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buoxumuyeckass akTUBHOCTH TOP( OB Pa3JIMYHOIO reHe3nca

>)Aunmesa JI.U.!, [lopoxuna E.B.!, I'osioBuenko A.B.

(=) /| JLA, T E.B.\, I’ A.B.?
'Tomckuii 2ocyoapcmeennbiii nedazocudeckutl YHUgepcument

Tomck, Poccus

*Mockosckuil 2ocydapcmeennbiil yHusepcumem um. M.B. Jlomonocosa
Mocksa, Poccus

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

[IpencrapiieHbl pe3y/IbTaThl KCCIEA0BaHUs (DEPMEHTATHBHON aKTUBHOCTH TOP(OB Tpex 0OJI0T Bep-
XOBOTO ¥ HM3UHHOTO TUTIOB — Canm, bonbmoe u Tyarycosckoe (Tomckast o6macts). [IpuBenensr oco-
OeHHOCTH (POPMUPOBAHUS OPTAHUIECKOTO BelecTBa TOphoB pazHoro Buja. [lokazaHno, 94To cBOHCTBA
TOp(HOB, HACUUTHIBAIOIINX B CBOEM COCTaBE JI0 BOCHBMH Pa3HBIX PACTEHHM, SIBISIOTCS CIIEICTBUEM
HEOJIMTHAKOBOTO CTPOCHUS MOJUMEPOB MUCXOAHBIX pacTeHuid. OmpeesieHbl MOKa3aTelld aKTUBHOCTH
(hepMEeHTOB MHBEPTa3bl, IIPOTEA3bl, KaTaJa3bl, MOJUPEHOIOKCUIa3bl, HUTPAT- U HUTPUTPEIAYKTA3bl B
Topdax pasIMYHOro reHes3uca. Tak, Ha TUIIOBOM YPOBHE 3KCTPEMaJIbHbIC 3HAYCHMSI aKTUBHOCTH HU-
Tpar- ¥ HUTPUTPEAYKTa3bl B Tophax BepxoBoro 60soTa paBHBI cOOTBeTCTBEHHO 3,60—4,94 Mr BOC-
cranosiennoro NO, /24 u/r n 3,52-7,01 mr Boccranosinennoro NO, /24 4/r, ausunnoro 6osora —
4,66-19,33 mr BoccranoBinennoro NO, /24 /v n 0,9-13,0 mr Boccranosnennoro NO, /24 u/r, noi-
MeHHoro 6onora — 8,77-22,29 mr Boccranosnennoro NO, /24 1/t u 0,2-13,6 Mr BOCCTaHOBIEHHOTO
NO,7/24 u/r. IIpoBesIeHO CpaBHEHHE AKTUBHOCTH (pepMEHTa B TOp(ax W B MUHEPAIbHBIX I0YBAX C
OIICHKOM akTMBHOCTH T0 mikajie J[.I. 3psruHiieBa. YCTaHOBJICHO, 4TO B TOpdax oTMedaercs Oojiee
IMPOKUI MHTEPBAJ 3HAYCHUI MHBEPTA3bl, YeM 13TO TIOKA3aHO IO IIKaje. BrisBieHa He0OX0IUMOCTh
pa3paboTKu Tpajanuy OueHKHA (epMEHTAaTHBHON aKTUBHOCTH UTd TOpQoB. BeposTHO, mpu m3MeHe-
HUY BHEITHUX YCJIOBHI B CTOPOHY MOTEIUICHUSI aKTUBHOCTD (hePMEHTOB 110 TpaHC(POPMAaILIK OpTaHu-
YECKOT0 BelecTBa TOP(OB MOXKET BO3pacTu. B mepcrnekTuBe mpejyiaraeM pa3padoTaTh OIEHOYHBIH
Kajgactp TopQoB Mo GpepMEHTATUBHONW aKTUBHOCTU, KOTOPBIH TO3BOJHT MyTEeM COATTAHCHPOBAHHOTO
nogbopa TophoB IS MPOU3BOJCTBA CEIbCKOXO3IUCTBEHHON MPOIYKIIMK 00eCTIeUnTh TpedyeMoe Ka-
YECTBO MPOAYKITUH, €€ IKOJIOTHIECKYIO0 0e301MacHOCTh U IKOHOMUYECKYIO A((EKTHBHOCTb.

KuaroueBbie cioBa: Topd, Topdssaoit npoduias, GepMeHTHI, TpaHchopMaIHs OpraHuIECKOTO Be-
IIeCTBa, KagacTp

Biochemical activity of peats of different genesis

() Inisheva L.L!, Porokhina E.V.!, Golovchenko A.V.2
Tomsk State Pedagogical University

Tomsk, Russia

2Lomonosov Moscow State University

Moscow, Russia

(<De-mail: inisheva@mail.ru

The results of the study of enzymatic activity of peats of the three bogs of upper and lowland
types — Saim, Bolshoye and Tungusovskoye (Tomsk region) are presented. The peculiarities of or-
ganic matter formation of peats of different types are given. It is shown that the properties of peats
with up to eight different plants in their composition are a consequence of the different structure of
polymers of the original plants. The activity indices of enzymes invertase, protease, catalase, poly-
phenol oxidase, nitrate and nitrite reductase in the peats of different genesis are determined. Thus, at
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Biochemical activity of peats of different genesis

Inisheva L.I., Porokhina E.V., Golovchenko A.V.

the type level, the extreme values of nitrate and nitrite reductase activity in the peats of the upland
bog are equal to 3.60-4.94 mg of reduced NO, /24 h/g and 3.52-7.01 mg of reduced NO, /24 h/g,
respectively, lowland bog — 4.66-19.33 mg of reduced NO, /24 h/g and 0.9-13.0 mg of reduced
NO, /24 h/g, fluvial bog — 8.77-22.29 mg of reduced NO, /24 h/g and 0.2-13.6 mg of reduced
NO, /24 h/g. The activity of the enzyme in peats and in mineral soils is compared with the activity
estimation according to the D.G. Zvyagintsev scale. Peats are found to show a wider range of in-
vertase values than indicated by the scale. The need to develop a gradation of enzymatic activity
assessment for peats is identified. Probably, the activity of enzymes on peat OM transformation may
increase when external conditions change towards warming. In the future, it is suggested to develop
an evaluation cadastre of peats by enzymatic activity, which will allow, through a balanced selection
of peats for agricultural production, to ensure the required quality of products, their environmental

safety and economic efficiency.

Keywords: peat, peat profile, enzymes, transformation of organic matter, cadastre
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INTRODUCTION

Soil is a system rich in enzyme composition
and pool due to the complex source of enzyme
supply (microorganisms, plants, soil biota). In
this regard, enzymatic activity along with other
criteria is a reliable diagnostic indicator of the
rate of transformation of organic matter (OM)
in soil. Such studies are widely presented for
mineral soils [1-6]. As for peat soils, little at-
tention is paid to their enzymatic activity' [7-9].

At the same time, the organogenic profile of
bogs is composed of peats of different species
composition. The basis of peat consists of plant
residues of solid polymers of cellulose nature
and their decomposition products, which are in

equilibrium with aqueous solution of low- and
high-molecular substances. Such a complex
system needs a thorough study of its biologi-
cal component, which catalyzes the biochemi-
cal processes of peat OM transformation. Oc-
cupying significant areas in Russia, peat bogs
are the largest reservoirs of OM containing car-
bon (100.93 billion tons)?. It is also important
to emphasize that peat applied to the fields as
an organic fertilizer and ameliorant is not only
a source of nutrients for agricultural crops, but
also an enzymatic activator, which plays a sig-
nificant role in improving soil fertility.
Therefore, the purpose of our study was to
investigate the enzymatic activity of peats.

'Bobul’skad L., Fazekasova D., Angelovicova L. Vertical Profiles of Soil Properties and Microbial Activities in Peatbog Soils in

Slovakia // Environmental Processes, 2015, vol. 2, pp. 411-418.

*Vompersky S.E. Role of bogs in the carbon cycle // Biogeocenotic particularities of bogs and their rational use: XI Readings in
memory of Academician V.N. Sukachev. Moscow: Nauka, 1994, pp. 5-37.
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Buoxumuaeckast akTHBHOCTh TOp(pOB Pas3sIn4YHOro reue3uca

Wuumesa JIL.U., [Topoxuna E.B., [onosuenko A.B.

MATERIAL AND METHODS

The study was conducted in the Tomsk re-
gion on three bogs of different genesis. The
Saim bog, located in the Alexandrovsky dis-
trict and categorized as a bog of the upper type,
has an area of 3611.2 ha, formed on the second
supra-floodplain terrace of the Ob in the con-
ditions of atmospheric feeding on sandy loam
soils. This bog began to develop from the me-
sotrophic stage of peat formation: in the pro-
cess of development, the wood-scheuchzeria
peat changed to scheuchzeria and scheuchzeria
-sphagnum peat and further at the surface to
sphagnum depression peat. The whole profile is
represented by oligotrophic peats (1.1-3.4%).
The low degree of decomposition (5%), ob-
served near the surface, increases to the bedrock
to 31% simultaneously with a slight increase in
the sum of absorbed bases at a constant medium
reaction of 3.0-3.5 and high hydrolytic acidity
(104.0-130.8 mg-eq/100 g).

The Bolshoye bog, classified as a lowland
type bog, is located in the Bakcharsky District,
on the terrace of the Andarma river. Its water
supply is realized due to the inflow of surface
water run-offs from the catchment area and con-
fined ground-water. The underlying soils are
clays. The area of the bog is 1391 ha. It was
formed under the conditions of rich mineral
nutrition with deposits of peats of woody and
woody-sedge types with ash content of 8.3—
11.4%. The degree of decomposition in the peat
profile increases from 15% starting from the sur-
face to 40% to the underlying rocks. In the same
direction the acidity of peats changes (from
slightly acidic to neutral reaction) and the sum

of absorbed bases increases (143.5 — 242.2 mg-
eq/100 g).

The Tungusovskoye floodplain bog, with an
area of 82 ha, is located in the Molchanovsky
District, in the floodplain of the Bolshoi Tatosh
river. The underlying rocks are loams and clays.
The presence of confined ground-water feed-
ing with hydrocarbonate-calcium waters in the
floodplain bog caused the peat profile to be di-
vided into two parts: upper part with normal-ash
peats (8.2—15.5%), low values of hydrolytic
acidity (2.7-16.1 mg-eq/100 g) and pH_ close
to neutral (6.6-6.9), and lower part with high-
ash peats (24.0-31.6%) and weakly alkaline re-
action of the medium (7.4-7.5).

Botanical composition and degree of decom-
position, ash content, exchangeable acidity and
sum of absorbed bases® were determined in the
peats, and enzymes of oxidoreductase and hydro-
lase classes were studied. The fractional compo-
sition of OM was determined by V.V. Ponomare-
va and T.A. Nikolaeva?*, the total activity of
catalase was determined using the gasometric
method’, and non-enzymatic catalase was deter-
mined according to F.H. Khaziev®. Polyphenol
oxidase activity was determined according to
the method of L.A. Karyagina and N.A. Mikhai-
lovskaya’, invertase activity according to the
method of T.A. Scherbakova?®, nitrite and nitrate
reductase activity according to L.A. Murdam’.
In order to reveal the dependences between the
enzyme activity and chemical composition of
peats, correlation analysis was carried out sepa-
rately for peats of high and lowland types. The
calculated correlation coefficients are significant
at a confidence level of 95%.

3Bazin E.T., Kopenkin V.D., Kosov V.I., Korchunov S.S., Petrovich V.M. Technical analysis of peat. Moscow: Nedra, 1992, 358 p.
*Ponomareva V.V, Nikolaeva T.A. Methods of studying organic matter in peat-bog soils / Eurasian Soil Science, 1961, N 5,

pp- 88-95.

SKruglov Yu.V., Paromenskaya L.N. Modification of the gasometric method for determination of catalase activity // Eurasian Soil

Science, 1966, N 1, pp. 93-95.

®Khaziev F.H. Methods of soil enzymology. Moscow, 1990, 189 p.

"Karyagina L.A., Mihailovskaya N.A. Determination of polyphenol oxidase and oxidase activity in soil // Proceedings of the
Academy of Sciences of BSSR. Series of Agricultural Sciences, 1986, N 2, pp. 40-41.

$Shcherbakova T.A. Enzymatic activity of soils and transformation of organic matter. Minsk, 1983, 222 p.
*Murdam L.A. Dynamics of microbiological processes and enzymatic activity in connection with the transformation of nitrogen

in soil: Candidate’s thesis in Biology, Tallinn, 1982, 168 p.
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RESULTS AND DISCUSSION

A certain enzyme pool is created in peat soil,
which composition and activity corresponds to
the biocenotic composition of the biogeoceno-
sis and the properties of peat as a catalytic ma-
trix. In turn, the peculiarities of formation of the
bogs of different genesis determine the enzy-
matic activity of peats in the peat profile.

To understand the peculiarities of enzymatic
activity of peats in the bogs of different gene-
sis, the composition of OM was considered.
The indices of hydrolysates, sums of humic
acids (HA) and fulvic acids (FA), C/N and
S,../S., ratios are the most informative for
assessing enzymatic activity (see Table 1).

It has been established on the basis of the
study of the Saim bog that the non-hydrolyz-
able residue (47.4-59.7%) predominates in the
composition of the OM in the peats of the upper
bog. Easily hydrolyzable and hard-to-hydrolyze

substances together constitute only a small share
(2.9-14.4%), their high values are noted in the
upper layers composed of sphagnum depression
and scheuchzeria-sphagnum peat. Humic acids
are the main substances determining the enzy-
matic properties of peats. The amount of HA in-
creases with increasing depth from 15.0-19.7 to
29.7-37.8%, which is explained by the change
of peat species composition. The presence of
sphagnum mosses in peat composition inhibits
the process of decomposition of hydrolyzable
compounds and formation of humus substances.
The sum of FA also increases down the profile,
but insignificantly, with a simultaneous increase
inthe S /S ratio from 3.6 to 5.7.

In the Bolshoye bog, peats classified as the
lowland type compared to the peats of the up-
land bog with low carbon content, the fraction
of non-hydrolyzable residue, hydrolysates, es-
pecially hard-to-hydrolyze substances, and FA

Ta6a. 1. OpakuuOHHBIHA COCTaB OpraHUYecKoro serecTsa Topdos, % or C
Table 1. Fractional composition of organic matter peats, % from C_|

Hydrolysates

[V

Peat type Depth,cm |C , % | HA FA |C,/C., oh | Wh | sum N/h | C/N

Saim

Sphagnum depression 25-75 47,5 | 15,0 42 3,6 7,7 6,7 144 | 59,7 -

Scheuchzeria-sphagnum 75-125 | 44,1 | 19,7 5,9 33 4.5 7,4 11,9 | 54,8 -

Scheuchzeria 125-150 | 44,9 | 29,7 6,6 4.6 2,4 4,1 6,5 474 -
» 175-200 | 52,1 | 37,8 6,6 5,7 1,1 1,9 2,9 42,7 -

Woody-scheuchzeria 200225 | 55,8 | 33,6 6,4 5,3 0,9 2.3 3,2 47,9 -

Bolshoye
Woody 0-25 29,6 | 25,6 | 17,6 1,5 6,0 6,8 12,8 | 40,5 | 20,5
» 75-100 | 30,3 | 17,8 | 12,1 1,5 6,1 7,7 13,8 | 52,8 | 20,1

Woody-sedge 125-150 | 30,9 | 19,6 | 13,1 1,5 5,2 7,0 12,2 | 51,1 | 17,2
» 175-200 | 31,3 | 21,3 | 12,0 1,7 4,4 6,3 10,7 | 54,1 | 16,4
» 200-225 | 30,4 | 22,5 | 11,5 1,9 3,3 7,0 10,4 | 52,7 | 19,1

Tungusovskoye
Sedge 0-25 45,6 | 16,9 | 30,8 0,5 6,1 5,6 11,7 | 33,8 | 252
» 25-75 49,1 | 20,8 | 24,0 0,9 5,4 4.8 10,2 | 384 -

Sedge-hypnum 100-125 | 49,1 | 21,1 | 24,0 0,9 43 4.7 9,0 38,9 | 249
» 175-200 | 50,4 | 21,7 | 21,3 1,0 472 4.7 8,9 40,4 | 25,7

Sedge 225-250 | 50,6 | 22,7 | 22,1 1,0 3,7 4.8 8,5 40,2 | 24,6

Grass 325-350 | 38,3 | 30,8 | 25,5 1,2 3,8 4,1 7,9 27,3 | 21,1

Note. C_ — total carbon content;

C,./C;, — the ratio of the amount of carbon in humic acids to the amount of carbon in fulvic

acids; e/h — easily hydrolyzable substances; h/h — hard-to-hydrolize substances; n/h —non-hydrolyzable residue; «—» — did not identify.
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prevails. Humic acids in the lowland bog peats
were found less than in the upland bog peats and
only in the woody type peat in the 0-25 cm lay-
er their content increases by 1.7 times. It should
be noted that lowland woody peat, which makes
up most of the lowland bog profile, contains less
HA than, for example, lowland grass peat. This
is due to the initial composition of woody resi-
dues, which are almost 80% carbohydrate'’, and
during transformation the carbohydrate com-
plex is actively degraded by the microflora with
the help of enzymes, not contributing to the for-
mation of HA. C/N ratio varies in the range of
16.4-20.5,S,,,/S,, — 1.5-1.9.

The profile of the lowland floodplain bog
Tungusovskoye is composed with the predo-
minance of sedge and sedge-hypnum species of
peat. Based on the analysis of plant composi-
tion, it is known that sedges and green mosses
decompose at a slower rate, and proline pre-
dominates among amino acids. This acid is sub-
ject to decomposition in the first place. Also,
in these types of peat low nitrogen content is
noted. As a result, the OM composition of peats
in the floodplain bog profile is characterized by
the lowest content of non-hydrolyzable residue
and high content of FA. According to the con-
tent of hydrolysates, they occupy an interme-
diate position between the peats of upland and
lowland bogs, while the fractions of easily hy-
drolyzable and hard-to-hydrolyze substances in
this case are approximately equal. The C/N ratio
in the peats of the floodplain bog is higher than
in the peats of the lowland bog, S, /S, is the
lowest (from 0.6 to 1.2).

Thus, in the peat profile of different genesis
there is a variation of OM composition in accor-
dance with the species diversity of peat-forming
plants. As a rule, peats may include from three
to seven peat-forming plants. According to the
works of V.E. Rakovsky and L.V. Pigulevskaya
(see footnote 10), botanically “pure” types of
peat, composed entirely or 85-95% by one plant
species, have a clear degree of decomposition
and constant chemical composition. For exam-

ple, a significant difference in the composition
of fuskum and magellanicum peat samples was
found. If the content of FA in magellanicum is
19%, in fuskum it is only 4%. Accordingly, their
ratio in the botanical composition of peat influ-
ences the composition of OM. Or, for example,
hypnum peat of lowland bogs synthesizes OM
with sharply different composition depending
on the ecological factors and peculiarities of
mineral nutrition, which is observed in the com-
position of OM of a floodplain bog.

The process of peat OM transformation is
controlled by the activity of the enzymes as
catalytic activators of biochemical processes.
Taking this fact into account, let us consider the
activity of individual enzymes (see Tables 2—4).

