winter
hardiness, nutritional value, and productive
longevity [6, 7]. Its use as a grass component
in creating pastures and hayfields allows for the
production of high-nutritional and balanced feed
[8-10].

The assortment of perennial herbaceous
crops is insufficient and does not fully meet the
requirements of modern agricultural production
in terms of fodder and seed productivity. The
creation of highly productive grass stands is
possible only with the use of high-yielding
and adaptive varieties to specific cultivation
conditions [11, 12]. In this regard, the role of
biogeocenotic selection in creating varieties
capable of more fully utilizing the bioclimatic
potential of a particular region is increasing.

Moreover, the bred varicties should be
characterized by increased energy and protein
nutritional value [13—15].

Currently, in the Far Eastern region, only
15 varieties of Timothy grass are approved for
cultivation'. Therefore, to update the assortment,
there is aneed to create new high-quality varieties
of Timothy grass that meet the requirements of
modern forage production.

The purpose of the study is to create new
hybrid material for the breeding of Timothy
grass, adapted to the conditions of the steppe
zone of the Primorsky Territory.

Objectives of the study are:

— to identify hybrid forms with increased seed
productivity;

—to determine the sowing qualities of Timothy
grass hybrid seeds.

MATERIAL AND METHODS

Selection nurseries were established in 2020
on the fields of the forage production department
of the Federal Scientific Center of Agricultural
Biotechnology of the Far East named after
A K. Chaiki following the methodology of
B.A. Dospekhov?.

IState Register of Breeding Achievements Allowed for Use. Moscow: Kolos, 2022, 719 p.
*Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow:

Alliance, 2014, pp. 69-71.
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The material for the study consisted of four
second-generation hybrids of Timothy grass,
obtained through limited-free pollination
between parental forms in a polycross nursery
on the isolated plots.

The selection nursery was planted in a single-
row method. The length of the row was 4.5 m,
with a distance of 0.45 m between the rows.
Each row contained 20 plants of Timothy grass.
Before flowering, the plants were covered with
isolators (see Fig. 1). The standard used was the
local Primorskaya variety (Primorsky Territory).

The study of the initial material in the
selection nursery was conducted using the
methods developed at the Federal Williams
Research Center of Forage Production and
Agroecology®*.  Seed  productivity  was
determined after threshing, drying, and cleaning
the seeds. Timothy grass plants were harvested
by hand as each hybrid ripened.

The soil of the experimental plot was
meadow-brown podzolic belonging to the heavy
loam category by mechanical composition. The
humus content was 5.4%.

200
2 175
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50

Average monthly temperature, °C,
precipitation amount for the month, mm
~J
W
]

B Average monthly temperature, °C

Puc. 2. Meteoponoruueckue ycnosus (2021, 2022 rr.)

Fig. 2. Meteorological conditions (2021, 2022)

Puc. 1. TubpuaHblii mutoMHUK (F,) THMOEEBKH
myroBoi (2022 1)

Fig. 1. Timothy grass breeding nursery (F,) (2022)

Fig. 2 shows the temperature regime and
precipitation distribution by month for 2021 and
2022 (September - December 2021, January -
August 2022). The sum of active temperatures
per month during the vegetative period of
Timothy grass varied from 110 (April 2022)
to 649°C (August 2022), and the amount of

T
—

(9]
HTC values

>

Il precipitation amount for the month, mm —¢— HTC values

3Kosolapov V.M., Kostenko S.I., Pilipko S.V., Klochkova V.S. Methodological guidelines for breeding perennial grasses. Moscow:
All-Russian Research Institute of Forages; Russian State Academy of Sciences; Moscow Agricultural Academy, 2012, 52 p.

*Konstantinova A.M., Voshchinin PA., Novoselova A.S. Methodology of perennial grasses selection. Moscow: All-Russian

Research Institute of Forage Crops, 1969, 110 p.
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precipitation ranged from 26.7 mm (October
2021) to 214 mm (July 2022).

According to the hydrothermal coefficient,
May was characterized as moderately wet
(HTC =1.5), April as wet (HTC = 1.7), October,
and June - August as excessively wet (HTC =
2.2-3.3), September as dry (HTC = 0.9).

RESULTS AND DISCUSSION

In the third-year selection nursery (F2),
39 hybrid samples of Timothy grass were
studied. Among them, the following hybrids
are considered most promising: No. 4
(NarymskayaQ x Primorskaya mestnayad'), No.
12 (Primorskaya mestnayay x Morshanskaya
693), No. 27 (Primorskaya mestnayaQ x
Narymskayad'), and No. 36 (Morshanskaya 699
x Primorskaya mestnayad).

The spring aftergrowing of Timothy grass
samples was noted on April 12-14, with tube
formation beginning from May 17 (No. 27,
Primorskaya mestnayay x Narymskayad) to
May 23 (No. 12, Primorskaya mestnayay X
Morshanskaya 697), and heading from
June 13 (No. 27, Primorskaya mestnaya®@ x
Narymskayad) to June 18 (No. 4,
NarymskayaQ x Primorskaya mestnayac)). The
vegetative period of the studied hybrids was 127-
130 days (see Table 1). The earliest maturing

was the standard (Primorskaya mestnaya) with
a vegetative period of 126 days, and the latest
maturing was hybrid sample No. 12 (130 days).

The analysis of the change in the height of
Timothy grass plants showed that at the tube
formation stage, the height varied depending on
the sample from 22.0 cm (No. 36, Morshanskaya
699 x Primorskaya mestnayad) to 29.3 cm (No.
27, Primorskaya mestnayaQ x Narymskayac).
At the harvest maturity stage, the shortest plants
were found in sample No. 36 (Morshanskaya
699 x Primorskaya mestnayad) and the standard
sample (88.4 and 88.6 cm, respectively). The
other hybrid samples exceeded the standard in
height by 4.7-8.6 cm.

The number of generative shoots is one
of the important indicators of the seed yield.
Samples No. 12 (Primorskaya mestnaya® X
Morshanskaya 697') and No. 36 (Morshanskaya
699 x Primorskaya mestnayad'), forming 19 and
21 generative shoots respectively, stood out in
this regard (see Table 1). Regarding the number
of vegetative shoots, hybrid samples No. 36
(Morshanskaya 699 x Primorskaya mestnayad)
— 94 shoots/plant and No. 4 (Narymskaya® x
Primorskaya mestnayad) — 90 shoots/plant,
had an advantage over the standard. Among the
studied hybrids, sample No. 12 (Primorskaya
mestnayay x Morshanskaya 69J) had a low

Ta6a. 1. Ilepuox Bereranuu 1 MOp(OIOrUYSCKUE TIOKA3ATENIN CEIEKIIMOHHBIX 00pa3I0B TUMO(EECBKH

nyrosoii (£,) (moces 2020 r.), 2022 .

Table 1. Growing period and morphological traits of the studied timothy accessions (F,) (planted in

2020), 2022.
Hvbrid Vegetation | Generative shoots | Number of vegetative/
Y Hybrid period, height before generative shoots, pcs/
number .
days harvesting, cm plant
4 Narymskaya @ x Primorskaya mestnaya ¢ 129 95,0 90/14
12 Primorskaya mestnaya ¢ x Morshanskaya 697 130 93,3 62/19
27 Primorskaya mestnaya ¢ x Narymskaya ¢ 127 97,2 88/15
36 Morshanskaya 699 x Primorskaya mestnaya ¢ 127 88,4 94/21
St. Primorskaya mestnaya 126 88,6 86/17
LSD,, 5,1 1,9

PactreHneBoncTBO M ceneKIus
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count. It is noteworthy that the highest total
number of vegetative and generative shoots was
formed by hybrid sample No. 36 (Morshanskaya
699 x Primorskaya mestnayad) — 115 shoots/
plant, and the lowest — No. 12 (Primorskaya
mestnayaQ x Morshanskaya 693) — 81 shoots/
plant. The total number of shoots in hybrid No.
27 (Primorskaya mestnayaQ x Narymskayad)
was on par with the standard sample — 103
shoots/plant.

Seed  productivity is an  important
economically valuable trait for any agricultural
crop. The seed productivity of the studied
hybrid samples of Timothy grass varied
from 3.95 g/plant (No. 4, Narymskayay x
Primorskaya mestnayad) to 10.0 g/plant
(No. 36, Morshanskaya 699 x Primorskaya
mestnayad). Among them, samples No. 27
(Primorskaya mestnayaQ x Narymskayad) —
8.15 g/plant and No. 36 (Morshanskaya 699 x
Primorskaya mestnayad) — 10.0 g/plant were
the most productive, exceeding the standard by
7.2-31.6% (see Fig. 3).

The seed yield significantly depends on the
weight of 1000 seeds. This indicator varied
among the samples from 0.35 to 0.53 g.
Analysis of the sowing qualities showed that
the hybrid No. 27 (Primorskaya mestnaya®
x Narymskayad') was the largest in seed size,
surpassing the standard by 0.18 g in the weight
of 1000 seeds (see Table 2).

) 10—

107

= 9

g

o

o7

%‘ 6

§ 35 3,95

g 4

o 3

B 2

v 1 p
0

Nel2 Ne27 Ne36
Hybrid sample

st No 4

Puc. 3. lIpoyKTHBHOCT CEMSTH THOPHIHBIX
00pa31oB THMO(EEBKH TyTOBOI

Fig. 3. Seed productivity of the studied timothy
hybrid accessions

Germination significantly affects the quality
of the obtained seeds. According to our data,
hybrids No. 4 (Narymskaya® X Primorskaya
mestnayad) — 98%, No. 12 (Primorskaya
mestnaya? x Morshanskaya 693) — 99%, and
the standard (Primorskaya mestnaya) — 95%
showed good germination. The seed material
of all samples met the original seeds and super-
elite in terms of germination.

CONCLUSION

Perennial grasses play an important role
in creating hayfields and pastures as they are
characterized by longevity, yield of fodder

Ta6u. 2. IloceBHbIE Ka4eCTBA CEMSH TMOPHIOB THMO(EEBKH JITOBOH (F,) B CETEKIIMOHHOM TTMTOMHHKE

(moces 2021 1), 2022 rT.

Table 2. Sowing characteristics of the studied timothy hybrids (#',) in the breeding nursery (planted in

2021), 2022
Sample Hybrid orio00 | o | Gemmion | SLEC
seeds, g standard ’ rate, %
4 Narymskaya @ x Primorskaya mestnaya 0,40 1143 68 98
12 | Primorskaya mestnaya ¢ x Morshanskaya 69¢ 0,41 117,1 73 99
27 | Primorskaya mestnaya @ x Narymskaya & 0,53 151,4 78 79
36 |Morshanskaya 699 x Primorskaya mestnaya & 0,30 85,7 81 87
St. | Primorskaya mestnaya 0,35 100 96 95
LSD,, 0,08
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mass, and high nutritional value. Among the
studied hybrids of Timothy grass, samples No.
27 (Primorskaya mestnayaQ x Narymskayad)
— 8.15 g/plant and No. 36 (Morshanskaya 699
x Primorskaya mestnayad) — 10.0 g/plant
stood out with increased seed productivity. The
highest weight of 1000 seeds was characterized
by the hybrid sample No. 27 (0.53 g). As a result
of the study of hybrid samples of Timothy grass
(F2) for a complex of economically valuable
traits, hybrid No. 27 (Primorskaya mestnaya$ x
Narymskayad') was highlighted, which will be
used in further breeding work to create a variety.
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®U3N0JIOIO-BUOXUMHNYECKAS OHEHKA YCTOMYUBOCTH
COPTOB SAAbJIOHH K ’KAPE U 3ACYXE

C<)Kucenesa I'.K., YabsinoBckas E.B., Cxaasnxo T.B., KapaBaena A.B.

Cesepo-Kaskaszckuil hedepanvhblil HayYHblL YeHMpP ca00800CMEd, BUHOZPAOAPCMEA, BUHOOENUs
Kpacuonap, Poccus

(><)e-mail: galina-kiseleva-1960@mail.ru

[IpeacraBnensl pe3ynbrarsl GU3HO0I0T0-0MOXMMHUYECKON OLIEHKH YCTOMYMBOCTH IISITH COPTOB S10710-
HH Pa3JIMUYHOTO 3KOJIOro-reorpaduaeckoro NporucxXoXkIeHHs K xKape U 3acyxe B ycinoBusix KpacHomap-
ckoro kpas. M3ydensl B Teuenune 2020-2022 rr. cnenytomue copra: MuTtepnpaiic (Amepuka), @nopuna
(®pannms), Opodeii, Mapro, barpsaen Kyoanu (Poccus). [Tokasarenu BOZHOTO peskuMa Ompeaesisuin
BECOBBIM METO/IOM TOCJIe BHICYIIMBAHMS HaBecoK B TepMocTare mpu 105 °C 10 MOCTOSIHHOM Macchl.
Conepxanne (HOTOCHHTETHYECKUX MATMEHTOB ONPENEIsUTH crekTpodoTomMeTpudecku B 85%-i1 are-
TOHOBOW BhITsDKKE. ComeprkaHne acKOpOMHOBOM KUCIIOTHI ONPEAEIISUIN METOIOM KalMJUISIPHOTO 3JIEK-
Tpodopesa. B ycIoBUsIX HANPSHKEHHOCTH CTPECCOBBIX (DaKTOPOB JIeTHEro nepuopa y coptoB Opdeit
u Mapro oOHapyxeHO HaMEHbIlIee CHIKEHHE OBOIHEHHOCTH JIMCTOBBIX TKaHed (Ha 1,32—1,45%) B
CPaBHEHUH C IpyTUMH U3ydaeMbiMu coptamu (Ha 2,40-3,27%). Y coptoB Opdeit 1 Mapro BbIsSBICHBI
HanOOJIBIINE ITOKA3aTeNN OTHOICHHS CBSI3aHHOW BOJBI K CBOOOTHOM BO BCE JIETHUE MECSIIBI, KOTOPBIE
B aBrycTe COCTaBILLIN 9,95 1 9,97 COOTBETCTBEHHO, Y APYTUX COPTOB OHU COCTABISLIN 6,54 u 7,46.
CrabuipHOE coep kaHne CyMMBI XJIOpOGHILIOB B TeueHHUe JieTa y coproB Opdeit m Mapro, a Takxke
HU3KHE OTHOIICHHWS CyMMBbI XJIOPOGHIIIOB K KApOTHHOWAAM, COCTaBJISIOINNE B aBrycte 2,65 u 2,74
COOTBETCTBEHHO B CPaBHEHHUH C JAPYTMMH n3ydaeMbIMH copTamu (3,15 u 3,46), cBUAETENBCTBYIOT O
TIOBBIIIICHHOM aJJalTUBHOCTH X JIMCTOBBIX TKaHeH. B oTBet Ha 3acyxy y coproB Opdeii u Mapro ycra-
HOBJICHO yBEJIMYCHHUE COJCPIKaHMs acCKOPOMHOBOM KHCIIOTHI B Oonblieli crenenu (B 2,02-2,58 paza) B
CpPaBHEHHH C JPyTrUMH u3ydaeMmbiMu coptamu (B 1,17-1,59 pasza). Copra Opdeit 1 Mapro nposBuiu
ce0s1 Ooyree amanTUBHBIMH JJIs1 BO3ACIBIBAaHHUS B yCiIoBHIX KpacHomapckoro kpas. OHH MOTYT OBITh
HCTIOJNIb30BaHbI B CEJIEKIINH [UIS BBIBEICHHSI HanOoJiee yCTOMUMBBIX K JKape U 3aCyXe COPTOB.

KuroueBsle cioBa: 501015, alalTUBHOCTh, OBOAHEHHOCTh, XJIOPO(UIII, KAPOTHUHOUIBI, aCKOPOH-
HOBas KHCJIOTa

PHYSIOLOGICAL AND BIOCHEMICAL EVALUATION OF RESISTANCE
TO HEAT AND DROUGHT IN APPLE VARIETIES

) Kiseleva G.K., Ulyanovskaya E.V., Skhalyaho T.V., Karavaeva A.V.

North Caucasian Federal Scientific Centre of Horticulture, Viticulture, Winemaking
Krasnodar, Russia

(<))e-mail: galina-kiseleva-1960@mail.ru

The results of physiological and biochemical evaluation of resistance to heat and drought of five
apple tree varieties of different ecological and geographical origin in the conditions of the Krasnodar
Territory are presented. The following varieties were studied during 2020-—2022: Interprise (Ameri-
ca), Florina (France), Orphey, Margo, Bagryanets Kubani (Russia). Indicators of water regime were
determined by the weight method after drying the samples in the thermostat at 105°C to constant
weight. The content of photosynthetic pigments was determined spectrophotometrically in 85% ace-
tone extract. The ascorbic acid content was determined by capillary electrophoresis. Under the con-
ditions of tension stress factors of the summer period, the varieties Orphey and Margo showed the
smallest decrease in water content of the leaf tissues (by 1.32—1.45%) in comparison with the other
studied varieties (by 2.40-3.27%). Orphey and Margo varieties showed the highest values of bound
water to free water ratio in all summer months, which in August were 9.95 and 9.97, respectively,
in other varieties they were 6.54-7.46. Stable content of the sum of chlorophylls during the summer
in the varieties Orphey and Margo, as well as low ratios of the sum of chlorophylls to carotenoids,
amounting to 2.65 and 2.74 in August, respectively, in comparison with the other studied varieties
(3.15-3.46) indicate increased adaptability of their leaf tissues. In response to drought, Orphey and
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of resistance to heat and drought in apple varieties
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Margo varieties showed an increase in ascorbic acid content to a greater extent (2.02—2.58 times)
compared to the other varieties studied (1.17—1.59 times). Orphey and Margo varieties have shown
themselves to be more adaptable for cultivation in the conditions of the Krasnodar Territory. They can
be used in breeding to develop the most heat- and drought-resistant varieties.

Keywords: apple tree, adaptability, water content, chlorophyll, carotenoids, ascorbic acid
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INTRODUCTION

Apple tree is a leading fruit crop cultivated in
the Krasnodar region. Soil and climatic condi-
tions of the region are favorable for growing ap-
ple varieties with high consumer quality fruits.
However, from the 1990s to the 2020s, there has
been an increase in the occurrence of extremely
high temperatures (above +30 °C) in the spring
and summer periods, as well as a decrease in
precipitation during critical phenophases for
apple trees: bud and flower bud differentiation,
fruit set, and growth. These adverse factors ul-
timately affect the productivity and yield of the
plants, highlighting the need for breeding apple
trees for adaptability and increased resistance to
heat and drought [1].

The apple gene pool of the North Caucasian
Federal Scientific Centre of Horticulture, Viti-
culture, Winemaking (NCFSC HVW) currently
comprises 436 samples of various ecological
and geographical origins, actively used in the
breeding work.

The use of physiological and biochemical in-
dicators to identify highly adaptive varieties of
fruit and berry, ornamental, nut and other crops
to heat and drought is widely practiced all over
the world. Parameters of water exchange, con-
tent of photosynthetic pigments, ascorbic acid,
anatomo-morphological features of leaf serve
as important criteria of drought resistance of
plants. Increased water-holding capacity of
leaves, increase in the bound form of water and

the regulatory capacity of stomata help to main-
tain water homeostasis of plants under drought.
There is evidence that drought-tolerant varieties
are characterized by smaller changes in water
content, turgor, sucking power, and pigment
composition of leaves [2-4]. It has been shown
that drought-resistant apple varieties have more
stable chlorophyll content in the leaves during
periods of insufficient water availability com-
pared to susceptible ones [5]. In hazelnut leaves,
chlorophyll content decreased, and carotenoid
content doubled under increased air tempera-
ture and lack of precipitation [2]. Significant
progress has been made in identifying the genes
whose expression increases during water stress
and transcription factors involved in regulating
response reactions to drought in apple trees [6].
Despite molecular-genetic achievements in the
breeding process, physiological-biochemical re-
search remains relevant.

The purpose of the study is to assess the
drought and high-temperature resistance of ap-
ple varieties of different ecological and geo-
graphical origins using physiological-biochem-
ical indicators, to identify varieties with high
adaptive resistance for cultivation in the Kras-
nodar region, and for use in breeding.

MATERIAL AND METHODS

The research was conducted from 2020 to
2022 at the genetic collection center of the
“North Caucasian Federal Scientific Centre of
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Horticulture, Viticulture, Winemaking” (NCFSC
HVW), located at the Central Agricultural Pro-
duction Cooperative (Krasnodar city). The re-
search subjects were apple varieties of various
ecological and geographical origins — Enterprise
(America), Florina (France), Orphey, Margo,
and Bagryanets Kubani (breeds from the North
Caucasian Zonal Research Institute of Horticul-
ture and Viticulture, Russia). All varieties were
planted on SK2 rootstock in 2013 and arranged
in a 4x1.2m planting scheme. The Orphey vari-
ety was used as a control.

Physiologically mature leaves were collected
from the middle part of one-year-old shoots (7th
to 9th leaf from the base of the shoot) in the mid-
dle canopy layer, evenly around its circumfer-
ence. The studies were conducted in triplicate on
ten leaves of each variety. Water regime indica-
tors were determined by the weight method after
drying the samples in a thermostat at 105 °C to
constant weight. The content of free and bound
water in the leaves was determined refractomet-
rically'. The content of photosynthetic pigments
was determined in an 85% acetone extract us-
ing a Unico 2800 spectrophotometer (United
Products & Instruments, USA)?. The content of
ascorbic acid was determined by capillary elec-
trophoresis on a Capel 104R instrument accord-
ing to the method based on obtaining electro-
pherograms using direct detection of absorbing
components of the sample’.

Measurements were made in triplicate ana-
lytical repetitions. Calculations were performed
using Microsoft Excel 2010 software. The least
significant difference between the analyzed indi-
cators at the 95% confidence level (LSDO0.5) was
evaluated, and the arithmetic mean and standard
deviation were calculated®.

Meteorological conditions varied over the
years of the study. In 2020, July was the hottest
month, with maximum air temperatures reach-

ing +38.4 °C (4.1 °C above the average multi-
year values), and August was the driest month
(precipitation — 10.7 mm). In 2021, the maxi-
mum air temperature in July reached +37.7 °C
(3.4 °C above the average multi-year values),
with 28.4 mm of precipitation in July and 75 mm
in August. In 2022, the maximum air tempera-
tures in June and July reached +35.3 °C. June
was characterized by increased precipitation
(161 mm) compared to July and August, with
62.6 and 91.2 mm of precipitation, respectively.

RESULTS AND DISCUSSION

Water is one of the significant ecological fac-
tors ensuring the growth, photosynthesis, min-
eral nutrition, and other physiological processes
in apple trees. Literature pays great attention to
apple tree water regime parameters in connec-
tion with the issue of resistance to high tempera-
tures and lack of precipitation. The degree of
hydration of plant tissues and the relative water
content serve as important indicators of plant
resistance to drought. According to research by
Z.E. Ozherelieva et al. [7], stable leaf hydration
in apple trees during the summer indicates great-
er drought resistance. During vegetation, the wa-
ter content in apple leaves gradually decreases
from 74% at the beginning to 57% at the end.

In our studies, the average leaf tissue hydra-
tion of the studied apple varieties in June was
62.95-64.23%, and in July — 61.59-63.53%, as
indicated in the table.

In August, there was a further decrease in
leaf tissue hydration to 60.55-62.62% in all the
studied varieties. It was found that by the end of
summer, the leaf hydration decreased the least in
the Orphey (by 1.45%) and Margo (by 1.32%)
varieties. The other varieties showed a slight de-
crease — by 2.40-3.27%.

The ability of plant tissues to retain water is
characterized by the state of water, convention-

'Kushnirenko M.D., Pecherskaya S.N. Physiology of water exchange and drought resistance of plants. Kishinev: Shtiyintsa, 1991,

306 p.

*Gavrilenko V.F, Ladygina M.E., Khandobina L.M. Large workshop on plant physiology. Moscow: Higher Education School,

1975, 392 p.

3Yakuba Y.F, Ilyina I.A., Zakharova M.V., Lifar G.V. Methodology for determining the mass concentration of ascorbic, chlorogenic
and caffeic acids in shoots and leaves of fruit crops and grapes using capillary electrophoresis / Modern instrumental and analytical
methods of research of fruit crops and grapes. Krasnodar: SKZNIISiV, 2015, pp. 68-73.

*Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). 5th edition,

revised and supplemented. Moscow: Alliance, 2014, 351 p.
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ally divided into free and bound forms. The free
form of water is involved only in metabolism,
while the bound form of water maintains the
water-retaining capacity of the cell and plays a
significant role in plant resistance to unfavorable
conditions. In summer, the fractional composi-
tion of water in the leaves depends on climatic
conditions: less precipitation and high air tem-
perature lead to a decrease in the proportion of
free water and an increase in the proportion of
bound water. A high ratio of bound water to free
water indicated high drought resistance in vari-
eties of delicate actinidia and red currant [2, 3].

In our research, the content of bound water in
apple leaves increased towards the end of sum-
mer as the heat and drought intensified. Thus, in
June, the ratio of bound water to free water was
0.96-1.46, in July — 2.75-5.21, and in August
— 6.54-9.95. The Orphey and Margo varieties,
identified as highly resistant, consistently had
the highest ratios of bound water to free water
throughout the summer months.

Elevated temperatures and lack of rainfall
can reduce the functional activity of the leaves
and the activity of photosynthetic processes, pri-
marily in susceptible plants. This reflects on the
content of leaf pigments — chlorophyll and carot-
enoids. Under drought conditions, the total chlo-
rophyll content in the leaves of two olive tree
varieties decreased by 29 and 42%, respectively,
compared to the control [8].

In our studies in June, the content of total
chlorophylls (a + b) in the studied apple varieties
depended on varietal characteristics and ranged
from 5.81 to 7.04 mg/g dry weight. During the

summer, under the influence of stress factors of
the summer vegetation period, the chlorophyll
content varied in different varieties and in Au-
gust was 4.99-6.98 mg/g dry weight. The most
stable chlorophyll content was in the Orphey
and Margo varieties, indicating the increased
adaptability of their leaf tissues (see Fig. 1).

Excessive sunlight can dehydrate and dam-
age the plant leaves. Carotenoids perform a
photoprotective function against excessive illu-
mination, and an increase in their proportion in
the pigment complex indicates increased stress
resistance of the variety. Numerous studies on
fruit and other crops have shown that the Chl/
Car (chlorophyll/carotenoids) ratio decreased
under conditions of drought, increased insola-
tion, and also as the leaf aged [2-5, 9, 10].

In our studies, the content of carotenoids in
June was 1.52-2.18 mg/g dry weight depending
on the variety. During the summer, the carot-
enoid content tended to increase, and in August
it was 1.58-2.54 mg/g dry weight (see Fig. 2).

Due to the increased proportion of carot-
enoids in the leaf pigment composition, the Chl/
Car ratio also decreased by the end of summer
in all varieties. For example, in June, the maxi-
mum value of this indicator was 4.05 in the En-
terprise variety, and in August, it was 3.46 in the
Enterprise and Florina varieties. It was found
that in the Orphey and Margo varieties, the Chl/
Car indicators were minimal, and in August they
were 2.65 and 2.74, respectively, unlike the oth-
er studied varieties, where this ratio varied from
3.15 to 3.46. Based on these data, the Orphey
and Margo varieties were identified as highly re-
sistant to heat and drought.

[Toka3zarenu BOJIHOTO pexUMa JIMCTheB si00HU Jietom 2020-2022 T
Indicators of the water regime of apple leaves in the summer 2020-2022

) Water content, % Ratio of bound water to free water
Variety
June July August June July August
Interprise 62,95+0,38 | 61,59+0,89 | 60,55+ 1,15 0,96 + 0,05 2,75+0,13 6,87 £0,31
Florina 63,55+ 0,51 | 62,81+0,13 | 60,82+ 0,43 1,02 £0,24 3,01 £0,02 6,54 +£ 0,24
Orphey 64,07+049 | 63,11+0,82 | 62,62=044 | 1:A6E0,03 | 521005 | 995+0,52
Margo 64,23 +0,18 | 63,53+0,30 | 62,91+ 1,38 1,28 +£0,24 4,53 £ 0,02 9,75+ 0,63
Bagryanets Kubani 64,13 +0,60 | 63,18+0,36 | 60,86+ 0,38 0,98 +£0,15 2,98 +£0,11 7,46 £0,11
LSD, 1,57 2,43 1,27 1,82 0,43 0,22
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Fig. 1. Dynamics of chlorophyll content in apple leaves in the summer period 2020-2022 (mean values).

LSD,: June — 1.31, July — 1.50, August — 0.82

It is known that ascorbic acid (AA) actively
participates in water exchange and photosynthe-
sis due to its ability to be reversibly oxidized and
reduced, and it is also recognized as an antiox-
idant [11]. Under its influence, the intensity of
transpiration increased in wheat under drought
conditions [12]. In grape plants, AA, as a com-
ponent of the protective antioxidant system,

is activated at high positive temperatures and
during drought [13].

In our studies, the content of ascorbic acid in
June was 1.38-2.64 ng/g fresh weight. During
the summer, its content increased, and in August
it was 2.20—4.12 ng/g fresh weight. It was found
that in the Orphey and Margo varieties, the con-
tent of ascorbic acid increased more significant-
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values). LSD ,: June — 0.13, July — 0.11, August - 0.29

ly under the stressors of the summer period — by
2.02-2.58 times compared to other studied vari-
eties, in which this increase was 1.17—-1.59 times
(see Fig. 3).

A similar effect was observed in tea leaves in
July and August, when the AA content increased
as the plants adapted to extremely high tempera-
tures and drought’.

CONCLUSIONS

As a result of the assessment of five apple
varieties of various ecological and geographi-
cal origins for heat and drought resistance, the
domestically bred Orphey and Margo varieties
were identified as highly resistant based on the
identified physiological and biochemical charac-
teristics of the leaf:

— the least decrease in the water content of
leaf tissues (by 1.32—1.45%) compared to other
studied varieties, which had a decrease of 2.40—
3.27%;

— the highest indicators of the ratio of bound
water to free water throughout the summer

SPlatonova N.B. Dynamics of ascorbic acid content in fresh lea
subtropics of Russia // Plant physiology - the basis for creating plan

months, which in August were 9.95 and 9.97,
respectively, while in other varieties they were
6.54-7.46;

— stable content of total chlorophylls during
the summer, indicating the increased adaptabili-
ty of leaf tissues;

— a low ratio of total chlorophylls to carot-
enoids, which was 2.65 and 2.74 in August, re-
spectively, compared to other studied varieties,
where it varied from 3.15 to 3.46;

— an increase in ascorbic acid content to a
greater degree (by 2.02-2.58 times) compared
to other studied varieties, which had an increase
of 1.17-1.59 times.

The Orphey and Margo varieties proved to be
more adaptive for cultivation in the Krasnodar
Territory conditions. They can be used in breed-
ing to produce varieties that are more resistant to
heat and drought.
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NEPCHEKTUBHBIE ®YHTUIIUIBI 1JI51 SAIIIUTHI APOBOT'O PAIICA
OT CEMEHHOM MH®EKIINMU U KOPHEBBIX THUJIEH HA CEBEPO-3AIIAJIE
POCCUHNCKOH ®EJEPALIUN

D 1Inanes A.M., I'acuu E.JL.

Bcepoccuiickuti Hay4HO-uccie0o8amenbCKuil UHCIMUMYm 3auumsl pacmeHutl
Cankr-IletepOypr, Poccust

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

[Ipencrasiensl pe3ynbraThl W3ydeHHs: dPGEKTHBHOCTH HOBBIX (YHTHIIMIOB, MPEAHA3HAYCHHBIX
JUIs1 3aLIUTHI SIPOBOTO parca 0T CEMEHHOW MH(EKIUHU U KOPHEBBIX THUICH IMyTeM 00pabOTKU HOCEB-
HOT'0 Marepuaia, B IpUpOJHO-KINMaTHYeckux ycaoBusx Cesepo-3anana Poccuiickoit @enepanuu. B
MOCIIeTHIE TObl IIPOU3O0IILIO CYIIECTBEHHOE YBEIMUCHUE MIOCEBHBIX TUIOMIAICH SIPOBOTO parca B pe-
ruoHe. OHOBPEMEHHO € 3THM HaMETWJIACh TEHACHIUS K YXYAIEHUIO (PUTOCAHUTAPHOTO COCTOSHUS
MOCEBOB JJAHHOW KYNBTYphI. B ycnoBusix Hakomenus nHGeKun QyHTruuaHas oopadoTka cemsiH Oy-
neT Bce boiee BocTpeboBaHHOM. [1o pesynbraraM ucciegoBaHuil ONpeiesieHo, YTO HOBbIE MTPeraparsl
Tupana, CK (mopma pacxona 2,0 u 3,0 n/T), Burapoc, BCK (3,0; 4,0 u 6,0 n/t) u Cunkinep, CK (1,3
u 1,6 11/T) sBnsitoTcs 6osee d3PPEeKTUBHBIMU JUI CHIDKEHHsI ceMeHHOU nHbekuuu (Alternaria spp. —
86,6-94.9; 93,2-96,6; 91,7-100% cooTBeTCTBEHHO; TIIeCHEBBIE TPUOBI — 86,7-93,4; 90,9-96,6; 73,5—
78,6%) m pa3BUTHSI KOpPHEBBIX THUIIEH ((a3a GopMHUPOBaHUS YETHIPEX HACTOSALIMX JHUCThEB — 37,7—
56,7; 27,2-52,3; 31,7-72,7%; daza credonesanus — 13,4-41,2; 17,9-29,0; 17,9-50,4%), uem npume-
Hsiemble B peruoHe Gpynrunuapl Ckapier, MO u Penyt, KC. O6pabotka cemsin parica GyHrunuaamMu
CII0COOCTBOBAJIA POCTY YPOXKAHHOCTH KYJIBTYPBbI, KOTOpasi B 3aBUCUMOCTH OT IIpenapaTra 1 HOPMbI €ro
pacxona okazanachk Ha 3,0-50,0% BbImie, ueM B koHTpose. [lomydueHHbIE IO pe3yapTaTtaM OIBITOB M0-
KazaTel OMOJIOrMYECKOM M XO3IHCTBEHHON 3 (EKTUBHOCTH CBUAETEIILCTBYIOT O 3HAUUTEIIBHBIX IIEP-
CIEKTUBAaX MCIIOJIb30BaHMsI HOBBIX (DYHTHUIIMIOB B 3aLUTE SPOBOTO parica OT CEMEHHOW U MIOUYBEHHOM
WHQEKIHUU TyTeM 00paboTKH MOCEBHOTO MaTepHalia B yCIOBUSAX CeBepo-3anaHoi yactu Poccun.

KiroueBble c10Ba: spoBoii parc, ceMeHHasi HHQEKIHs, KOpHEBbIE THUIN, 00paboTKa ceMsiH, QyH-
TUITUABI, Onoorudeckas 3¢ dekTuBHOCTh, CeBepo-3aman PO

PROMISING FUNGICIDES FOR PROTECTING SPRING RAPE AGAINST SEED
INFECTION AND ROOT ROTS IN THE NORTH-WEST OF THE RUSSIAN
FEDERATION

(<)Shpanev A.M., Gasich E.L.
All-Russian Institute of Plant Protection
Saint Petersburg, Russia

(<De-mail: ashpanev@mail.ru

The results of studying the effectiveness of new fungicides designed to protect spring rape from
seed infection and root rot by treatment of the seed material in natural-climatic conditions of the
North-West of the Russian Federation are presented. In recent years, there has been a significant
increase in the area sown to spring rape in the region. At the same time, a trend towards deteriora-
tion of the crop’s phytosanitary condition has been observed. With the accumulation of the infection,
fungicide seed treatment will be increasingly required. Based on the results of the research, it has
been determined that the new preparations Tirada, SC (application rate 2.0 and 3.0 1/t), Vitaros, WSC
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Promising fungicides for protecting spring rape against
seed infection and root rots in the North-West
of the Russian Federation

Shpanev A.M., Gasich E.L.

(3.0; 4.0 and 6.0 1/t) and Sinkler, SC (1.3 and 1.6 1/t) are more effective in reducing the seed infection
(Alternaria spp. — 86.6-94.9; 93.2-96.6; 91.7-100%, respectively; mold fungi — 86.7-93.4; 90.9-96.6;
73.5-78.6%) and root rot development (four true leaves formation phase — 37.7-56.7; 27.2-52.3;
31.7-72.7%; stemming phase — 13.4-41.2; 17.9-29.0; 17.9-50.4%) than Scarlet, ME and Redut, SC
fungicides used in the region. Treatment of the rape seeds with fungicides contributed to the growth
of the crop yield, which depending on the preparation and its consumption rate was 3.0-50.0% higher
than in the control. The indices of the biological and economic efficiency obtained according to the
results of the experiments testify to the significant prospects of using new fungicides in the protection
of spring rape from seed and soil infection by treatment of the sowing material in the conditions of the

north-western part of Russia.

Keywords: spring rapeseed, seed infection, root rots, seed treatment, fungicides, biological effec-

tiveness, North-West of the Russian Federation
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INTRODUCTION

Today rapeseed is the most dynamically
spreading crop on the territory of Russia. The
main rapeseed acreage is located in the Siberian
Federal District, the Volga, Central, Volga-Vyat-
ka and Ural districts are also among the top five
[1]. The North-Western region by its natural and
climatic conditions is favorable for rapeseed cul-
tivation, but until recently the sown areas of this
crop here were extremely small and were limited
exclusively to the Kaliningrad region, where the
winter form prevails. Since 2016, there has been
a noticeable increase in the sown areas of spring
rape mainly due to the Pskov, Novgorod and
Leningrad regions [2]. Against the background
of significant expansion of the cultivated areas,
there has been a significant deterioration of phy-
tosanitary condition of crops, which manifested
in the growth of cases of mass reproduction of
pests and epiphytotic development of diseases
[3]. Taking into account the emerging tense phy-
tosanitary situation, the implementation of pro-
tective measures becomes especially demanded,
as well as the studies to assess the effectiveness
of new preparations for the protection of rape
from pests, diseases and weeds.

The integrated system of spring rape pro-
tection from pests includes pre-sowing seed
treatment with insecticidal, insecto-fungicidal
or only fungicidal preparations [4, 5]. Taking
into account the peculiarities of phytosanitary
situation treatment of seed material with fungi-
cides is currently not mandatory. However, in
the conditions of the emerging trends towards a
significant expansion of the sown areas and the
emergence of more and more farms practicing
long-term cultivation of spring and even winter
rape, fungicide treatment of seeds will be more
and more in demand. Its main purpose is associ-
ated with the provision of quality protection of
seedlings and young plants of spring rape from
pathogens present on the seeds and in the soil
[6]. This technique contributes to the increase of
field germination, density of productive plants
and, as a consequence, the formation of higher
yields, which is confirmed by numerous data
from different zones of cultivation of the crop
[7-9].

The purpose of the study is to evaluate the
effectiveness of new fungicides designed to pro-
tect spring rape from seed infection and root rots
by treatment of seed material, in natural-climat-
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ic conditions of the North-West of the Russian
Federation.

MATERIAL AND METHODS

The research was conducted in 2019-2021
both in laboratory and field conditions. The ob-
ject of study were new fungicidal preparations
for rape seed treatment, created by the special-
ists of the company “August”. These prepara-
tions have different active substances in their
composition: Tirada, SC (400 g/l thiram + 30
g/l dipheno-conazole; consumption rate 2.0 and
3.0 1/t), Vitaros, WSC (198 g/l carboxin + 198
g/1 thiram; rate 3.0, 4.0 and 6.0 1/t), Sinkler, SC
(75 g/l fludioxonil; rate 1.3 and 1.6 I/t). Scarlet,
ME (100 g/l imazalil + 60 g/l tebuconazole) and
Redut, SC (60 g/l tebuconazole) at rates of 0.4
and 0.5 L/t, respectively, were used as reference
formulations currently used on spring rape. Seed
treatment was carried out at a working fluid con-
sumption of 10.0 I/t. The control in the experi-
ments was a variant in which no fungicide treat-
ment of seeds was provided.

The effect of rape seed treatment with fun-
gicides on the presence of seed infection was
determined in laboratory conditions. To deter-
mine the infection of seeds with pathogens, the
nutrient media technique was used'. Each vari-
ant consisted of 100 seeds placed in Petri dishes
with 10 pieces in tenfold repetition.

Field studies were conducted at the bio-
polygon of the Menkovskaja branch of the Ag-
rophysical Research Institute, located in the
Gatchina district of the Leningrad region. The
soil of the experimental fields of the test site was
soddy-weak podzolic sandy loam, arable layer
thickness - 23 ¢cm, pH, , = 4.6, humus content
(according to Tyurin) - 1.9%, mobile compounds
of phosphorus and potassium (according to Kir-
sanov) - 257 and 92 mg/kg, respectively.

The methodological basis was the recommen-
dations for assessing the effectiveness of fungi-
cides in seed treatment?. The size of the plots in
the experiments was 2 m?, placement was ran-

domized, repetition was fourfold. Soil prepara-
tion consisted of autumn plowing, cultivation,
pre- and post-sowing rolling. Sowing was car-
ried out manually at the rate of 8 kg of seed/ha.
Assumed density of 120 plants/m?. Crop care
measures included background treatments with
insecticides and herbicides. Monitoring of root
rot development was conducted twice: in the
phase of formation of four true leaves and the
phase of stemming. In both cases, at least 50
plants from each plot were subject to inspection.
The intensity of root rot lesions on each plant
was determined. To assess the level of lesion, a
point scale was used, according to which 1 point
corresponded to a weak lesion (brown stripes
were noticeable on the root), 2 points - to a me-
dium lesion (the root began to form a tangle),
3 points - to a strong lesion (the tangle covered
more than half of the root), and 4 points - to the
death of the plant.

Biological efficiency of rape seed treatment
with fungicides was calculated using the Abbott
formula (see footnote 2).

The yield was measured at the phase of full
ripeness by cutting plants from 1 m? of each plot
and threshing in laboratory conditions. The den-
sity of productive and unproductive plants, to-
tal seed weight, seed weight per plant, and 1000
seed weight were determined.

Statistical processing of the data was carried
out with the help of Statistica 6.0 program and
consisted in the application of dispersion analy-
sis to detect reliable differences in the manifesta-
tion of diseases and the emerging yield of spring
rape between the variants of the experiments.

RESULTS AND DISCUSSION

Phytoexamination of the seeds revealed the
presence of fungi of the genus Alternaria, as
well as Penicillium spp., Aspergillus spp., Clad-
osporium spp. and Mucor spp. causing mold.
Indicators of seed infestation on the control not
treated with fungicides indicate that the evalua-
tion of drug efficacy was carried out under the

!GOST 12044-93. Interstate standard. Seeds of agricultural crops. Methods of determination of disease infestation. Moscow,

1993, 58 p.

*Methodical guidelines for registration tests of fungicides in agriculture. St. Petersburg: Publishing house of the All-Russian

Research Institute of Plant Protection, 2009, 378 p.
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conditions of weak, moderate and strong infec-
tious load. Thus, the infection of seeds with A/-
ternaria spp. fungi varied by years from 6.0 to
59.0%, mold fungi - from 12.0 to 98.0%.

According to the results of phytoexpertise,
it was determined that the preparations Scarlet,
ME and Redut, SC used as standards provided
reliable protection only against Alternaria fun-
gi: reduction of seed infestation amounted to
91.5-100.0 and 85.7-100.0%, respectively. The
protective effect against mold fungi was much
weaker: 50.0-90.0 and 41.8-50.0% (see Table 1).

Compared to the reference preparations, the
new fungicides demonstrated similar efficacy
against Alternaria spp. fungi and higher efficacy
against mold fungi. Reduction of seed infection
by Alternaria fungi in the variant with treatment
with Tirada, SC according to averaged two-year
test data depending on the rate of consumption
was 86.6-94.9%, by mold fungi - 86.7-93.4%,
in treatment with Vitaros, WSC - 93.2- 96.6 and
90.9-96.6%, Sinkler, SC - 91.7-100.0 and 73.5-
78.6%. It should be noted that the effectiveness
of the dressing agents increased with the reduc-
tion of the infection load.

The process of seed infection development in
different variants of the experiment is presented
in Fig. 1.

Root rot is manifested on seedlings and young
plants of spring rape in the form of darkening

and thinning of the stem in the area of the root
neck (see Fig. 2). In case of severe lesions, roots
die off, plants lag behind in development, have
chlorotic or anthocyanin coloration of leaves
and may die [10, 11]. The disease is caused both
by one species and a whole complex of spe-
cies of micromycetes. In the Leningrad Region,
plants are more often affected by Rhizoctonia
solani J.G. Kiihn. as well as by Fusarium spp.
(F. ave-naceum, F. equiseti, F. oxysporum, etc.)
and Pythium spp. Root rot is sometimes caused
by the infection of roots and root neck by my-
celium developed from sclerotia of Sclerotinia
sclerotiorum (Libert) de Bary in the soil. In our
experiments, fungi of the genus Fusarium were
most often isolated in pure culture.

The efficiency of fungicide treatment of rape
seed was evaluated in the absence of Fusarium
fungi on seeds, against the background of weak
and moderate development of root rot, caused
exclusively by soil infection. In the control vari-
ant in the phase of formation of four true leaves,
the proportion of plants affected by root rot var-
ied by years within the limits of 5.4-11.5%, in
the shooting stage- 9.9-13.4%.

The efficiency of the reference preparations
Scarlet, ME and Redut, SC in rape protection
against root rots was low and did not exceed
31.0% in both phases. Higher indicators were
observed in new preparations. Reduction of root

Taoxa. 1. buonornueckas 3¢pGeKTUBHOCTD (YHTUIMIOB IPOTUB CEMEHHON MH(EKINH pu 00paboTke

CCMsH SPOBOTO parica

Table 1. Biological efficiency of fungicides against seed infection in the treatment of spring rape seeds

Reduction of infestation relative to the control, %
. 2019 2020 2021
E . . Consumption
Xxperiment option te. It

rate, Alternaria M . | Alternaria . | Alternaria Mold
old fungi Mold fungi .
spp- spp- spp- fungi

Tirada, SC 2,0 89,8 90,0 83,3 83,3 — —

3,0 89.8 95,0 100,0 91,7 — —

Vitaros, WSC 3,0 86,4 90,0 100,0 91,7 — —

4,0 93,2 95,0 100,0 91,7 — —

6,0 93,2 100,0 100,0 100,0 — —
Sinkler, SC 1,3 — — 83,3 100,0 100,0 46,9
1,6 — — 100,0 100,0 100,0 57,1

Scarlet, ME 0,4 91,5 90,0 100,0 50,0 — —
Redut, SC 0,5 — — 100,0 50,0 85,7 41,8
Without treatment (control)* - 59,0 20,0 6,0 12,0 7,0 98,0

* Actual values of seed infestation, %.
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Puc. 1. lTposieienne nHQEKIMH HA CEMEHAX SIPOBOTO parica B BapuaHTax 0e3 00paboTku u ¢ 00paboTKOH

byHTUIIIAMH:

a, 6 — Tupana, CK (nopma pacxona 2,0 u 3,0 11/1); 6, e — Cunkiep, CK (1,3 u 1,6 51/1); 2, 0 — Burapoc, BCK (3,0 u
6,0 11/1); orc — Crapiret, M3 (0,4 11/1); 3 — Penyr, KC (0,5 11/1); 1 — KOHTpOIJIB

Fig. 1. The manifestation of infection on spring rape seeds in the variants without treatment and with seed

treatment with fungicides:

a, 6 — Tirada, SK (2.0 and 3.0 1/t); 6, e — Sinclair, SK (1.3 and 1.6 1/t); 2, 0 — Vitaros, VSK (3.0 and 6.0 1/t); o«c — Scar-

let, ME (0.4 1/t); 3 — Redout, KS (0.5 1/t); u — control

rot infestation in the phase of formation of four
true leaves in the variant with seed treatment
with Tirada, SC according to averaged two-year
data depending on the rate of consumption was
37.7-56.7%, in the shooting phase - 13.4-41.2%,
in case of treatment with Vitaros, WSC - 27.2-
52.3 and 17.9-29.0%, Sinkler, SC - 31.7-72.7
and 17.9-50.4%. It should be noted that in all
cases the best result was observed at higher

rates of consumption of preparations. The effec-
tiveness of dressing agents decreased with the
growth and development of plants, which can be
seen when comparing the data of root rot devel-
opment in both phases (see Table 2).