As already noted, about 80-90% of peat OM
are carbohydrates, subjected to the action of
a complex of enzymes of the hydrolase class,
among which the most studied is invertase. This
enzyme splits carbohydrates into glucose and
fructose molecules, which are further includ-
ed in the biosynthesis of high-molecular com-
pounds. The activity of invertase in the peat
profile of the upland bog varies from 17.24 to
65.92 mg glucose/4 h/g (hereinafter referred to
as “units”), lowland bog — from zero to 74.45
units, floodplain bog — from zero to 133.07 units.
High enzyme activity is characteristic of the up-
per part of the peat profile (see Table 2). In the
upper meter layer, invertase activity values in
peats of the upland bog are 44.32-65.92 units
(see Table 2), in peats of the lowland bog —
42.77-74.45 units (see Table 3), and in flood-
plain peats — 56.04—133.07 units (see Table 4).

Below the peat profile of the upland bog, the
activity of invertase decreases, which is also
characteristic of floodplain bog peats. This is
partly explained by the decrease in the content
of easily hydrolyzable substances to the under-
lying rocks. A wider range of invertase values
can be traced across the peat profile of the low-
land bog (33.75-49.15 units). It is also import-
ant to note that at a depth of 200-225 cm in the
lowland bog (woody-sedge type of peat) and

YRakovsky V.E., Pigulevskaya L.V. Chemistry and genesis of peat. Moscow: Nedra, 1978, 231 p.
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Taoa. 2. depmeHTaTiBHas aKTUBHOCTH TOp(doB B 6oore Canm
Table 2. Enzymatic activity of peats in the Saim bog

i T e sy | M| N s
o et g | ST | S

Tirr 0-25 — - - — - — _
Sphagnum depression 25-75 65,92 | 0,64 | 0,35 56 0,00 4,94 3,52
Scheuchzeria-sphagnum | 75-125 | 44,32 | 0,42 | 0,12 52 0,62 4,91 5,26
Scheuchzeria 125-150 | 24,41 | 0,71 | 0,54 76 0,93 3,601 4,37

» 150-175 | 22,37 | 0,22 | 0,13 59 0,49 3,73 7,01

» 175-200 | 17,24 | 0,56 | 0,40 71 1,81 3,63 5,89
Woody-scheuchzeria 200-225| 27,50 | 0,44 | 0,30 68 3,41 4,80 4,70

Taoa. 3. OdepmenTaTuBHAsS aKTUBHOCTH TOpGoB B 6onote bonbiioe
Table 3. Enzymatic activity of peats in the Bolshoye bog

Peat type em | Ofglu fof tyro- Y : 13‘(‘1;12;1'3)‘;11;/0' of reduced | duced NO,/
g 18 h/g | ml O, /2 min/g A)tgtf at]he 30 min/g NO, /24 h/g 24 h/g
Woody 0-25 74,45 1,06 | 3,30 | 2,39 72 1,33 19,33 4,69
Woody-sedge 25-50 42,77 2,12 | 1,15 0,38 34 0,76 8,60 1,89
Woody 50-75 53,95 0,03 | 5,72 | 4,65 81 0,37 6,36 3,37
» 75-100 | 37,56 0,34 | 0,90| 0,19 22 0,67 8,09 3,85
Woody-sedge | 100-125 | 54,94 0,04 | 0,88 0,15 17 0,91 5,41 2,24
» 150-175| 49,15 0,08 | 0,78 0,28 36 0,61 5,41 2,03
» 175-200 | 34,45 0,25 | 0,80 0,35 44 1,03 4,74 2,43
» 200-225| 0,00 | 0,01 | 094 | 0,40 43 0,92 5,47 0,93
Sedge 225-250| 33,75 0,00 | 0,87 0,23 26 0,99 7,88 13,03
» 250-275| 36,43 0,00 | 1,10 | 0,29 26 1,09 8,89 12,03
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Tadxa. 4. OepmenraruBHas akTUBHOCTH Top¢oB B 6onote TyHrycoBckoe

Table 4. Enzymatic activity of peats in the Tungusovskoe bog

Catal ;
Invertase, | Protease, i quyp henol Nitrate Nitrite reduc-
Depth mg of | mg of ty- ; oxidase, mg | reductase, tase, mg of

Peat type Pt & gO1y=1 total enzymatic 1,4-p-ben- | mg of re- » s o

cm glucose/4 | rosine/ . / | duced NO.- reduced NO2 /
h/g 18 h/g | % of the | Zoquinones | duce 3 24 h/g

ml O, /2 min/g total 30 min/g /24 h/g

Sedge 0-25 56,05 1,03 32,49 | 21,13 65 2,43 22,30 5,56
» 25-50 66,73 1,09 13,95 | 12,35 89 1,00 15,87 13,52
» 50-75 77,00 0,35 21,39 | 19,72 92 2,85 14,51 13,65
Sedge-hypnum | 75-100 | 133,07 0,02 5,33 | 4,54 85 0,90 8,77 3,22
» 100-125| 75,52 0,16 3,81 2,99 78 0,18 8,92 2,42
» 125-150| 85,92 0,00 5,04 | 4,23 84 0,84 8,96 2,70
» 150-175| 12,95 0,00 2,09 1,27 61 0,47 2,32 1,19
» 175-200 3,95 0,00 3,55 | 2,51 71 0,42 3,86 3,29
» 200-225| 23,12 0,00 1,95 1,01 52 0,54 2,85 0,96
Sedge 225-250| 14,13 0,00 2,71 1,50 55 0,15 2,30 13,39
» 250275 0,78 0,00 2,67 1,65 61 0,64 3,67 13,56
Grass 275-300| 0,00 0,00 1,84 1,26 68 1,40 3,95 0,80
Woody-grass |[300-315| 15,06 0,72 8,95 7,28 81 1,98 4,56 0,22

at a depth of 275-300 cm in the floodplain bog
(grass type) the invertase activity is zero. While
above and below this layer, invertase values
correspond to average values in the peat profile.
If we compare the obtained values of invertase
activity in peat and mineral soil [10], then, ac-
cording to the gradation of D.G. Zvyagintsev'!,
its activity in chernozem is estimated as medi-
um invertase (approximately 22 units). In peats,
the range of values is much wider: from zero to
133.07 units, which clearly does not fit into the
gradation of the invertase activity estimation
proposed for mineral soils.

Proteases catalyze hydrolytic cleavage of
protein substances to peptides and hydrolysis
of peptides to amino acids. Protease activity in

peats of the Bolshoye lowland bog varies with-
in the range of 0.01-2.12 mg tyrosine/18 h/g
(hereafter referred to as units) with higher
values in the upper half-meter layer (see Table 3).
Protease activity decreases to zero from a depth
of 225 cm to the bedrock. A similar situation is
observed in the peat profile of the floodplain bog
(see Table 4). Protease activity along the pro-
file varies from zero to 1.09 units, and becomes
zero from the depth of 125 cm, i.e. significantly
higher compared to the lowland bog profile.
Enzymes of the oxidoreductase class play a
significant role in the biochemical transforma-
tion of peat OM. Thus, under the action of cata-
lase, hydrogen peroxide toxic to living organ-
isms is split into water and free oxygen, which

Zvyagintsev D.G. Biological activity of soils and scales for evaluation of some of its indicators // Eurasian Soil Science, 1978,

N 6, pp. 48-54.
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in turn takes part in the oxidation of OM. The
total catalase activity is divided into enzymatic,
carried out at the expense of enzymes of the bio-
logical complex, and non-enzymatic, the action
of which is due to the presence of manganese'.
More attention is paid to this enzyme in scien-
tific literature'® [11-13].

In the peat deposit of the upland bog, the limits
of variation of the total catalase activity are
0.22-0.71 ml O,/2 min/g (hereinafter referred
to as “units”). Its enzymatic part belongs to
52-76% of the total activity with higher values
(59-76%) in the lower part of the profile, where
scheuchzeria peats predominate (see Table 2).
Catalase activity of the lowland bog peats var-
ies from 0.78 to 5.72 units (see Table 3). High
values of total catalase (5.72 and 3.30 units;
type of peat — woody) were noted only in the
0-75 cm layer. In the rest of the profile, the limits
of variation are 0.78—1.10 units, the distribution
is uneven, the enzymatic part includes 17-44%
of the total enzyme activity, its higher activity
is noted in the layer 0—75 cm. The hig-hest
values of both total and enzymatic activity of
catalase are observed in the profile of flood-
plain bog (1.84-13.48 units) (see Table 4). In
the 0-75 cm layer composed of sedge peat, the
extreme values of enzyme activity are 13.95—
32.48 units, with enzymatic catalase reaching
65-92% of the total activity. In the depth of the
peat profile of the floodplain bog, the total cata-
lase activity of the peats decreases (1.27—
4.54 units) and closer to the underlying rocks be-
comes equal to 1.01-2.51 units. In the transition
from grassy peat to woody-grassy peat, the total
catalase activity increases again to 8.95 units.

By comparing the indices of total catalase
activity in the studied peats, for example, with
catalase activity in chernozem soils [10], its
higher values in chernozem soils (from 10 to
22 ml O,/1 min/g) become obvious, as it is esti-
mated by the researchers themselves according

to D.G. Zvyagintsev's scale (see footnote 11).
In peats, the indices of total catalase vary from
0.22 to 32.48 ml O, / 2 min/g with predominant
values in the range of 0.8-5.72 units. Taking
into account that our calculations are given for
2 min, the readings in peats will be even less.
Thus, the scale of catalase activity estimation
for peats should be different, which we also ob-
served when analyzing invertase activity.

Polyphenol oxidases catalyze the oxidation
of phenols (mono-, di-, tri-) to quinones. Fur-
ther, complex high-molecular compounds are
formed. In the peats containing up to 95% of
OM, humus substances account for 42.4% in
upland peats and up to 55.9% in lowland peats'
(see Table 2). The limits of polyphenol oxidase
activity in the peat profile of the upland bogs
vary from zero in the 25-75 cm layer to 3.41 mg
1.4 p benzoquinone/30 min/g (hereinafter re-
ferred to as units). High activity of polyphenol
oxidase is noted in woody-scheuchzeria peat at
a depth of 200-225 cm (3.41 units). Above this
layer the enzyme activity also remains high in
scheuchzeria peat at the depth of 175-200 cm —
1.81 units. The enzyme activity provides a de-
crease in carbohydrate content and accumula-
tion of HA, which is observed in the peats of
the upper Saim bog. The HA content in these
layers is characterized by high values —37.8 and
33.6%, respectively.

In the peats of the lowland bog Bolshoye, the
limits of extreme values of polyphenol oxidase
activity are equal to 0.37-1.33 units with the
highest activity in the surface and lower layers
of the profile (see Table 3). The same pattern is
characteristic of the peats of the floodplain bog:
the limits of values are 0.18-2.84 units, with the
highest activity of polyphenol oxidase in the up-
per and lower layers of the profile (see Table 4).

It is known that the process of organic ni-
trogen transformation in peat occurs in several
stages in aerobic and anaerobic conditions si-

12Semikolennykh A.A. Catalase activity of soils of the northern taiga (Arkhangelsk region) // Eurasian Soil Science, 2001, N 1,

pp. 90-96.

BMelekhina E.N., Markarova M.Y., Shchemelinina T.N., Anchugova E.M., Kanev V.A. Secondary successions of biota in oil-pol-
luted peat soil upon different biological remediation methods // Eurasian Soil Science, 2015, vol. 48, N 6, pp. 643—-653.

YLishtvan LI, Bazin E.T., Gamayunov N.I, Terentyev A.A. Physics and chemistry of peat: textbook for universities. Moscow:

Nedra, 1989, 304 p.
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multaneously. This is due to the fact that nitro-
gen-containing substances of peat are represen-
ted by protein compounds and have an increased
nitrogen content in the form of heterocyclic
compounds. Let us focus on the biochemical
process of nitrate nitrogen conversion into am-
monia by means of nitrate and nitrite reductase
enzymes acting sequentially.

Nitrate reductase activity in the peats of the
upland bog is practically constant along the de-
posit profile — 3.60-4.94 mg of reduced NO,"
/24 h/g (hereinafter referred to as “units”). High
values of the enzyme are characteristic of sphag-
num depression peat, scheuchzeria-sphagnum
peat (4.91 units), as well as woody-scheuchze-
ria peat (4.80 units) (see Table 2). The activity
of nitrate reductase is higher in the peat profile
of the lowland bog (4.66—19.33 units), with the
highest values in the surface layer (8.60-19.33
units) and in the lower part of the profile (7.88—
8.89 units) (see Table 3). The highest activity
of this enzyme is observed in the peat profile of
the floodplain bog (8.77— 22.29 units), but up to
a depth of 150 cm, where sedge and sedge-hyp-
num peat is represented. Below the profile the
activity decreases to 2.30-4.55 units (see Ta-
ble 4).

The activity of nitrite reductase in peats of
the upland bog is 3.52-7.01 mg of reduced NO,
/24 h/g (hereinafter referred to as “units”), and
varies unevenly along the profile (see Table 2).
In the peat profile of a lowland bog (in grass
and woody-grass peat) (see Table 2), the en-
zyme shows high activity (12.03—13.03 units).
The lowest nitrite reductase activity (3.37—4.69
units) was observed up to a depth of 100 cm
in woody peat, and a low activity (0.93-2.43
units) in woody-sedge peat (see Table 3). In the
peat profile of the floodplain bog, nitrite reduc-
tase activity in extreme values corresponds to
the enzyme values in the lowland bog (0.22—
13.65 units). However, nitrite reductase acti-
vity varies unevenly along the profile: thus, in
the 0-25 cm layer of sedge peat it is equal to
5.56 units, below the profile its activity in sedge
peat reaches more than 13 units (see Table 4).
In sedge-hypnum peat of the middle part of the

floodplain bog profile the activity decreases to
0.95-3.22 units, in sedge peat at a depth of 225—
275 cm the nitrite reductase activity increases
to almost 14 units and sharply decreases to the
bedrock to 0.22—0.80 units in grass and woody-
grass peat. Thus, sedge peat in the profile of
the floodplain bog has three degrees of enzyme
activity without confirmation of the content of
HA and non-hydrolyzable residue in the OM of
these peats. This is partly due to the inundated
character of the water regime in the floodplain
bog.

Calculations of the correlation matrix be-
tween enzymes and other properties of peats
at 95% confidence level showed that high cor-
relation coefficients were obtained for peats of
the upland bog: between nitrate reductase, poly-
phenol oxide with MnO in ash (» = 0.98), be-
tween invertase and the sum of HA (» = 0.7).
In peats of the lowland bog (ash content up to
12%), a high correlation was observed between
total and enzymatic catalase with MnO in ash
(r=0.9). In peats of the lowland floodplain bog
(ash content up to 18%), a high relationship be-
tween catalase total and enzymatic catalase with
Fe,O, (r = 0.7) and MnO in ash (» = 0.9) was
found. In addition, nitrate reductase correlated
with the first and third fractions of HA, the cor-
relation coefficient was the same, 0.7.

CONCLUSION

The study of the OM composition and en-
zymatic activity of peats of upland, lowland
and floodplain bogs showed their significant
difference at the type and species levels. Thus,
in the peats of upland bogs of predominantly
scheuchzeria type, non-hydrolyzable residue
predominates in the composition of OM, high
content of HA is noted, which increases down
the profile. In the profile of the lowland bog,
composed, as a rule, of woody peat, there is also
a high content of hard-to-hydrolyze substances
and hydrolysates, but to a lesser extent — HA.
In the floodplain bog, peats with increased ash
content prevail, from a depth of 175 cm — high-
ash peats: the content of non-hydrolyzable sub-
stances is the lowest (27.3—40.4%), the content
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of FA is high (21.3-30.8%). The distribution of
enzymatic activity in the peat profile was found
to be influenced by the species composition of
peats.

The values of enzymes in the peat profile of
three bogs differing in genesis — Saim, Bolshoye
and Tungusovskoye — have been determined.
The activity of invertase in the peats of the up-
land bog varies within the range of 17.24-65.92
units, lowland bog — from zero to 74.45 units,
floodplain bog — from zero to 133.07 units. Pro-
tease activity in the peats of the lowland bog
in extreme values is equal to 0.01-2.12 units,
floodplain bog — 0.0 —1.09 units.

The limits of variation of the total activity
of catalase in peats of the upland bog are 0.22—
0.71 ml O,/2 min/g, its enzymatic part belongs
to 52-76% of the total activity. In the peats of a
lowland bog, the activity of this enzyme varies
from 0.78 to 5.72 ml O,/2 min/g, its enzymatic
part belongs to 17-81%. Lower values of both
total (1.84-13.48 ml O,/2 min/g) and enzyma-
tic activity of catalase (52-92%) are observed in
the peats of a floodplain bog.

The activity of polyphenol oxidase in the
peats of the upland bog varies between 0-3.41
mg 1,4—p-benzoquinone/30 min/g, lowland peat
between 0.37—-1.33, and floodplain peat between
0.50-2.84 mg 1,4-p-benzoquinone/30 min/g.

Extreme values of nitrate and nitrite reduc-
tase activity in the peats of the upland bog are
3.60-4.94 mg of reduced NO, /24 h/g and 3.52—
7.01 mg of reduced NO,/24 h/g, respectively,
4.66-19.33 mg of reduced NO,/24 h/g and
0.9-13.0 mg of reduced NO, /24 h/g, floodplain
bog — 8.77-22.29 mg of reduced NO,/24 h/g
and 0.2— 13.6 mg of reduced NO, /24 h/g.

The results obtained for the enzymatic activity
of the peats of bogs of different genesis showed
that they are incompatible with the enzyme
evaluation scale developed by D.G. Zvyagin-
tsev for mineral soils, and that this scale has yet
to be developed for peats.

In the future, studies of the enzymatic acti-
vity of peats, determination of diagnostic indi-
cators of their activity and creation of an evalu-
ation cadastre of raw material base (peat) selec-

tion will allow, through a balanced selection of
peats for agricultural production, to ensure the
required quality of products, their environmen-
tal safety and economic efficiency.
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Bropuunsbie meTadomnThl nepuiisbl (Perilla frutescens (L.) Britton)
A7 1bHEBOCTOYHOI0 IIPOUCXO0KACHHS, HACHTH(PUIUPOBAHHBbIE
MeTO/I0M TaHJAEeMHOIl Macc-ClIeKTPOMeTPHH

XD Pa3zronoBa M.IL."2, lemuaoa E.H."2, Kupniaenko H.C." %, KoubkoBa H.I'.!,
TFonoxBact K.C."-*4

Ylanvneeocmounas onvimuasn cmanyus — gunuanr PedepanbHo2o UCCIe008AMeNbCKO20 YeHMPA
Bcepoccutickuii uncmumym eenemuueckux pecypcos pacmenuti um. H.1. Basunosa (BUP)
Cankr-IlerepOypr, Poccus

2lanvreeocmounvlil pedepanvhbiil ynueepcumem, Ilepedosas undcenepnas wkona
«HMncmumym buomexnono2uil, OUOUHICEHEPUU U NULYEBBIX CUCTEM)

BnaguBoctok, Poccus

3Cubupcruti ghedepanvhulil HayunblLil yenmp azpobuomexnono2uti Poccuiickou akademuu HayK
Hosocubupckas ob6aacts, p.1i. KpacHooOck, Poccus

*lepeoosas unoicenepnas wikona «Aepodouomexy Tomcrozo eocydapcmeennozo ynugepcumema
Tomck, Poccus

(<)e-mail: m.razgonova@yvir.nw.ru

Perilla frutescens — MOHOTHITHBIN PO/ ONHOJIETHUX TPABIHUCTBIX PACTCHUN ceMelcTBa SICHOTKO-
Bble. [IpuBenena oqHOBpeMeHHas OI[eHKa MPUCYTCTBUS KaK (DEHONBHBIX COEAMHEHNN B HKCTPAKTaxX
ceMsiH P. frutescens, Tak 1 COeAMHEHHUI OPYyTrUX XUMHUYECKUX KiaccoB. [loaTBepkaeHO, 4TO ceMeHa
P, frutescens o0pa3ioB JAIBHEBOCTOYHOTO MPOUCXOXKACHUS K-130, k-263, k-326 comepikar OOIbIIoe
KOJIMYECTBO MOJIU(PEHOIBHBIX KOMIUIEKCOB, SIBJISIFOIIMXCSI OMOJIOTHYECKN aKTHBHBIMHM COCIUHEHUS-
Mu. BriepBbie nipeicTaBiIeH MOHBIN MeTabOoJIOMHBIN COCTaB SKCTPAKTOB CeMsH Mepuiuibl. B nccie-
JOBaHUM MMPUMEHEH METOA TaHAEMHOH MacCc-CHEKTPOMETPHH, BKIIOYAIOIIUI B ce0sl HCIIOIb30BaHUE
KUAKOCTHOM Xpomarorpaduu mapaieIbHO ¢ HOHHOM JTOBYIIKOH. MeTo10M TaHAeMHON Macc-CIieK-
TPOMETPUH HIECHTH()UIUPOBAHO NpUcyTcTBUE 60 coeanHeHMH, U3 HUX 41 MpeACTaBISIIOT TPYIIy
oM ()eHONBHBIX COCTUHEHHH, a Takke 19 coenHEeHn APYTUX XUMHYECKUX TPYMI B SKCTpPaKTax
nepusuiel. UaeHTHUKAIMIO XUMHUUECKUX KOMIIOHEHTOB TPOBOAMIM IyTEM CPaBHEHUS WX MHICK-
ca ymep:KUBaHUs, MacC-CeKTpoB U pparmenTtanmu MC ¢ 0a30if JaHHBIX JOMAaITHEH OHOMHOTEKH
Ha OCHOBE JIaHHBIX JAPYTHX CIEKTPOCKOMUYECKHX METO/IOB, TAKUX KakK SIIEPHBIM MarHUTHBIA pe3o-
HaHC, yI6TpaHuoIeToBas CIEKTPOCKOMHS M Macc-CcrieKTpoMeTpus. Takke BrepBble HalAeHO 29 Xu-
MHUYECKHX COCTUHEHUH, N3 HUX 16 — nmonudeHonsHol rpynmsl U 13 — Ipyrux XUMHUYECKHUX TPYIIIL.
BriepBble nueHTH(GUITUPOBAHBI B CEMEHAX MEePUIUIbI JIMTHAHBI: CUPUHTAPE3NHOI U MEIHNOPE3NHOI;
KyMapHHbI: yMOemudepoH u 4-THAPOKCUKYMapHH; (IaBOHBI: JIIOTCONMHH 7-O-TII0KO31], JTHOCMe-
tiH C-rekcosun, Xxpuzodpuon C-rexcosun C-meHTOo3u; (haBaHONbBI: aMIICIONCHH, aCTparajiid U
ap. bonbimoe pazHooOpasue OMONOTHMYECKH AKTHUBHBIX MOJU(EHONBHBIX COCAWHEHHH OTKPBIBACT
Oorarble BO3MOXXHOCTH JIJISi CO3AaHMS HOBBIX JIGKAPCTBEHHBIX MPEMapaTroB, OMOIOTHYECKH aKTHB-
HBIX T0OABOK HA OCHOBE AKCTPAKTOB M3 CEMSH MEPHJUIBI, a TakKe JabHEHIINX MCCIeIOBaHuH 110
(hyHKIIMOHATFHOMY W CHEIHAIN3UPOBAHHOMY MTUTAHUIO, HCTIONB3YIONINX B CBOEH OCHOBE MPOIYKTHI
13 NEPUILITBL.

KurwueBnsle cioBa: Perilla frutescens, nepmmia, BOXKX — MC/MC, TanaeMHast Macc-CIIeKTPOMET-
pusi, moauQeHoNbHbIE COSANHEHMS, TuarpaMmma Benna
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Secondary metabolites of perilla (Perilla frutescens (L.) Britton) Razgonova M.P., Demidova E.N., Kirilenko N.S.,
of Far Eastern origin identified by tandem mass spectrometry Kon’kova N.G., Golokhvast K.S.

Secondary metabolites of perilla (Perilla frutescens (L.) Britton)
of Far Eastern origin identified by tandem mass spectrometry

C<DRazgonova M.P."%, Demidova E.N."% Kirilenko N.S."2, Kon’kova N.G.!, Golokhvast K.S."%4
'Far East Experimental Station — Branch of the Federal Research Center N. I. Vavilov All-Russian
Institute of Plant Genetic Resources

Saint-Petersburg, Russia

’Far Eastern Federal University, Advanced Engineering School “Institute of Biotechnology,
Bioengineering and Food Systems”

Vladivostok, Russia

3Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

*Advanced Engineering School «Agrobiotechy» of the Tomsk State University

Tomsk, Russia

(XDe-mail: m.razgonova@yvir.nw.ru

Perilla frutescens is a monotypic genus of annual herbaceous plants of dead nettles. The article
presents a simultaneous evaluation of the presence of both phenolic compounds in P. frutescens seed
extracts and compounds of other chemical classes. It has been confirmed that the seeds of P. frutescens
varieties k-130, k-263, k-326 contain a large number of polyphenolic complexes, which are biolo-
gically active compounds. The complete metabolomic composition of perilla seed extracts is presen-
ted for the first time. The study utilized a tandem mass spectrometry method involving the use of lig-
uid chromatography in parallel with an ion trap. Using tandem mass spectrometry, the presence of 60
compounds was identified, of which 41 compounds represent the group of polyphenolic compounds,
as well as 19 compounds of other chemical groups in perilla extracts. The chemical components were
identified by comparing their retention index, mass spectra and MS fragmentation with the home
library database based on the data from other spectroscopic techniques such as nuclear magnetic reso-
nance, UV-visible spectroscopy and mass spectrometry. Also, 29 chemical compounds were found for
the first time, including 16 compounds of polyphenolic group and 13 compounds of other chemical
groups. Lignans: syringaresinol and medioresinol; coumarins: umbelliferone and 4-hydroxycoumarin;
flavones: luteolin 7-O-glucoside, diosmetin C-hexoside, chrysoeriol C-hexoside C-pentoside; flava-
nols: ampelopsin, astragalin, etc. were identified in perilla seeds for the first time. The data obtained
will help intensify future research on the development and production of new drugs, dietary supple-
ments and various functional, specialized and dietary products containing targeted perilla extracts.

Keywords: Perilla frutescens, perilla, HPLC — MS/MS, tandem mass spectrometry, polyphenolic
compounds, Venn diagram

Jons umrupoBanus: Paseonosa M.IL, /lemuoosa E.H., Kupunenko H.C., Konvkosa H.I, I'onoxeacm K.C. Bropuunsie mera-
Oomutel niepwutel (Perilla frutescens (L.) Britton) nanbHEBOCTOYHOTO MPOUCXOXKACHHS, WACHTH(OUIIMPOBAHHBIE METOJOM TaH-
JIEMHOI Macc-criekTpomeTpun  // CHOMPCKHMI BECTHHK CeNbCKOXO3icTBeHHOW Hayku. 2024. T. 54. Ne 5. C. 17-36. https://doi.
0rg/10.26898/0370-8799-2024-5-2

For citation: Razgonova M.P., Demidova E.N., Kirilenko N.S., Kon’kova N.G., Golokhvast K.S. Secondary metabolites of pe-
rilla (Perilla frutescens (L.) Britton) of Far Eastern origin identified by tandem mass spectrometry. Sibirskii vestnik sel skokhozyaist-
vennoi nauki = Siberian Herald of Agricultural Science, 2024, vol. 54, no. 5, pp. 17-36. https://doi.org/10.26898/0370-8799-2024-5-2

Konduukt narepecos

ABTOpBI 3asIBISIFOT 00 OTCYTCTBUH KOH()IIUKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

BaaropapHocTs

Pabora BemonHeHa npu (HUHAHCOBOU Moajepskke MUHUCTEpCTBA HayKU M BEHICIIETo oOpa3zoBanust Poccuiickoit @eneparyn B
paMKax JOCTIDKEHHUS pe3ynbTaToB (enepansHoro nmpoekra «llepenossie nmxeHepHblie mkoib; Cormamenue Ne 075-15-2022-1143
or 07.07.2022.

Acknowledgements

This work was financially supported by the Ministry of Science and Higher Education of the Russian Federation within the
framework of achieving the results of the federal project “Advanced Engineering Schools”; Agreement No. 075-15-2022-1143 dated
07.07.2022.

18  Siberian Herald of Agricultural Science » 2024 « 54 « 5 Plant growing and breeding



Bropuunsie Mmetabonuts! niepuinisl (Perilla frutescens (L.) Britton)
JaJbHEBOCTOYHOTO MTPOUCXOKACHUS, HACHTH(HIIIPOBAHHbIC
METOIOM TAaHAEMHON MacC-CIIEeKTPOMETPUH

Pasronosa M.II., [lemunosa E.H., Kupunenko H.C.,
Kounbkosa H.I",, Tonoxsacr K.C.

INTRODUCTION

Perilla frutescens — is an annual herbaceous
plant of the Lamiaceae family. It is a herba-
ceous plant up to 1 m high with a straight as-
cending tetrahedral stem. The lower leaves
are large, macropodous, ovate, and the upper
leaves are oblong-ovate, sessile or short-petio-
late. Arrangement of the leaves is suboppo-
site'. Seeds are round, small in size, light to
dark brown. The weight of 1000 seeds is 1.5—
2.0 g. Oil content in seeds is up to 49%. The
vegetation period of the studied varieties is
124-139 days, economic yield — 1.0-1.2 t/ha.
There are varieties of perilla with green and
red leaves, as well as variegated. The natural
range of the species covers Japan, Korea, Chi-
na, Vietnam and other countries of East Asia’.
As a naturalized plant it is found in the phyto-
cenoses of the Black Sea coast of the Caucasus
on the territory of Abkhazia. It is cultivated in
many countries, including the United States
and Canada, as an oilseed, spice-aromatic and
honey crop. It also deserves attention as a leafy
vegetable crop. In the Russian Federation, pe-
rilla is cultivated as an oilseed in the Far East,
North Caucasus, Krasnodar Territory and the
Rostov region®.

The main spheres of application of peril-
la are food, pharmacological and paint indus-
try. From the above-ground mass, which has
a typical spicy-peppery flavor, essential oil is
obtained, from the seeds — fatty oil for tech-
nical and food purposes*. The seeds contain
up to 49% of fatty, quick-drying oil, which is
used as a technical oil in the production of var-
nishes, olive oil, in electrical engineering, for
production of pharmaceutical preparations with

softening, antioxidant, antibacterial, anti-aller-
genic and analgesic effect’.

A large number of secondary metabolites,
including flavonoids, coumarins and other
polyphenolic compounds, have been isolated
from the seeds of perilla plants. These func-
tionally important phytochemicals are known
to have anti-inflammatory, anticancer, antiviral
and antibacterial activities.

This article presents a simultaneous evalua-
tion of the presence of both phenolic com-
pounds in P. frutescens seed extracts and com-
pounds from other chemical classes.

Initial metabolomic analysis revealed the
presence of 60 bioactive compounds found in
the presented P. frutescens extracts. Metabo-
lomic analysis was carried out by multidimen-
sional tandem mass spectrometry for three
P. frutescens seed extracts.

The used method of tandem mass spectrome-
try is promising for obtaining preliminary data
and analyzing a large number of varietal sam-
ples. Using this approach saves time, resour-
ces and reagents and provides an opportunity to
improve the level of research in the laboratories
that do not have more sophisticated equipment.

The purpose of this work is detailed metabo-
lomic analysis by tandem mass spectrometry of
Perilla seeds selected from the collection of the
N.I. Vavilov All-Russian Institute of Plant Ge-
netic Resources (VIR).

Figure 1 shows P frutescens plants in dif-
ferent growth phases.

MATERIAL AND METHODS

The seeds of three perilla specimens from
the VIR collection were used as the object of

'Baranov A.V. Perilla — a promising vegetable crop // Herald of the vegetable grower, 2012, N 2, pp. 10-14.

*Gorshkova S.G. Genus 1303. Perilla / Flora of the USSR: in 30 vols. / ed. by V.L. Komarov. M.; L.: Publishing House of the
USSR Academy of Sciences, 1954, vol. 21 / ed. by B.K. Shishkin, 703 p.

3Gailis V., Benetis P, Pavilonis A., Jankauskiené K., Simoniené G. Studies on the in vitro antimicrobial activity of Perilla
frutescens (L.) Britton leaf extracts / Immunopathology, allergology, infectology, 2004, N 3, pp. 59-63.

*Sharikov K.E. How cultivated plants were created. Minsk: Harvest, 1976, 50 p.
SRybalko A.E., Nikitina A.S. Seeds of the beef-steak plant — a promising source of biologically active substances // International

Student Scientific Bulletin, 2016, N 4 — 3, pp. 417 — 418.
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Puc. 1. Tlepunna: B ¢a3ze uBerenus (a); B ¢paze cozpeBanus (0)
Fig. 1. Perilla: in the flowering phase («@); in the ripening phase (6)

study. The seeds of collection samples for the
study were obtained as a result of their cultiva-
tion at the field nursery of the Far East Expe-
rimental Station of the VIR in 2023, harvested
at the phase of technical ripeness of seeds. The
seeds were stored in a freezer at —15 °C for
no more than a week before the experiments
started.

Extraction. Fractional maceration was used
to obtain highly concentrated extracts. 40 g of
seeds of each perilla sample were selected for
the analysis. In this case, the total amount of
extractant (chemically pure methyl alcohol)
was divided into three parts and successive-
ly infused on perilla seeds: with the first part,
then with the second and third. The extraction
test time of each part of the presented plant
matrix was 7 days. High-performance liquid
chromatography (HPLC) in combination with a
BRUKER DALTONIKS ion trap (tandem mass

spectrometry) was used to identify the target
analytes in the extracts obtained by the macera-
tion method.

High-performance liquid chromatography.
To perform the separation of multicompo-
nent mixtures, a Shimadzu LC-20 Prominence
HPLC high-pressure liquid chromatograph
(Shimadzu, Japan) equipped with a UV detec-
tor and a Shodex ODP-40 4E reversed-phase
column (250 x 4.6, particle size 4 um) was
used. Eluted in a gradient from water to aceto-
nitrile (A, %): 0 —4 min, 0% A; 4 —60 min, 25%
A; 60 =75 min, 100% A; 75 —120 min, 100%
A, flow rate 0.5 ml/min. HPLC analysis was
performed using the SPD-20A UV-VIS detec-
tor (Kanda-Nishikicho 1-chrome, Shimadzu,
Chiyoda-ku, Tokyo, Japan) at wavelengths of
230 and 330 and the temperature of 50 °C. The
volume of the loading loop was 200 pL.
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Tandem mass spectrometry. Mass spectro-
metric data were obtained using an amaZon SL
ion trap (manufactured by BRUKER DALTON-
IKS, Germany) equipped with an electrospray
ionization source ESI in negative and positive
ion modes. The optimized parameters were ob-
tained as follows: ionization source tempera-
ture — 70 °C, gas flow — 4 I/min, gas-nebilizer
(atomizer) — 7.3 psi, kapillar voltage — 4500 V,
end plate bending voltage — 1500 V, fragmen-
ter — 280 V, collision energy — 60 eV. The mass
spectrometer was used in the scan range of m/z
100 — 1,700 for MS and MS/MS. In the pro-
cess of mass spectrometry, first- to fourth-order
fragmentations were performed sequentially.

RESULTS AND DISCUSSION

The method of tandem mass spectrome-
try was used to clarify the group of secondary
metabolites of the polyphenol group in perilla
seeds. The clarification of metabolomic com-
position is an extremely important result in
biochemical analysis system. Mass spectromet-
ric study has tentatively identified 60 chemical
compounds present in perilla, out of which 41
are of polyphenolic group and 19 are of other
chemical groups. According to the studied lite-
rature data®’[1] 31 chemical compounds were
identified.

For the first time, 29 chemical compounds
of different groups were isolated in three stud-
ied samples of perilla (k-130, k-263, k-326):
polyphenols — p-hydroxycinnamic acid [4-cou-
marate], galloylquinic acid O-hexoside, rosma-
rinic acid O-hexoside, astragalin [kaempferol
3-O-glucoside], quercetin-3-O-glucoside, di-
hydrocampferol [aromadendrin], afzelequin
and its derivative, (epi)-catechin and its de-
rivative, gallocatechin, cyanidin-3-O-gluco-
side, peonidin-3-O-glucoside, medioresinol,

syringa-resinol, di-O-galloyl-rhamnose. Com-
pounds of other chemical groups: L-glutam-
ic acid [L-glutamate], estr-5(10)-en-3,17-di-
ol, 3,4-dihydroxyestran-17- one, 9,10-dihy-
droxy-8-oxo-octadec-12-enoic  acid, 3-hy-
droxy-2,2'-binaphthalene-1,1',4,4'-tetron,
13-trihydroxyoctadecenoic acid,
so-1, 6-bisphosphate[beta-D-fructofurano-
so-1,6-bisphosphate], 8,8'-dihydroxy-2,2'-bin-
aftalin-1,1'4,4'-tetron, trehalose, emodin-
8-0-B-D-glucopyranoside [anthraglycoside
B], 1-hydroxy-3-oxours-12-en-28-oic acid,
sespendol, guanosine-5-triphosphate. Based on
the data, it can be concluded that the studied
perilla samples have high content of polyphe-
nols, which enhances the nutritional and phar-
macological feature.

Chemical components were identified by
comparing their retention index, mass spectra
and MS fragmentation with the home library
database created by the Group of Biotechno-
logy, Bioengineering and Food Systems “Ad-
vanced Engineering Schools” of the Far Eas-
tern Federal University (Russia) based on the
data of other spectroscopic methods, such as
nuclear magnetic resonance, ultraviolet spec-
troscopy and MS, as well as by comparing the
obtained experimental data with the known sci-
entific results published in open science.

A summarized table of chemical compounds
identified by tandem mass spectrometry in Pe-
rilla seed extracts with first- to fourth-order ion
fragmentation is presented (see Table 1).

The most striking examples of mass spec-
tra of ion chromatograms obtained by tandem
mass spectrometry are shown in Fig. 2—4. The
mass spectrum of flavanol ampelopsin in the
positive ion mode obtained from perilla seed
extract (sample k-326) is shown in Fig. 2.

fructo-

®Zhou X.-J., Yan L.-L., Yin P-P, Shi L.-L., Zhang J.-H., Liu J.-H., Ma C. Structural characterization and antioxidant activity
evaluation of phenolic compounds from cold-pressed Perilla frutescens var. arguta seed flour. Food Chem., 2014, vol. 164, pp. 150—

157. DOI: 10.1016/j.foodchem.2014.05.062.

"Yamazaki M., Nakajima J., Yamanashi M., Makita Y., Springob K., Awazuhara M., Saito K. Metabolomics and differential
gene expression in anthocyanin chemo-varietal forms of Perilla frutescens // Phytochemistry, 2003, vol. 62 (6), pp. 987-995.

DOI:10.3390/molecules21081007.
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Pasronosa M.II., [lemunosa E.H., Kupunenko H.C.,

Kounbkosa H.I",, Tonoxsacr K.C.

Bropuunsie Mmetabonuts! niepuinisl (Perilla frutescens (L.) Britton)
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MCTOIOM TaH,[[eMHOﬁ MacC-CIIEKTPOMETPUA
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Razgonova M.P., Demidova E.N., Kirilenko N.S.,

Kon’kova N.G., Golokhvast K.S.