Seed treatment with fungicides also con-
tributed to the growth of the rapeseed yield by
3.0-50.0% relative to the control. The increase
in yield (by 14.0% according to the averaged
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Fig. 2. Root rot affected (@) and not affected (6) spring rape plants

64  Siberian Herald of Agricultural Science ¢ 2023 ¢ 53 « 8 Plant protection



IepcriekTrBHBIE HYHIHUIMIBI [UTS 3AIUTHI IPOBOTO parica
OT CeMEHHOM MH(EKIMHI 1 KOPHEBBIX IHIUJICH
Ha Cesepo-3amnaze Poccuiickoit ®eneparyn

IIInaneB A.M., I'acuu E.JI.

Taoa. 2. buonornueckas 3¢pGeKTUBHOCTD GYHTUIUIOB MPOTUB KOPHEBBIX FHUJICH IPU 00paboTKe ceMsiH

SIPOBOTO parca

Table 2. Biological efficiency of fungicides against root rot in the treatment of spring rape seeds

Reduction of root rot development relative to the control, %
, , Consump- 2019 2020 2021
Experiment option tion rate, -
It Formation of Shoot- Formation Shoot- Formation of Shoot-
. of four true . .
four true leaves ing | ing four true leaves ing
eaves
Tirada, SC 2,0 36,2 12,6 39,2 14,2 — -
3,0 45,7 41,4 67,6 41,0 — -
Vitaros, WSC 3,0 29,6 21,2 24,7 14,5 - -
4,0 41,7 23,2 37,0 31,8 - -
6,0 53,9 253 50,6 32,7 - -
Sinkler, SC 1,3 - — 39,2 14,2 24,1 21,5
1,6 - - 67,6 41,0 77,8 59,8
Scarlet, ME 0,4 252 313 6,8 15,7 - -
Redut, SC 0,5 - - 29.6 5.6 18,5 16.8
Without treatment (control)* - 11,5 9,9 7,4 13,4 5,4 10,7

*Factual values of root rot development, %.

data of the experiments) was mainly due to such
an element of the yield structure as seed weight
per plant, to a lesser extent - due to the density
of productive plants (by 8.0%) and 1000 seeds
weight (by 7.0%).

The highest safety of the rapeseed yield was
observed in 2021 in the variants with the use of
Sinkler, SC in conditions of heavy infestation of
seed with mold fungi, which led to a decrease
in the density of total and productive stalks. In
this case, according to the results obtained, the
preparation-ethalon Redut, SC was inferior in
economic efficiency to the new fungicide Sin-
kler, SC depending on the rate of consumption
of the latter in 1.2-1.4 times. In 2020, reliable
differences in yields were observed only be-
tween the variants with application of fungicides
Sinkler, SC at a rate of 1.6 I/ha and Redut, SC
- 64.1 and 56.3 g/m?, respectively (see Table 3).
During two years of experiments, higher indica-
tors of economic efficiency, in comparison with
the reference preparation Scarlet, ME, were ob-
served when the seeds were treated with the new
fungicide Vitaros, WSC at concentrations of 4.0
and 6.0 I/t. The smallest economic effect was ob-
tained when the seeds were treated with Tirada,
SC. In this case, there were no reliable differenc-

es in yield of spring rape seeds not only with the
standard, but also with the control.

CONCLUSIONS

1. In the process of research in natural-cli-
matic conditions of North-West Russia, high ef-
ficiency of new fungicides application for pro-
tection of spring rape seeds from seed infection
and average efficiency in relation to root rots of
fusarium etiology was confirmed. At the same
time, as a result of the use of new preparations, a
higher level of reduction of disease development
was observed than in variants with already au-
thorized fungicides Scarlet, ME and Redut, SC.
The value of the preserved yield when treated
with Tirada, SC (consumption of 2.0 and 3.0 I/t)
according to the averaged data for two years was
5.1 and 13.0 g/m? (5.0 and 10.0%), when treated
with Vitaros, WSC (consumption of 3.0; 4.0 and
6.0 1/t) - 8.3; 20.5 and 22.5 g/m? (9.0; 25.0 and
27.0%), Sinkler, SC (1.3 and 1.6 I/t) - 7.6 and
14.0 g/m? (24.0 and 42.0%), respectively.

2. The obtained indicators of biological and
economic efficiency indicate great prospects for
the use of new fungicides in the protection of
spring rape from seed and soil infection by treat-
ment of seed material in the North-West of the
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Tao6xa. 3. Bausaue o0paboTku ceMeHHOro Marepuajia QyHIHUIUAaMHI Ha YPOXKaHHOCTD SIPOBOTO parica
Table 3. Effect of seed treatment with fungicides on spring rape yields

2019 2020 2021
Experiment option Consumption
P P rate, 1/t Jm? % to the m? % to the m? % to the
gm control gm control gm control
Tirada, SC 2,0 159,4 105,0 85,8 104,0 — —
3,0 172,8 113,0 88,2 107,0 — —
Scarlet, ME 0.4 180,6 118,0 84,9 103,0 — -
Without treatment (control) - 152,5 100,0 82,5 100,0 - -
LSD,, 24,5 17,1
Vitaros, WSC 3,0 134,3 109,0 70,9 109,0 — —
4,0 142,6 115,0 87,0 134,0 — -
6,0 144,2 117,0 89,4 137,0 — —
Scarlet, ME 0,4 136,8 111,0 72,2 111,0 - -
Without treatment (control) - 123,6 100,0 65,1 100,0 - -
LSD,; 19,3 15,5
Sinkler, SC 1,3 — — 55,6 115,0 31,9 132,0
1,6 — — 64,1 133,0 36,2 150,0
Redut, SC 0,5 — — 56,3 117,0 25,8 107,0
Without treatment (control) - - — 483 100,0 24,1 100,0
LSD,, — 7,8 5,9

Russian Federation. Registration of the fungi-
cides Tirada, SC, Vitaros, WSC and Sinkler, SC

as preparations authorized for rapeseed treatment 7.
will open up opportunities for their widespread
use, especially in demand in the conditions of
the predicted deterioration of phytopathological
situation.
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KJIOIIBI COREUS MARGINATUS ORIENTALIS KIR. U MOLIPTERYX FULIGINOSA
UHL. (HETEROPTERA, COREIDAE) — BPEIUTEJIN KYJIBTYPHBIX PO30BbIX
(ROSACEAE) B ITIPUMOPCKOM KPAE

C<)MapxoBa T.0O., Macios M.B.

Deodepanvhblil HAYUHBIL YeHmpP OuopasHoodbpasus Hazemuou buomol Bocmounoi Asuu
Jlanvuesocmounoco omoenenus Poccutickotl akademuu HayK

BnamuBocrok, Poccus

(<XDe-mail: martania@mail.ru

[MpuBeneHs! cBeIeHNS 0 OMoNOrHK U dKonorun kionos Coreus marginatus orientalis v Molipteryx
fuliginosa (Heteroptera, Coreidae), kotopsie 3a nocieanue 10 et craau cepbe3HbIMU BPEAUTEIISIMU B
aHTpPOIIO- U arpoleHo3ax fora Jlamesaero Bocroka Poccun. 1lens nuccnemoBanus — 0000ITUTH TaHHBIE
HaOMIOACHUH 33 STUMHU BUIAMHU KaK BPEAUTEIIIMH KynbTypHBIX Po30oBbix B [IpuMopckom kpae. Hccne-
JOBaHMsI IPOBOAWIHN C Mas 110 OKTAOps 2007—2022 rr.: ocymecTBisuin cOOp Marepuaia MoIyKeCTKO-
KPBUIBIX, HAOMIOIEHHS B €CTECTBEHHBIX MECTOOOUTAHMSAX U CTALIHOHAPHBIX ycIoBUsX. M. fuliginosa
OTMEUYEH Ha OKYJBTYPEHHBIX TEPPUTOPUSIX YCCYpPHHCKOTO TOPOACKOrO OKpyra Ha Rosa acicularis,
R. rugosa, R. davurica, Rubus komarovii, R. crataegifolius, uCIiojib3yeMbIX B 03¢JICHEHUH. 3a(UKCH-
POBaHbI Cllyyay IMTaHUS KJIOIOB, BEICACHIBAHUS COKA U3 BET€TaTUBHBIX YacTEH paCTEHUH U COILIONUII.
C. m. orientalis 0OHapy>XeH Ha puycageOHbIX ydyacTkax B UyryeBckoM, OKTSOphCKOM, XaHKaiCKOM
paiioHax u YccypuiickoMm ropoackom okpyre. Cobpan Ha Kyctax Rubus idaeus, R. caesius, KOTOpbIe
ABJISIFOTCSL 0OmMMU oObekTamu tutanus aist C. m. orientalis w M. fuliginosa. Ha KyasTHBHpYEMBIX
pacTeHUAX MPOUCXOMAT CKOIIJICHHE, KOMYIALUS U AileKIaiKka 3TUX HaceKOMbIX. B pesynbrare 3ace-
neHust pacteHudt M. fuliginosa HapyuiaeTcsi HOpMalibHOE Pa3BUTHUE JIMCTOBBIX IUIACTHHOK, HAOIIOMA-
eTcsl yBslaHUEe anuKaibHOU yacTu noberoB. Ilpu muranuu C. m. orientalis Ha COIUIOOUAX MAJIMHBI
MPOMCXOSAT NOBPEKACHUE [IBETOJIOXKA U YCHIXaHHE KOCTSIHOK.

KiroueBsie ciioBa: Heteroptera, Coreidae, Jansauii Boctok Poceun, Ilpumopckuii kpait, Coreus
marginatus orientalis, Molipteryx fuliginosa, Rosaceae

LEAF-FOOTED BUGS COREUS MARGINATUS ORIENTALIS KIR.
AND MOLIPTERYX FULIGINOSA UHL. ( HETEROPTERA, COREIDAE) -
PESTS OF CULTIVATED ROSES (ROSACEAE) IN THE PRIMORSKY TERRITORY

)Markova T.0., Maslov M.V.

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

Vladivostok, Russia

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

The data on biology and ecology of bed bugs Coreus marginatus orientalis and Molipteryx fuli-
ginosa (Heteroptera, Coreidae), which have become serious pests in anthropo- and agrocenoses of
the south of the Russian Far East for the last 10 years, are presented. The purpose of the study is to
summarize the observation data on these species as pests of cultivated Rose species in the Primorsky
Territory. The studies were carried out from May to October 2007-2022: material collection of he-
mipterans, observations in natural habitats and stationary conditions were conducted. M. fuliginosa
was observed in the cultivated areas of the Ussuriisky urban district on Rosa acicularis, R. rugosa,
R. davurica, Rubus komarovii, R. crataegifolius used in landscaping. Cases of bed bugs feeding, suc-
king sap from vegetative parts of the plants and seedballs were recorded. C. m. orientalis was found
on homestead plots in the Chuguevsky, Oktyabrsky, Khankaisky districts and the Ussuriisk urban dis-
trict. It was collected on the bushes of Rubus idaeus, R. caesius, which are common feeding sites for
C. m. orientalis and M. fuliginosa. Aggregation, copulation and oviposition of these insects occur on
the cultivated plants. As a result of the infestation of plants by M. fuliginosa, normal development of
leaf plates is disturbed, wilting of the apical part of shoots is observed. When C. m. orientalis feeds on
raspberry seedballs, damage to the flower disc and desiccation of the drupes occur.
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INTRODUCTION

A serious ecological problem in the territory
of the Far Eastern Federal District and Russia
as a whole is the introduction of alien species
into the composition of natural and anthropo-
genically-transformed biocenoses [1-5]. These
invasive species can form stable populations,
create competition with native fauna species,
and acquire the status of pests. In recent years,
we have been observing the biology and ecology
of the bugs Molipteryx fuliginosa (Uhler, 1860)
and Coreus marginatus orientalis (Heteroptera,
Coreidae) (Kiritshenko, 1916) in the conditions
of the Primorsky Territory [6, 7]. The native fau-
na representative C. m. orientalis has several
Russian names (kraevik, or rombovik okaimlen-
ny (leaf-footed bug); sorrel, or rhubarb bug) and
is one of the background species in the south of
the Russian Far East. To date, C. m. orientalis

has not been included in the list of agricultural
pests in the Far East'2.

M. fuliginosa was recorded in the Russian
Far East more than three decades ago®. In Chi-
na, it is included in the list of economically sig-
nificant insects®, but is not considered a primary
pest, as its host plants are weed species. This list
also includes Camellia oleifera Abel (Theaceae)
[8], Bambusa sp. (Poaceae, Bambusoideae)’,
and Oryza sp. (Poaceae) [9]. In recent years,
M. fuliginosa has been expanding its range and
becoming harmful to garden plants. A mass in-
crease in the bug’s population in several districts
of the Primorsky Territory was noted in 2012
and 2015. The insect was observed feeding on
raspberries (Rubus sp.), which prompted close
attention and inclusion in the list of invasive in-
sects [10, 11]. In recent years, adults and larvae
of C. m. orientalis and M. fuliginosa are increas-

'Kanyukova E.V. Order Heteroptera - Hemipterans or bedbugs // Insects - pests of agriculture of the Far East. Vladivostok:

Dalnauka, 1995, pp. 51-55.

2 Mishchenko A.I. Insects - pests of agricultural plants of the Far East. Khabarovsk, 1957, 205 p.
3Kerzhner .M., Kanyukova E.V. Firstrecord of Molipteryx fuliginosa Uhler from Russia (Heteroptera: Coreidae) // Zoosystematica

Rossica. 1998, vol. 7, N 1, p. 84.

*Zhang Sh. Economic Insect Fauna of China // Hemiptera. 1985, vol. 1, Fasc. 31, pp. 1-242, I-LIX.
SWang H.J., Li P, Gao Y.D., Yuan M. A list of insect pests of bamboos in Baishuijiang Natural Reserve // Journal of Gansu

Forestry Science and Technology. 2002, vol. 27, N 4, pp. 12-16.
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ingly found together in agroecosystems of the
southern Primorsky Territory and are trending
towards becoming pests.

The purpose of the study is to summarize ob-
servational data and present new information on
the bugs C. m. orientalis and M. fuliginosa as
pests of cultivated Rosaceae in the Primorsky
Territory.

MATERIAL AND METHODS

The research was conducted from May to Oc-
tober in 2007-2022 in the Primorsky Territory

(see Fig. 1). It involved collecting specimens,
observing insects in their natural habitats and
under controlled conditions (some bugs were
kept in cages). The methods for collecting and
keeping insects were previously specified [6, 7].

Comparative observations of the insects were
made in cages and natural cenoses from the
emergence of overwintered adults in spring and
the beginning of egg-laying until the hatching of
larvae, their maturation, molts of all five ages, up
to the development of new generation adults. All
processes were accompanied by photo shooting.

132° 138°
S,
)
(& 48°
48 \.t | l't',
. Material collection site
a4° a4°

132°

138°

Puc. 1. Kapra paiioHa UCCIIeZIOBaHUS C YKa3aHUEM MeCT cOOpa MaTepuaia

Fig. 1. Map of the study area with the locations of material collection
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In natural conditions, the insects’ feeding behav-
ior was observed, and symptoms of fruit dam-
age, wilting, and drying of plant parts above the
feeding site were identified.

The materials are partially stored in T.O.
Markova’s personal collection and the collection
of the Zoological Museum (Far Eastern Federal
District, Vladivostok).

RESULTS AND DISCUSSION

M. fuliginosa (see Fig. 2) in the Primorsky
Territory is noted in the following cultivated
habitats and agrocenoses of the Ussuriysk urban
district:

1. Household plots in the villages of
Kamenushka, Kaymanovka, Gornotaizhnoe.
Collected on bushes of common raspberry (Ru-
bus idaeus L.), remontant raspberry (R. sp.), and
dewberry (R. caesius L.), 20.V-27.1X.2015,
30.V=-30.I1X.2016-2022, total: 700 specimens
(T.O. Markova, M.V. Maslov).

2. Greened areas in the villages of Kamenush-
ka, Kaymanovka. Collected on the bushes of ru-
gosa rose (Rosa rugosa Thunb.), hawthorn rasp-
berry (Rubus crataegifolius Bunge), 03.1X.2015,
VI-IX.2016, VII-VIIL.2019, total: 25 specimens
(T.O. Markova, M.V. Maslov, L.N. Fedina).

3. Fruit nurseries in Zarechnoe village (in the
“Rodina” horticultural association’s fruit nurs-
ery, S.A. Makarevich grows seedlings of fruit
trees, berry bushes, and grapes, all cultures grow
separately). Collected in the raspberry seedling
propagation field, on bushes, 23.V1.2020, total:
3 specimens (S.A. Makarevich).

4. Greened areas in Ussuriysk (central part of
the city — Oktyabrskaya, Plekhanova, Sovetska-
ya streets, outskirts — Pologaya street). In recent
years, various species of Rosaceae have been
used for greening — Daurian rose, prickly rose
(Rosa acicularis Lindl.), Komarov’s raspber-
ry (Rubus komarovii Nakai), etc. Collected on
the bushes of prickly rose, Komarov’s raspber-
ry, Daurian rose (Rosa davurica Pall.), rugosa
rose, 04-28.1X.2015, 13-20.VI.2018, 04-20.
1X.2019, total: 30 specimens (T.O. Markova).

Feeding of M. fuliginosa on the mentioned
plants has been confirmed in cages.

C. m. orientalis (see Fig. 3) has been ob-
served in household plots located in the villag-
es of Novomikhailovka (Chuguevsky District),
Zarechnoye (Oktyabrsky District), Kaymanov-
ka (Ussuriysk Urban District), and Pervomais-
koye (Khanka District). It was collected from
common raspberry, remontant raspberry, and

Puc. 2. Molipteryx fuliginosa Ha OKynbTYpEHHBIX TEPPUTOPUSIX U NpHycaneOHbIX yyactkax (IIpumopckuit kpaii):

a — yBSJJaHNE alMKaIbHON YacTH 1ooeroB Rosa acicularis B pe3yabTaTe MUTAHUS UMAaro, I. YCCYpHHCK; 6 — IMaro Ha
JIUCTOBOH TTIACTHHKE R. rugosa; 6 — yChIXaHUE TUIOJIOB U alMKaIbHOM YacTu moberoB R. rugosa, c. KaiimanoBka

Fig. 2. Molipteryx fuliginosa in the cultivated areas and homestead plots (the Primorsky Territory):

a — wilting of the apical part of Rosa acicularis shoots as a result of adult feeding, Ussuriysk; 6 — adults on the leaf
lamina of R. rugosa; 6 — shriveling of fruits and apical part of shoots of R. rugosa, Kaimanovka village
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Puc. 3. Coreus marginatus orientalis B arporieHo3ax
ITpumopckoro kpast:

@ — MUTaHKe JIMYMHKK 5-T0 Bo3pacTa Ha corionuu Rubus
idaeus; 0— YCBIXaHNEC KOCTAHOK MAJIMHbBI OOBIKHOBEHHOM
B PE3YJIbTAaTE BBICACBIBAHWA COKOB JIMYMHKAMHU U ©UMaro,
c. KaiimanoBka

Fig. 3. Coreus marginatus orientalis in agrocenoses
of the Primorsky Territory:

a — feeding of V instar larvae on Rubus idaeus seedball;

6 — desiccation of common raspberry drupes as a result of
sap sucking by larvae and adults, Kaimanovka village

dewberry bushes on 21.VII1.2007, total: 10 spec-
imens (Z.I. Limachko), 05.VI-20.VIIL.2018,
total: 13 specimens (A.S. Sakhnov, T.O. Mar-
kova), 02.VI-03.VIIL.2015, 25.VII.2016, 28-31.
VIL.2017, 08.VII-10.VIIL.2018, 19.VI-29.
VIIL.2019, 19.VI-29.VII1.2022, total: 80 spec-
imens (T.O. Markova, M.V. Maslov), 05-24.
VIL.2017, total: 10 specimens (A.V. Khovrina).

Feeding of C. m. orientalis on the mentioned
plants has been confirmed in cages.

M. fuliginosa has been noted on prickly rose,
rugosa rose, Daurian rose, Komarov’s raspberry,
and hawthorn raspberry, used in greening. In all
cases, the bugs were observed feeding, sucking
the juice from vegetative parts of the plants and
fruit (see Fig. 2, a, 6).

Common micro-stations and food sources for
C. m. orientalis and M. fuliginosa in anthropo-
and agrocenoses are common raspberry, remon-
tant raspberry, and dewberry. Both species over-
winter as adults. Mass copulation cases and for-
mation of congregations of 7-10 individuals on
raspberry and blackberry in agrocenoses were

noted during the appearance of young shoots
and budding. Females of M. fuliginosa lay eggs
on raspberry leaf blades and stems, while C. m.
orientalis also lays directly on the fruit. Larvae
of the 2nd—5th instar migrate to the upper parts
of the plants, sucking juices from young shoots
and inflorescences. As a result, normal develop-
ment of laminas is disrupted, the growth point
is suppressed, the apical part of the shoots wilts,
and buds fall off. M. fuliginosa in larval and
adult stages mainly feeds on vegetative parts of
the plant, while C. m. orientalis prefers genera-
tive organs, particularly the fruit, infesting them
before they soften and reach physiological ripe-
ness (see Fig. 3).

To combat these pests, gardeners are advised
to collect copulating insects from garden plants
to reduce the number of eggs laid on the leaves
and stems, and to treat the plants in the second
ten-day period of June to kill early-stage larvae.
Specialists recommend such control measures as
eliminating weeds during the raspberry growing
season, cleaning up fallen leaves in autumn, and
treating with Fitoverm, EC, and Fufanon, EC®.

CONCLUSION

The conducted studies have shown that since
2012, the representatives of two species of bugs
from the Coreidae family — the sorrel bug C. m.
orientalis and the alien from Southeast Asia M.
fuliginosa — have become serious pests in the
anthropo- and agrocenoses of the Russian Far
East. On cultivated plants (common raspberry,
dewberry, and their remontant varieties), these
insects congregate, mate, and lay eggs.

As aresult of M. fuliginosa’s settlement, nor-
mal development of laminas is disrupted, the
growth point is suppressed, the apical part of the
shoots wilts. C. m. orientalis on raspberry bush-
es prefer the apical parts of the shoots from the
fruit setting stage to full ripening. When the bugs
feed on raspberry fruits, it results in damage to
the receptacle and desiccation of the drupelets.