Secondary metabolites of perilla (Perilla frutescens (L.) Britton)

of Far Eastern origin identified by tandem mass spectrometry
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Bropuunsie Mmetabonuts! niepuinisl (Perilla frutescens (L.) Britton) Pasronosa M.II., [lemunosa E.H., Kupunenko H.C.,
JaJbHEBOCTOYHOTO MTPOUCXOKACHUS, HACHTH(HIIIPOBAHHbIC Konbkosa H.I'"., l'onoxsact K.C.
METOIOM TaHJEMHOU Macc-CIIeKTPOMETPHU

[M+H]"1ion produces three fragmented ions, 174.08). Further, the daughter ion m/z 243.15
m/z 275.21, m/z 243.15 and m/z 174.11. The forms three fourth fragmentation ions (m/z
fragmented ion m/z 275.21 forms two chara- 215.12, m/z 172.15 and m/z 132.12).
cteristic daughter ions (m/z 243.15 and m/z
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Puc. 2. Macc-CrIeKTp COCTUHEHHSI aMITeIOTICHHA, TIOJTYYCHHBIH W3 9KCTPaKTa CEMsTH epUILIbI (00paserr k-326).
Beepxy — MC-ckan B quanazone 100—1700 m/z, BHH3Y — crieKTpbI (hparMenTanuu (ceepxy BHn3): MC2 mpoto-
HUPOBAHHOTO MOHA ammnenoncuHa (275.21 m/z, kpacuslil pom0); MC3 ¢pparmenrta 275.21—-243.15 m/z u MC4
¢parmenTa 275,21—243.15—132.12

Fig. 2. Mass spectrum of ampelopsin compound obtained from perilla seed extract (cultivar sample k-326). At
the top is the MS scan in the range of 100-1700 m/z, at the bottom are the fragmentation spectra (top to bot-
tom): MS2 of the protonated ampelopsin ion (275.21 m/z, red rhombus); MS3 of the fragment 275.21—243.15
m/z and MS4 of the fragment 275.21-243.15—132.12

In the researched scientific articles when [M+H]" ion produces four fragmented ions
considering similar mass spectra of Juglans (m/z 453.47, m/z 407.44, m/z 341.30 and m/z

mandshurica (3], Rnus coriaria (see footnote 205.24). The fragmented ion m/z 453.24 forms

12) th1§ compound is classified as ﬂayanol A four daughter ions (m/z 407.46, m/z 317.37, m/z
pelopsin. The mass spectrum of the triterpenoid

1-Hydroxy-3-oxours-12-en-28-oic acid in the 201.25 and m/z 145.24). This compound is iden-
positive ion mode obtained from perilla extract tified in the scientific literature as 1-Hydroxy-3-

(sample k-326) is shown in Fig. 3. oxours-12-en-28-oic acid in pear extracts [35].
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Puc. 3. Macc-criextp coequnenus 1-I'mnpokcu-3-okcoypce-12-eH-28-0i KUCIOTBI, IOIYyYEHHBII U3 DKCTPAKTa Cce-
MsIH nepuiuibl (oOpasery k-326). Beepxy — MC-ckan B auanasone 100—1700 m/z; BHU3Y — CIICKTPBI (hparMeHTa-
nuu (cBepxy BHU3): MC2 mpoToHHpoBaHHOTO MOoHa 1-I'mapokcu-3-okcoypce-12-eH-28-0it kucnotsl (453.47 m/z,
KkpacHbiit pom0), MC3 ¢dparmenta 453.47— 407.46 m/z u MC4 ¢parmenta 453.47— 407.46— 201,15

Fig. 3. Mass spectrum of the compound 1-Hydroxy-3-oxours-12-en-28- acid obtained from perilla seed extract
(cultivar sample k-326). At the top, MS scan in the range 100-1700 m/z; at the bottom, fragmentation spectra (top
to bottom): MS2 of the protonated 1-Hydroxy-3-oxours-12-en-28-acid ion (453.47 m/z, red thombus), MS3 of the
fragment 453.47— 407.46 m/z, and MS4 of the fragment 453.47— 407.46— 201.15
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Secondary metabolites of perilla (Perilla frutescens (L.) Britton)
of Far Eastern origin identified by tandem mass spectrometry

Razgonova M.P., Demidova E.N., Kirilenko N.S.,
Kon’kova N.G., Golokhvast K.S.

The mass spectrum of flavan-3-ol afzelequin
in positive ion mode obtained from perilla seed
extract (sample k-130) is shown in Fig. 4.

[M+H]" ion produces two fragmented ions,
m/z 245.18 and m/z 175.13. The fragmented

ion m/z 245.18 forms two daughter ions, m/z
215.11 and m/z 157.09. This compound is iden-
tified in the scientific literature as flavan-3-ol
afzelequin: Camellia kucha [21], Pelargonium
endlicherianum [23].
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Puc. 4. Macc-criexTp coequHeHHs ad3esIeXnHa, TTOMTyUSHHBIN U3 KCTPAKTa CEMSIH SKCTPaKTa MePUILITbI
(o6paszen k-130). Beepxy — MC-ckan B auanazone 100—1700 m/z; BHU3y — CHIEKTphI (hparMeHTaIUH
(cBepxy BHHU3): MC2 mpoToHUpOBaHHOTO HOHA ad3enexuHa (245.18 m/z, kpacusrit pom6); MC3 ¢parmenra

245.18—157,09 m/z

Fig. 4. Mass spectrum of the compound afzelequin obtained from Perilla perilla seed extract (cultivar sample
k-130). At the top, MS scan in the range of 100-1700 m/z; at the bottom, fragmentation spectra (top to bottom):
MS2 of the protonated afzelequin ion (245.18 m/z, red thombus); MS3 of the fragment 245.18—157.09 m/z

Thus, 41 compounds of polyphenolic group,
many of which are characteristic for P. frute-
scens species, were identified in maceration ex-
tracts of perilla seeds. Undoubtedly, the dark
coloration of the seeds directly affects the num-
ber of polyphenolic compounds identified in the
plant. As previously stated, it is very important
to accurately study the chemical composition
and identify the active components responsible
for the beneficial effects on the human body,
since it is known that the health benefits of
polyphenols are due to the fact that they help
protect the body from inflammatory, cardiovas-
cular and neurodegenerative diseases'”.

Fig. 5 presents a Venn diagram showing the
coincidences and differences in the composition
of identified chemical compounds in the three
studied perilla samples (k-130, k-263, k-326).
Following the data, perilla sample k-130 is the
richest in all groups of chemical compounds.
This is due to the fact that the profile of peril-

la seed metabolites is diverse depending on the
variety and color of the seed coat, as well as on
the growing area.

K-326

Puc. 5. [Inarpammva Benna (coBnazieHust 1 pa3inyus B
coCTaBe UICHTU(HUIMPOBAHHBIX XUMUYECKUX COEINHE-
HUH B TPEX M3YYCHHBIX 00pa3max mepruibl k-130, k-263,
K-326)

Fig. 5. Venn diagram (coincidences and differences in the
composition of the identified chemical compounds in the
three studied perilla cultivars k-130, k-263, k-326)

YGholami A., De Geyter N., Pollier J., Goormachtig S., Goossens A. Natural product biosynthesis in Medicago species // Food

Funct. 2010. Vol. 1. P. 15-31. DOI: 10.1039/C3NP70104B.
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Bropuunsie Mmetabonuts! niepuinisl (Perilla frutescens (L.) Britton)
JaJbHEBOCTOYHOTO MTPOUCXOKACHUS, HACHTH(HIIIPOBAHHbIC
METOIOM TAaHAEMHON MacC-CIIEeKTPOMETPUH

Pasronosa M.II., [lemunosa E.H., Kupunenko H.C.,
Kounbkosa H.I",, Tonoxsacr K.C.

Table 2 shows the presence of chemical samples (k-130, k-263, k-326): epiafzelequin
compounds in the samples of perilla k-130, derivative, (epi)-Catechin, (epi)-catechin deriv-
k-263, and k-326. It can be concluded that 12 ative, 1-Hydroxy-3- oxours-12-en-28-oic acid,
identified chemical compounds occur in three afzelequin, ampelopsin, herbacetin, myricetin,

Ta6a. 2. [IpucyTcTBre XUMHUECKHUX COSAMHEHUN B 0Opasuax rnepwuibl k-130, k-263, k-326
Table 2. Presence of chemical compounds in perilla cultivars k-130, k-263, k-326

Chemical compound Presence Represented in the samples
Epiafzelequine derivative 3 k-130, k-263, x-326
(epi)-catechin 3 k-130, k-263, k-326
(epi)-catechin derivative 3 k-130, k-263, k-326
1- Hydroxy -3- oxours -12-en-28-ic acid 3 k-130, k-263, x-326
Afzelechin 3 k-130, xk-263, k-326
Ampelopsin 3 k-130, k-263, x-326
Herbacetin 3 k-130, k-263, k-326
Myricetin 3 k-130, k-263, k-326
Phloretin 3 k-130, xk-263, k-326
Rosmarinic acid 3 k-130, x-263, k-326
Sageric acid 3 k-130, k-263, k-326
Trehalose 3 k-130, k-263, k-326
4- Hydroxycoumarin 2 k-130, k-263
Apigenin 2 k-130, k-263
Apigenin 7-O- glucoside 2 k-130, k-263
Artemisin 2 k-130, xk-263
Caffeic acid hexoside dimer 2 k-130, k-263
Caffeic acid-O-hexoside 2 k-130, k-263
Chrysoeriol 2 k-130, k-263
Dehydro-rosmarinic acid 2 k-130, k-263
Dihydrocampferol 2 k-130, k-263
Diosmetin 2 k-130, k-263
Diosmetin O- hexoside 2 k-130, k-263
Gallic acid 2 k-130, k-263
Galloylquinic acid O-hexoside 2 k-130, k-263
L- ascorbic acid [vitamin C] 2 k-130, k-263
Tryptophan 2 k-130, k-263
Linolenic acid 2 k-130, k-326
Luteolin 2 k-130, k-263
Medioresinol 2 k-130, k-263
Myristoleic acid 2 k-130, k-263
Perillic acid 2 K-263, k-326
Rosmarinic acid-O-caffeic acid 2 k-130, k-263
Rosmarinic acid O-hexoside 2 k-130, k-263
Sespendol 2 K-263, k-326
Beta-D-fructofuranoso-1,6-bisphosphate 2 k-130, k-263

PactreHneBoncTBO M ceneKIus
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Secondary metabolites of perilla (Perilla frutescens (L.) Britton)
of Far Eastern origin identified by tandem mass spectrometry

Razgonova M.P., Demidova E.N., Kirilenko N.S.,
Kon’kova N.G., Golokhvast K.S.

Puc. 6. Cemena nepwinisl: a — obpasern k-130; 6 — k-263; 6 — K-326
Fig. 6. Perilla seeds: a — varietal sample k-130; 6 — k-263; ¢ — k-326

phloretin, rosmarinic acid, sageric acid, treha-
lose.

In the samples k-130, k-263, 21 identified
chemical compounds occur: 4-Hydroxycou-
marin, apigenin, apigenin 7-O-glucoside, ar-
temisin, caffeic acid hexoside dimer, caffeic
acid-O-hexoside, chrysoeryol, dehydro-rosma-
rinic acid, dihydrocampferol, diosmetin, dios-
metin O-hexoside, gallic acid, galloylquinic
acid O-hexoside, L-ascorbic acid [vitamin C],
tryptophan, luteolin, medioresinol, myristoleic
acid, rosmarinic acid-O-caffeic acid, rosma-
rinic acid O-hexoside, beta-D-fructofurano-
so-1,6-bisphosphate, rosmarinic acid-O-caffeic
acid, rosmarinic acid O-hexoside, beta-D-fruc-
tofuranoso-1,6-bisphosphate.

Fig. 6 shows perilla seeds of the varieties
k-130, k-263, and k-326 used in this study.

CONCLUSIONS

1. Perilla seed extracts contain a large
number of polyphenol complexes, which are bi-
ologically active compounds. Fractional mace-
ration was used to obtain highly concentrated
extracts. HPLC in combination with BRUKER
DALTONIKS ion trap was used to identify the
target analytes in the extracts. The results of
preliminary study showed the presence of 60
chemical compounds. Of them 41 compounds
of polyphenolic group, many of which are
characteristic for P. frutescens species and 19
compounds of other chemical groups. Also,

29 chemical compounds were found for the
first time, of which 16 were of the polyphenolic
group and 13 of other chemical groups.

2. The data obtained will help to inten-
sify future research on the development and
production of various functional food, phar-
macological, cosmetic and animal products, in
dietary products containing targeted extracts of
P. frutescens.

3. A great variety of biologically active
polyphenolic compounds opens up rich oppor-
tunities for the creation of new medicines, bio-
logically active additives based on the extracts
from perilla seeds, as well as further research
on functional and specialized nutrition, using
products from perilla as their basis.
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IIponyKTHBHOCTH MAJIOPACTIPOCTPAHEHHBIX CEJIbCKOX03511iCTBEHHBIX
KYJBbTYP B 3aBUCHMOCTH OT CPOKOB I0CEeBA B YCJI0BUSX 3a0aiiKkajiba

) Aunapeena O.T.

Hayuno-uccreoosamenvcruti uncmumym eemepunapuu Bocmournoti Cubupu — unuan
Cubupcrozo gedepanvrHoo nayuHo2o yenmpa azpodbuomexuonocuil Poccutickotl akademuu Hayk
Yura, Poccus

(C<De-mail: chita@sfsca.ru

B crarbe npencraBieHbl pe3ylbTaThl H3yUeHUs BIMSHUS CPOKOB II0CEBAa Ha MPOAYKTUBHOCTD Ma-
JIOpacpOCTPAHEHHBIX CEIbCKOXO3SIICTBEHHBIX KOPMOBBIX KYyJBTYp: IMPOCa KOPMOBOTO, CyAaHCKOM
TpaBbl, TPUTHKAJIE SIPOBOH, aMapaHTa METEJIBYaToro U KOpMOBBIX 0000B. VccrnenoBanusi BHIIONIHE-
HBl Ha OMBITHOM Toje HayuHo-HMcciaenoBarenbckoro HHCTUTYTa BeTepruHapun Bocrounoit Cubupw,
pacroioKeHHOM B JIeCOCTENmHOW 30He 3abaiikanbs. [louBa ydacTka JyroBo-4epHO3EMHAs MYy4YHH-
CTO-KapOOHATHas, 110 TPAHYIOMETPUIECKOMY COCTABY — JIETKMH CYIIMHOK. JJIsl OIpeaesieHus cTere-
HU BJIMSHUSI CPOKOB I1OCEBA HA MPOIOKUTEIBHOCTh MEXK(Aa3HBIX EPUOAOB PA3BUTHUS PACTCHUH, HX
JMHEHHBIN poCT, 0OMUCTBEHHOCTh M MPOAYKTHBHOCTD N3yYaeMble CEIbCKOXO3SICTBEHHBIE KYIBTYPbI
BBICEBAJINCH B pa3iMyHble Cpoku: 15 u 25 mas, 15 u 25 urons. [loaydyeHHble TaHHBIE CBUIETEILCT-
BYIOT O TOM, YTO 32 CUeT U3MEHEHHs CPOKOB IIOCEBA MOXKHO BIMATH Ha MPOAYKTUBHOCTD H3y4aeMbIX
KyJIBTYp W Ka4eCTBO M3TOTABIMBAEMBIX Ha MX OCHOBE KOpMOB. Jlydmime mokazaTenu Mo KOPMOBOM
IIPOLYKTUBHOCTHU M MUTATEIbHON IEHHOCTH MPOJEMOHCTPUPOBAIIN [IOCEBbI, IPOBEICHHbIE 15 MIOHS:
ypokaltHOCTB 3eeHoit Maccol — 18,9—-30,5 1/ra, cyxoro Bemectsa — 3,93—5,70 1/ra, BEIXOA KOPMOBBIX
enunun — 3,03—4,67 1/ra, copepxanue nepesapumMoro nporenHa — 306-901 xr/ra, BaioBast JHEPTHsI —
38,12-57,57 I'/Ix/ra, obecniedeHHOCTS | K. e]1. mepeBapuMbIM IpoTenHoM — 93—193 . [IpeumyiectBo
UMEIH TTOCEBBl KOPMOBBIX 000OB M amMapaHTa METENbYaToro, XapaKkTepH30BaBIINECS CIICTYOIUMH
roKa3aTesIMU: YPOXKalHOCTh 3eeHoi Macchl — 29,6-30,5 T/ra, cyxoro Bemectsa — 5,70-5,95 1/ra,
BBIXOJ KOPMOBBIX enauamIl — 4,20—4,67 T/Tra, comepkaHue epeBapuMoro nmporenHa — 722-901 kr/ra,
BasioBas Heprus — 52,86—57,57 I'Jx/ra, obecniedeHHOCTH | K. €/1. IepeBapUMbIM NPOTEUHOM — 172—
193 . ArponeHossl MATIMKOBBIX KYJIBTYp (TPUTHKANIE SpOBas, IPOCO KOPMOBOE, CyJaHCKas TpaBa)
yCTYNaJIH 10 MPOAYKTUBHOCTH: B HUX YPOXKaHHOCTH 3eeHol Macchl coctaBuna 14,4-18.9 1/ra, cy-
xoro BemecTBa — 2,97-3,93 1/ra, BbIX01 KOPMOBBIX enuHull — 2,23-3,03 1/ra, coaepkaHue repeBapu-
Mmoro nporenHa — 207-341 kr/ra, Banosas sueprus — 28,51-38,12 I'/xx/ra, oOecrieueHHOCTD 1 K. €.
nepeBapuMbIM NpOTeHHOM — 93121 1.

Ki1roueBble c10Ba: MaJiopacripoCTpaHEHHBIE KyJIBTYPBbl, CPOKH II0CEBA, YPOXKaHHOCTb, IIPOCO KOP-
MOBO€, Cy/laHCKasl TpaBa, TPUTHKAJIE APOBasi, aMapaHT METEeNbYaThlid, KOPMOBBIE O00BI

Productivity of less common agricultural crops depending
on the sowing dates in the conditions of Transbaikalia

)Andreeva O.T.

Research Institute of Veterinary Medicine of Eastern Siberia — Branch of the Siberian Federal
Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences

Chita, Russia

(C<De-mail: chita@sfsca.ru

The article presents the results of the study of the influence of sowing dates on the productivity of

less common agricultural fodder crops: fodder millet, Sudan grass, spring triticale, Scarlet amaranth
and fodder beans. The studies were carried out at the experimental field of the Research Institute of
Veterinary Medicine of Eastern Siberia located in the forest-steppe zone of Transbaikalia. The soil
of the site is meadow-chernozem mealy-carbonate, light loam by granulometric composition. The
studied crops were sown at different dates to determine the degree of influence of the sowing dates on
the duration of interphase periods of plant development, their linear growth, foliage and productivity:
May 15 and 25, June 15 and 25. The obtained data indicate that by changing the sowing dates it is
possible to influence the productivity of the studied crops and the quality of forages made on their
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on the sowing dates in the conditions of Transbaikalia

basis. The best indicators on fodder productivity and nutritive value were demonstrated by the crops
sown on June 15: yield of green mass — 18.9—30.5 t/ha, dry matter — 3.93-5.70 t/ha, yield of fodder
units — 3.03—4.67 t/ha, digestible protein content — 306-901 kg/ha, gross energy — 38.12-57.57 GJ/ha,
provision of 1 fodder unit with digestible protein — 93—193 g. Crops of fodder beans and Scarlet
amaranth had an advantage, characterized by the following indicators: yield of green mass — 29.6—
30.5 t/ha, dry matter yield — 5.70-5.95 t/ha, yield of fodder units — 4.20—4.67 t/ha, digestible protein
content — 722-901 kg/ha, gross energy — 52.86—57.57 GJ/ha, provision of 1 fodder unit of digestible
protein — 172—193 g. Agrocenoses of Poaceae crops (spring triticale, fodder millet, Sudan grass) were
inferior in productivity: their green mass yield was 14.4 —18.9 t/ha, dry matter yield — 2.97-3.93 t/ha,
yield of fodder units — 2.23-3.03 t/ha, digestible protein content — 207-341 kg/ha, gross energy —

28.51-38.12 GJ/ha, provision of 1 fodder unit with digestible protein — 93—-121 g.
Keywords: less common agricultural crops, sowing dates, yield, fodder millet, Sudan grass, spring

triticale, Scarlet amaranth, fodder beans
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INTRODUCTION

At present, due to the emergence of new
species and varieties of forage crops, there is a
need for their comparative study and adaptation
to local soil and climatic conditions for subse-
quent use in the agro-industrial complex of the
Trans-Baikal Territory.