Thus, both species negatively affect the phys-
iology of cultivated Rosaceae in agrocenoses.
Further observations of these species in the Pri-
morsky Territory are necessary, and they should

%Gardens and vegetable gardens [Electronic resource]. 2013, 1 Aug., N 46. URL: https://vladnews.ru/ev/sad/46/2500/primore

obyavilsya.
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be included in the list of potential pests of culti-
vated Rosaceae.
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BJIUSTHUE OPTAHOMMHEPAJIBHOM KOPMOBOM JTJOFABKH
HA IMTPOAYKTUBHOCTDb U BUOXUMHNYECKHUE ITOKA3ATEJIN
HBIIJISAT-BPOMJIEPOB

CXYNBannmena A.Il., Cu3zoBa E.A., KamupoBa A.M., MycabaeBa JL.JI.
Dedepanvhblil HAYYHBLLL YeHMP OUON02UHEeCKUX CUCTEM

u acpomextonozuti Poccutickoul akademuu HayK

Openo6ypr, Poccus

(<De-mail: nessi255@mail.ru

[IpeacraBnens! pe3yabTaThl UccaeIOBaHUN 3()(EKTHBHOCTH ITOIMKOMIIOHEHTHBIX KOPMOBBIX J100a-
BOK Ha OCHOBE PACTHTEIBHBIX BEILIECTB KaK aJbTePHATUBBI aHTHOMOTHKAaM. OTMEUeHO, 4TO TpeOnOTH-
KH{ YAY4IIaloT 37I0POBBE M MPOLYKTUBHOCTH )KUBOTHBIX U MTOBBIMIAIOT (P PEKTUBHOCTH POU3BOJCTBEH-
Horo Tpotiecca. [Ipu 9ToM oTIIenpHOe CKapMITMBaHUE TPEOUOTHKOB MeHee (D(EKTUBHO 110 CPAaBHEHHUIO
C TMPUMEHEHHEM KOMIUIEKCA BEIIECTB pa3HOro (yHKIMOHAIBHOTO HasHaueHus. [IpoBemena oreHka
BITHSTHUST OPTaHOMHHEPATBHON KOPMOBOH TOOABKH € JIAKTYJI0301 1 6€3 Hee Ha MOP(0-OHOXMMIIC CKII
COCTaB KpPOBH, I1EPEBAPUMOCTb KOMIIOHEHTOB PAllMOHA M MPOAYKTUBHOCTD LBIILIAT-OpoiinepoB. s
orbITa cOPMUPOBaHBI TP Ipynibl (72 = 90): 1-51 ombITHASA rpyINa JOMOIHATEIHLHO K OCHOBHOMY pally-
OHY TIOJTy4aJia KOMIUIEKCHYIO OPTaHOMHHEPaJIbHYIO0 KOPMOBYIO 100aBKY HAYMHAs C 7-CyTOYHOTO BO3-
pacrta 710 KOHIIa 3KcriepuMeHTa (42-CyTouHbIN BO3pacT); 2-1 — Ty e 00aBKy, JIUIICHHYIO JIAKTYJIO3BI.
KonTponbHas rpymnma noiyvana CTaHAaPTHRIA OCHOBHON paIlioH. YCTaHOBIEHO MOJIOKUTETHHOE BIIU-
SIHUE OPTaHOMMHEPAJIbHON 100aBKM HAa NMPOAYKTUBHBIC ITOKA3ATEIM LBIILUIAT-OpONiIepoB, B OosbIIeit
CTEIIeHU B IPUCYTCTBUH JIaKTy103bl. Conepkanue anb0yMUHa 1 0011ero 6es1ka B KPOBH LIBITUIAT-Opoii-
JIEPOB MOJIOKUTEIBHO KOPPETUPOBATIO CO CKOPOCTHIO POCTA Y )KMBOTHBIX. bonee BbIcokast KOHLIEHTpa-
LSl 3TUX [MOKa3aTeJIel B TPyIIe C JIAKTYJI0301 MOXKET CIIOCOOCTBOBATh YCHIICHHUIO CKOPOCTH POCTa y
MIOJOMBITHBIX KHUBOTHBIX. B 1-11 ONBITHOI TpyIine oTMeUeHO yBeTMUeHHe MPUPOCTa JKUBOW MacChl K
KOHITy ucciemoBanmst Ha 17,9%, Torma kak Bo 2-# rpymme o coctapisut 10,8%. Taxxke mpu pammomne,
COZIEpIKALeM JIAKTYJIO3Y, [T0Ka3aTeIN MePeBAPMMOCTH MHUTATEIbHBIX BELIECTB MOBBICHIIUCH K KOHILY
nccnenoBanuii Ha 3,8—4,7% 1o cpaBHEHHIO ¢ KOHTpoJieM. Vcronb30BaHne B KOPMIIEHUH LIBIILIAT-OpOii-
JIEPOB OPraHOMUHEPAIILHON KOPMOBOM JOOABKH SIBIISIETCS IEPCIEKTUBHBIM MOAXOIOM.

KuroueBble cjioBa: opraHoMuHepaibHas J00aBKa, JTaKTya03a, MOp(}Ho-OHOXUMHYECKHE MTOKa3aTe-
JIM, TBITUISATa-OpOisIepsl, MOJTMKOMIIOHEHTHAs T00aBKa

INFLUENCE OF THE ORGANOMINERAL FEED ADDITIVE ON PRODUCTIVITY
AND BIOCHEMICAL PARAMETERS OF BROILER CHICKENS

(DIvanishcheva A.P., Sizova E.A., Kamirova A.M., Musabayeva L.L.
Federal Research Centre of Biological Systems and Agrotechnologies

of the Russian Academy of Sciences

Orenburg, Russia

(<X)e-mail: nessi255@mail.ru

The results of research on the effectiveness of multicomponent feed additives based on plant sub-
stances as an alternative to antibiotics are presented. It has been observed that prebiotics improve
animal health and productivity and increase the efficiency of the production process. At the same
time, separate feeding of prebiotics is less effective compared to the use of a complex of substances
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Influence of the organomineral feed additive
on productivity and biochemical parameters
of broiler chickens

Ivanishcheva A.P., Sizova E.A., Kamirova A.M., Musabayeva L.L.

of different functional purpose. Effect of the organomineral feed additive with and without lactulose
on morpho-biochemical composition of blood, digestibility of diet components and productivity of
broiler chickens has been evaluated. Three groups (n = 90) were formed for the experiment: the 1st ex-
perimental group in addition to the main diet received a complex organomineral feed additive, starting
from 7-day-old until the end of the experiment (42-day-old); the 2nd group received the same additive
without lactulose. The control group received the standard basic diet. The positive effect of organomi-
neral additive on the productive parameters of broiler chickens was established, to a greater extent in
the presence of lactulose. The content of albumin and total protein in the blood of broiler chickens
was positively correlated with the growth rate in the animals. Higher concentration of these indices
in the group with lactulose may contribute to enhanced growth rate in the experimental animals. The
Ist experimental group showed an increase in the live weight gain by the end of the study by 17.9%,
while in the 2nd group it was 10.8%. Also, with the diet containing lactulose, the indices of nutrient
digestibility increased by the end of the study by 3.8-4.7% compared to the control. The use of the

organomineral feed additive in the feeding of broiler chickens is a promising approach.
Keywords: organomineral additive, lactulose, morpho-biochemical parameters, broiler chickens,

multicomponent additive
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INTRODUCTION

Currently, poultry product manufacturers are
showing great interest in “natural” additives due
to the ineffectiveness of antimicrobial agents
and the ban on the use of antibiotics in animal
feed. The search for safe and acceptable com-
ponents and substances, as well as their combi-
nations for use in feeding, is a pressing issue.
Useful components of the diet in general, and
as an alternative to antibiotics in particular, can
include probiotics, prebiotics, herbs, and spices
based on plant substances. Thanks to their mul-
tifunctional action, prebiotics improve animal
health and productivity and increase the efficien-
cy of the production process. However, feeding
prebiotics separately is less effective compared
to a complex of substances with different func-
tional purposes. These can include macro- and
microelements, metabolic agents, amino acids,

etc. Diets should contain the right balance of
essential nutrients needed to meet the needs of
poultry at various stages of production [1]. Lac-
tulose can serve as a representative of prebiotic
substances. Its main function as a prebiotic is to
protect the intestinal microbial community. Un-
der the influence of lactulose, the number of bi-
fidobacteria and lactobacilli increases, while the
number of clostridia, salmonella, or E. coli in the
gastrointestinal tract decreases.

One way to enhance the activity of the nu-
trients, including trace elements, is to transform
them into small-sized, particularly ultra-dis-
persed particles (UDPs), to increase their phys-
icochemical activity and bioavailability for the
living organism [2]. Porous ultra-dispersed sili-
con has found wide application in various fields
of biology, medicine, and agriculture due to its
unique biocompatibility, potential surface mod-
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ification, and low toxicity. Also, UDPs of Si are
of particular interest for use in feeding agricul-
tural animals and poultry, as the main function
of silicon is to participate in intermediary metab-
olism as a catalyst, as an element of connection,
ensuring the normal flow of vital mechanisms
[3]. Thus, a polycomponent organomineral feed
additive can improve productive qualities and
positively affect the health of broiler chickens.
The purpose of the study is to assess the ef-
fect of an organomineral feed additive with and
without lactulose on the morpho-biochemical
composition of blood, digestibility of diet com-
ponents, and productivity of broiler chickens.

MATERIAL AND METHODS

The research was conducted at the Center for
Collective Use of Biological Systems and Agro-
technologies of the Russian Academy of Scienc-
es (CCU BSA RAS') on broiler chickens of the
“Arbor Acres” cross.

To achieve the set goal, three groups (n = 90)
were formed: the 1st experimental group, in ad-
dition to the basic diet (BD), received a complex
organomineral feed additive (40.81% lactulose,
28.57% arginine, 26.54% silicon (ultra-dis-
persed SiO, particles), 4.08% succinic acid)
from the 7th day of age until the end of the ex-
periment (42 days old); the 2nd group received
the same additive but without lactulose. The
control group was kept on the BD recommended
by the All-Russian Research and Technological
Institute of Poultry (VNIITIP)?. Ultra-dispersed
silicon dioxide is a white amorphous powdery
substance without a specific odor.

The mass fraction of silicon is at least 99.8%
by weight, chlorine is not more than 0.2%, hy-
drodynamic diameter is 388 + 117 nm, specific
surface area is 109 m2/g, Z-potential is -27 +
0.1 mV (produced by “Plazmaterm” LLC, Mos-
cow, by plasma chemical synthesis method).
Lactulose is a synthetic disaccharide consisting
of two sugar molecules — fructose and galactose,
linked together by a -1,4-glycosidic bond, also
belonging to the class of oligosaccharides, sub-

"URL: http://tixn-6¢T.pd

class of disaccharides. It is a white crystalline
substance without odor, well soluble in water
(produced by “Parusnik” LLC, St. Petersburg,
by chemical isomerization of lactose in an alka-
line environment). Slaughter was carried out at
the age of 21 and 42 days.

Morphological blood parameters were deter-
mined using the DF-50 Vet automatic analyzer
(Shenzhen Dymind Biotechnology Co., China).
Biochemical analysis of blood serum was con-
ducted on the CS-T 240 automatic biochemical
analyzer (Diruilndustrial Co. Ltd., China) us-
ing commercial biochemical kits for veterinary
medicine DiaVetTest (Russia). During the bal-
ance physiological experiments, the digestibility
of the nutritional components of the diet was es-
tablished according to VNIITIP methods. Based
on the results of daily records of the mass of
excrement, calculations were made to determine
the loss of substances and the amount of feed
assimilated. Statistical analysis was carried out
using the Microsoft Excel program (Microsoft,
USA). Data are presented as: mean value (M) +
standard error of the mean (m). The significance
of differences was determined by the Student’s
t-test. Results were considered significant at
p <0.05.

RESULTS AND DISCUSSION

The results of this study indicate a positive
effect of the organomineral additive on the pro-
ductive parameters of broiler chickens, more
significantly in the presence of lactulose (see
Fig. 1). Experimental groups surpassed the con-
trol group in terms of live weight. The maxi-
mum difference was observed when feeding the
additive containing lactulose. For instance, by
the 14th day, the live weight of broiler chickens
in the 1st group increased by 18.6%, and in the
2nd group by 14.5% compared to the control. By
the middle of the study, the weight of the birds
in both groups was the same, differing from the
control by 14.6%.

The difference in live weight increase on the
35th and 42nd days was 10.7% and 17.9% in the

*Fisinin V.I., Egorov I.A. Modern approaches to feeding high-yielding poultry // Poultry and poultry products. 2015, N 3, pp.

27-29.
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1st group, and 4.4% and 10.8% in the 2nd group,
respectively, compared to the control. The en-
hanced growth of the broilers receiving lactulose
may be related to increased feed consumption
and improved morphofunctional components of
the intestine. The use of the organomineral diet
provides positive changes in the intestinal mi-
croflora. The prebiotic feed additive promotes
better digestion of food while simultaneously in-
creasing the digestibility of nutrients. For exam-
ple, at 21 days old, the digestibility of crude fat
and protein increased by 8.0% and 1.1% respec-
tively in the 1st experimental group compared to
the control (see Fig. 2). The digestibility of nu-
trients in diets supplemented with lactulose-con-
taining additives may be due to improved intes-
tinal conditions.

Digestibility of nitrogen-free extractive sub-
stances increased in both groups, with the max-
imum effect in the 1st group (2.8%). However,
the digestibility of carbohydrates, in contrast, in-
creased mostsignificantly in the 2nd group (3.6%)
compared to the control. Studies show that sub-
stances of prebiotic nature (inulin, oligofructose,
lactulose) can stimulate Lactobacillus spp. and
Bifidobacterium spp. as representatives of ‘ben-
eficial’ bacterial species, thereby improving the
intestinal environment and optimizing the pro-
cesses of digestion and absorption of nutrients

2500

2000

1500

Live weight, g

1000

7

fH Control

14 21 5

[4]. The group of soluble fibers includes oligo-
saccharides that function as prebiotics, positive-
ly modulating the intestinal microbiota [5]. They
are the main substrates for the growth of intesti-
nal microorganisms. Their fermentation leads to
the acidification of the contents of the colon and
the formation of short-chain fatty acids, which
serve as ‘fuel’ in various tissues and may play a
role in regulating cellular processes. By the end
of the study (42 days), there were changes in the
digestibility of all nutrients in the feed (see Fig.
2). For instance, in the 1st experimental group,
the digestibility of crude fat increased by 3.8%,
crude protein by 3.6%, metabolizable energy by
4.4%, and carbohydrates by 4.7% compared to
the control. A similar effect was observed in the
2nd experimental group: digestibility of metab-
olizable energy and carbohydrates increased by
2.9%, crude fat, and protein by 6.6% and 3.7%
respectively compared to the control.

Analysis of the blood morphological com-
position showed that the use of feed additives
did not significantly change the concentration of
erythrocytes. For example, its level increased by
5.5% in both experimental groups on the 21st
day compared to the control (see Table 1). It’s
possible that the components of the feed additive
indirectly contribute to the assimilation of the
nutrients necessary for the synthesis of erythro-

/7

8 35 42
Age, days

M 1st group 2nd group

Puc. 1. ]luramuika )KHBOM Macchl IBILIAT-OpOiiiepoB «ApOop AHKpecy (OMBIT B ycroBusx BuBapust, M + m, n = 30).
Fig. 1. Live weight dynamics of broiler chickens “Arbor Aykres” (experiment in vivarium conditions, M = m, n = 30)
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Puc. 2. PazHu1a nepeBapuMOCTH MTUTATEIBHBIX BEIIECTB B Bo3pacte 21 u 42 CyT HBIUIAT-OpoiinepoB

«ApOop AWKpec» OTHOCUTENHFHO KOHTPOJIS (OTBIT B yeiIoBusX BuBapus, M + m, n = 30),% (CXK — ceipoit

xwup, CII — ceipoii mpotenH, BOB — 6e3a30THCThIE SKCTPAKTUBHEIE BENIECTBA; Y — YTIIEBOJIBI)
I[Ipumeuanue. p —31ech U HA pUC. 3—5 — JOCTOBEpHAsK Pa3HUIIA ONBITHBIX TPYII ¢ KOHTPOIBHOM rpymmoii (p < 0,05).

Fig. 2. The difference in the digestibility of nutrients at the age of 21 and 42 days of “Arbor Aykres” broil-
er chickens relative to the control (experience in vivarium conditions, M £ m, n = 30), % (CF — crude fat,
CP — crude protein, NFES — nitrogen-free extractive substances; C — carbohydrates)

Note. p — here and in Figs. 3—5 — reliable difference of the experimental groups with the control group (p < 0.05).

cytes [6]. However, this same indicator on the
42nd day of the experiment decreased by 5%
(p < 0.05) in the 2nd experimental group com-
pared to the control. The hemoglobin level also
increased by the 21st day in all experimental
groups: 1st group by 2.6% (p < 0.05), 2nd group
by 3.9% (p < 0.05) compared to the control. By
the end of the experiment, it was within the nor-
mal range.

The concentration of leukocytes on the 42nd
day of the experiment, when lactulose was add-
ed (1st group), remained unchanged, while its
exclusion from the diet (2nd group) led to a de-
crease by 8.5% compared to the control. Chang-
es in their concentration indicate a low number
of pathogens, leading to a reduction in the pro-
duction of antibodies to fight them [7].

The study of biochemical indicators of blood
serum in the experiment shows fluctuations in
values within physiological norms. It was not-

ed that adding the organomineral feed additive
(1st group) affected the concentration of serum
protein and albumin, increasing them by 1.48%
and 3.5% (42nd day) respectively compared to
the control.

Excluding lactulose from the feed additive
composition (2nd experimental group) reduces
the protein concentration by 1.29% on the 21st
day and by 4.4% (p < 0.05) on the 42nd day of
the experiment (see Fig. 3).

It is widely known that total serum protein
can reflect protein deposition in the body and,
therefore, the growth rate of farm animals.

The creatinine level (42 days) in the 1st exper-
imental group increased by 20.59% (p < 0.05),
while in the 2nd experimental group, there were
no changes compared to the control.

The studies showed that the use of the or-
ganomineral feed additive in the diet affects
fat metabolism (see Fig. 4). Thus, on the 21st
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Taoda. 1. Mopdonornueckue noxkasaresiv KpoBH UBILIAT-OpoitnepoB « Apoop Afikpec» B Bo3pacte 21 u

42 cyt (ombIT B ycnoBusix BuBapusi, M £+ m, n = 30).

Table 1. Morphological blood parameters of the “Arbor Aykres” broiler chickens aged 21 and 42 days

(experience in vivarium conditions, M = m, n = 30)

Indicator | Control | 1st group 2nd group

21st day

Leukocytes, 10%1 40,6 + 2,59 42,9 £ 3,07 40,0 + 2,88

Erythrocytes, 10'%/1 1,8+ 0,03 1,9+ 0,04 1,9 +£ 0,08

Hemoglobin, g/l 103,6 £ 1,20 106,3 £2,98%* 107,6 = 1,88%*

Hematocrit, % 22,9 +0,20 23,4 +0,14% 23,6 £0,32*
42 nd day

Leukocytes,10%/1 40,2 +2,81 40,2 £2.,81 36,8+ 1,51

Erythrocytes, 10'%/1 2,0 +£0,02 2,0 +£0,08 1,9 +£0,04

Hemoglobin, g/l 112,3+ 1,01 112,3 £ 3,78 106,0 £ 2,46

Hematocrit, % 24,6 + 0,78 24,6 +0,78* 23,4+0,51

* Significant difference between experimental groups and the control group (p < 0,05).

day of the experiment, the concentration of tri-
glycerides and cholesterol increased in all exper-
imental groups, with the maximum effect when
adding lactulose. On the 42nd day, the triglycer-
ide level also increased in the 1st and 2nd groups
by 33.3%, and cholesterol by 7.1% and 10.7% in
the 1st and 2nd groups, respectively, compared
to the control.

801
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201
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On the whole, as a number of studies show
the growth of lactobacilli is enhanced against
the background of probiotic intake, along with
their ability to assimilate cholesterol in the pres-
ence of bile, thereby reducing its content in the
blood of broiler chickens. Moreover, some mi-
croorganisms present in the gastrointestinal tract
can use cholesterol for their own metabolism,

A
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Puc. 3. buoxuMmmudeckne NoKas3areinn KPOBH IBILUIAT-OpoiiinepoB « Apoop Alikpec» B Bozpacte 21 u 42 ¢yt

(ombIT B ycnoBusx BuBapusi, M + m, n = 30)

Fig. 3. Biochemical blood parameters of the “Arbor Aykres” broiler chickens aged 21 and 42 days (experi-

ence in vivarium conditions, M £+ m, n = 30)
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thereby increasing the absorption of cholesterol.
In our studies, there was a tendency to increase
cholesterol and triglyceride levels in blood se-
rum.

The use of soluble fibers, oligosaccharides
functioning as prebiotics, positively affects the
intestinal microbiota [8]. Their role in the devel-
opment of hyperlipidemia has been proven. The
use of prebiotics and probiotics has shown effec-
tiveness in correcting such conditions [9]. Thus,
the use of pre- and probiotics can alter blood
lipid levels through several mechanisms: trans-
formation of the microbiota and its metabolites,
and reduced fat absorption.

The indicators of mineral metabolism
changed during the experiment (see Fig. 5). The
serum calcium content in the Ist group on the
21st day of the experiment decreased by 0.95%,
but on the 42nd day, it increased by 3.7% com-
pared to the control. The level of magnesium
also increased on the 21st day (11.2%) and on
the 42nd day (1.3%) of the study.

The phosphorus level decreased in the 1st
experimental group throughout the study, while
in the 2nd group, it first increased (on the 21st
day) by 6.19% (p < 0.05), then decreased (on
the 42nd day) by 16.6% (p < 0.05) relative to the
control.
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The iron content on the 21st day was higher
in the 1st experimental group by 5.1%, and in
the 2nd group, it was 22.4% lower than in the
control. By the end of the experiment, a notice-
able increase in iron levels was observed in all
experimental groups — 5.9% and 49.01% respec-
tively compared to the control group.

The analysis of production calculations for
broiler production demonstrates the effective-
ness of the proposed solution, particularly with
the inclusion of the complex additive, which re-
duced feed consumption per 1 kg of weight gain
by 12.4% (see Table 2). Including the organomi-
neral complex in the broiler diet was accompa-
nied by a reduction in the cost of 1 kg of meat by
2.55 rubles, leading to an increase in economic
efficiency by 7%.

Thus, the conducted research proved the eco-
nomic efficiency of including the organomineral
complex in the diet of broiler chickens from 7
days of age. The identified combination is an ef-
fective source of increasing the productivity of
broiler chickens.

CONCLUSION

Using organomineral feed additives in the
feeding of broiler chickens is a promising ap-
proach. A diet containing lactulose positively

p

.
WWW

W
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21st day
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1%
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B Bo3pacte 21 u 42 cyT (onbIT B ycIoBHsIX BUBapusi, M = m, n = 30), MMOJIB/I

Fig. 4. Some indicators of lipid metabolism of the “Arbor Aykres” broiler chickens blood serum
aged 21 and 42 days (experience in vivarium conditions, M + m, n = 30), mmol/I

300TEXHUS U BETEPUHAPHS

CHOUPCKHUI BECTHHK CEITbCKOXO3SIHCTBEHHOM HayKH ® 2023 ¢ 53 « 8 81



Influence of the organomineral feed additive Ivanishcheva A.P., Sizova E.A., Kamirova A.M., Musabayeva L.L.

on productivity and biochemical parameters
of broiler chickens

SN

10
9_
38
27t
§6r
is
53 % %
: é ?’
S 2 ,/f 3
o 7 N
1 7
# N
. JARNE IR
Ist group 2nd group  Control

21st day

42 cyt (ombIT B ycnoBusax BuBapus, M + m, n = 30)

Ist

group 2nd group Control

SRR

42nd day

Ca EMg NP [dFe
Puc. 5. DneMeHTHBIN COCTaB CHIBOPOTKH KPOBH IBIILIAT-OpoiinepoB « Apoop Alikpec» B Bozpacte 21 u

Fig. 5. Elemental composition of the “Arbor Aykres” broiler chickens blood serum of aged 21 and 42 days

(experience in vivarium conditions, M + m, n = 30)
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Table 2. Economic efficiency in assessing the productive action of the organomineral complex

Indicator

Option

Complex supplement

Complex supplement
without lactulose

Number of poultry, heads
Average daily gain, g

Live weight of 1 head, g
Livability, %

Growing period, days

Feed consumption per 1 head, kg

Feed consumption per 1 kg of gain, kg

Slaughter weight:
1 head, g
total, kg

Gutted carcass slaughter yield, %

Gutted carcass weight, g

Gutted meat received, kg

Production costs, total, rubles

Cost price of 1 kg of meat, rubles

Average selling price of 1 kg of meat with by-products, rubles
Total sales revenue, rubles

Profit from sales of meat and by-products, rubles

Profitability, %

90
45,2
2285

100

42
2,54
1,69

2285
205,2

70,9
1758
158,22
14 118
74,7
160
30240
16 121
14,1

90
45,2
2431

100

42

2,9
1,75

2431
218,7

77,8
1893
170,3
15574
77,25
160
32256
16 681
7,1
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BnusiHre opraHoMHUHEpabHOM KOPMOBO# T0OABKH
Ha IPOIYKTUBHOCTb ¥ OMOXMMHUYECKHE MOKA3aTeIH
LBIIIAT-OpoiinepoB

Weanumesa A.I1., Cuzopa E.A., Kamuposa A.M., Mycabaesa JI.JI.

affects the digestibility of nutrients, changing it
by the end of the study in the range of 3.8-4.7%
compared to the control. In the experiment, lactu-
lose has a favorable effect on the health and pro-
ductivity of poultry, enhancing weight gain by the
end of the study by 17.9%.
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OCOBEHHOCTH NOABOPA MUKPOOPTAHU3MOB B COCTAB HOBOI'O
NMPOBUOTUYECKOTO MPEIMAPATA JJI51 CEJIbCKOXO3HCTBEHHBIX
AKNBOTHBIX

X dynk U.A., OrT E.D.

Dedepanvrviii ArmaticKuil HAy4HbLL YyeHmp acpoouomexHoI0cull
bapunayn, Poccus

(<pe-mail: funk.irishka@mail.ru

B nacrosiee BpeMsi Bce OONBLIYIO MOMYISIPHOCTh HAOUpaeT ujiesl 3A0pOBOr0 MUTaHUs, 4TO 00y-
CJIOBJIMBAET MHTEPEC CO CTOPOHBI MOTPEeOUTENEH K SKOJOTHUYECKH YHCTHIM M OMOJIOTHYECKH MOJTHO-
LIEHHBIM MPOJYKTaM KHBOTHOBOZICTBA. B cBs3M ¢ 3THM pa3paboTKa MPOOHOTHUECKHX MTPETapaToB JIs
CeJbCKOXO3AWCTBEHHBIX )KMUBOTHBIX M ompeneieHne 3(h()eKTHBHOCTH X MCIIONB30BaHUS CTAHOBSATCS
aKTyaJIbHBIMH 33/1auaMy. Ba)XHBIMU dTariaMu IPU CO3aHUN HOBBIX OHOIIPETIapaToB SBISIOTCS U3y4de-
HUE 1 oA00p Hanboiee NOAXOAIIINX ITAMMOB, TaK Kak MpoOuoTHueckuil 3h(hexT BXOAALIIHNX B CO-
CTaB 3aKBAaCKM MHKPOOPIaHU3MOB ONpeaeisieTcsi HA0OPOM TEXHOJIOTMYECKU LIEHHBIX CBOWCTB, KOTO-
prIMU oHH 0051a1at0T. B mporiecce ucciaeqoBaHust ObUTH U3Y4YeHBI TEXHOJIIOTHUECKH IIEHHBIE CBOMCTBA
12 mrTaMMOB JTaKTOOAITMIUT U 15 MITaMMOB MPOIMMOHOBO-KHUCIBIX OakTepuii 3 CHOMPCKON KOJIIEK-
[IHA MUKPOOPTAHU3MOB (JTa00paTopyss MUKPOOHNOIOTHH MOJIOKA H MOJIOUHBIX TIPOIXYKTOB, CHOUPCKAM
Hay4yHO-UccienoBaTebckuil MHCTUTYT chiponenusi, ®I'BHY «®enepanbubiii Antalickuil Hay4qHBIN
LEHTP arpOOHOTEXHOJIOTHIT») C LIENbIO BKIIOYEHHUS HX B COCTAB HOBOT'O MPOOMOTHYECKOTO MpenapaTa
JUISL CeJIbCKOXO3SMCTBEHHBIX JKUBOTHBIX. YCTaHOBIJIEHO, YTO BCE pacCMaTpUBaeMble IITAMMBI MOJIOU-
HOKHCJIBIX MAJIOYEK aKTUBHO COPaKMBAIM YIVIEBOJBI, BXOSIIUE B COCTaB PACTHTENILHBIX CyOCTpa-
TOB, a TAK)KE€ COXPAHSIIN CBOIO YHUCIIEHHOCTh HE HIKE TePaIeBTUIECKH 3HAYMMOTO YPOBHS B TCUCHHE
60 cyr. IIpornmoHoBO-KHUCIBIE OakTepuu mpoxyuuposann ot 0,48 + 0,01 mo 0,64 + 0,06 Mxr/cm® BH-
TaMHHa B, ¥ COXpaHsIM CBOKO KHU3HECTIOCOOHOCTh B KOJIMYECTBE JECATKOB MUIUIMOHOB KJIETOK Ha
MpOTSHKEHUH 6 Mec. B pe3ynbrare mo HauaydieMy MpOsIBIEHUIO TEXHOJIOTHYECKH LIEHHBIX CBOWCTB
ObLIO 0TOOpaHO JBa IITaMMa MOJIOYHOKUCIBIX manodek (CKM-673, CKM-681) u Tpu mramma mnpo-
NMOHOBO-KUCIBIX Oakrepuii (11, 11,, 149) Kak mepCreKTHBHBIX JUIs BKIIFOYEHHSI B COCTAB HOBOTO
MIPOOMOTHYECKOTO TIperapara Jjisi CeIbCKOXO3SHCTBEHHBIX )KUBOTHBIX.

KuroueBble ci10Ba: MpoOHOTHYECKIE MUKPOOPTAHU3MBI, TEXHOJIOTHYECKH IICHHbIE CBOHCTBA, aK-
TUBHOCTH KHCIIOTOOOpa30BaHus, (hepMEHTATHBHAS AKTUBHOCTh, COXPAaHHOCTh

FEATURES OF SELECTION OF MICROORGANISMS IN THE COMPOSITION OF
A NEW PROBIOTIC DRUG FOR FARM ANIMALS

CFunk LA., Ott E.F.

Federal Altai Scientific Center of Agrobiotechnologies
Barnaul, Russia

(<)e-mail: funk.irishka@mail.ru

Nowadays, the idea of healthy eating is gaining popularity, which makes consumers interested in
environmentally friendly and biologically nutritious animal products. In this regard, the development
of probiotic preparations for farm animals and determination of the effectiveness of their use become
urgent tasks. Important stages in the creation of new biopreparations are the study and selection of the
most suitable strains, as the probiotic effect of the microorganisms included in the inoculum is deter-
mined by a set of technologically valuable properties they possess. In the course of the study, techno-
logically valuable properties of 12 strains of lactobacilli and 15 strains of propionic acid bacteria from
the Siberian Collection of Microorganisms (Laboratory of Microbiology of Milk and Dairy Products,
Siberian Research Institute of Cheesemaking, FSBSI “Federal Altai Scientific Center of Agrobiotech-
nologies”) were studied in order to include them in the composition of a new probiotic preparation
for farm animals. It was found that all the considered strains of lactic acid bacilli actively digested
carbohydrates included in the composition of plant substrates, as well as maintained their abundance
not below the therapeutically significant level for 60 days. Propionic acid bacteria produced 0.48 +
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0.01 to 0.64 + 0.06 ug/cm’ of vitamin B , and remained viable in numbers of tens of millions of cells
for 6 months. As a result, two strains of lactic acid bacilli (SCM 673, SCM 681) and three strains of
propionic acid bacteria (11, 11,, 149) were selected according to the best manifestation of technologi-
cally valuable properties as promising for inclusion in the composition of a new probiotic preparation

for farm animals.

Keywords: probiotic microorganisms, technologically valuable properties, acid formation activity,

enzymatic activity, preservation
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INTRODUCTION

In the Russian Federation, there is a justified
increase in hygienic requirements for livestock
products, leading to a growing demand for bi-
ologically active agents, particularly probiotics,
considered as an alternative to feed antibiotics.

Numerous experiments conducted by domes-
tic and foreign researchers have proven that the
use of probiotics in the diet of agricultural ani-
mals promotes better digestion and assimilation
of nutrients and biologically active substances,
normalization of metabolic processes, and in-
creased overall resistance of the organism. As a
result of the complex action of probiotic prepa-
rations on the animal’s body, the yield of agri-
cultural products is increased and their quality is
improved [1, 2].

The therapeutic properties of probiotic prepa-
rations are determined by the qualitative com-
position of the microflora and the quantitative
content of microorganisms. Typically, microor-
ganisms exhibiting probiotic properties belong
to the genera Bifidobacterium, Lactobacillus,
Propionibacterium, Leuconostoc, Enterococcus,
Escherichia, Pediococcus, as well as yeasts Sac-
charomyces, which stabilize the microflora, re-
store its disturbed balance, and stimulate the im-
munological function of the mucous membrane
of the gastrointestinal tract [3].

In turn, the probiotic effect of microorgan-
isms is determined by the set of technological-
ly valuable properties they possess, which is

important to consider when selecting probiotic
strains for new biopreparations. It is considered
that lactic acid and propionic acid bacteria are
the most promising cultures for inclusion in pro-
biotic preparations for agricultural animals. For
instance, lactic acid bacteria, particularly lacto-
bacilli, are capable of producing antibiotic-like
substances and organic acids, which is the main
mechanism of their antagonistic activity against
conditionally pathogenic and pathogenic micro-
flora of the gastrointestinal tract [4]. Propionic
acid bacteria have unique biochemical proper-
ties. They can produce propionic and acetic ac-
ids, superoxide dismutase, catalase, as well as
vitamin B, , which is very important for humans
and animals [5, 6].

However, it is worth noting that the properties
of lactobacilli and propionic acid bacteria men-
tioned above can manifest to a greater or lesser
extent in different strains of microorganisms.

Thus, the selection and inclusion of probiotic
microorganisms in the composition of bioprepa-
rations under development based on the study
of their technologically valuable properties is
an important stage in creating truly high-quality
probiotics, which was the goal of this study.

To achieve this goal, the following tasks
were set:

1. Study the acid-forming activity, enzy-
matic activity, and preservation of collection
cultures of lactobacilli.
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2. Evaluate the enzymatic activity of pro-
pionic acid bacteria, their ability to produce vi-
tamin B, and the dynamics of their population
during storage.

3. Based on the analysis of the degree of
manifestation of technologically valuable prop-
erties, select strains of propionic acid bacteria
and lactobacilli for inclusion in the composition
of a new biopreparation for agricultural animals.

MATERIAL AND METHODS

To select strains of probiotic microorganisms
for the composition of a biopreparation under
development, 12 cultures of lactic acid rods
(Lactobacillus spp.) and 15 cultures of propionic
acid bacteria from the Siberian Collection of Mi-
croorganisms were studied from 2018 to 2022.
The research was conducted at the laboratory of
milk and dairy products microbiology and the
laboratory of applied biotechnology of the Sibe-
rian Research Institute of Cheesemaking, part of
the Federal Altai Scientific Center for Agrobio-
technology (Russia, Barnaul).

The main technologically valuable proper-
ties of the studied cultures were examined us-
ing standard microbiological and biochemical
analysis methods. The active acidity of lactic
acid rods was determined potentiometrically ac-
cording to GOST R 53359-2009'. The ability to
ferment carbohydrates, both in lactic acid rods
and propionic acid bacteria, was qualitatively
determined in the Geese liquid nutrient medi-
um according to the generally accepted method.
The results were assessed by the change in col-
or of the nutrient medium with carbohydrates.
The production of vitamin B , by propionic acid
bacteria was determined quantitatively within
the diffusion method and using the test organ-
ism Escherichia coli 113-3 DSM 1900 (FGNU
“State Research Institute of Genetics and Se-
lection of Industrial Microorganisms™)* [7].
The number of lactic acid rods and propionic

acid bacteria during storage was determined ac-
cording to GOST 10444.11-2013% and GOST R
56139-2014*.

RESULTS AND DISCUSSION

One of the positive properties of lactobacilli
is the production of lactic acid and other organic
acids, which helps to suppress foreign microflo-
ra in the gastrointestinal tract and create optimal
conditions for the normal development of other
representatives of symbiotic microflora [8].

Therefore, the study examined the acid-form-
ing activity of 12 strains of Lactobacillus planta-
rum. The research results are presented in Table 1.

During the experiment, it was found that signs
of growth were noted in all the studied strains
after 8 hours of cultivation. The active acidity
of the cultural fluid varied from 5.68 + 0.24 to
4.09 £ 0.11 pH units. pH changes were observed
during the first 4 days of cultivation. From the
5th to the 10th day, there was a slight change
in active acidity. The maximum acid formation
was at the level 0of 3.77 £ 0.19 to 3.12 £ 0.27 pH
units.

Thus, among the 12 studied cultures of L.
plantarum, the best acid formation was noted in
50% of the lactic acid rods strains (SKM-646,
SKM-651, SKM-656, SKM-669, SKM-681,
SKM-683).

When selecting lactobacilli for inclusion in
probiotics for agricultural animals, preference is
given to the strains that ferment carbohydrates
present in plant substrates [9]. This property of
microorganisms allows for more rational and
efficient use of the feeds. Therefore, it was im-
portant to study L. plantarum lactic acid rods in
terms of their ability to ferment carbohydrates
contained in plant substrates. The data on the
fermentative activity of lactobacilli are present-
ed in Table 2.

The results presented in Table 2 show that all
the studied strains of lactic acid rods possessed

!GOST R 53359-2009. Milk and milk products. Method for determination of pH. Moscow: Standardinform, 2009, 11 p.
2Egorova N.S. Practicum on microbiology: textbook. Moscow: Moscow State University Publishing House, 1976, 307 p.

3GOST 10444.11-2013 (ISO 15214:1998). Microbiology of food products and animal feed. Methods of detection and counting
of mesophilic lactic acid microorganisms. Moscow: Standardinform, 2014, 22 p.

*GOST R 56139-2014. Functional food products. Methods of determination and counting of probiotic microorganisms. Moscow:

Standardinform, 2015, 32 p.
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relatively high ability to ferment carbohydrates.
Specifically, 66.7% of the strains fermented
arabinose, 58.3% fermented starch, 33.3% fer-
mented raffinose, and 100% fermented mannose,
sucrose, and cellobiose. The highest fermenta-
tive activity was noted in the strains SKM-651,
SKM-669, SKM-673, and SKM-681.

On the other hand, the study of the fermenta-
tive activity of propionic acid bacteria revealed
that the investigated strains comparatively
weakly fermented carbohydrates found in plant
substrates, as they belong to the classical (lactic)
types of propionic acid bacteria. For example,
33.3% of the strains fermented arabinose, 6.7%
fermented starch, 66.7% fermented mannose,
and 13.3% fermented raffinose, while none of
the strains fermented sucrose and cellobiose.
However, it’s important to note that the relatively
low fermentative activity of propionic acid bac-
teria in relation to carbohydrates found in plant
substrates does not diminish the importance of
including them in the composition of developed
probiotics, as one of their most important prop-
erties is the ability to actively synthesize vitamin
B,,. This vitamin has high biological activity and
performs several vital functions in the bodies of
humans and animals. Animals do not synthesize
vitamin B in their tissues; it is produced only
by the microflora of the gastrointestinal tract.
The body’s need for this vitamin is not always
fully met by microbial synthesis alone, so ad-
ditional quantities must be supplied from exter-
nal sources [10]. This fact should be considered
when selecting propionic acid bacteria for inclu-
sion in biopreparations.

In the study, 15 strains of propionic acid bac-
teria were examined for their ability to produce
vitamin B ,. The results of the experiment are
reflected in Table 3.

From Table 3, it is evident that all the stud-
ied strains of propionic acid bacteria have the
capability to synthesize vitamin B, justifying
the rationale for including this group of microor-
ganisms in the composition of probiotic prepa-
rations. The production of vitamin B, was at the
level 0of 0.48 £ 0.01 to 0.64 + 0.06 pg/cm?.

The content of probiotic microorganisms in
biologically active preparations determines their
therapeutic properties. Therefore, when devel-

88  Siberian Herald of Agricultural Science ¢ 2023 * 53 « 8

Zootechnics and veterinary medicine



OcobeHHOCTH noaﬁopa MHUKPOOPTaHU3MOB B COCTaB HOBOTO
HpOGHOTI/IqCCKOFO Tiperiapara Ui CEIIbCKOXO3HCTBEHHBIX YKHBOTHBIX

Oynk U.A., OtT E.O.

Taoa. 2. OGepmeHTUpOBaHUE YIIICBOAOB MOJIOYHOKUCIBIMY MaNoukamu L. plantarum

Table 2. Fermentation of carbohydrates with lactic acid sticks of L. plantarum

No. . Fermentable carbohydrates

n/a Strain index arabinose starch mannose raffinose saccharose cellobiose
1 SKM -646 + + + - + +
2 SKM -651 - + + + + +
3 SKM -656 - + + - + +
4 SKM -667 + — + - + +
5 SKM -668 — + + - + +
6 SKM -669 + + + + + +
7 SKM -671 + — + - + +
8 SKM -673 + — + + + +
9 SKM -681 + — + + + +
10 SKM -683 - + + - + +
11 SKM -690 + + + - + +
12 SKM -694 + — + — + +

Note. «+» - change of coloration of the nutrient medium (positive result); «-» - no change in the coloration of the nutrient

medium (negative result).

oping biopreparations, it is important to consider
the ability of microorganisms to maintain their
numbers during storage.

The conducted research showed that the cell
count of propionic acid bacteria remained at a
level not lower than therapeutically significant
(at least 10° CFU/cm?®) for 6 months of storage,
and after 180 days, it amounted to tens of mil-
lions of cells per 1 ml.

Similarly, all the studied strains of lactic acid
rods also remained at a level not lower than
1.0 x 10° CFU/em? for 60 days of storage. The
initial count of lactobacilli varied from 7.21 +
0.20 x 10* to 5.85 £ 0.21 x 10® CFU/cm®. The
number of lactic acid rods after 20 days of stor-
age was in the hundreds of millions of cells per
ml, and from the 30th to the 60th day, the count
decreased to tens of millions of cells, and after
60 days, it was at the level of 3.60 = 0.15 x 107
to 1.56 £ 0.11 x 10" CFU/cm’.

CONCLUSION

In conclusion, the studied strains of lactic acid
rods demonstrated high technologically valuable
properties, as evidenced by active fermentation
of carbohydrates found in plant substrates and
the maintenance of viable bacterial cells for 60
days. Propionic acid bacteria exhibited compar-
atively low fermentative activity in relation to
carbohydrates found in plant substrates, but they

Tao6a. 3. Ilpoxyuuposanue Butamuna B, nponu-
OHOBO-KHCIIBIMHU OaKTepHIMHU

Table 3. Production of vitamin B, by propionic
acid bacteria

]r\ll/(;' Strain index Amoun;lifg\/’gignin B,
1 AM-12 0,48 +£0,01
2 AM-1! 0,50 +0,02
3 111 0,60 £ 0,01
4 149 0,58 £0,05
5 X3 0,57+0,03
6 ll2 0,64 + 0,06
7 B-3 0,37+0,01
8 B-2 0,53 +0,07
9 M12 0,56 = 0,05
10 BM-3? 0,50 £0,03
11 BM-2! 0,51 +0,02
12 AM-3! 0,45+ 0,04
13 AM-3? 0,45 +0,02
14 12! 0,57+ 0,06
15 122 0,50 + 0,02

showed high biological activity: they could pro-
duce from 0.48 to 0.64 pg/cm’ of vitamin B
and maintain the number of bacterial cells at a
level not lower than therapeutically significant
for 180 days. Considering the technologically
valuable properties of lactic acid rods and pro-
pionic acid bacteria, the most promising cultures
for inclusion in the composition of the developed
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Features of selection of microorganisms in the composition
of a new probiotic drug for farm animals

Funk LA, Ott E.F.

biopreparation for agricultural animals are two
strains of lactobacilli (SKM-673, SKM-681) and
three strains of propionic acid bacteria (11,, 11,
and 149).
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METOIbI TPOPMUIAKTHKH KJIOCTPUJIUAJIBHON NHOEKIIUU KPYITHOI'O
POTATOI'O CKOTA HA TEPPUTOPUU POCCUMCKOM ®EJEPAIIIN

Be3ooponosa H.A., Tomckux O.I., (<) KoxyxoBckas B.B., [lopsiBaeBa A.Il., Ca:xxaes U.M.
Ypanvckuii ghedepanvhulil acpaphblii HAYYHO-UCCAEO0BAMENLCKUL YeHMpP YPanbcKoeo omoenens.
Poccuiickoti akademuu nayx

ExarepunoOypr, Poccus

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

[IpencraBneHsr 00630p OMYyONMKOBAHHBIX MaT€pHAIOB 3apYOEKHBIX M OTEUECTBEHHBIX YUYCHBIX,
aHaJM3 Pe3yJbTaTOB COOCTBEHHBIX MCCIICAOBAHUI 10 MPOoOiIeMe KIOCTPUANO30B KPYITHOTO POraToro
ckoTa. OTpaskeHa COBpeMEHHasl 3THOJIOTHYECKasl CTPYKTypa KIOCTPUANO30B Ha TeppuTtopun Poccuii-
ckoii denepalinu B COOTBETCTBUU ¢ JaHHBIMU LlenTpa Berepunapuu (Mocksa). Onrcan BUI0BOM co-
craB Oakrepuii poxa Clostridium, BEI3bpIBAIONNX 3a00JIEBaHUS y KPYITHOTO pOTaTOro CKOTa, 60yiee 1ueM
B 17 pernonax Hamielt cTpansl. [IpuBeneHsl TaHHBIE O BUAOBOM Pa3HOOOpA3HH KIOCTPUINI 1 BaKITH-
Hauuu npotuB OMKAP 1orosnoBes KpynmHOro poratoro ckota B YpajabsckoM peruone. IIpeacrasiena
akTyasjbHast nH(hopMaIysi 00 UMMYHOOHOIIOTUYECKUX TIperiaparax MPOTHB KIOCTPUIUO030B KPYITHOTO
poraroro ckora, opHuUHaILHO BHECEHHBIX B | 0CY1apCTBEHHBIN peecTp JIEKapCTBEHHBIX CPEICTB IS
BETEPUHAPHOTO NpUMeHeHHs B Poccun. OcBelieHbl BONMPOChl UMMYHOT€HHOCTH BaKIIMH U 3 QEeKTHB-
HOCTH UX MPUMEHEHHUS Ha [TOTOJIOBHE KPYITHOTO POraToro CKOTa B 3aBUCHMOCTH OT Pa3InYHbIX (haKTo-
pos. [IpuBeneHs! cpaBHUTENBHBIE JaHHbBIE TPIMEHEHHUS OTEUECTBEHHBIX U 3apYOEKHBIX BaKIIMH B Be-
TEPUHAPHOHN MPAKTUKE HA CENbXO3MPEANPUATHIX, TOCTONHCTBA U HEJIOCTATKH MCIIONIb3YyEeMbIX TIpera-
paroB. PaccMoTpeHBI COBpEMEHHBIE POCCHICKIE NMMYHOOHOIOTHYECKUE JIGKAPCTBEHHBIE CPEJICTBA
MPOTHUB KJIIOCTPUIMO30B KPYITHOTO POraroro ckora. Kparko onvcansl 0CHOBHBIE MEPBI MPOQMIAKTHKH
M0 KaXJ0MY UH(EKIIMOHHOMY 3a00JIEBaHHIO, BBI3BIBAEMOMY KIIOCTPHIHSIMU.