The increasing role of forage production re-
quires scientific and practical study of many
issues related to the comparative assessment of
crops, their combination and location, cultiva-
tion and use. In recent years, new high-yielding
varieties of fodder crops of the Siberian ecotype
have been created and disseminated, and the per-
ception of the prospects of these crops is chang-
ing. Expansion of annual fodder crops, increase
of their species diversity, clear differentiation of
macro- and micro-zone distribution, improve-
ment of varietal composition and cultivation
technology are strategic objectives of fodder
production in the Trans-Baikal region [1].

Within the context of striving for rational use
of limited natural and climatic resources of Si-
beria, each of its zones, economic and landscape

Siberian Herald of Agricultural Science, 2024, vol. 54, no. 5,

peculiarities of farms and weather conditions, a
significant role in stabilization of fodder produc-
tion in the region along with traditional crops
can be played by less widespread, new for Si-
beria plant species. However, many authors note
that at the same time they should not be consid-
ered (at the present stage and in the near future)
as crops capable of replacing traditional crops.
Only in the overall system, occupying “their”
ecological and organizational-economic niche,
they will be able to show their potential and
will contribute to a fuller disclosure of the po-
tential of traditional crops and agro-systems as a
whole. At the same time, increasing the diversity
of fodder plants will allow to better balance ani-
mal diets. In the course of the study, a number of
promising plants for the region were identified:
triticale, Scarlet amaranth, Sudan grass, fodder
millet, fodder beans and other plants, the status
of which in the fodder production system needs
to be determined [2].

Many experts consider Scarlet amaranth
(Amaranthus paniculatus L.) to be one of such
promising plants for universal use, which was in-
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cluded by N.I. Vavilov in the list of fodder plants
“subject to immediate wide introduction into the
culture of the USSR as early as 1930. In 1984,
the American Academy of Sciences recognized
amaranth as the most promising crop of the XXI
century. Amaranth is a source of biogenic calci-
um. Studies by E.N. Ofitserov, V.N. Zelenkov,
L.A. Mikheeva have established that amaranth
leaf-stem mass contains a large amount of cal-
cium: the concentration of calcium in leaves is
on average 13% per dry mass, and its maximum
amount is contained in the leaves in the flower-
ing phase (27%)"2.

Triticale, which is an intergeneric alloploid
combining high productivity of wheat and adap-
tive resistance of rye to unfavorable conditions
and diseases, is widely used to produce green
mass in the system of green and raw material
conveyors. Triticale is a new grain crop for the
Transbaikal Territory. It is characterized by high
resistance to drought and grain shattering. Com-
pared to wheat and rye, triticale grain contains
more protein. This crop occupies an intermediate
position between wheat and rye on the content
of essential amino acids in the grain, especial-
ly lysine and tryptophan. Triticale grain is used
in the confectionery industry, baking, brewing
and as a concentrated animal feed. Fodder va-
rieties of triticale are sown for green fodder and
production of grain hayage silage. Triticale is a
promising crop that can find its application and
supplement the production of grain and fodder
in the Transbaikal Territory [3, 4].

Sudan grass (Sorghum sudanense) is one
of the most productive annual fodder crops. A
distinctive feature of Sudan grass is its drought
resistance. Thanks to its powerful root system,
it efficiently utilizes water from deep soil lay-
ers and summer precipitation, forming high
yields. Sudan grass has good bushiness and fast
regrowth after mowing, so it can be effectively
used in the green conveyor for making haylage,

silage, hay. The vegetative mass of Sudan grass
is balanced in the main nutrients and is readily
eaten by animals. 1 kg of green mass contains
0.32 fodder units and 28 g of digestible protein.
A valuable feature of Sudan grass is its resis-
tance to trampling by animals, which indicates
that it can be widely used as a pasture crop as
well [5-8].

With the development of field fodder pro-
duction, fodder millet (Panicum) is increasing-
ly used as a fodder crop, the vegetative mass of
which is an excellent source of green fodder and
raw material for the production of high-quality
hay, haylage, silage. 1 kg of millet green mass
contains an average of 0.18 fodder units and
20 g of digestible protein, 0.8% fat, 6.2% fiber,
2.3% ash, 10.3% nitrogen-free extractive sub-
stances. 100 kg of hay contains 57 fodder units
and 6.5 g of digestible protein. A distinctive fea-
ture of millet is a high content of dry matter and
carotene in the green mass. Fodder millet is a
fast-ripening, drought-resistant crop, which ful-
ly corresponds to soil and climatic conditions of
the Trans-Baikal region [9, 10].

Fodder beans (Vicia faba L.) are charac-
terized by high fodder value. Fodder bean green
mass yield reaches 350—400 c/ha and higher,
seeds — 28-30 c/ha depending on the growing
conditions. The yield is largely determined by
the amount of precipitation during the growing
season. Fodder beans are increasingly recog-
nized in Siberian fodder production due to their
high fodder qualities (1 fodder unit contains
220-240 g of digestible protein) [11-13].

The works of a large number of scientists
have established the high value of spring tritica-
le, Sudan grass, fodder millet, Scarlet amaranth
and fodder beans that give stable yields of fod-
der and seeds® [14]. Many issues of cultivation
technology of these crops are insufficiently stud-
ied. In the complex of technological methods of
cultivation of sparsely distributed crops, sowing
dates are of great importance.

'Ofitserov E.N., Ofitserova E.Kh. Carbohydrates of amaranth seeds // Agrarian Russia, 2001, N 6, pp. 43-51.
2Ofitserov E.N., Zelenkov V.N., Mikheeva L.A. Amaranth — a source of biogenic calcium // Agrarian Russia, 2001, N 6, pp. 52-54.
*Dmitriev V.I. Raw material conveyor — the basis for obtaining highly nutritious fodder in Western Siberia // Vestnik of Omsk

SAU, 2017, N 1 (25), pp. 17-22.
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The purpose of the research is to study the
possibility of formation of high productivity and
nutritional value of low-spread crops at different
sowing dates.

MATERIAL AND METHODS

The study was conducted in 2020-2022 at the
experimental field of the Research Institute of
Veterinary Science of Eastern Siberia, located in
the Ingodin- Chita forest-steppe. The influence
of the sowing dates on the growth, development
and yield of sparsely distributed crops (spring
triticale, Scarlet amaranth, Sudan grass, fodder
millet and fodder beans) was studied.

The soil of the experimental plot is mead-
ow-chernozem mealy-carbonate. The granu-
lometric composition is light loam. According
to the reaction of the soil solution, the arable
horizon is slightly acidic, subsoil — neutral. The
content of organic matter in the layer 0 —20 cm
— 3,67%, total nitrogen — 0,31%. Provision of
mobile phosphorus is low, exchangeable potas-
sium — medium. The area of the sowing plot is
100 m?, registration plot — 50 m?. Repetition is
fourfold, the arrangement of the plots is consec-
utive. Agrotechnics of cultivated crops corre-
sponded to the generally accepted for this zone.
Sowing was carried out by row seeder CH 16 ac-
cording to the scheme of the experiment — May
15 and 25, 15 and 25 June (the sowing date of
May 15 was taken as a control). Seeding rate: for
Sudan grass and fodder millet — 4 million ger-
minated seeds/ha, Scarlet amaranth — 0.5, spring
triticale — 5.0, fodder beans — 1.2 million ger-
minated seeds/ha. Sowing depth (distance from
the soil surface to the sown seeds): for spring
triticale — 6 cm, Scarlet amaranth — 2— 4, fodder
beans — 5, Sudan grass, fodder millet — 3 — 4 cm.

All surveys and observations were carried out
in accordance with the methodological guide-
lines *~.

The climate of the zone is sharply continental
with low snow cold winters, hot summers and
lack of precipitation. The average annual pre-
cipitation is 330-380 mm. Their main amount
(85-90%) is observed in the warm period, max-
imum — in July—August, minimum — in May—
June. In general, the regime is characterized
by variability of moistening. Years with good
moisture availability are replaced by satisfactory
years, more often by dry years. The sum of tem-
peratures above 10 °C during summer months is
1500...1800 °C with high average daily tempera-
ture in July (19.1 °C).

In terms of the weather conditions, the years
of the study corresponded to the main features
of the Trans-Baikal Territory climate. Weather
conditions during the growing season were rel-
atively favorable. During the growing season
(April-September), 350 mm of precipitation
was observed with the average annual norm of
276 mm. The excess of the average annual indi-
cator amounted to 74 mm (26.6%). The average
daily air temperature for the spring-summer-au-
tumn period exceeded the norm by 0.9 °C. Hy-
drothermal coefficients (HTC) by months of the
vegetation periods were as follows: in May —
1.02, June — 1.3, July — 1.5, August — 1.4, Sep-
tember — 3.5. According to these coefficients,
May-August were characterized by periods with
sufficient moisture, September was excessively
moistened. In general, the created climatic con-
ditions allowed plants of the studied crops to
form high productivity in agrocenoses.

RESULTS AND DISCUSSION

As aresult of the study, it was found that plant
development, time of the phenological phases'
beginning and duration were greatly influenced
by hydrothermal conditions and biological fea-
tures of the crops. The studied crops reacted dif-

“Methodological instructions for conducting field experiments with forage crops. Moscow, 1983, 197 p.

SExperimental works in field farming. Leningrad, 1982, 190 p.

®Dospekhov B.A. Methodology of field experiment. Moscow, 1985, 357 p.

"Methodology of state varietal testing of agricultural crops. Moscow, 1985, 267 p.

8Instruction for zonal agrochemical laboratories for fodder and plant analysis. Moscow, 1968, 56 p.

’GOST 34221-2017. Seeds of medicinal and aromatic crops. Varietal and sowing qualities. Technical conditions. Moscow:

Standardinform, 2017, 23 p.
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ferently to soil and climatic conditions during the
main phases of plant development. At early sow-
ing dates, the average daily air temperature was
5.9-9.3°C, at late sowing dates — 15.2— 20.4°C,
which had a great influence on soil warming and
the difference in the emergence of seedlings.
The shortest period from sowing to sprouting
was recorded at late sowing dates (June 15 and
25): in bluegrasses (spring triticale, fodder mil-
let, Sudan grass) — 13—14 days, in amaranth and
fodder beans — 14—18 days. A longer period was
recorded at early sowing dates (May 15 and 25):
in fodder millet — 19-25 days, in fodder beans,
spring triticale, Sudan grass, Scarlet amaranth —
15-19 days. Subsequent periods of plant devel-
opment (sprouting — budding, sprouting — tiller-
ing, sprouting — booting, sprouting — sprouting
(earing), sprouting — flowering) depending on
the sowing dates occurred with 1-2 days dif-
ference between May and June sowings. Period
of sprouting — flowering at sowing on June 15
and June 25 in bluegrass crops was 59—62 days,
in fodder beans and Scarlet amaranth — 52—-54
days. At sowing on May 15 and 25, the periods
were longer and amounted to 59-66 and 52-55
days, respectively (see Table 1).

Calculation of plant density showed that the
largest number of seeds emerged at sowing on
June 15 and 25: spring triticale —400—425 pcs/m?,
fodder millet — 312-340, Sudan grass — 240 —
255, Scarlet amaranth — 37-39, fodder beans —
91-94 pcs/m?. In the crops sown on May 15 and
25, field germination of the above crops was
lower by 4-6, 5-10, 4-7, 7-10 and 4%, respec-
tively. In all the studied crops, field germination
increased from early sowing date (May 15) to
later ones (see Table 2, Fig. 1, 2).

The same dependence on plant stand densi-
ty was maintained before harvesting. At sowing
on June 15 and 25, the plant density of spring
triticale was 344-378 pcs./ m?, fodder millet —
228-258, Sudan grass — 178-191, Scarlet am-
aranth — 30-33, fodder beans — 7883 pcs./ m?.
At sowing on May 15 and 25, plant safety of the
above crops was lower by 4-5, 24, 2-2, 1-2
and 4%, respectively, compared to sowing on
June 15 and 25.

In the period of sprouting weed infestation in
the crops conducted on May 15 and 25 with one
seedbed cultivation was quite high, and the total
number of annual weeds ranged from 118—125 to
147-163 pcs./m?. In later crops (June 15 and 25)
after two pre-sowing cultivations, the number of
weeds in the experiment variants was lower —
81-115 and 58-81 pcs./m’. Before harvesting
the total level of weediness in the crops was low
and amounted to 16-23 and 12—-16 pcs./m? in the
crops of June 15 and 25, in the crops of May 15
and 25 —24-30 and 25-33 pcs./m?, i.e. decreased
from early sowing date to later ones.

Important indicators affecting the produc-
tivity of crops are height and foliage of plants.
The highest plant height by the time of harvest-
ing was achieved in the crops sown on June 15:
spring triticale — 114 cm, fodder millet — 98, Su-
dan grass — 123, Scarlet amaranth — 153, fodder
beans — 142 cm, which is higher than in spring
crops (May 15 and 25) by 2-8, 2-6, 3-7, 4-13,
4-7 cm, respectively. In the crops sown on June
25, the plant height was the lowest and amount-
ed to 104, 88, 106, 138 and 125 cm, while leaf
coverage was high — 48, 49, 58, 48 and 41% (see
Fig. 3).

When assessing the response to drought, con-
ducted according to the methodology, where
yellowing of root leaves and loss of turgor are
taken as a basis, it was noted that all the studied
crops had drought tolerance (5 points).

One of the main indicators determining the
efficiency of cultivation of forage crops in agro-
cenoses is the yield of green mass and dry mat-
ter, yield of fodder units, digestible protein con-
tent and other important indicators. Productivity
and nutritive value of the studied crops are given
in Table 3.

According to the results of comparative eval-
uation of low spreading agricultural bluegrass,
Scarlet amaranth and fodder beans, it was es-
tablished that during the growing season in the
crops conducted on May 15 and 25, the follow-
ing indicators were obtained: green mass yield —
11.8-25.2 and 13.1-28.0 t/ha, respectively, dry
matter yield — 2.45-4.79 and 2.72— 5.32 t/ha,
yield of fodder units — 1.84-4.03 and 2.05-
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Taou. 1. TIpogomKUTENEHOCTS MEXK(PA3HBIX TIEPHOIOB B MIEPUOJT BETCTAIINN PACTCHHM, JTHU
(cpennee 3a 2020-2022 r.)

Table 1. Duration of the interphase periods during the vegetation period of plants, days
(average for 2020-2022)

Sowing . . . . .
Sprouting— | Sprouting—|  Sprouting — Sprouting — ear- | Sprouting — Seed
Culture 75];;?& budding tillering booting ing (heading) flowering | maturation
Seeding on May 15
Spring triticale 17 - 16 32 46 62 108
Fodder millet 21 - 22 36 47 60 93
Sudan grass 18 - 22 38 52 66 98
Scarlet amaranth 19 29 - - — 55 92
Field beans 25 40 - - - 53 98
Seeding on May 25
Spring triticale 15 - 15 29 45 61 107
Fodder millet 19 - 22 35 46 59 92
Sudan grass 16 - 23 36 50 64 98
Scarlet amaranth 17 27 - - - 54 92
Field beans 23 38 - - — 52 96
Seeding on June 15
Spring triticale 14 - 14 26 44 60 107
Fodder millet 14 - 21 33 45 59 92
Sudan grass 14 - 21 35 45 62 98
Scarlet amaranth 16 26 - - - 54 92
Field beans 18 37 - - - 52 96
Seeding on June 25
Spring triticale 13 - 14 26 44 60 —
Fodder millet 13 — 20 32 45 59 -
Sudan grass 13 - 21 35 45 61 -
Scarlet amaranth 14 25 - - - 54 -
Field beans 14 35 - - - 52 -

Taoba. 2. I'yctora cTOSIHHSI paCTEHUH B 3aBUCUMOCTH OT CPOKa MOceBa
Table 2. Plant stand density depending on the sowing date

) Number of plants, pcs./m?
Culture Sown, pes./m at seedling stage | before harvesting
Seeding on May 15
Spring triticale 500 380 312
Fodder millet 400 292 207
Sudan grass 300 228 164
Scarlet amaranth 50 32 25
Field beans 120 86 71
Seeding on May 25
Spring triticale 500 395 332
Fodder millet 400 300 216
Sudan grass 300 234 171
Scarlet amaranth 50 34 27
Field beans 120 89 75
Seeding on June 15
Spring triticale 500 400 344
Fodder millet 400 312 228
Sudan grass 300 240 178
Scarlet amaranth 50 37 30
Field beans 120 91 78
Seeding on June 25
Spring triticale 500 425 378
Fodder millet 400 340 258
Sudan grass 300 255 191
Scarlet amaranth 50 39 33
Field beans 120 94 83
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IIpoayKTHBHOCTB MaIOPaCIIPOCTPAHEHHBIX CEIbCKOXO35HCTBEHHBIX Amngpeesa O.T.
KyJIBTYp B 3aBHCHMOCTH OT CPOKOB II0CEBa B yCIOBHSAX 3abaiikalibs
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0 . L .
Field germination rate, % Viability, %
May 15 May 25 June 15 June 25
B Triticale [ Triticale B Triticale [ Triticale
B Fodder millet B Fodder millet [ Fodder millet [ Fodder millet
M Sudan grass B Sudan grass M Sudan grass [ Sudan grass
B Scarlet amaranth ¥ Scarlet amaranth ¥ Scarlet amaranth [ Scarlet amaranth
M Field beans M Field beans [ Ficld beans [ Field beans

Puc. 1. [loneBast BCXOXKECTb U COXPAHHOCTb U3yYaeMbIX KyJIBTYp B 3aBUCUMOCTH OT CPOKa IOoceBa (CpeaHee
3a 2020-2022 rr)

Fig. 1. Field germination and safety of the studied crops depending on the sowing date (average for 2020-2022)
180
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0 Weediness of crops during sprouting period, pcs./m’ Crop infestation before harvesting, pcs./m
May 15 May 25 June 15 June 25
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B Fodder millet B Fodder millet [ Fodder millet [ Fodder millet
B Sudan grass M Sudan grass M Sudan grass [ Sudan grass
B Scarlet amaranth M Scarlet amaranth M Scarlet amaranth [0 Scarlet amaranth
M Ficld beans M Field beans [ Field beans [ Field beans

Puc. 2. 3acopeHHOCTh N3yYaeMbIX KYJIBTYpP B 3aBHCHMOCTH OT cpoka moceBa (cpemnee 3a 2020-2022 rr.)
Fig. 2. Weediness of the studied crops depending on the sowing date (average for 2020-2022)
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4.44 t/ha, digestible protein content — 166770
and 183-850 kg/ha, gross energy — 23.65-48.62
and 26.25-54.13 GJ/ha, provision of 1 fodder
unit with digestible protein — 92—-192 and 90—
193 g.