KaroueBbie ci1oBa: BakIMHAIMS, IMMYHU3AIM, BaKIMHA, crenuduieckas npoQuiaKTuka, Kio-
CTPHUANH, aHAPOOBI, KPYIHBIN porarbiit ckoT, Clostridium, cenbCKOX03IMCTBEHHBIEC OPTaHU3aIIHH

PREVENTION METHODS FOR CLOSTRIDIAL INFECTION OF CATTLE ON THE
TERRITORY OF THE RUSSIAN FEDERATION

Bezborodova N.A., Tomskikh O.G., () Kozhuhovskaya V.V., Poryvaeva A.P., Sazhaev 1.M.
Ural Federal Agrarian Scientific Research Centre — Ural Branch of the Russian Academy of Sciences
Ekaterinburg, Russia

()e-mail: Tetramegon@yandex.ru

This article presents a review of the literature data of foreign and domestic scientists, as well as
an analysis of the results of our own research on the problem of clostridial infections in cattle. This
paper provides insight into current etiological structure of clostridiosis in the Russian Federation in
accordance with the data of the Federal State Budgetary Institution “Center for Veterinary Medicine”.
The species composition of bacteria of the genus Clostridium, which causes diseases in cattle in more
than 17 regions of Russia, is described. Moreover, data on the Clostridia species diversity in the
Ural region and information on vaccination against blackleg of cattle bred in the Sverdlovsk region
are presented. The issues of immunogenicity of vaccines and the effectiveness of their use in cattle,
depending on various factors, are highlighted. Up-to-date information on immunobiological prepara-
tions against clostridial diseases in cattle officially included in the register of medicinal products of the
Russian Federation is presented. The advantages and disadvantages of domestic and foreign vaccines
used in veterinary practice are analyzed. A review of current data in the field of new developments
of Russian immunobiological agents against clostridial infections in cattle is presented. Comparative
data on the use of domestic and foreign vaccines in veterinary practice at agricultural organizations are
given. In a brief form, the main preventive measures for each infectious disease caused by clostridia
are described.

Keywords: vaccination, immunization, vaccine, specific prophylaxis, clostridia, anaerobes, cattle,
Clostridium, agricultural organizations
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Clostridioses are diseases of warm-blood-
ed animals caused by anaerobic spore-forming
microorganisms of the genus Clostridium. This
genus consists of 250 species of bacteria. The
exotoxins produced by clostridia cause damage
to the gastrointestinal tract, soft tissues, and ner-
vous system of varying severity [1, 2]. For cat-
tle, the following clostridial infections are epizo-
otically and diagnostically significant: blackleg,
anaerobic enterotoxemia, malignant edema, tet-
anus, hemorrhagic enteritis, necrotic hepatitis,
and enteritis [3]. These infections are caused by
pathogenic anaerobic bacteria C. perfringens, C.
difficile, C. tetani, C. chauvoei, C. septicum, C.
novyi [3-5].

According to the Veterinary Center (Mos-
cow), individual cases of clostridioses in ani-
mals are recorded annually [3]. In cattle herds,
clostridial diseases such as malignant edema
and anaerobic enterotoxemia are more com-
monly diagnosed, while blackleg is less com-
mon. Tetanus has not been detected in the last 10
years. According to monitoring data from 2007
to 2017, the incidence of clostridial infections
in cattle has consistently decreased. For exam-
ple, the number of cases of anaerobic enterotox-
emia decreased by 88.3%, blackleg by 95.2%,
and malignant edema by 70.0% [6]. It should be

noted that official data do not always reflect the
current situation in terms of disease incidence'
[3, 5].

A.V. Kapustin and colleagues conducted a
survey of 32 farms from 16 regions of the Rus-
sian Federation. They studied 2,913 samples of
biomaterial from 983 cows and 119 calves of
various ages’ [3, 6]. In the analyzed samples,
C. septicum (34.5%), C. perfringens type A
(23.25%), and C. perfringens type C (14.25%)
were most frequently identified. In cases of
monoinfection, C. perfringens type D and C.
sordellii (6.5%) and C. novyi (2.5%) were iden-
tified. C. tetani, C. sporogenes, C. bifermentans,
C. baratii, C. tertiu, C. hastiforme, C. difficile,
C. innocuum, C. histolyticum were found indi-
vidually (see footnote 2).

Russian scientists also identified the species
diversity of Clostridium pathogens in Mos-
cow, Tyumen, Ryazan, Kursk, Irkutsk, Nizhny
Novgorod, Kirov, Tver, Belgorod, Pskov, Sara-
tov, Samara, Chelyabinsk regions, and the Re-
public of Mordovia: isolates of C. perfringens,
C. septicum, C. sporogenes occupy a dominant
position, while C. difficile, C. butyricum, C. bi-
fermentans are found individually [4, 7].

According to the Department of Veterinary
Medicine of the Sverdlovsk region, during ep-

'Glotova T1., Terentyeva TE., Glotov A.G. Pathogens and age susceptibility of cattle to clostridiosis // Siberian Herald of

Agricultural Science, 2017, vol. 47, N 1 (254), pp. 90-96.

*Dementieva M.S., Krysenko Y.G. Comparative economic efficiency of immunoprophylaxis schemes of bovine clostridiosis //

Scientific developments and innovations in solving strategic problems of agroindustrial complex: Proceedings of the International
scientific-practical conference (Izhevsk, February 15-18, 2022). Izhevsk: Izhevsk State Agricultural Academy Publishing House,
2022, pp. 149-153.
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idemiological monitoring from 2007 to 2021,
ten outbreaks of blackleg were registered on
five agricultural enterprises located in the Kras-
noufimsky, Belyarsky, Artinsky, and Nevyansky
districts. Additionally, during the same period,
13 cases of malignant edema were recorded on
four agricultural enterprises in the Novouralsky
urban district, Taborinsky, Krasnoufimsky, and
Achitsky districts.

From 2020 to 2022, using molecular genet-
ic methods, we conducted diagnostic studies of
biological samples from cattle at 12 livestock
enterprises in the Sverdlovsk region. In the
samples of feces, homogenates from patholog-
ical material of deceased calves and cows, and
milk samples, DNA genomes of C. difficile and
C. perfringens were detected in 76.2% of cas-
es. The total proportion of C. difficile genome
detection in biological samples was 56.2%, and
that of C. perfringens genome was 45.0%, with
both genomes detected simultaneously in 25.0%
of cases. It was established that 48.0% of the
detected C. difficile were toxigenic, and 16.2%
did not have a complete pathogenic locus. The
main toxintype of C. difficile was CDT (41.0%),
toxintype B was found in 6.0% of clostridia, and
toxintype A in 1.0%. In one case, genes of viru-
lence responsible for the production of toxins A,
B, and CDT were found in C. difficile. In 2020,
based on the results of comprehensive laborato-
ry studies, a diagnosis of “infectious anaerobic
enterotoxemia of calves” was confirmed, with
pathogenic bacteria C. perfringens and C. diffi-
cile toxintype B as the etiological agents. It was
also established that the cause of cow mortality
was acute intestinal infection caused by an as-
sociation of C. perfringens and C. difficile type
CDT pathogens [8, 9].

Russian and foreign scientists, as well as
practical specialists, have proven that inadequate
control over zoo-hygienic and zoo-sanitary con-
ditions, lack of wvaccination, and disinfection
are some of the main reasons for outbreaks of
clostridial infection in livestock enterprises (see

footnote 1) [4, 10, 11]. Worldwide, a wide range
of clostridial antitoxins, bacterin-antitoxins, or
whole-culture vaccines are used to protect ani-
mals from these diseases. For example, specific
prophylaxis of C. chauvoei in cattle herds began
in 1930 and continues to this day in areas with
blackleg outbreaks [2]. This concept of annual
planned vaccination of the population has yield-
ed good results, leading to only occasional spo-
radic cases of the disease nowadays [12].

According to the Veterinary Department of
the Sverdlovsk region, the number of animals
vaccinated against blackleg is increasing every
year. If in 2015, the proportion of vaccinated
livestock was less than 10.0% of the total num-
ber of cattle in the region, by 2022, this figure
had increased to 73.0% [see table 1].

Polyvalent vaccines against clostridioses in
cattle, sheep, and goats have been used since the
1950s [3, 12]. Until 2009, associated vaccines
for the prevention of clostridial infections in cat-
tle were not produced in Russia. The domestic
market for veterinary immunobiological prod-
ucts included a vaccine against blackleg and a
tetanus antitoxin®. The blackleg vaccine, devel-
oped by S.N. Muromtsev (1931) and modernized
by F.I. Kagan and Ya.R. Kovalenko (1965), con-
tained inactivated concentrated bacterial mass of
C. chauvoei, adsorbed on aluminum oxide gel
[3]. The tetanus antitoxin contains the C. tetani
toxin inactivated by formalin, precipitated, and
adsorbed on alum [4, 8]. Prophylaxis of malig-
nant edema, necrotic hepatitis, and anaerobic en-
terotoxemia was not possible due to the absence
of available drugs®. Currently, the State Register
of Veterinary Medicines in the Russian Federa-
tion officially includes 15 vaccines against clost-
ridioses in agricultural animals, produced by ten
domestic and five foreign manufacturers [see
Table 2].

The immunogenicity and effectiveness of
vaccines depend on many factors - the quanti-
ty and quality of the grown microorganisms,
antigen, immunostimulants, adjuvant, preser-

3Popova A.S., Alexeeva I.G. Diagnosis of clostridiosis in cattle / Modern trends in the development of veterinary science and
practice: Proceedings of the National (All-Russian) scientific-practical conference (Omsk, October 26, 2021). Omsk: Publishing
House of Omsk State Agrarian University named after P.A. Stolypin, 2021, pp. 43—46.

‘Kapustin A.V., Laishevtsev A.L, Sklyarov O.D., Abrosimova N.S. Development of a method to control the immunogenic activity
of the associated vaccine against bovine clostridial clostridiosis // Russian Journal of Agricultural and Socio-Economic Sciences,

2017, vol. 63, N 3, pp. 170-175.
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Taoda. 1. /Jlunamuka BakIIMHAIIUN POTUB
OMKAP kpynHOro poraroro ckoTta, pa3BoJuMoro
Ha TeppuTopun CBEPIIOBCKOM 001acTH

Table 1. Dynamics of vaccination against
blackleg in cattle bred in the Sverdlovsk region

Livestock Vaccinated
Year population,
heads heads %

2015 232 734 23207 9,9
2016 227314 123 875 54,5
2017 225678 112 996 50,1
2018 228 917 131 401 57,4
2019 218 837 139 002 63,5
2020 222 784 173 853 78,0
2021 211353 180 960 85,6
2022 220 199 161 075 73,0

vatives, manufacturing technology, application
scheme, and the protective properties of the an-
imal’s body [11, 13]. When vaccinating against
dangerous clostridioses, it’s crucial to monitor
the following criteria: verification of the drug
dose, intensity of the macroorganism’s immune
response, duration of protective immunity af-
ter vaccination and revaccination [see footnote
2]. Since various types of clostridia are agents
of different infectious diseases, it is believed
that using associated and polyvalent vaccines is
more effective for preventive measures in live-
stock farms [5, 10].

Currently, the most accessible clostridial
vaccines on the Russian market are combined
preparations against several clostridial species,
often including antitoxins derived from several
toxintypes of C. perfringens: toxintypes C and D
are almost always included by manufacturers in
clostridial vaccines, whereas toxintypes A and E
are introduced in the compositions of combined
preparations much less frequently. Additionally,
vaccines usually contain antitoxins of several
other clostridial species: C. chauvoei, C. novyi,
C. sordellii, C. septicum, C. tetani. Researchers
assert that systemic immunity developed to C.
perfringens type A is sufficient to protect against
associated intestinal diseases. Since C. perfrin-
gens is an intestinal pathogen, considering the
local activity of its toxins, it is assumed that [gA

of mucous membranes plays a more important
role than serum IgG in protecting against necro-
hemorrhagic enteritis in cattle’ [1, 14].

The high genetic variability of clostridia of-
ten makes some vaccines ineffective. Some of
the produced vaccines do not contain frequent-
ly detected clostridial species, for example, C.
sordellii, which causes gas gangrene in animals.
Therefore, when developing a plan for anti-epi-
zootic measures at livestock enterprises and
choosing vaccines, comprehensive laboratory
tests of animal biomaterial are necessary to de-
termine the species and toxintype of clostridia
[15].

Research on the development and improve-
ment of vaccines against clostridioses in live-
stock continues. Clinical trials of new drugs are
being conducted, and results are published in
open press to provide veterinarians with com-
prehensive information about scientific develop-
ments in this field. For example, A.V. Danilyuk
et al. (see footnote 2) developed and introduced
the first Russian vaccine against clostridioses in
cattle and sheep, which creates a strong immu-
nity against C. perfringens types A, B, C, D, C.
chauvoei, C. tetani, C. novyi, C. septicum for at
least 12 months. A.V. Kapustin et al. [ 12] created
a polyvalent inactivated vaccine against black-
leg or emphysematous carbuncle (EMCAR)
for cattle and sheep, which not only achieves a
strong post-vaccination immunity in laboratory
animals but also extends its duration from 7 to
12 months (compared to the 6-month immunity
provided by the previously used vaccine). Fur-
thermore, developers regularly publish data on
the comparative analysis of the immunogenic
activity of domestic and foreign vaccine sam-
ples, allowing veterinary specialists to choose
the most effective drugs for their livestock enter-
prises [2, 13, 16].

The primary methodological approach in
controlling diseases caused by Clostridium
bacteria is prevention, consisting of three key
components: 1) individual biosecurity programs
against clostridioses in each farm; 2) systematic
and timely vaccination of the herd; 3) strict ad-

SShkuratova IA., Shilova E.N., Sokolova O.V. Veterinary and sanitary aspects of disease prevention of young cattle in modern
industrial complexes // Veterinary Farm Animals, 2017, N 12, pp. 51-54.
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Taoa. 2. I/IMMYHO6I/IOJ'IOFI/I‘16CKI/IG JICKaAPCTBCHHBIC CPEACTBA IPOTUB KIIOCTPUAUO30B CEJIbCKOXO0351H-
CTBCHHBIX XHUBOTHBIX

Table 2. Immunobiological drugs against clostridiosis of farm animals

No. Name of the medication, . . .
Components included in the vaccine
n/a manufacturer
1 2 3
Vaccines made from cultures of cells

1 Concentrated polyvalent hydro- Formalin-inactivated vaccine strain cultures C. sep-
aluminum oxide vaccine against bradsot, infec- | ticum, C. oedematies, C. perfringens types B, C, D
tious enterotoxemia, malignant edema of sheep
and dysentery of lambs (FSOE "Armavir Bio-
factory", Russia)

2 Inactivated vaccine against emphysematous | Formalin-inactivated concentrated cultures of viru-
carbuncle of cattle and sheep (FSOE "Armavir | lent strain C. chauvoei R-15
Biofactory", Russia)

3 One Shot Ultra 8. Inactivated vaccine for pre- 1) formalin-inactivated bacteria cultures Manheimia
vention of clostridiosis and pasteurellosis in | (Pasteurella) haemolytica (strain NL 1009),
cattle (Zoetis, CIIIA) 2) formalin-inactivated bacteria cultures C. chau-

voei (strain F), C. septicum (strain A), C. haemo-
Iyticum (strain IRP135), C. novyi (strain 8296),
C. sordelli (strain 5918), C. perfringens (type C,
strain P8), C8), C. perfringens (type D, strain 317)

4 Blackleg. Vaccine against emphysematous car- | Formalin-inactivated strain cultures C. chauvoei
buncle of cattle and sheep (FSOE "Stavropol | R-15
Biofactory", Russia)

5 Vaccine against animal clostridiosis. Polyvalent | Formalin-inactivated vaccine strain cultures C. sep-
concentrated vaccine against bradsot, infectious | ticum, C. novyi, C. perfringens types B, C, D,
enterotoxemia, malignant edema and animal
dysentery (LLC "Agrovet", Russia)

6 Concentrated aluminum hydroxide formolvac- | Formalin-inactivated strain cultures C. chauvoei
cine against emphysematous carbuncle of cattle | R-15
and sheep (FSOE "Armavir Biofactory", Rus-
sia)

Vaccines made from anatoxins and cell cultures

7 Coglavax. Polyvalent inactivated vaccine | C. perfringens type A alpha-anatoxin, C. perfrin-
against clostridiosis in cattle and sheep (Ce- | gens type C beta-anatoxin, C. perfringens type C
va-Phylaxia Veterinary Biologicals Company, | epsilon-anatoxin D, C. septicum anatoxin, C. novyi
Hungary) anatoxin type B, C. fetan anatoxin, C. chauvoei ana-

culture

8 Equilis Prequenza Te. Vaccine for prevention of | Culture fluid of SPF cell culture of chicken embryos

influenza and tetanus in horses (Intervet Inter-
national, Netherlands)

infected with recombinant canarypox virus (strain
vCP2242) expressing the hemagglutinin gene of
influenza virus A/equi-2/0Ohio/03[H3N8] and strain
vCP 1533 expressing the hemagglutinin gene of in-
fluenza virus A/equi-2/Newmarket/2/93[H3N8] and
purified C. tetani anatoxin (30 IU).
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Oxonuanue TabdI. 2

herence to zoo-sanitary and zoo-hygienic rules
at the agricultural enterprise [10].

Effective measures against clostridioses in
livestock include vaccination. For example, pre-
ventive vaccination against EMCAR 1is conduct-
ed after calves reach the age of 3 months and up
to 4 years. There are two types of vaccines - live
(revaccination once a year) and inactivated (re-
vaccination twice a year). In the event of a local
epidemic in the cattle population, all animals
are vaccinated as an emergency measure. Ani-
mals that have recovered retain strong immunity
(calves up to 3 months, cows and bulls up to 4
years) [8].

For the prevention of malignant edema, a
polyvalent antitoxin is used. When animals are
infected with pathogenic C. perfringens, an-

1 2 3

9 Inactivated equine influenza and tetanus vac- | Tetanus toxoid and culture fluid of a transvirginized
cine (FSOE "Kursk Biofactory", Russia) MDCK cell line infected with equine influenza virus

10 Antox. Inactivated polyvalent anatoxin against | Mixture of toxins of C. perfringens strains types B
sheep clostridiosis (FSOE "Stavropol Biofacto- | (C) and D, C. oedematiens and bacterial cells of C.
ry", Russia) septicum strain inactivated with formalin

11 Klostbovac 8. Inactivated polyvalent vaccine | Inactivated cultures of C. chauvoei and C. septicum
against clostridiosis in sheep and cattle (Vetbio- | strains, anatoxins of C. novyi (oedematiens) type B,
chemistry LLC, Russia) C. perfringens types A, C, D, C. tetani

12 Toxipra plus. Inactivated vaccine against en- | Beta and epsilon toxoids of C. perfringens types B,
terotoxemia, emphysematous carbuncle and tet- | C and D, alpha toxoids of C. novyi type B, alpha
anus (Laboratorios Hipra, Spain) toxoids of C. septicum, anacultures of C. chauvoei,

toxoids of C. tetani

13 Pastanarm-8. Polyvalent inactivated associat- | Mixture of formalin-inactivated anatoxin, Clostridi-
ed vaccine against ruminant pasteurellosis and | wm and Mannheimia (Pasteurella) haemolytica bac-
clostridiosis (FSOE Armavir Biofactory, Rus- | terial cultures
sia).

14 Antox-9. Inactivated vaccine against clostridio- | Cell cultures of C. chauvoei, C. septicum, C. novyi
sis of farm animals (FSOE "Stavropol Biofac- | (oedematiens) anatoxins types A and B, C. perfrin-
tory", Russia) gens types A, C (B) and D, C. sordellii, C. tetani,

inactivated with formalin

15 Cubolac. Polyvalent inactivated vaccine against | Cultures of C. chauvoei cells, alpha-, beta- and epsi-
clostridiosis in cattle and sheep (CZ Vaccines, | lon-anatoxins of C. perfringens types A, C, D, ana-
Spain) toxins of C. septicum, C. novyi type B, C. sordellii,

inactivated with formaldehyde

tibacterial drugs are recommended. Premises
where sick animals were kept are treated with
disinfectants containing halogens. The disposal
of dead animals is carried out in accordance with
the requirements and rules of veterinary-sanitary
supervision [9].

The main measures for preventing botulism
in cattle include strict adherence to the rules of
fodder preparation and storage, constant con-
trol over the zoo-sanitary condition of premises,
feeding tables, and watering places. During out-
breaks of botulism in farms, the use of antibot-
ulinum serum is recommended [4, 12]. During
an outbreak, animal feeds of animal origin not
subjected to heat treatment are excluded from
the diet.
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The basis for tetanus prevention is preventing
injuries at agricultural enterprises. When ani-
mals are injured, first aid is provided with adher-
ence to aseptic and antiseptic requirements. In
cases of severe injuries (especially in the limbs),
difficult births, and burn injuries to the skin, an-
titoxic antitetanus serum is administered no later
than 12 hours after the injury to prevent tetanus.
In farms where several cases of tetanus in ani-
mals are registered simultaneously, it is recom-
mended to actively immunize the entire popula-
tion with an antitoxin [3, 9].

The prevention of anaerobic enterotoxemia
in calves involves feeding quality colostrum,
proper feeding of pregnant cows, and immuni-
zation of adult cattle and calves (from 2-4 weeks
of age) against clostridioses, adhering to all vet-
erinary-sanitary and zoo-hygienic rules for care
and maintenance. Practicing veterinarians rec-
ommend administering antitoxic serum immedi-
ately after a calf’s birth to create passive artifi-
cial immunity [2, 13, 15].

To combat dangerous clostridioses, systemat-
ic disinfection of the premises, disposal of dead
animals, and examination of feeds for the pres-
ence of spore forms of clostridia are also nec-
essary [3]. One of the most important measures
leading to the prevention of clostridioses is spe-
cific prophylaxis. Vaccines and other alternative
products can help minimize the need for antibi-
otics, preventing and controlling infectious dis-
eases in the population, which is crucial for the
future success of livestock farming (see footnote
5)[3,5,09].
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POJIb BUOJIOI'NYECKHN AKTUBHBIX TOBABOK
B CO3JAHUMU NOJTHOUEHHBIX ITUIIEBLIX IPOAYKTOB

C<¥YraoB B.A., UnepbaeBa A.T., boponaii E.B.

Cubupckuii ghedepanvhbviii HayuHblL Yyenmp azpodouomexnonouil Poccuiickoti akaoemuu HayK
HoBocubupckast o6macts, p.im. KpacHooOck, Poccus

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

O06001IeHBI pe3yTbTaThl aHAIM3a IMTATEHTHOW, HAayYHO-TEXHUYECKON WH(OpMaiK U TaHHEBIE CO0-
CTBEHHBIX UCCIIEIOBAaHHI O TIEPCIIEKTUBHBIX OMOJOTHYECKH aKTUBHBIX JJOOaBKaX: apaOMHOTraJIlaKTaHe,
JTUTUIPOKBEPIIETHHE, MTONACAXapUIaX, OMOAKTHBUPOBAHHOM 3epHe NIIEeHUIbl. ChIpbeM IS MPOon3-
BOJICTBA apa0WHOTallakTaHa M JUTHAPOKBEPIETHHA CIYXKHUT MPEUMYIICCTBCHHO JIMCTBEHHUIIA CH-
oupckas (Larix sibirica) cemeiicTBa cocHOBBIX Pinaceae. PazpaboTansl 3¢ eKTHBHBIE SKOHOMUYHBIE
TEXHOJIOTHUHU BBIACIICHUA UX U3 JPEBCCUHBI JINCTBCHHUIBI. HpI/IBeZ[eHBI OCHOBHBIC HpO(l)I/IJ'IaKTI/I‘IeCKI/Ie
WA JIe9e0HO-TTPO(MITaKTUIECKIE CBOMCTBA apabWHOTalaKTaHa ¥ AUTHAPOKBEPIIETHHA: YBEITMIECHUE
MMMYHHOH aKTUBHOCTH OpPT'aHMN3Ma YEeJI0OBEKa, FeIaToPOTEKTOPHEIE, THITOIUITHIEMUYECKIE, AaHTHOK-
CUJIaHTHBIC U IPYTHE CBOMCTBA. YCTaHOBJICHHI ()YHKIIMOHAIEHO-TEXHOJIOTUYECKHE CBOMCTBA 3TUX J0-
0aBOK (BBICOKAs pACTBOPUMOCTE B BOZIE, CIIOCOOHOCTD YIIEpKUBATh BIIATY U >KUP), TO3BOJISIOIINE LITH-
POKO UCIIONIb30BATh HX [T IPOM3BOACTBA Pa3HOOOPA3HBIX MOJHOLECHHBIX MPOAYKTOB MuTaHus. [1pu-
BCACHBI OCHOBHBIC CAHUTAPHBIC ITPpaBUJIa, pETIIaMCHTUPYIOUINE NCITIOJIb30BAHUC YKAa3aHHBIX IIO6aBOK B
MUIIEBOM NPOMBIIIIEHHOCTH. [IpeacTaBneHbl pe3yabTaThl aHaIN3a [0 UCIOIb30BaHUIO TaHHBIX BAJ]
B TIPOM3BOJICTBE Pa3HOOOPA3HBIX MHIIEBHIX MPOAYKTOB, 00IaIaIONINX KOMILIEKCOM JiedeOHO-TIpodu-
JIAKTUYECKNX CBOHUCTB. OOOCHOBaHA POJIb JUTHIPOKBEPIETHHA B COXPAHEHWW KayeCTBA IMHINEBBIX
TOTOBBIX MPOAYKTOB B T€UEHHE AJTUTEIBHOIO CpoKa XpaHeHus. [lomyueHHbIH 3 QeKT TECHO CBsI3aH C
€ro aHTHOKCHUJIAHTHON aKTUBHOCTHIO. [lonncaxapunabl (abruHaT HaTpHsl, KApparuHaH U MEKTHH CBe-
KJ'IOBI/I‘-IHLIfI) HCIIOJIB3YIOTCA KaK IMUIICBBIC ,Z[OGaBKI/I, MOJIY4YCHHBIC U3 HATypaJIbHOI'O ChIPbA. buoax-
THBHAPOBAHHOE 3€PHO MIIEHHUIIBI HACHIIIAET MSCHBIE MPOAYKTHI KOMITJIEKCOM BHTAMHHOB Ipymmsl B,
MHUKpO- 1 MakpoasneMeHTamu. [[piBeieHsI OCHOBHBIE Pe3yNbTaThl aHAJIM3a aTeHTHONH WH(POPMAIIHH.
B GonpimmHCTBE M300pETEHUI MATEHTYIOTCS Pa3IMyHble KOMIIO3HIIUU C MCIIOIB30BAaHHEM OHOJIOTH-
YECKH aKTHUBHBIX J00aBOK, KOTOpBIE MO3BOJISAIOT MOJIYyYaTh HOBBIC MUILEBBIE MPOMYKTHI C BBICOKOW
MUILEBOH, OMOIOTHYECKON IICHHOCTHIO, CIIOCOOHBIE COXPAaHATh Ka9eCTBEHHBIC MTOKA3aTeNN B TEUCHHE
JUTUTETTHHOTO CPOKa XpaHEHHUSI.

KaioueBble cioBa: apaOMHOTaNaKTaH, TUTHAPOKBEPIIETHH, MHUIIEBbIE JOOABKH, TOIHCAXapUIbI,
OMOaKTUBUPOBAHHOE 3€PHO TIIICHHUITHI

THE ROLE OF BIOLOGICALLY ACTIVE ADDITIVES
IN THE CREATION OF HEALTHY AND NUTRITIOUS FOOD PRODUCTS

) Uglov V.A., Inerbaeva A.T., Borodai E.V.

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

(< e-mail: borodajelena@yandex.ru

The results of the analysis of patent, scientific and technical information and the own research
data on promising biologically active additives: arabinogalactan, dihydroquercetin, polysaccharides,
bioactivated wheat grain are summarized. The raw material for the production of arabinogalactan and
dihydroquercetin is mainly Siberian larch (Ldrix sibirica) of the pine family Pinaceae. Effective eco-

IepepaboTka cembCKOX03sHCTBEHHO IIPOLYKINH CHOMpPCKHIA BECTHHK CENbCKOXO3AHCTBEHHOM Hayku * 2023 538 101



The role of biologically active additives in the creation Uglov V.A., Inerbaeva A.T., Borodai E.V.

of healthy and nutritious food products

nomical technologies of their extraction from larch wood have been developed. The main prophylactic
or therapeutic properties of arabinogalactan and dihydroquercetin are given: increase in the immune
activity of the human body, hepatoprotective, hypolipidemic, antioxidant and other properties. Func-
tional and technological properties of these additives (high solubility in water, ability to retain mois-
ture and fat) have been established, allowing their wide use for the production of a variety of nutritious
and healthy food products. The basic sanitary rules regulating the use of these additives in the food
industry are given. The results of the analysis on the use of these dietary supplements in the produc-
tion of various food products with a complex of therapeutic and preventive properties are presented.
The role of dihydroquercetin in preserving the quality of food prepared products during a long shelf
life is substantiated. The resulting effect is closely related to its antioxidant activity. Polysaccharides
(sodium alginate, carrageenan and beetroot pectin) are used as food additives derived from natural raw
materials. Bioactivated wheat grain saturates meat products with a complex of B vitamins, micro- and
macroelements. The main results of the patent information analysis are presented. In most inventions
various compositions using biologically active additives are patented, which allow to obtain new food
products with high nutritional, biological value, capable of maintaining quality parameters during a

long shelf life.

Keywords: arabinogalactan, dihydroquercetin, food additives, polysaccharides, bioactivated

wheat grain

Jnsa uutupoBanus: Yenos B.A., Huepbaesa A.T., Bopooaii E.B. Pomb OWONOTHYECKH aKTHBHBIX O0OABOK B CO3MaHUH
MOJHOLICHHBIX MHUILIEBbIX MPOLYKTOB // CHOMPCKHIA BECTHHK celibCKoxo3siiicTBenHo# Hayku. 2023. T. 53. Ne 8. C. 101-108. https://

doi.org/10.26898/0370-8799-2023-8-12

For citation: Uglov V.A., Inerbaeva A.T., Borodai E.V. The role of biologically active additives in the creation of healthy and
nutritious food products. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2023, vol. 53,

no. 8, pp. 101-108. https://doi.org/10.26898/0370-8799-2023-8-12

Kondguukr unrepecon

ABTODBI 3asBJISIOT 00 OTCYTCTBUH KOH(IUKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

The production of modern, ecologically safe
food products that align with the concept of bal-
anced nutrition is a key factor in maintaining
and improving the health of the population in the
Russian Federation. Excessive, unbalanced, and
poor-quality nutrition leads to excessive strain
on the body’s organs and systems, depletes the
endocrine-metabolic apparatus, which mani-
fests clinically in civilization diseases. Accord-
ing to numerous researchers, improving this sit-
uation may be associated with the use of new
biologically active supplements (BAS), whose
widespread implementation could enhance the
human body’s resistance to adverse environ-
mental factors, improve the immune status, and
increase resistance to the most common diseas-
es (cardiovascular system, oncology, diabetes).
Unfortunately, in recent years, due to various
social and economic factors, the psycho-emo-
tional state of people has been deteriorating.

The purpose of this work is to assess the role
of modern biologically active supplements in
creating complete food products based on the
analysis of patent and scientific-technical infor-
mation.

The study examined biologically active sup-
plements such as arabinogalactan, dihydroquer-
cetin, and polysaccharides — sodium alginate,
carrageenan, beet pectin, as well as bioactivated
wheat grain.

All analytical, physicochemical, and techno-
logical research was carried out in the Depart-
ment of Food Systems and Biotechnology of
the SFSCA RAS (formerly the Department of
Quality Problems of SibNITIP) using modern
methods and instrumental equipment. Siberian
larch (Larix sibirica) of the pine family Pina-
ceae is the raw material for the production of
arabinogalactan and dihydroquercetin. All food
additives from natural polysaccharides of plant
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origin — food-grade sodium alginate produced
by the Arkhangelsk Experimental Seaweed
Plant from brown algae, carrageenan MP 414
produced by Frutarom Ltd. (Israel) from red
algae, and beet pectin produced in the Kab-
ardino-Balkarian Republic of the Russian Fed-
eration — are approved by the State Sanitary and
Epidemiological Supervision of the Ministry
of Health of the Russian Federation. Soft and
hard wheat varieties of 1-4 classes according
to GOST 52554-2006, regionalized in the No-
vosibirsk region, were used as raw material for
obtaining sprouted grains.

Comparative-analytical research methods
were used. Patent research and search for sci-
entific-technical information were carried out
using the websites of FIPS, Espacenet, WIPO,
PUBMED, and Google.

Analysis of patent and scientific-technical
information has revealed that researchers and
manufacturers are primarily focused on biolog-
ically active supplements (BAS) with a broad
spectrum of effects. In recent years, plant poly-
saccharides are increasingly being used as ther-
apeutic and prophylactic agents. Arabinogalac-
tan, derived from Siberian larch wood (family
Pinaceae), exhibits high biological activity, in-
cluding immunomodulating, hepatoprotective,
and hypolipidemic effects [1, 2]. A significant
advantage of arabinogalactan is its prebiotic
properties. Its high biological activity, virtually
non-existent toxicity, and functional-technolog-
ical properties (good solubility in cold water,
ability to retain moisture, bind fat) open up wide
possibilities for its use. Arabinogalactan’s ap-
plication is regulated by SanPin 2.3.2.1078-01,
classifying it as a thickener, gelling agent, and
stabilizer. Methodical recommendations of the
State Sanitary-Epidemiological Standardization
of the Russian Federation No. 2.3.1.1915-04
(2004) establish adequate and maximum per-
missible consumption levels of arabinogalactan
at 10 to 20 g per day.

Bioflavonoids also belong to the group of
BAS with high biological activity. Recently,
there has been increasing interest in dihydro-

quercetin. It reduces the risks of developing
cardiovascular and oncological diseases and
thrombosis, enhances the immune activity of
the body, stimulates the central nervous system
[3, 4]. Its use in food production significant-
ly prolongs shelf life, but its most significant
advantage is its high antioxidant activity. This
is largely due to the regeneration of natural or
synthetic antioxidants by transferring a hydro-
gen atom from the phenolic hydroxyls of the
dihydroquercetin molecule [5].

Affordable, economically justified technolo-
gies for obtaining arabinogalactan and dihydro-
quercetin, as well as practically inexhaustible
raw material resources, may contribute to their
widespread implementation in the production of
biologically complete food products. The use of
dihydroquercetin in production is regulated by
SanPiN 2.3.2.1078-01, where it is classified as
an antioxidant. The Technical Regulation of the
Customs Union “Safety Requirements for Food
Additives, Flavorings, and Technological Aids”
(TR TS 029/2012) allows the use of dihydro-
quercetin as an antioxidant in food production
(Appendix 2), and GOST 33504-2015 presents
the main requirements for it.

The analysis of scientific and technical in-
formation allows concluding that these two bi-
ologically active additives have a wide range of
applications in the production of food products
with high biological value. Currently, dihydro-
quercetin is used in more than 100 types of food
products and medicinal preparations.

V.G. Shelepov et. al. developed a biological-
ly active biopolymeric matrix based on chitosan
succinate (patent RU 2698455), which includes
arabinogalactan, chitosan, and dihydroquer-
cetin. This matrix is characterized by its high
complexing ability, bioavailability, and hydro-
philicity with respect to various water-insoluble
compounds and chemical elements. It also has
enhanced penetration capability, exhibiting a
range of therapeutic and prophylactic proper-
ties — antioxidant, radioprotective, and antisep-
tic. The authors improved the technology for
producing meat pate from venison, offal, veg-
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etable raw materials using the biopolymer ma-
trix, which allows for the production of finished
products with therapeutic and prophylactic
properties. It was established that this technol-
ogy extends the shelf life of finished products
due to the use of bionanocomposite in the reci-
pe, highlighting its economic feasibility [6].

In recent years, the proportion of meat with
disrupted traditional autolysis processes has in-
creased, complicating its use in the production
of high-quality meat products. Some research-
ers have studied the effect of arabinogalactan
on the quality of sausage products made from
stress-sensitive chicken meat. The water-bind-
ing capacity of experimental minced meat sam-
ples using arabinogalactan was 67%, compared
to 62% in the control group, and heat treatment
losses in the control samples were 34%, com-
pared to 28% in the experimental ones. Arab-
inogalactan in meat products weakens oxidation
processes during production and storage (acid
number is 14.7-25.0 lower, peroxide number
14.3-23.0% lower). Studies on the use of these
two additives in dairy, confectionery, bakery,
and other industries are also known [7].

Research aimed at preserving the quality of
food products for extended storage periods is
also relevant. The positive effect is associated
with dihydroquercetin as an antioxidant, which
helps to inhibit the process of peroxide oxida-
tion, not only extending shelf life but also in-
creasing the biological value of the products.

Valuable are the innovative developments
focused on increasing the solubility of BAS
for the production of semi-finished products
with predetermined properties based on supra-
molecular complexes of these substances with
water-soluble polymers, particularly polysac-
charides and chitosan. The research results of
these BAS have been patented. For example, the
semi-smoked venison sausage (RU 2294115)
includes the BAS Anabarin, known for its pro-
nounced immunostimulating and adaptogenic
effect. Its use helps to overcome states of fatigue
and psycho-emotional stress, protects human
internal organs and systems from stress dam-

age, and normalizes cholesterol levels in the
blood. A notable effect of Anabarin is its ability
to enhance mental and physical performance,
especially in unfavorable climatic conditions
(northern and Arctic basin territories). Thus, the
issue of more effective and comprehensive use
of meat raw materials is resolved, simultane-
ously obtaining high-quality food products with
prophylactic properties.

A multifunctional composition (patent RU
2603896) intended for therapeutic, prophylac-
tic, and dietary nutrition, containing the biolog-
ically active additive Flavocen (dihydroquer-
cetin), is distinguished by its increased content
of vitamins, essential substances, macro- and
microelements. It can maintain the nutritional
value over a long storage period, while reducing
the cost of raw materials. A composition with
ascorbic acid and dihydroquercetin (patent RU
2437546) has been developed for producing a
cream-protein product. This invention allows
for the production of a product with probiotic
properties, high nutritional and biological val-
ue, excellent sensory indicators, and an extend-
ed shelf life.

As a result of incorporating dihydroquerce-
tin in the product recipe, a method for produc-
ing concentrated sterilized milk for functional
nutrition (patent RU 2425575) has been devel-
oped, which has enhanced biological value and
improved organoleptic characteristics.

Arabinogalactan and dihydroquercetin are
also used in the confectionery industry. For
example, the method for producing a mass for
sugar confectionery products on a fat basis (pat-
ent RU 2211576) increases the quality of sug-
ar confectionery products, enhances nutritional
value, extends shelf life, and gives the products
prophylactic properties. A food composition for
producing crispy rye-wheat bread (patent RU
2500109) allows for an optimal recipe for this
food product, suitable for consumption by a
wide group of people, including those with obe-
sity and diabetes.

Polysaccharides are among the most import-
ant food additives. Including alginates, carra-
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geenans, and pectins in the recipes of various
therapeutic and prophylactic food products, in
addition to improving sensory properties, helps
enhance food safety due to their complexing
properties. Studies have been conducted on de-
veloping methods for extracting alginates from
Fucus seaweed, flax seeds, and using them in
the production of bakery products or fortifying
wheat flour [8—11]. There is interest in research
on the impact of pectin polysaccharides or their
mixture with food acids on the quality of con-
fectionery products [12, 13].

Researchers from the Department of Food
Systems and Biotechnology of the Siberian
Federal Research Centre of Agro-BioTechnol-
ogies (formerly SibNIITIP) have developed a
recipe for a minced meat semi-finished product
from broiler chicken meat with sodium alginate,
carrageenan, and sugar beet pectin. Ecological
assessments of plant additives were conduct-
ed on white Wistar rats at the State Research
Center of Virology and Biotechnology “Vec-
tor” of the Russian Consumer Rights Protection
and Human Well-Being Surveillance Service.
Optimal dosages of polysaccharides for pro-
ducing ecological food products from poultry
meat were determined. Technical specifications
and technical instructions for the poultry meat
semi-finished product have been developed.
Patents for the following inventions have been
obtained: No. 2336719 “Method of removing
cadmium and lead from animal organism”, No.
2391876 “Method of obtaining semi-finished
products from meat of farm animals and poul-
try”, No. 2375913 “Method of feeding animals
and birds”, No. 2612781 “Method of manufac-
turing a combined meat product”, No. 2644958
“Method of manufacturing a meat product of
functional purpose”.

For producing bioactivated grain, soft and
hard wheat of 1-4 grades, intended for food pur-
poses and meeting the quality and sanitary-hy-
gienic indicators of GOST 52554-2006, were
used. Bioactivation of wheat grain was carried
out by soaking at room temperature for 22 hours
in a 1:0.5 ratio of grain to drinking water. The

purpose of grain activation is to synthesize and
activate inactive enzymes, which, under the in-
fluence of soaking, achieve the development of
all reserve substances in the grain. The bioacti-
vated wheat was crushed using an impact cut-
ting mill designed by SibNIITIP. The milling
method is patented by the institute. Based on
the research, a method for making semi-smoked
sausage with bioactivated wheat grain was de-
veloped (patent RU Ne 2547715). As a result
of the introduction of bioactivated wheat grain
in the product formulation in the amount of 10
wt.% it is possible to increase the content of B
vitamins, fiber, which are deficient in human
nutrition and contribute to detoxification of the
human body and reduction of cholesterol. The
obtained result is achieved as a result of inten-
sive bioactivation processes occurring during
moisture saturation of grain. According to some
authors, the amount of vitamin E in germinating
wheat grains increases 3 times compared to dry
grain. Also, the amount of micro- and macro-
elements increases: potassium from 350 to 850
mg/100 g, calcium from 45 to 70, phosphorus
from 423 to 1100, magnesium from 146 to 400,
iron from 3.9 to 10 mg/100 g. Wheat grain after
germination also becomes an excellent source
of vitamin B complex (B1 increases from 0.46
to 2 mg/100 g, B2 - from 0.23 to 0.7, B6 - from
0.5 to 3, folic acid from 0.04 to 0.35 mg/100 g)
[14]. Vitamins of this group improve the ner-
vous system, eliminate dysbacteriosis, increase
the body’s resistance to infectious diseases and
rheumatism. This is a new full-fledged product
with a health-improving effect.

In general, there is growing interest in plant
polysaccharides with high biological activity,
non-toxicity, and non-allergenic properties, and
the raw material potential for their production
in Russia is quite significant. New biologically
active additives with a wide range of actions are
emerging in the food and processing industries,
capable of competing with traditional pharma-
copoeial drugs and Western counterparts.

The broader use of polysaccharides such
as arabinogalactan, dihydroquercetin, sodium
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alginate, carrageenan, sugar beet pectin, and
bioactivated wheat grain in the production of
wholesome food products will significantly ex-
pand the range of products with prophylactic
and therapeutic-prophylactic properties, which
could greatly improve the health of the Russian

population.
CIINCOK JIUTEPATYPHI
1. Hoeuna A.A., Tuxonos C.JI., Tuxonosea H.B.

ApabuHoranakTad B IPONU3BOJCTBE KOIOACHBIX
W3JICHIA U3 MsCa MTHUIBI C HEXapaKTEPHBIM aB-
ToN30M // JlambHEBOCTOUHBIN arpapHBIN BECT-
Huk. 2018. Ne 2 (46). C. 128-135.

Venoe B.A., lllenenos B.I, bopooaii E.B. Pa3-
paboTKa MUIIEBBIX MPOAYKTOB C HCIOJIb30Ba-
HUEM apaOuHOTallakTaHa W JUTHIPOKBEPIIETH-
Ha (MHpOPMAIMOHHBIH 0030p M300peTeHuit) //
TexHOIOTHS ¥ TOBAPOBE/ICHNE MHHOBAIIMOHHBIX
nuIeBbIX npoaykTos. 2021. Ne 5 (70). C. 3-10.
DOI: 10.33979/2219-8466-2021-70-5-3-10.
Pyoakos O.b, Pyoaxoesa JI.B. Jluruapoxsepie-
THH B MSICHOH TIPOAYKITUH // MSICHBIE TEXHOJIO-
run. 2020. Ne 5. C. 39-42. DOI: 10.33465/2308-
2941-2020-05-44-47.

Sameh Sobhy El-Hadad, Tikhomirova N.A.
Physicochemical properties and oxidative sta-
bility of butter oil supplemented with corn
oil and dihydroquercetin // Journal of Food
Processing and Preservation. 2018. Vol. 42
P. €13765. DOI: 10.1111/jfpp.13765.

Illacaesa H.H., Konoboe C.B. Binusuue nu-
THJIPOKBEPIIETUHA HAa COXPaHIEMOCTh Kaue-
CTBa 3aMOPOXKEHHOTO Toiy(dadpukara u3 Msca
mocst // Tlom3ynoBckuii BecTHUK. 2018. Ne 4,
C. 95-99.

Illenenos B.I', Yenos B.A, bopooaii E.B., Ilo-
sHskosckuti B.M. TluieBble MPOAYKTHI Ha OC-
HOBE HETPAIMIIMOHHOTO MSICHOTO chipbsi Cu-
oupn u Apktuku: MoHorpadus. Kemeposo:
KemepoBckuii rocynapcTBEHHbIM YHUBEPCUTET,
2019. 233 c.

Kanununa H.B., Ilomopoxo H.IO., Haymen-
xo H.B., Manunun A.B., [{lamypos A.B. iccneno-
BaHWE CoepKaHms (TABOHOUIOB B 00OOTAICH-
HBIX XJICOOOYJIOUHBIX H3/ICTUSIX, TOTYUYESHHBIX C
HCTONB30BaHUEM HWHTPEIUEHTOB PACTUTEIHHO-
ro npoucxoxaeHus // Bectauk BopoHexckoro

10.