The crops sown on June 15 were character-
ized by the highest productivity and nutritive
value: green mass yield — 14.4-30.5 t/ha, dry
matter — 2.97-5.95 t/ha, yield of fodder units —
2.23-4.67 t/ha, digestible protein content — 207—
901 kg/ha, gross energy — 28.51-57.57 GJ/ha,
provision of 1 fodder unit with digestible pro-
tein — 93-193 g. Excess of the presented indi-
cators to early sowing dates (May 15 and 25)
were: 1.3-2.6 and 2.5-5.3 t/ha; 0.25-0.52 and
0.63— 1.16 t/ha; 0.18-0.39 and 0.23-0.64 t/ha;
24-41 and 51-131 kg/ha; 2.26-4.86 and 3.44—
8.95 GJ/ha; 1-2 and 2.4 g; to the June 25 sow-
ing: 3.4-6.9 t/ha; 0.72—1.95 t/ha; 0.54—1.13 t/ha;
48-214 kg/ha; 6.91-14.06 GJ/ha, respectively.
In percentage terms, the exceedances ranged
from 8-9 to 21-25%.

180 -
160 -
140 -
120 -
100 -
80
60
40

20 7

Crop height, cm

May 15

B Triticale

M Fodder millet

M Sudan grass

M Scarlet amaranth
M Ficld beans

May 25
[ Triticale

M Sudan grass

M Field beans

B Fodder millet

[ Scarlet amaranth

Significant excess in relation to early sowing
was 1.3-2.6 and 2.5-5.3 t/ha for green mass,
0.25-0.52 and 1.60-1.63 t/ha for dry matter,
0.18-0.39 and 0.23— 0.64 t/ha for yield of fod-
der units; to June 25 sowing: 3.4-6.9 t/ha; 0.72—
1.95 t/ha; 0.54—1.13 t/ha, respectively.

A close positive correlation ( = 0.89—0.94)
between green mass and dry matter yield, fodder
unit yield and plant height was observed.

The lowest productivity indicators were ob-
tained in the June 25 crops, where the yield of
green mass depending on the type of crop was
11.0-23.6 t/ha, dry matter yield — 2.25-4.32 t/ha,
yield of fodder units — 1.69-3.54 t/ha, digestible
protein content — 159-687 kg/ha, gross energy —
26.60-43.63 Gl/ha.

Analyzing the obtained data, it can be noted
that among bluegrass crops the highest yield was
formed by spring triticale and Sudan grass: green
mass and dry matter — 14.0 —18.9 and 2.79 —3.93
t/ha, respectively. Scarlet amaranth and fodder
beans were more productive compared to blue-

Foliage, %

June 15 June 25

B Triticale I Triticale

[ Fodder millet 7] Fodder millet

[ Sudan grass Sudan grass

I Scarlet amaranth Scarlet amaranth
Field beans Field beans

Puc. 3. Bricota moceBOB M O0JIMCTBEHHOCTD HU3y4acMbIX KYJIBTYP B 3aBUCUMOCTH OT CPOKaA IIOCCBa

(cpennee 3a 2020-2022 T.)

Fig. 3. Sowing height and foliage of the studied crops depending on the sowing date (average for 2020-2022)
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IIpomyKTHBHOCTB MaNOPaCIPOCTPAHEHHEIX CETbCKOX03SHCTBEHHBIX

KyJIBTYp B 3aBHCHMOCTH OT CPOKOB II0CEBa B yCIOBHSAX 3abaiikalibs

Amnnpeesa O.T.

Taoua. 3. ypOH(aﬁHOCTL 3€JICHOM MacCChl U MUTaTeIbHAas HICHHOCTDH KYJIBTYP B 3aBUCUMOCTH OT CpOKa

nocera (cpemaHee 3a 2020-2022 rr.)

Table 3. Green mass yield and nutritive value of crops depending on the sowing date

(average for 2020-2022)

Yield, t/ha Disesiib] G
Culture Sowing Fodder units tle%flsclonft:elr)lrto_ Provision of 1 f. u. with en:r)ss
date irl Z:Isl dry matter |  yield, t/ha kg/ha ’ digestible protein, g o /ﬁ;”
Spring May 15 15,5 3,26 2,62 262 103 32,12
triticale
May 25 17,2 3,61 2,77 276 101 35,29
June 15 18,9 3,93 3,03 306 101 38,12
June 25 14,3 2,96 2,28 230 101 28,71
LSD,s 0,40 0,20 0,16
Fodder millet |y o5 | 118 2,45 1,84 166 92 23,65
May 25 13,1 2,72 2,05 183 90 26,25
June 15 14,4 2,97 2,23 207 93 28,51
June 25 11,0 2,25 1,69 159 94 21,60
LSD,, 035 0.19 0.13
Sudan grass |y p.0 15 14,9 3,01 2,35 277 121 29,65
May 25 16,6 3,33 2,60 306 122 32,80
June 15 18,3 3,66 2,82 341 121 35,50
June 25 14,0 2,79 2,15 262 122 27,06
LSD,, 0,35 0,17 0,17
Scarlet May 15 243 4,52 3,57 599 170 44,75
amaranth
May 25 27,0 5,03 4,01 675 172 49,80
June 15 29,6 5,95 4,20 722 172 52,86
June 25 222 4,00 3,08 530 172 38,80
LSD, 1,59 0,35 0,15
Field beans 252 4,79 4,03 770 192 48,62
May 15
May 25 28,0 5,32 4,44 850 193 54,13
30,5 5,70 4,67 901 193 57,57
June 15
23,6 432 3,54 687 194 43,63
June 25
LSD,, 0,49 0,14 0,20
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grass and formed 22.2 — 30.5 t/ha of green mass
and 4.00 — 5.95 t/ha of dry matter. The same de-
pendence between the crops was maintained on
the nutritive value of the forage (yield of feed
units, digestible protein content, gross energy
and provision of 1 fodder unit with digestible
protein).

CONCLUSION

Optimal sowing dates, which largely deter-
mine the productivity of crops, are of great im-
portance in the technology of cultivation of the
studied crops.

Due to different sowing dates, the possibility
of forming differences in productivity and fod-
der quality has been established.

In extreme conditions of the Trans-Baikal
region, it is advisable to sow Sudan grass, fod-
der millet, spring triticale, Scarlet amaranth and
fodder beans for the production of high-quality
energy-rich fodder in the second ten-day peri-
od of June (15th day), when a more favorable
hydrothermal regime is established while plants
pass critical phases of development, as a result
plants develop a large vegetative mass and form
high productivity in agrocenoses.

The best indicators on fodder productivity
and nutritive value were obtained in the crops
sown on June 15: yield of green mass — 18.9-
30.5 t/ha, dry matter — 3.93-5.7 t/ha, yield of
fodder units — 3.03—4.67 t/ha, digestible protein
content — 306-901 kg/ha, gross energy — 38.12—
57.57 GJ/ha, provision of 1 fodder unit with di-
gestible protein — 93—-193 g.

The excess in productivity and nutritive value
relative to early sowing dates (May 15 and 25)
amounted to: 1.3-2.6 and 2.5— 5.3 t/ha for green
mass yield, 0.25-0.52 and 0.63—1.16 t/ha for dry
matter yield, 0.18-0.39 and 0.23-0.64 t/ha for
fodder unit yield, 24-41 and 51-131 kg/ha for di-
gestible protein content, 2.26—4.86 and 3.44-8.95
GlJ/ha for gross energy, 1-2 and 2.4 g for provi-
sion of 1 fodder unit with digestible protein; rel-
ative to June 25 crops: 3.4-6.9 t/ha; 0.72-1.95 t/
ha; 0.54-1.13 t/ha; 48-214 kg/ha; 6.91-14.06
GJ/ha, respectively. In percentage terms, the ex-
ceedances ranged from 8-9 to 21-25%.

Crops of fodder beans and Scarlet amaranth
had an advantage (green mass yield — 29.6—
30.5 t/ha, dry matter — 5.70-5.95 t/ha, yield of
fodder units — 4.20—4.67 t/ha, digestible protein
content — 722-901 kg/ha, gross energy — 52.86—
57.57 GJ/ha, provision of 1 fodder unit with di-
gestible protein — 172-193 g).

Agrocenoses of bluegrass crops (spring triti-
cale, fodder millet, Sudan grass) were inferior in
productivity (green mass yield — 14.4-18.9 t/ha,
dry matter — 2.97-3.93 t/ha, yield of fodder
units — 2.23-3.03 t/ha, digestible protein con-
tent — 207-341 kg/ha, gross energy — 28.51—
38.12 GJ/ha, provision of 1 fodder unit with di-
gestible protein — 93—-112 g).
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3AII{UTA PACTEHUH
PLANT PROTECTION
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Ouenka BHA0BOI0 COCTABA COPHBIX pacTeHuil cemeiictBa KamycTHbie
(Brassicaceae) pynepajibHbIX U CereTajbHbIX MECTOOOUTAHNH
Yccypuiickoro ropoackoro okpyra Ilpumopcekoro kpas

®enquna JILA., <) Mapxkoa T.0O., MacjoB M.B.

Dedepanvublil HAYUHBIL YeHmp OUopasHooOpasus HazemHou buomvl Bocmounoti A3uu Jlanvnesocmou-
Ho2o omoenenus Poccutickotl akademuu Hayk

BrnaguBoctok, Poccus

(<De-mail: martania@mail.ru

[puBenens! cBeneHNs O BUAOBOM COCTaBE COPHBIX pacTeHuii 3 ceMeiicTa Karmyctasie (Brassicaceae),
CTaOMJIBHO MPOM3PACTAIONINX HA TEPPUTOPUH YCCYPHICKOTO TOpOACKOro okpyra [IpuMopckoro kpas
U JOMUHUPYIOIINUX B arporieHo3ax. Llemn uccnemoBanms: 0000MUTh TaHHBIC 0 HanboJee pacmpocTpa-
HEHHBIX ((DOHOBBIX) BHUIAX PACTCHUI MPHUPOTHOW M aABEHTUBHOW (IOpHI M3 cemelicTBa KarmycTHbIe
PYZIEpaTbHBIX U CeTeTaIbHBIX MECTOOOMTAaHUH YCCYpHICKOTO TOpoaCcKoro okpyra IIpumopckoro kpas;
OTMETUTh BUJIBI, YKazaHHbIe B «HepHoii kaure ropsl [lanmsHero BocTokay v mponspacraromiye B 4epre
JAHHOTO TOPOJICKOIO OKpYTa; MPHUBECTH BHUAOBOIM COCTAaB TPaBSIHUCTBIX pacTeHHid cemelicTa Kamyct-
HbIe, OOHAPYKEHHBIX B 3allOBEIHUKE «YCCypHiCKUit». [loneBbie rccnenoBaHus MPOBOIMIN TpaaULi-
OHHBIM MapIIPYTHO-PEKOTHOCIMPOBOYHBIM MeTosioM B 20102023 1. OcymiecTBisui (eHOTOTHIECKIEe
HaOJIONeHNs, Te000TAHNIECKUE ONMCAHUS BBISIBIICHHBIX MECTOOOUTAaHUH, cOOp, onpenenenue repoap-
HOTO Marepuajna u (otorpadupoBaHre 0OBEKTOB M3 MECT mpom3pacTanus. M3 23 BUIOB ceMeicTBa
Brassicaceae, nmpuBeneHHBIX B paOoTe, AeCATh SIBISAIOTCS MHBa3HOHHBIMH B 3KocucTemax [lanbHeBo-
cTouHoro (enepaibHOrO OKpyra: Armoracia rusticana Gaertn., Mey. et Scherb., Berteroa incana (L.)
DC., Brassica juncea (L.) Czern., Bunias orientalis L., Capsella bursa-pastoris (L.) Medik., Hesperis
matronalis L., Lepidium densiflorum Schrad., Thlaspi arvense L., Turritis glabra L., Velarum officina-
le (L.) Reichenb. BonbimHCTBO U3 HUX, 3a UcKItoueHUeM B. juncea, C. bursa-pastoris w Th. arvense,
OTHOCATCS K PaCTeHHUSM, He IPUIHHSIONINM 3HAYATEIFHOTO yiepOa Ha JaHHOM dTarre pa3Butus. Pyze-
paJibHbIe MECTOOOUTAHUS SIBIISIIOTCS U MECTaMH COXpaHeHus1 Onopa3sHoodpasusi. B 3anosennuke «Yccy-
puiickuit» nM. B.JI. Komaposa Ha TeppuTtopuu YcCypuiCKOTO TOPOJICKOTO OKpYyTa BBISABICHO 16 BHIIOB
KamycTHBIX, 13 KOTOPBIX CereTalbHBIMU SABISIOTCS Barbarea orthoceras, B. incana, Th. arvense.

KuroueBsbie cinoBa: KanyctHele, pyaepajibHble U cereTalbHble MECTOOOUTAHHS, arpOLEHO3bI, YC-
CypuicKHi ropoackoit okpyr, IIpumopckuii kpait
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The data on the species composition of weeds from the Cabbage family (Brassicaceae) that grow
stably in the territory of the Ussuriysk urban district of the Primorsky Territory and dominate in agro-
cenoses are given in the article. Objectives of the study are: to summarize data on the most widespread
(background) plant species of natural and adventive flora of the Cabbage family of ruderal and segetal
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habitats of the Ussuriysk urban district of the Primorsky Territory; to note the species listed in the
"Black Book of Flora of the Far East" and growing within the limits of the urban district; to cite the
species composition of herbaceous plants of the Cabbage family found in the Ussuriysky Nature Re-
serve. Field studies were conducted using the traditional route-reconnaissance method in 2010-2023.
Phenological observations, geobotanical descriptions of identified habitats, collection, identification
of herbarium material and photographing of objects from growing sites were carried out. Of the 23
species of Brassicaceae cited in the paper, ten are invasive in the ecosystems of the Far Eastern Federal
District: Armoracia rusticana Gaertn., Mey. et Scherb., Berteroa incana (L.) DC., Brassica juncea (L.)
Czern., Bunias orientalis L., Capsella bursa-pastoris (L.) Medik., Hesperis matronalis L., Lepidium
densiflorum Schrad., Thlaspi arvense L., Turritis glabra L., Velarum officinale (L.) Reichenb. Most
of them, with the exception of B. juncea, C. bursa-pastoris and Th. arvense, are classified as plants
that do not cause significant damage at this stage of development. Ruderal habitats are also sites of
biodiversity conservation. In the V.L. Komarov Ussuriysky Nature Reserve, 16 species of Cabbage, of
which Barbarea orthoceras, B. incana, and Th. arvense are segetal, were identified on the territory of
the Ussuriysk Urban District.

Keywords: Brassicaceae, ruderal and segetal habitats, agrocenoses, Ussuriisk urban district, Pri-

morsky Territory
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INTRODUCTION Thus, the main difference between weeds
and wild plants is their confinement to areas

Weeds are important objects of study that < ) )
with disturbed or destroyed vegetation cover.

have not only scientific but also practical sig-

nificance. Researchers interpret the term "weed
plant" in different ways: from limiting the com-
position of weed plants to the species growing
in crops only, to the inclusion of many species
characteristic of uncultivated areas with dis-
turbed natural cover in their ranks. Groupings
of weed vegetation can appear in nature both as
a result of anthropogenic impact and under the
influence of animals, birds, ants, when natural
secondary habitats appear, where more homo-
geneous composition of vegetation is observed
than in the surrounding cenoses. Such habitats
also include landslides, quarries, outcrops after
earthquakes, etc. [1, 2].

Their species composition in a certain area is
formed under the influence of environmental
factors and human activity. Due to the intercon-
nection of plant communities, plant species can
move from ruderal places to the fields, there-
fore, much attention should be paid to the study
of plants of this group growing in the immedi-
ate surroundings of the fields (forest belts, field
road networks, ditches, ravines and other simi-
lar biotopes) [3].

Currently, many species of weeds have wide-
ly spread to anthropogenically disturbed terri-
tories and agrocenoses. Numerous publications
provide regional lists [3-10] and information on
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individual species' [11-13], the most aggres-
sive of which are quarantine species in many
countries and are included in the Unified List
of Quarantine Objects of the Eurasian Econom-
ic Union®. 110 species of the Cabbage family
(Brassicaceae)® are included in the list in the
Primorsky Territory; some species are invasive
in the ecosystems of the Far Eastern Federal
District*.

Research Objectives:

1) summarize data on the most common
(background) plant species of natural and ad-
ventive flora of the Cabbage family of ruderal
and segetal habitats of the Ussuriysk Urban Dis-
trict (UUD) of the Primorsky Territory;

2) identify the species listed in the "Black
Book of the Flora of the Far East" and growing
within the boundaries of this urban district;

3) to present the species composition of her-
baceous plants of the Cabbage family found in
the Ussuriysky Reserve on the territory of the
UuUD.

MATERIAL AND METHODS

Field studies were conducted in the Ussuri-
ysk urban district, including the territory of the
V.L. Komarov State Nature Reserve "Ussuri-
yskiy". The traditional route-reconnaissance
method with the survey of the settlements and
their vicinities was used. Phenological observa-
tions were made (2010-2023), herbarium mate-
rial was collected, identified and objects from
the places of growth were photographed. For
identification of vascular plants and clarifica-
tion of Latin names were used: "Illustrated flora
of the Primorsky Territory" (see footnote 3) and
"Vascular Plants of the Soviet Far East "°. Phe-
nological observations were made according to
the methodology of I.N. Beydeman®.

RESULTS AND DISCUSSION

In the period from 2010 to 2023, 23 plant
species from the Cabbage family were found,
which are background plants of natural or ad-
ventive flora on the territory of the UUD (see
the table).

Early-flowering Cabbage plants include the
largest number of the plants growing in the
UUD. Among them, the earliest flowering pe-
riod (April - I ten-day period of May) is ob-
served for Cardamine leucantha, C. regeliana,
Dontostemon hispidus, Draba nemorosa, Thlas-
pi arvense. Cases of the beginning of flowering
in May have been recorded in the following
species Armoracia rusticana, Barbarea ortho-
ceras, Berteroa incana, Brassica juncea, Erysi-
mum cheiranthoides, E. marschallianum, Hes-
peris matronalis, Lepidium densiflorum, Neslia
paniculata, Sisymbrium luteum, Turritis glabra,
Velarum officinale. The later dates (June-July)
are marked for the following Arabis saqgittata,
Rorippa sylvestris, R. palustris, the latest initial
flowering is characteristic of Arabis pendula
(July).

Repeated flowering is observed most often in
such species as B. orthoceras, B. juncea. The
main part of the Cabbage family plants belongs
to the ecological group of mesophytes. The only
hygrophyte among the studied species is R. pal-
ustris, the other species are xeromesophytes.

Invasive species requiring control measures
and included in the "Black Book of the Flora of
the Far East" are: B. juncea, C. bursa-pastoris,
Th. arvense. The remaining seven species listed
for the UUD are those that do not cause signif-
icant damage at this stage of development (see
the table).

'Fedina L.A. New species of vascular plants of the Ussuri Reserve // Botanical Journal, 1990, vol. 75, N 5, pp. 729-731.

2Unified list of quarantine objects of the Eurasian Economic Union // Decision of the Council of the Eurasian Economic
Commission of November 30, 2016 Ne 158 (as amended on July 15, 2022). URL: https://docs.cntd.ru/document/456047397/. Access

mode: for registered users (access date: 24.01.2023).

3Kozhevnikov A.E., Kozhevnikova Z.V., Kwak M., Lee B.Y. lllustrated flora of the Primorsky Territory (Russian Far East). Incheon,

2019, 1124 p.

Vinogradova Yu.K., Antonova L.A., Darman G.F., Devyatova E.A., Kotenko O.V., Kudryavtseva E.P, Lesik (Aistova) E.V.,
Marchuk E.A., Nikolin E.G., Prokopenko S.V., Rubtsova T.A., Khoreva M.G., Chernyagina O.A., Chubar E.A., Sheiko V.V., Krestov
PV Black Book of the Flora of the Far East: invasive plant species in ecosystems of the Far Eastern Federal District. Moscow, 2021,

510 p.

SVascular plants of the Soviet Far East / ed. by S.S. Kharkevich. Leningrad: Science, 1988, vol. 3, 421 p.
®Beydeman I.N. Methods of studying phenology of plants and plant communities. Novosibirsk: Science, 1974, 155 p.
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XapakrepucTrka BU10B cemeiicTBa KanmycTabie (Brassicaceae) pynepaibHBIX U CEreTalbHBIX MECTOOONTA-

Huit YI'O I[Ipumopckoro kpast

Characterization of the Cabbage family species (Brassicaceae) of ruderal and segetal habitats of the UUD

of the Primorsky Territory

Habitats Phenological
Variet aenologiea Ecological grou Note
Y ruderal | segetal indicators giea 1otp
*Arabis sagqittata (Bertol.) FL VI, Mesohygrophyte, mesotro-
DC. (Wall-cress) + - |fr. VII-VIII phic, light-demanding M, H
4. pendula L. F1. VII-VII,
(Hanging wall-cress) + +  |fr. IX-X Mesophyte, mesotroph M, H
“*4Armoracia rusticana Gaertn., FL. V-VI, Mesohygrophyte, eutrophic
Mey. et Scherb.(Wild horse radish) + +  |fr. VII-VIII plant, light-demanding O,F, M,H, E
*Barbarea orthoceras Ledeb. FL. V-VI, Mesohygrophyte, mesotro-
(Winter cress) - + |fr. VII-VIII phic, light-demanding O,M,H,E, P
**Berteroa incana (L.) DC. FL. V-VI, Xeromesophyte, mesotroph,
(Hoary false alyssum) - +  |fr. VII-VIII light-demanding O, FM,HT,P
**Brassica juncea (L.) Czern. (Indi- FL. V- VII, Mesophyte, eutrophic plant,
an mustard) + + |fr. VII-VIII light-demanding O,H
*Bunias orientalis L. FI. VI-VII, Mesophyte, mesotroph,
(Oriental bunias) + +  |fr. VII-VIII light-demanding F,M,H, E
**Capsella bursa-pastoris (L.) Me- FL. IV-V, Mesophyte, mesotroph,
dik. (Shepherd's purse) + + |fr. VI-VII light-demanding F,M,H,E, P
*Cardamine leucantha (Tausch) O.E. FL. IV-V, Mesohygrophyte, mesotro-
Schulz (Albiflorous bittercress) + + |fr. VI-VII phic, light-demanding O,M,H, P
*C. regeliana Miq. (Regel bitter- FL IV-V, Mesohygrophyte, mesotro-
cress) + - |fr. VI-VII phic, light-demanding O,M,P
*Dontostemon hispidus Maxim. (La- F1. IV-V, Xeromesophyte, mesotroph,
nose dontostemon) + - |fr. VI-VID light-demanding O,H
*Draba nemorosa L. FL IV-V, Mesophyte, mesotroph,
(Oak whitlow-grass) + + |fr. VI-VID light-demanding F,M
Erysimum cheiranthoides L. FL. V-VI, Xeromesophyte, mesotroph,
(Treacle erysimum) + + |fr. VI-VII light-demanding O MHT,P
E. marschallianum Andrz. FL. V-VI, Xeromesophyte, oligotroph,
(Marshall erysimum) + + |fr. VI-VII light-demanding O,M,H
*Hesperis matronalis L. FL. V-VI,
(Dame's violet or butterfly orchid) + + |fr. VI-VID Mesophyte, mesotroph O,H
“*Lepidium densiflorum Schrad. FL. V-VI, Mesophyte, mesotroph,
(Densely flowered bird's pepper) + + |fr. VII-VIII light-demanding M
*Neslia paniculata (L.) Desv. (Ball FL. V-VI, Mesophyte, mesotroph,
mustard) + + |fr. VII-VIII light-demanding O,H
Rorippa sylvestris (L.) Besser (For- Fl. VI- VIII, fr. |Mesophyte, mesotroph,
est cress) + + |VII-VII light-demanding O, M, H
Hygrophyte, eutrophic
R. palustris (L.) Besser FL. VI-VIII, fr. |plant,
(Marsh cress) + +  |VIII-IX light-demanding O,M,H, E
*Sisymbrium luteum (Maxim.) O.E. FL. V-VI, Xeromesophyte, mesotroph,
Schulz (Yellow hedge mustard) + +  |fr. VII-VIII light-demanding O,M,H
“*Thlaspi arvense L. FL. IV-VI, Mesophyte, mesotroph,
(Field pennycress) + + |fr. VI-VID light-demanding M,E, T, P
*Turritis glabra L. Fl. V-VI1, Xeromesophyte, mesotroph,
(Tower mustard) - + |fr. VI-VII light-demanding EM
“*Velarum officinale (L.) Reichenb. F1. V-VI, Mesophyte, mesotroph,
(Sisymbrium officinale) + + |fr. VII-VIII light-demanding F,M,H, E

Note. Fl. — flowering; fr. — fruiting; O — ornamental plant; F — forage; M — medicinal; H — honey plant; E — edible; T —
technical; P — poisonous; * — plants listed in the “Black Book of the Flora of the Far East™; + — plants growing in the Ussuriysky
Nature Reserve on the territory of the UUD.
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CONCLUSION

Knowledge of the species composition of
weeds that grow stably on the territory of the
UUD and dominate in the agrocenoses is the ba-
sis for the development of a strategy to protect
crops from them. Representatives of the Cab-
bage family predominate along the roadsides
of field roads, on laylands and wastelands, and
are weeds in crops and plantings. The most ag-
gressive species is B. juncea, widespread not
only on the territory of the UUD, but also in
other areas of the Primorsky Territory (in fields,
wastelands along the slopes of the federal, in-
termunicipal and local roads). Other invasive
species (marked with an asterisk in the table)
are slightly inferior in the degree of introduction
into crops and plantings. Recently, R. sylvestris
has invaded the vegetable gardens of private
households.

Ruderal habitats can be a constant source of
weed infestation in fields, so edge treatments of
fields, mowing of close ruderal habitats are car-
ried out to protect against weeds.

Ruderal habitats also serve as places of
biodiversity conservation. In the Ussuriysky
Reserve, we have identified 16 species of the
Cabbage family on the territory of the UUD, of
which B. orthoceras, B. incana, and Th. arvense
are segmental. The last species was discovered
in 1981 during surveys of ecotone plots along
the road connecting the UUD and Shkotovsky
District. At the first detection, single specimens
were noted, but during the following years this
species significantly increased its number and
expanded its habitat [11]. Species of the genus
Rorippa Scop. (R. sylvestris, R. ralustris) and
Erysimum (Tourn.) L. (E. marschallianum, E.
scheiranthoides) from the above list have not
yet been found in the Ussuriysky Reserve.

At present, ways of utilizing wild food plants
are being actively studied, including in the Pri-
morsky Territory [14]. Among the species of the
Cabbage family, not only medicinal species are
noted (S. luteum, C. bursa-pastoris, C. leucan-
tha, V. officinale u np.), but also fodder plants
(A. rusticana, B. incana, T. glabra). Often me-
dicinal plants are forage plants and vice versa.
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[pencraBieHbl pe3ynsraTbl MHOTOJIETHETO MOHUTOPHHIA TOBPEXKICHHOCTH KITyOHEH KapToders
T'YCEHUIIaMH MOJTPBI3AIONINX COBOK M M3y4YeHUs (DaKkTopoB, ee onpenelnstomux. Mccnenosanus mpo-
BEJICHBI B 3¢PHOTPABSHO-IIPOIIAIITHOM CEBOOOOPOTE Ha ceBepo-3amane Poccuiickoit deneparuu. B 1mo-
CIIEZIHYE TOBI B OTEUECTBEHHON W MHPOBOI HAay4HOW JIUTEpaType OTMEUYECHO yBEIMUEHHE BPEIOHOC-
HOCTH TIOJITPHI3AIOIINX COBOK Ha TOCAAKaX KapTodessi, OATOMY aKTyalbHO BBISBICHHE (PAKTOPOB,
CHOCOOCTBYIOIUX CYLIECTBEHHOMY OIPaHUUYCHHUIO MTOBPEKACHHOCTH KITyOHEH KapToQesi IyCeHUIaMH
storo Bpenurtens. Ilo pesynbraram uccnenoBanuil, mpoBeaeHHbIX B 2012-2022 rr., onpeseneHo, 4To
MOBPEXKJICHHOCTh KITYOHEH KapTodessi TyCeHUIIaMi COBOK BapbHpyeT B MIMPOKHUX mpezaenax — ot 0,5
1o 15,9%. Hanbonee cuibHOE BIUSHHE HA MOBPEXKICHHOCTh KITyOHEH COBKaMHU OKa3bIBAIOT TOTO[-
HBIE yCIIOBHS (1o BIUAHUS — 24,3%). Onpenensronum SBIIeTCs epro] OT TIOCAAKH J0 [BETCHUS
KapTodesi, YTO MOATBEPKIACTCS CTATUCTHUECKOI 0OpadoTkoii (= 0,65, p < 0,05). YBenuuenuro mo-
BPEXKIICHHOCTH KIYOHEH COBKAMM CIIOCOOCTBYIOT THAPOTEPMHUYECKHE YCJIOBUSI B OTOT HEPHOJ, COOT-
BerctByromue ['TK 2,1-2,3, a Takke 3aCOpPEHHOCTh MOCAA0K MHOTOJICTHUMH IBYAOJTbHBIMU BUAAMU
Y HEKOTOPBIMU MaJIOJIETHUMU. BiiMsHNE BereTaTuBHOW MacChl BCEM COBOKYMHOCTH MPOU3PACTAIOIIECH
COPHOM PAacTUTENBHOCTH BBIpaKaIoch KoddduimenToM Koppemsnni, paBasiM 0,14 (p < 0,05), B Tom
YHCIIe TYCTOTHI M MacChl MHOTONIETHUX MBYAONBHBIX BUIOB — 0,11 (p < 0,05) u 0,13 (p < 0,05). Omanm
13 (PaKTOPOB, CYIIECTBEHHO CHIKAIOIINX MOBPEKICHHOCTH KapTO(EIs JAHHBIM BPETUTEIIEM, SBIISCTCS
npeArnocaaouHas oopadoTka KiyOHelH WHCEKTOQyHruuaamMu. B coueTaHnu ¢ NpUMEHEHUEM repOou-
UJIOB OHa o0ecrieyrBaa CHIKEHUE J0JIM MOBPEKICHHBIX KITyOHEeH I'yCeHHWI[aMH COBOK B YOpaHHOM
ypokae Ha 56,8%. B To ke Bpems BHeCEHHEe MUHEpaIbHBIX yIOOpeHHH, CMeHa MPEAIIECTBEHHUKA B
€eB000OpOTE M BO3ZETBIBAHKE PA3HBIX MO0 YCTOWYNBOCTH COPTOB KapTodelns He MPUBOAWINA K JIOCTO-
BEPHOMY CHIKEHHIO MTOBPEXKICHHOCTH KITyOHEH I'yCEHHIIaMH IO PHI3AIOIINX COBOK.

KaroueBbie cioBa: kapTodenb, MOArPhI3aOIINE COBKH, THAPOTEPMHUUYECKAN Kod(DPUIIMEHT, HH-
CeKTO(YHTUIUIBI, MUHEPAIIbHBIC YIOOPEHHSI, UHTETPUPOBAHHAS CUCTEMA 3aIlUThI PACTCHUH

Damage to potato tubers by cut worms in grain-grass root-crop rotation
in the north-west of the Russian Federation

C<DSmuk V.V

All-Russian Research Institute of Plant Protection
Saint-Petersburg, Russia

<De-mail: vvsmuk@mail.ru

The paper presents the results of long-term monitoring of potato tuber damage by caterpillars of cut
worms and study of the factors determining it. The research was carried out in grain-grass root-crop
rotation in the north-west of the Russian Federation. In recent years in the domestic and world scientific
literature an increase in the pest rate of cut worms on potato plantings has been observed, therefore, it is
relevant to identify the factors contributing to a significant limitation of damage to potato tubers by the
caterpillars of cut worms. According to the results of the studies conducted in the period 2012-2022, it
was determined that the damage to potato tubers by caterpillars of cut worms varies widely — from 0.5
to 15.9%. Weather conditions have the strongest influence on tuber damage by cut worms (influence
share — 24.3%). The period from planting to flowering of potatoes is determinant, which is confirmed
by statistical treatment (+ = 0.65, p < 0.05). Increase of tuber damage by cut worms is promoted by
hydrothermal conditions during this period, corresponding to the HTC 2.1-2.3, as well as weeding of
plantings with perennial dicotyledonous species and some small perennial species. The influence of
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vegetative mass of the whole set of growing weed vegetation was expressed by a correlation coefficient
equal to 0.14 (p < 0.05), including density and mass of perennial dicotyledonous species — 0.11 (p <
0.05) and 0.13 (p < 0.05). One of the factors that significantly reduce damage to potatoes by this pest
is preplanting treatment of tubers with insectofungicides. In combination with the use of herbicides, it
provided a 56.8% reduction in the proportion of tubers damaged by cut worm caterpillars in the harvest-
ed crop. At the same time, application of mineral fertilizers, change of the forecrop in crop rotation and
cultivation of potato varieties with different resistance did not lead to a reliable decrease in damage of

tubers by caterpillars of cut worms.

Keywords: potatoes, cut worms, hydrothermal coefficient, insectofungicides, mineral fertilizers,

integrated plant protection system
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INTRODUCTION

Caterpillars of cut worms and larvae of click
beetles are the most widespread soil-inhabiting
pests of potato in the North-West region of the
Russian Federation. The phytosanitary aspects
of wireworm distribution in potato plantings are
covered in scientific literature in sufficient de-
tail [1-3], but such information is fragmentary
with respect to the cut worm caterpillars [4].
At present, in the world and domestic scientific
literature on potatoes, an increase in the harm-
fulness of cut worm caterpillars has been noted
[4-7]. According to researchers, five species of
cut worms have been found in the north-west of
Russia: turnip moth (Agrotis segetum Denis and
Schiff), heart and dart moth (4grotis exclamatio-
nis L.), great brocade rustic moth (Eurois occul-
ta L.), Portland moth (Ochropleura praecox L.)
and dark swordgrass moth (Agrotis Ipsilon H.)'.

Among all cut worm species, the turnip moth
was clearly dominant (80.7-84.0%). Damage to
potato tubers by this pest in the conditions of the
region in some years can reach 48% [8]. The rea-
sons for the occurring severe damage to potatoes
by this pest are still not fully elucidated.

The purpose of the research is to study the in-
fluence of a complex of technological measures
and weather conditions of potato vegetation pe-
riod on the damage of tubers by cut worm cater-
pillars in grain-grass-root-crop rotation in the
north-west of the Russian Federation.

MATERIAL AND METHODS

The research was conducted in 2012-2022
on potato plantings of the agroecological sta-
tion of the Menkovo branch of the Agrophys-
ical Research Institute (Leningrad region). The
station is a seven-field grain-grass-root-crop
rotation. According to crop alternation, pota-
toes in this rotation were placed after perenni-
al grasses (2012-2017) or spring rape (2018-
2022). In 2012-2017 a middle-early potato
variety Sudarynya was grown, in 2018-2020 —
an early maturity group variety Udacha, in
2021-2022 — super-early variety Meteor. Under
the conditions of two-factor experiment the ef-
fect of complete mineral fertilization (N P K,
NP K., N P K ) and integrated plant pro-
tection system was studied.

The integrated potato protection system was
as follows:

Wolkov D.V., Nikolaeva Z.V. Cut worms in potato plantings in the Pskov region // State and prospects of scientific support of
agroindustrial complex: Proceedings of the scientific conference (Velikie Luki, February 8, 2023). Velikie Luki, 2023, pp. 37-39.
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— treatment of the tubers before planting
(2015-2018) or during planting (2012-2014)
with one of the insectofungicide preparations
(Prestige, SC (1.0 1/t), Celest Top, SC (0.4 1/t),
Emesto Quantum, SC (0.35 1/t));

— application of herbicides 3—5 days before
potato sprouting (Tornado, AS (3.0 I/ha)) and
at plant height of 10—-15 cm (Titus, DFC (50 g/
ha) + Trend 90 (80 ml/ha));

— two to four fungicide treatments at intervals
of 10-14 days (Ridomil Gold MC, WDG (2.5 kg/
ha), Sektin Phenomenon, WDG (1.25 kg/ha), In-
finito, SC (1.4 I/ha), Polyram, WDG (2.0 kg/ha)).

On the control the technological scheme of
crop planting care was applied, consisting of
two pre-emergence and two post-emergence
mechanical treatments with a cultivator CON-
2,8 PM coupled with a rotary harrow BRU-0,7,
as well as hilling and desiccation.

The area of the crop rotation field was 0.6
hectares. The soil was soddy weak podzolic san-
dy loam with the humus content of 1.9%. Fer-
tilizers were applied in spring in the form of a
mixture of ammonium nitrate and azofosk across
the field by a SZ-3.6 planter before plowing.
Plant protection products were applied along the
field with an Amazone-800 BU sprayer. The plot
area was 150 m? (10 x 15 m). The experiment
was repeated six times.

The study used the methodology of perma-
nent test plots, which were installed in the field
on the 8-10th day after planting and harvested
together with the crop®. The area of the survey
site was 1.4 m?, which is provided for row crops
with a row spacing width of 0.7 m?. Their annu-
al number was 36, 6 on each variant of the ex-
periment. In tuber analysis of the yield obtained
from permanent plots, the proportion of potato
tubers damaged by the cut worm caterpillars and
the intensity of their damage were determined in
points on a unified scale®.

In statistical processing of the data the anal-
ysis of variance and correlation in the program
"Statistica 6" was used.

RESULTS AND DISCUSSION

According to the data of the tuber analysis,
potato tubers damaged by cut worm caterpillars
were registered annually. At the same time, they
can be mostly attributed to the damage caused
by the turnip moth, the caterpillars of which
were regularly encountered during harvesting.

On average for the observation period (from
2012 to 2022), the proportion of the tubers
with characteristic damage caused by this pest
was 4.7%, varying widely from 0.5% in 2017
to 15.9% in 2022. The large range of variation
in this trait was mainly due to the variability of
weather conditions during the growing season of
the crop. The contribution of this factor to the
value of potato tuber damage according to the
results of the dispersion analysis amounted to
24.3%, which significantly exceeded the influ-
ence of other factors (see Table 1).

High abundance of cut worm caterpillars,
recorded in some years in the North-Western
region, indicates potentially favorable weath-
er conditions for their successful development.
However, the presence of prolonged drought or
prolonged low temperatures can significantly
reduce the level of presence of these moths in
potato plantings®. We observed similar effects in
drought 2014, when the tuber damage amount-
ed to 1.4%, and in 2017 under conditions of
low heat availability in June and July (87 and
94% of the average annual norm) — 0.5% (see
Table 2). Probably, in 2022 there were optimal
conditions of moisture and temperature, which
was reflected in the strong final damage of the
tubers by moth caterpillars. The use of the Se-
lyaninov hydrothermal coefficient allowed us
to determine that damage to potato tubers by
moth caterpillars depended most strongly on
the weather conditions during the period from
planting to flowering (» = 0.65, p < 0.05). The
significance of weather conditions of this peri-
od is due to the fact that it is during this time
period that egg-laying by females of cut worms

2Zubkov A.F. Agrobiocenological phytosanitary diagnostics. Saint Petersburg, 1995, 386 p.
SMethodological guidelines for registration tests of insecticides, acaricides, molluscicides and rodenticides in agriculture. Saint

Petersburg, 2009, 321 p.