11.

12.

13.

14.

rOCy/IapCTBEHHOTO YHUBEPCUTETA HHKCHEPHBIX
texHomoruid. 2019. Ne 2 (81). C. 114-118. DOLI:
10.20914/2310-1202-2019-2-114-118.
Hatimynuna A.B., Ilomopoko H.FO., Haymen-
ko U.B., Momoesunose O.K. COHOXUMHYECKOE
MHUKPOCTPYKTYPHPOBAaHUE allbTHHATA HATPUs
JUIS TIOBBIIICHHUS €ro 3(QQEKTUBHOCTH B TEX-
HOJIOTHHU XJ1e000yImouHbIX m3nennii // Texanka
U TEXHOJOTHS THUIIEBBIX Mpou3BoacTB. 2023.
T. 53. Ne 1. C. 13-24. DOI: 10.21603/2074-
9414-2023-1-2411.

Cokonan H.U., Kypanosa JILK., I[poxos-
ckuil B.A. ViccnenoBanue BO3MOXHOCTH IOJTY-
YeHHs ajbTMHATa HATpUS W3 TPOAYKTa Iepe-
paboTku QykycoBbIX Bogopocieli / BecTHuk
BopoHEKCKOTO TOCYIapCTBEHHOTO YHUBEPCH-
TeTa MHKEHepHbIX TexHomorui. 2018. T. 80.
Ne 1. C. 161-167. DOI: 10.20914/2310-1202-
2018-1-161-167.

Hatimynuna A.B., I[lomopoxo U.IO., Heanuwe-
6a E. BiusiHue nosucaxapuioB OypsIx BOAOPO-
cieit Ha xJieboneKapHble CBOMCTBA MILIEHUYHON
myku // bromnerens FOxHO-Ypanbckoro rocy-
JapctBeHHOro yHuBepcutera. 2019. T. 7. Ne 14,
C. 22-31. DOI: 10.14529/f00d190403.
Lvicanosa T.b., Munesuu U.E., Ocunosa JI.JI.
ITonucaxapuael cemsH nbHA. lIpakTnueckoe
npuMeHenne // XpaHeHue u mnepepaboTka
cenpxo3cbipbs. 2019. Ne 2. C. 24-33. DOL:
10.36107/spfp.2019.151.

Yo O.1l., Epemenxo /.O. Vcmonan3oBaHHE
MEKTUHOBBIX  IOJUCAXapuJ0B  BTOPUYHOTO
PACTUTENILHOTO CBIPbS Ul Pa3pabOTKH Jie-
CEpTHBIX OMIof JIeueOHO-TTPOPUIAKTHIECKOTO
MMUTaHUS B paMax KOHIEMIUU OepeKIUBOTO
npousBozcTea // The scientific heritage. 2019.
Ne 40-1 (40). C. 61-65.

Munnuxanosa E.IO., 3asopoxuna H.B., T'unu-
na A.A. VccnemoBaHue B3aMMHOTO BIHMSHUA
MUIIEBbIX KUCJIOT M MOJIMCAXapUIOB pa3iny-
HOW MPUPOJBI HA CEHCOPHOE BOCTIPHUITHE HU3-
KOKaJIOPUHHBIX ciankux Omron // Unmyctpus
mutanus. 2020. T. 5. Ne 2. C. 72-78. DOI:
10.29141/2500-1922-2020-5-2-9.

Tuynoe B.M., Apucos A.B. Hcnonb3oBaHue
HPOPOLICHHOW 3€PHOBOM CMECH B IIPOU3BOJ-
cTBe x11e000ynouHbIX usnenuii // Texnomorun
MUIIEBON U TepepadaThIBAONIEH MPOMBIIIIICH-
Hoctu AIIK — mpoayKThl 310pOBOrO MUTAHMUSL.
2021. Ne 4. C. 66-71. DOI: 10.24412/2311-
6447-2021-4-66-71.

106 Siberian Herald of Agricultural Science ¢ 2023 « 53 « 8

Processing of agricultural products



Postb OHOTOrUYEeCKH aKTUBHBIX HOG&BOK B CO3IaHUH IMOTHOLCHHBIX
ITUIIEBLIX NIPOAYKTOB

VYo B.A., Unep6aesa A.T., Bopoxaii E.B.

REFERENCES

1.

Nogina A.A., Tikhonov S.L., Tikhonova N.V.
Arabinogalactan in the production of sausag-
es with uncharacteristic autolysis. Dal nevo-
stochnyi agrarnyi vestnik = Far East Agrari-
an Bulletin, 2018, no. 2 (46), pp. 128-135. (In
Russian).

Uglov V.A., Shelepov V.G., Borodai E.V. De-
velopment of food products using arabinogalac-
tan and dihydroquercetin (information review
of inventions). Tekhnologiya i tovarovedenie in-
novatsionnykh pishchevykh produktov = Tech-
nology and merchandising of the innovative
foodstuff, 2021, no. 5 (70), pp. 3-10. (In Rus-
sian). DOI: 10.33979/2219-8466-2021-70-5-3-
10.

Rudakov O.B, Rudakova L.V. Dihydroquerce-
tin in meat production. Myasnye tekhnologii =
Meat Technology, 2020, no. 5, pp. 39—42. (In
Russian). DOI: 10.33465/2308-2941-2020-05-
44-47.

Sameh Sobhy El-Hadad, Tikhomirova N.A.
Physicochemical properties and oxidative sta-
bility of butter oil supplemented with corn oil
and dihydroquercetin. Journal of Food Pro-
cessing and Preservation, 2018, vol. 42. DOI:
10.1111/jfpp.13765.

Shagaeva N.N., Kolobov S.V. Influence of di-
hydroquercetin on the quality retention of fro-
zen semi-finished products from moose meat.
Polzunovskii vestnik = Polzunovskiy vestnik,
2018, no. 4, pp. 95-99. (In Russian).

Shelepov V.G., Uglov V.A, Borodai E.V., Po-
znyakovskii V.M. Food products based on
non-traditional meat raw materials from Sibe-
ria and the Arctic. Kemerovo, Kemerovo State
University, 2019, 233 p. (In Russian).

Kalinina I.V., Potoroko I.Yu., Naumenko N.V.,
Malinin A.V., Tsaturov A.V. Investigation of the
content of flavonoids in fortified bakery products
obtained using ingredients of plant origin. Vest-
nik Voronezhskogo gosudarstvennogo univer-
siteta inzhenernykh tekhnologii = Proceedings
of the Voronezh State University of Engineering
Technologies, 2019, no. 2 (81), pp. 114-118.
(In Russian). DOI: 10.20914/2310-1202-2019-
2-114-118.

Paimulina A.V., Potoroko I.Yu., Naumenko I.V.,
Motovilov O.K. Sonochemical microstructuring

10.

11.

12.

13.

14.

of sodium alginate to increase its effectiveness
in bakery. Tekhnika i tekhnologiya pishchevykh
proizvodstv = Food Processing Techniques and
Technology, 2023, vol. 53, no. 1, pp. 13-24. (In
Russian). DOI: 10.21603/2074-9414-2023-1-
2411.

Sokolan N.I., Kuranova L.K., Grokhovskii V.A.
Investigation of the possibility of producing
sodium alginate from the product of process-
ing fucus algae. Vestnik Voronezhskogo gosu-
darstvennogo universiteta inzhenernykh tekh-
nologii = Proceedings of the Voronezh State
University of Engineering Technologies, 2018,
vol. 80, no. 1, pp. 161-167. (In Russian). DOI:
10.20914/2310-1202-2018-1-161-167.
Paimulina A.V., Potoroko I.Yu., Ivanishche-
va E. Influence of the brown algae polysaccha-
rides on the bakery properties of wheat flour.
Byulleten’  Yuzhno-ural skogo  gosudarstven-
nogo universiteta = Bulletin of the South Ural
State University, 2019, vol. 7, no. 14, pp. 22—
31. (In Russian). DOI: 10.14529/food190403.
Tsyganova T.B., Minevich L.E., Osipova L.L.
Flaxseed Polysaccharides: Practical Applica-
tion. Khranenie i pererabotka sel’khozsyr’ya
= Storage and Processing of Farm Products,
2019, no. 2, pp. 24-33. DOI: 10.36107/sp-
p.2019.151.

Chub O.P., Eremenko D.O. Lean production
condition development of technological pro-
cesses of therapeutic and preventive nutrition
desert dishes which use plant raw material
pectin polysaccharides. The scientific heritage,
2019, no. 40-1 (40), pp. 61-65.

Minnikhanova E.Yu., Zavorokhina N.V., Gili-
na A.A. Mutual inftuence study of food acids
and polysaccharides of different nature on the
sensory perception of low-calorie sweet dish-
es. Industriya pitaniya = Food Industry, 2020,
vol. 5, no. 2, pp. 72-78. (In Russian). DOI:
10.29141/2500-1922-2020-5-2-9.

Tiunov V.M., Arisov A.V. The use of sprout-
ed grain mixture in the production of bakery
products. Tekhnologii pishchevoi i pereraba-
tyvayushchei promyshlennosti APK-produk-
ty zdorovogo pitaniya = Technologies for the
food and processing industry of AIC — healthy
food, 2021, no. 4, pp. 66—71. (In Russian). DOI:
10.24412/2311-6447-2021-4-66-71.

IepepaboTka cembCKOX03sHCTBEHHO IIPOLYKINH

CHONPCKHI BECTHHK CENIbCKOXO3SHCTBEHHOMN Hayku * 2023 <538 107



The role of biologically active additives in the creation
of healthy and nutritious food products

Uglov V.A., Inerbaeva A.T., Borodai E.V.

HHO®OPMALIAA Ob ABTOPAX

)¥Yrios B.A.,
HayK, CTaplUMi Hay4HBbIH
Naukoved1939@yandex.ru

HNuepbaeBa A.T., kaHauaar TeXHUYECKUX HayK,
Be/IyILIUI HAyYHBIN COTPYAHUK; e-mail: atinerbaeva@
yandex.ru

KaHAMIAT OHOJIOTMYECKUX
COTpYIHHK; e-mail:

Bopopaii E.B., crapmmii HayuHBIIi COTpPYIHUK,
agpec nuasa nepenucku: Poccus, 630501, HoBocu-
oupckast oonacts, p.im. KpacrHooOck, a/s 463; e-mail:
borodajelena@yandex.ru

AUTHOR INFORMATION

()Vladimir A. Uglov, Candidate of Science
in Biology, Senior Researcher; e-mail: Nauko-
ved1939@yandex.ru

Aigul T. Inerbaeva, Candidate of Science in En-
gineering, Lead Researcher; e-mail: atinerbaeva@
yandex.ru

Elena V. Borodai, Senior Researcher; address:
PO Box 463, Krasnoobsk, Novosibirsk Region,
630501, Russia; e-mail: borodajelena@yandex.ru

Jama nocmynnenust cmamou / Received by the editors 22.05.2023
Jama npunsmus x nyénuxayuu / Accepted for publication 21.07.2023
Jlama ny6nuxayuu / Published 20.09.2023

108 Siberian Herald of Agricultural Science ¢ 2023 « 53 « 8

Processing of agricultural products



AUTHOR GUIDELINES

The guidelines are drawn up in accordance with the ethical principles, common for all the members of the scientific
community, and the rules for publications in international and local scientific periodic magazines as well as in com-
pliance with the requirements stipulated by the State Commission for Academic Degrees and Titles for the periodicals
included in the List of Russian peer-reviewed scientific journals in which the major scientific outcomes of theses for the
degrees of Doctor or Candidate of Sciences must be published.

The journal publishes original articles on fundamental and applied issues by the following directions:
»  general agriculture and crop production;

* plant breeding, seed production and biotechnology;

» agrochemistry, soil science, plant protection and quarantine;

+  fodder production;

* infectious diseases and animal immunology;

»  private zootechnics, feeding, technology of feed preparation and production of livestock products;
*  breeding, selection, genetics, and animal biotechnology;

» technologies, machinery and equipment for the agro-industrial complex;

+  food systems.

The article sent to the editorial board must correspond to the thematic sections of the journal “Siberian Herald of
Agricultural Science”:

Code and name of the scientific specialty in accordance with the Nomenclature of

Section name Scientific Specialties, for which academic degrees are awarded

. o 4.1.1. General agriculture and crop production
Agriculture and chemicalization . o . .
4.1.3. Agrochemistry, soil science, plant protection and quarantine

Plant . d breedi 4.1.1. General agriculture and crop production
ant growing and breedin
g g g 4.1.2. Plant breeding, seed production and biotechnology

Plant protection 4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.1.1. General agriculture and crop production

Fodder production 4.1.2. Plant breeding, seed production and biotechnology

4.1.3. Agrochemistry, soil science, plant protection and quarantine
4.2.3. Infectious diseases and animal immunology

Zoot'eghnics and veterinary 4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock
medicine products

4.2.5. Breeding, selection, genetics, and animal biotechnology

Mechanization, automation,

modelling and dataware 4.3.1. Technologies, machinery and equipment for the agro-industrial complex

Agriproducts processing 4.3.3. Food systems

4.1.1. General agriculture and crop production

4.1.2. Plant breeding, seed production and biotechnology
Problems. Opinions
4.1.3. Agrochemistry, soil science, plant protection and quarantine
Scientific relations
4.2.3. Infectious diseases and animal immunology
From the history of agricultural
science 4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock
products
Brief reports

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

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

RECOMMENDATIONS TO THE AUTHOR BEFORE SUBMITTING AN ARTICLE

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

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

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

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

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

CHONpPCKHI BECTHHK CENIbCKOXO3sHCTBEHHOM Hayku * 2023 <538 109



PROCEDURE FOR SENDING MANUSCRIPTS OF ARTICLES

1 Submission of the article is carried out through the electronic editorial board on the journal’s website https://
sibvest.elpub.ru/jour/index. After preliminary registration of the author, choose the option “Send a manuscript” in the
upper right corner of the page. Then download the manuscript (in *.doc or *.docx format) and the accompanying docu-
ments. When you have finished uploading, be sure to select the option “Send a Letter”, in which case the editorial board
will be automatically notified of the receipt of the new manuscript.

Accompanying documents to the manuscript of an article:

. a scanned copy of a letter from the organization confirming authorship and permission to publish (sample
cover letter);

. a scanned copy of the author’s note in the form provided (sample author’s note), in which consent must be ex-
pressed for the open publication of the article in the printed version of the journal and its electronic copy in the Internet;

. a scanned copy of the manuscript with the authors’ signatures. The author, by signing the manuscript and send-
ing it to the editorial office, thereby transfers the copyright for the publication of this article to SFSCA RAS;

. author questionnaires in Russian and English (sample author questionnaire);

. a scanned copy of your post-graduate school transcript (for full-time postgraduate students).

2. All manuscripts received by the editorial board are registered via the electronic editorial system. The author’s
personal account shows the current status of the manuscript.

3. Non-reviewed materials (scientific chronicles, reviews, book reviews, materials on the history of agricultural
science and activities of institutions and scientists) are sent to the e-mail: sibvestnik@sfsca.ru and are registered by the
executive secretary.

ARTICLE DESIGN PROCEDURE

The text of the manuscript is printed in Times New Roman font, type size 14 with 1.5 spacing, all margins 2.0 cm,
page numbering at the bottom. The size of a manuscript should not exceed 15 pages (including tables, illustrations and
bibliography); the articles placed in the sections “From dissertations” and *“ Brief reports” should not exceed 7 pages.

Article design structure:

1. UDC

2. Title of an article in Russian and English (no more than 70 characters).

3. Surnames and initials of the authors, full official name of the scientific institution where the research was con-
ducted in Russian and English.

If authors from different institutions took part in the preparation of the article, it is necessary to indicate the affilia-
tion of each author to a particular institution using the superscript index.

4. Abstract in Russian and English. The size of the abstract should not be less than 200-250 words. The abstract
is a brief and consistent presentation of the material of the article on the main sections and should reflect the main con-
tent, follow the logic of the presentation of the material and description of the results in the article with the provision of
specific data. The abstract should not include the newly introduced terms, abbreviations (with the exception of common
knowledge), references to the literature. The abstract should not emphasize the novelty, relevance and personal contri-
bution of the author; the place of research should be indicated to the district (region), specific organizations should not
be mentioned.

5. Keywords in Russian and English. There should be up to 5—7 words by the topic of the article. It is desirable
that the keywords support the abstract and the title of the article.

6. Information on the conflict of interests or its absence. The author should notify the editor on the real or po-
tential conflict of interests by including the information in the appropriate section of the article. If there is no conflict of
interests, the author should also inform the editor about it.

Example wording: “The author declares no conflict of interest”.

7. Acknowledgements in Russian and English. This section lists all sources of funding for the study, as well as
acknowledgements to people who contributed to the article but are not the authors.

8. The main body of the article. When presenting original experimental data, it is recommended to use subheadings:

INTRODUCTION (problem statement, goal and tasks of the study)

MATERIAL AND METHODS (conditions, methods (methodology) of research, object description, place and
time of research)

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES. The number of sources must be at least 15. The list of references includes only peer-reviewed
sources: articles from scientific journals and monographs. Self-citation of no more than 10% of the total number. The
bibliography list should be designed as a general list in the order of mention in the text, it is desirable to refer to sources
2-3 years old. The rules for the list of references are in accordance with GOST R 7.05-2008 (requirements and rules for
compiling a bibliographical reference). In the text the reference to the source is marked by a serial number in square
brackets, for example [1]. Literature in the list is given in the languages in which it was published. In the bibliographic
description of the publication, it is necessary to include all authors, without abbreviating them by one, three, etc. It is
unacceptable to abbreviate the names of articles, journals, publishing houses.

110 Siberian Herald of Agricultural Science ¢ 2023 « 53 « 8



If it is necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manuals,
GOSTs, information from websites, statistical reports, articles in socio-political newspapers, etc., such information
should be placed in a footnote at the end of the page. Footnotes are numbered in Arabic numerals, placed page by page
through numbering.

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, keywords,
list of references.

EXAMPLE OF REFERENCES in Russian and English and FOOTNOTES

REFERENCES (in Russian):

Monograph

Klimova E.V. Field crops of Zabaikalya: monograph. Chita: Poisk, 2001. 392 p.

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture
in southern forest-steppe of Western Siberia// Resource-saving tillage systems. Moscow: Agropromizdat, 1990. pp.
230-235.

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage // Siberian Herald of Agricultural Science. 2018. vol. 48. Ne 4. pp. 27-35. DOI:
10.26898/0370-8799-2018-4-4.

REFERENCES (in English):

References are compiled in the same order as the Russian version, according to the following rules:

Names and surnames of the authors are given in the established way of transliteration, English title of the article,
transliteration of the name of the Russian-language source (for example through the site: https://antropophob.ru/trans-
lit-bsi) = English title of the source. The order of presentation for a monograph is the following: city, English name of
the publisher, year, number of pages; for a journal: year, number, pages). (In Russian).

Example: Author A.A., Author B.B., Author C.C. Title of article.

Transliteration of the authors. English title of the article.

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Transliteration of the source = English name of the source

Monograph

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990,
pp- 230-235. (In Russian).

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2018, vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

FOOTNOTES:

Quated text,.

LKlimova E.V., Andreeva O.T., Temnikova G.P. Ways to stabilize food production in Transbaikalia // Problems and
prospects of perfecting zonal farming systems in modern conditions: materials of the scientific and practical conf.
(Chita, October 16-17 2008). Chita, 2009, pp.36-39.

Digital Object Identifier — DOI (when the cited material has it) should be indicated at the end of the bibliographic
reference.

Example:

Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize

(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.

The DOI of the article should be checked on the website http://search.crossref.org/ or https://www.citethisforme.
com. To do this, enter the title of the article in English in the search bar.

FIGURES, TABLES, SCREENSHOTS AND PHOTOGRAPHS

The figures must be of good quality, suitable for printing. All figures must have captions. The caption must be trans-
lated into English. Figures should be numbered in Arabic numerals according to the order in the text. If there is only
one figure in the text, it is not numbered. References to figures should be formatted as follows: “Fig. 3 indicates that
.7 or “It is indicated that ... (see Fig. 3)”. The caption under the figure includes a figure number and its title. “Figure 2.
Description of vital processes.” The translation of the figure caption should be placed after the figure caption in Russian.

Tables should be of good quality, suitable for printing. Tables suitable for editing are preferred, not scanned or
as figures. All tables should have headings. The title of the table should be translated into English. Tables should be
numbered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not numbered.

CuOHpCKHii BECTHHK CENBCKOXO3sHCTBeHHO Hayku © 2023 538 111



References to tables should be formatted as follows: “Table 3 states that ...” or “It is stated that ... (see Table 3)”. The
title of the table includes a table number and its title: “Table 2. Description of Vital Processes.” The translation of the
table title should be placed after the table title in Russian.

Photos, screenshots and other non-drawn illustrations must be uploaded separately as *.jpeg files (*.doc and *.docx
if the image has additional marks). The resolution of the image should be >300 dpi. The image files should be given a
name corresponding to the figure number in the text. In the description of the file a caption should be given separately,
which should correspond to the name of the picture placed in the text.

Attention should be paid to the spelling of formulas in the article. To avoid confusion, it is necessary to write Greek
(a, B, m, etc.), Russian (A, a, B, b, etc.) letters and numbers in straight font, Latin letters in italics (W, Z, m, n, etc.).
Mathematical signs and symbols should also be written in straight font. It is necessary to clearly indicate upper and
lower superscript characters (W, F,, etc.).

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR

The Editorial Board asks the authors to be guided by the above stated rules when preparing the article.

All the articles submitted to “Siberian Herald of Agricultural Science” go through preliminary check for 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 manu-
script.

All scientific articles submitted to the editorial board of the journal “Siberian Herald of Agricultural Science” un-
dergo obligatory double-blind reviewing (author and reviewer do not know about each other). Manuscripts are sent in
accordance with their research profile for reviewing to the members of the Editorial Board.

In controversial cases, the editor may involve several specialists in the review process, as well as the 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 cancelled from the register.

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author.

The designated author (contact author) is sent the final version of the manuscript accepted for publication, which
he/she must check.

REVERSAL OF EDITOR/ REVIEWER’S DECISION

In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision
made. In order to do this, the author should:

» amend the manuscript in compliance with the comments substantiated by reviewers and editors;

* clearly outline their stance on the issue under question.

The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due
to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be
rectified in the manuscript for it to be accepted for publication.

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA
FALSIFICATION DETECTION

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles for
scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Committee on
Publication Ethics (COPE) and demands that all those involved in the publishing process should obey these principles.

ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL

In case of error detection that affect understanding of an article but do not distort the results of research, they can
be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
drawal is sent to data bases where the journal is indexed.

112  Siberian Herald of Agricultural Science * 2023 « 53 « 8



DEAR SUBSCRIBERS!

Subscription to the journal “Siberian Herald of Agricultural Science”
(both for the annual set and for individual issues) can be made in one of the following ways:

On the website of JSC In the subscription agency In the editorial office
"Russian Post" subscription  LLC "Ural-Press" subscription of the magazine
index PM401 index 014973
Go to "Online Services", then The link to the publication Phone: +7 (383) 348-37-62
"Subscribe to a newspaper or a is https://www.ural-press.ru/ e-mail: sibvestnik@sfsca.ru
magazine" search/?q=014973. In the contact

section, go to http://ural-press.ru/
contact/, where you can select a
branch in your neighborhood.

Full-text version of the journal
“Siberian Herald of Agricultural Science”
is available on the website of the Scientific Electronic Library:
http://www.elibrary.ru.



	обложка_8_2023_англ_Л
	Сиб_вест_8_2023_англ