4Pospelov S.M. Cut worms // Cutworms — pests of agricultural crops. Moscow: Agropromizdat, 1989, pp. 11-52.
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Taoxa. 1. Bxiag hakTopoB B OBPEKICHHOCTD
KITyOHEl KapToQensi ryCeHUIaMH MOBPEKIAIOIIIX
COBOK Ha ceBepo-3amnaze Poccuiickoit ®enepannn
(Jlenunrpanckas obnacts, 2012-2022 1)

Table 1. Contribution of factors to the damage
of potato tubers by caterpillars of cut worms in the
North-West of the Russian Federation (Leningrad
region, 2012-2022)

Impact share,
Factor
%
Weather conditions (year) 243%
Mineral nutrition level (MNL) 0,0
Integrated plant protection system (IPPS) 9,6
Interaction:
year — MNL 0,7
year — IPPS 18,1°%*
MNL — IPPS 0,4
year — MNL — IPPS 1,5
Repetition 0,6
Random 44,7
*»>0,95.

takes place (see footnote 4). Egg-laying is car-
ried out exclusively on weed vegetation, which
determines its great importance in reproduction
of the cut worms. At that, preference is given to
such species as field milk thistle, great plantain,
lamb's quarters’ (see footnote 4) [10].

The low level of tuber damage, correspond-
ing to 0.5—1.8% in most years, could well be due

to the large number of mechanical treatments
in potato plantings, which effectively influence
both the population size of the pest and its food
base (see footnote 5). However, mechanical
treatments are insufficiently effective against pe-
rennial weed species, which in the absence of
herbicide treatments can lead to severe damage
to tubers. This situation was observed in 2021 in
potato plantings adjacent to rotational fields.

Under heavy weeding, mainly field thistle,
the share of the damaged tubers by cut worms
amounted to 29.1%, damage intensity — 21%.
The situation was repeated in 2022 in potato
crops of seven-field crop rotation. At the same
time, it was not directly related to weediness of
the field, as perennial dicotyledonous species
were represented by low abundance and phyto-
mass.

The peculiarity of grain-grass root-crop ro-
tation is a strong weeding of potato plantings
by creeping wheatgrass, as well as such species
as lamb's quarters, hemp nettle, drug fumito-
ry, common spurrey, white charlock, field milk
thistle and field sorrel. The results of the cor-
relation matrix analysis revealed a statistically
significant positive relationship between tuber
damage by moths and the density of field milk
thistle growth (=0, 12, » <0.01), great plantain
(r = 0.17, r < 0.01), and Pale Smartweed
(r=10.24, r <0.01), as well as with the phyto-
mass of field milk thistle (»=10.13,7<0.01), field

Ta6a. 2. MHOrojeTHsS JMHAMUKA METCOYCIIOBUH M MOBPEKJACHHOCTH KIIyOHEH KapTodes Moarphi3ato-
MU COBKaMU B 36pHOTPABSIHO-TIPOIAIITHOM CEBO0OOPOTE Ha ceBepo-3amnaje Poccuiickoit deneparu

Table 2. Long-term dynamics of weather conditions and damage to potato tubers by cut worms in grain-
grass root-crop rotation in the North-West of the Russian Federation

Year
Indicator 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
Sum of active temperatures, °C 1529 | 1321 | 1627 | 1393 | 1499 | 1528 | 1516 | 1552 | 1639 | 1772 | 1711
Total precipitation, mm 441 | 210 | 170 | 154 | 342 | 320 | 176 | 255 | 392 | 326 | 334
HTC:
entire growing season 2.9 1,6 1,0 1,1 2.3 2,1 1,2 1,6 2.4 1,8 2,0
planting — sprouting 2,6 1,3 1,5 0,8 1,4 1,7 0,1 04 0,8 2,0 2,0
planting — flowering 2,3 1,6 1,2 1,1 2,1 1,5 1,4 1,8 1,2 1,0 2,1
flowering — harvesting 3,7 1,7 0,8 1,1 2,6 2.9 0,8 1,3 43 3,2 2,0
Tuber damage, % 7,2 6,7 1,4 1,8 5,7 0,5 1,5 1,4 3,8 1,5 | 15,9

SZeyruk V.N., Abashkin O.V., Masyuk Y.A., Popov A.I. Cut worms on potato fields // Plant Protection and Quarantine, 2008, N 7,

pp. 44-45.
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sorrel (r = 0.14, r < 0.01), and Pale Smartweed
(r=0.19, » < 0.01). Reliable correlation coeffi-
cients with damage of potato tubers by cut worm
caterpillars were observed in lamb's quarters,
field violet, drug fumitory, white charlock,
common spurrey and shepherd's purse (see Ta-
ble 3). With regard to creeping wheatgrass, a
negative relationship with tuber damage by
moths was more often observed. The influence
of vegetative mass of the whole set of weed
vegetation was expressed by the correlation co-
efficient equal to 0.14 (p < 0.05), including the
density and mass of perennial dicotyledonous
species —0.11 (»p < 0.05) and 0.13 (p < 0.05).
The influence of the integrated plant protec-
tion system on the damage of potato tubers by
moths was clearly seen when comparing the cor-
responding variants in the experiment. The use
of herbicides in combination with preplanting
treatment of tubers with insectofungicidal prepa-
rations provided a 56.8% reduction in the share

of damaged tubers by moth caterpillars in the
harvested crop on average for 2015-2022. Low
efficiency indicators, noted in 2012-2014, were
due to the method of tuber treatment, which was
carried out during planting (see Table 4). In this
case, the working solution does not cover the
entire surface of the tubers, which significant-
ly affects the effectiveness of this measure. In
2021, when herbicide treatment was inexpedient
due to low weediness of plantings, the reduction
of tuber damage by moths at the level of 86.7%
was due exclusively to the effect of tuber treat-
ment with Emesto Quantum, SC. This confirms
the great importance of tuber treatment with
preparations possessing insecticidal activity in
reducing their damage by cut worm caterpillars
known from the literature [11-13].

Other factors that can influence potato dam-
age by cut worms include mineral fertilizer ap-
plication, preceding crop and varietal resistance.

According to the results of the dispersion
analysis, it was not possible to reveal a reliable

Ta6xa. 3. 3nadeHnus kodPGUITHESHTOB KOPPEIAIINN TTOKA3aTENICH MMPUCYTCTBHSI MACCOBBIX BHIOB COPHBIX

pacTeHU C MOBPEKACHHOCTHIO KITYOHEH KapToders

TTOTPHI3AFOIIIMMH COBKaAMH

Table 3. Values of correlation coefficients of indicators of the presence of mass weed species with

damage to potato tubers by cutworms

Year
Variety
2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
Lamb's quarters 0,01 |[-0,37*| 0,22 0,21 0,28* | 0,08 | -0,06 | -0,18 | —0,16 | 0,11 0,12
0,30 |-0,37*| 0,11 0,24 | 0,28* | 0,35* | 0,11 | -0,03 | -0,14 | 0,07 0,05
Couch grass 0,12 | -0,02 | 0,14 | 0,27* | -0,18 | 0,03 0,19 | -0,24 | -0,30 - -0,28
0,15 0,11 0,13 | 0,38* | 0,07 0,02 0,26 -0,22 0,26 - -0,29
Hemp nettle -0,03 | 0,11 0,06 0,19 | -0,12 | 0,01 | -0,07 | -0,17 | —=0,09 | 0,24 | —0,10
0,01 0,01 0,01 0,24 | 0,05 | 0,25 | -0,02 | =0,27 | 0,08 | 0,39 | —0,10
Field violet 0,17 0,16 0,01 0,08 | -0,07 | 0,16 | 0,16 | —0,02 | —0,04 | —0,02 | 0,47
0,09 0,12 0,05 | 0,32* | 0,55* | —-0,09 | 0,08 | —0,02 | —0,03 | —0,05 | 0,42
Drug fumitory 0,16 0,10 | —=0,05 | 0,13 0,08 0,04 0,27 | -0,16 | =0,12 | 0,09 | -0,10
-0,12 | =0,03 | —0,03 | 0,36* | —0,07 | 0,10 0,08 | -0,18 | 0,11 | —0,06 | 0,13
White charlock 0,33 0,19 0,14 0,18 0,02 | -0,12 | 0,04 0,30 | -0,12 | 0,14 | —0,34
0,23 0,19 0,02 0,22 | 0,29* | -0,09 | 0,01 0,21 | -0,24 | 0,14 | -045
Common spurrey 0,18 0,03 | 0,34* | 0,37* | 0,42* | 0,10 0,06 | 0,03 | -0,16 | 0,38 | 0,37
0,23 | -0,05 | 0,31* | 0,37* | 0,45* | —=0,06 | 0,03 0,01 | -0,03 | —=0,29 | 0,04
Milk thistle 0,06 0,12 0,01 | -0,11 0,13 | —0,03 | 0,08 - 0,20 - 0,33
0,10 0,13 0,19 0,03 0,16 0,11 0,10 - 0,01 - 0,23
Field sorrel -0,19 | 0,23 0,04 | -0,10 | 0,15 | -0,10 | 0,36* | 0,33 | 0,40 | —0,20 | —0,02
-0,19 | 0,19 0,08 | -0,10 | 0,28* | -0,14 | 0,29 0,28 0,01 | -0,21 0,04
Shepherd's purse 0,17 | —0,04 | —0,06 | 0,34* | 0,48 0,10 0,32 | 0,76* | -0,04 0,11 0,25
-0,05 | -0,28 | —0,06 | 0,35* | 0,67 | 0,02 | 0,17 | 0,84* | 0,18 0,19 0,15
*p <0,05.
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stable influence of the level of mineral nutri-
tion of potato plantings on the degree of tuber
damage by cut worm caterpillars. The average
data of tuber damage by moth caterpillars tend-
ed to decrease under the influence of increasing
doses of mineral fertilizers — 4.7; 4.2 and 4.0%
in the variants with the application of NP K,
NP, K, and N P K ., respectively. At the
same time, in some years (2015-2016) we ob-
served a significant multiple (6.2 and 43.0 times)
decrease in the proportion of damaged tubers in
the highly fertilized variant compared to the un-
fertilized one, in other years the situation was
the opposite (see Table 5).

When potato plantings were placed after
perennial grasses, the damage to the tubers by
cut worm caterpillars amounted to 3.9%, after
spring rape —4.7%. Obviously, the change of the
forecrop did not significantly affect the level of
damage of potato tubers by moths.

Data on food preferences of the cut worm
caterpillars with respect to tubers of different
potato varieties are very limited in the scientific
literature. According to the previously published
data, the varieties Udacha and Meteor belong to
the group of medium resistant varieties to moth
caterpillars with the range of tuber damage from
0.7 to 5.4% [4]. During our research, the vari-

Taba. 4. BiusiHre HHTETPUPOBAHHON CHCTEMBI
3aIUTHI TTOCAT0K KapTo(erst Ha TOBPEXKIEHHOCTh
KITyOHEH MONTrphI3arOIINMI COBKAMH

Table 4. The influence of the integrated potato
planting protection system on the damage of tubers
by cut worms

Tuber damage, % .

Year Redugtlon of tuber damage

without with PPS relative to the control, %

IPPS

2012 7,2 7,1 1,4

2013 6,7 6,4 4.5

2014 1,4 1,1 21,4

2015 1,8 0,2 88,9

2016 5,7 3,8 33,4

2017 0,5 0,5 0

2018 1,5 1,0 333

2019 1,4 0,3 78,6

2020 3,8 2,1 447

2021 1,5 0,2 86,7

2022 15,9 1,8 88,7

ety Udacha corresponded to its resistance group,
while tubers of the variety Meteor in 2022 were
damaged by the pest by 15.8%, which corre-
sponds to varieties that are not resistant to cut
worm moths. According to the results of the tu-
ber analysis 2012-2017, the Sudarynya variety
can be classified as medium resistant.

CONCLUSIONS

1. Annual damage of potato tubers by cut
worm caterpillars, the share of which in some
years can reach 15.9%, is observed in grain-
grass root-crop rotation in the north-west of the
Russian Federation.

2. Taking into account the obtained data, the
strongest influence on the damage of tubers by
moths is caused by weather conditions (the share
of influence is 24.3%), formed in the period from
planting to flowering of potatoes. Favorable are
hydrothermal conditions corresponding to HTC
2.1-2.3. Weeding of plantings with perennial
dicotyledonous species (field milk thistle, field
sorrel and great plantain) and some short-lived
species (lamb's quarters and Pale Smartweed)
contributes to the increase of tuber damage by
moths.

3. One of the factors significantly reducing
the damage of potatoes by this pest (by 56.8%),

Taba. 5. BnusiHue MUHEpPaIbHOIO MUTAHUS
Ha TIOBPEXKICHHOCTh KITyOHEH KapTodens
MOATPBI3AIOIUMH COBKAMHU

Table 5. The effect of mineral nutrition on the
damage of potato tubers by cut worms

Fertilizer dose Reliable
Year NoPKy | NesPgKsy | NiygoPosKos significance
(A) (B) (B) criterion (p)

2012 3,9 9,6 8,2 -
2013 6,2 7,2 6,9 -
2014 1,2 1,4 1,6
2015 3,1 1,7 0,5 AB*
2016 12,9 4,0 0,3 AB** BB*
2017 0,3 1,1 0
2018 2,7 0,6 1,2 -
2019 2,3 1,1 0,9
2020 4,5 33 3,7
2021 1,1 1,5 1,9 -
2022 13,2 14,9 19,3

*p <0,05.

**p <0,01.
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is the pre-treatment of tubers with insectofungi-
cides, provided by the integrated system of plant
protection. At the same time, the application of
mineral fertilizers, change of the forecrop in the
crop rotation and cultivation of potato varieties
with different resistance did not lead to a signif-
icant reduction in the damage of tubers by cut
worm caterpillars.
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INMU300THYECKASI CUTYAlUsI M MOJICKYJISIPHO-TEHETHYeCKasA
XapPaKTEePUCTHKA BUPYca OeleHCcTBA, H30JIHPOBAHHOIO M3 MO3ra
JIOMAIIIHEr0 CeBEPHOIo oJieHs B AAKyTuun

Merpos ILJ', XD Cmoasiuunnos 0.2, Iporoabskonosa I.I1.3, Crenanok M.A.Y, TepHoBoii B.A.*
Ulenapmamenm semepunapuu Pecnyonuxu Caxa (Axymus)

SAxyrck, Poccus

*Cubupcruil pedepanvhulil HayuHblll yenmp azpobuomexnonocuily Poccutickou akademuu nayx
HoBocubupckas o6macts, p.i. Kpacnoo6ck, Poccust

SAprmuueckuii 20cy0apcmeeHHblll acpomexHoI02ULECKULL YHUBEPCUmen

Sxyrck, Poccus

*Tocyoapcmeenmblil HayuHbLIL YeHmp eupycono2uu u buomexnorocuu « Bexkmopy Pocnompetnadsopa
HoBocubupckas o6macts, nrt. Konbioso, Poccust

Ha reppuropun Pecnyonuku Caxa (Sxytust) 8 2001-2021 1. 6€mIeHCTBO 3aperuCTPUPOBAHO Cpe-
Y JIolaiei, TOMAIIIHUX CEBEPHBIX OJIeHEeH 1 cobak. B Onomarepuasie ot TMKUX KUBOTHBIX BUPYC Oe-
meHcTBa (Rabies lyssavirus) oOHapYXE€H Y TIECITOB, KPACHBIX JIUCHII, BOJIKOB, KOJIOHKOB, TOPHOCTAEB
u coboneit. B Apkruueckoii 3one Sxytun B 2023 . y OMHOTO U3 JJOMAIITHUX CEBEPHBIX OJICHEH CTaja
C MPOSIBICHUEM KIMHUYECKHX MPU3HAKOB CHIIBHOTO BO30YXKACHUS U arpeccuy K JIIOASM U3 odpasna
TOJIOBHOTO MO3Ta BbIJIeNIeH BUpYC OemieHcTBa. [IpeamnonoxkeHo, 4yTo 3apakeHue OJeHsl BUpycoM Oe-
HICHCTBA MPOU3OIILIO NIPH YKYyCe OONBHBIM OCIICHCTBOM IIECIIOM, TIOCKOJIBKY apeas pacipoCcTpaHEHHs
9THX JKUBOTHBIX B JAaHHOM DPETHOHE MOCTATOYHO BeNHK. VcciemoBaHus 1mo oOHapyKEHUIO BHpyca
OemeHCcTBa IPOBE/ICHBI C MCIIONBF30BAaHIEM MOJIMMEPA3HOH MEeNMHON peaknny, NMMYyHO()EepPMEHTHOTO
aHanmm3a u Merofa (IIyopecuupyoUInX aHTHTel. Bo BcexX AMAarHOCTHYECKUX TeCcTax JWarHo3 Ha
OemieHCTBO ToOATBEpXkaeH. M3 00pa3uoB, JaBIIMX MOJOXKHUTEIbHBIM pesyasrar, metomom I[IL[P
BBIJICJICHB! (PparMeHThl HYKJICHMHOBOH KHCJIOTBHI W TPOBEACHO OIpEAeNeHHe HMX HYKICOTHIHBIX
MOCJIeI0BAaTEIbHOCTEH. AHANN3 HYKJICOTHIHBIX MOCIEI0BATEIbHOCTEN BUPYCHOTO T€HOMAa BBISIBHII
(puIoreHeTHYECKOe POACTBO BBIACIECHHOTO H30JIITa BUpyca OEIeHCTBa B APKTHUECKOH 30He SIKyTHI
C BHpycaMH OeImIeHCTBa, IUPKYIUPYIONIMMH B HEKOTOPHIX paiioHax CeBepo-AMEpPHKAHCKOTO KOHTH-
HeHTa, BKJItouas [ pernanauto (nBa m3onsara), Kanany (mects) u CLUA (Tpu). BeiaeneHHbIi n3omsart
BUpYyca OCIIEHCTBA M3 MO3Ta JOMAITHETO CEBEPHOTo OJIEHS B APKTHUECKOH 30HE SIKyTHH OTHOCHTCS
K TpyIHIe MTaMMOB aMepukaHckoro npoucxoxaeHus (USA1) n guioreHernyecku OIM30K K MITAM-
MaM, u3zonupoBaHHbIM B [ pernanauu, Kanage u CILA. M3yuaeMblil H305T BUpyCca TEPPUTOPUATHHO
COOTBETCTBYET M3BECTHOMY aHTUTEHHOMY BapHaHTy 3, YCTAaHOBJICHHOMY paHee Ha ceBepe A3HaTCKON
vactu Poccun, B yacTHOCTH B SIKyTHU.

KaroueBbie cii0Ba: OEMIEHCTBO, BUPYC, IOMAITHAN CEBEPHBINA OJIEHb, (PUIOTEHETHYECKUI aHaTIN3

Epizootic situation and molecular genetic characteristics of the rabies
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Rabies was registered among horses, domestic reindeer and dogs on the territory of the Republic
of Sakha (Yakutia) in 2001— 2021. Rabies virus (Rabies lyssavirus) was detected in biomaterial from
wild animals in Arctic foxes, red foxes, wolves, colts, ermine and sables. In the Arctic zone of Yakutia
in 2023, rabies virus was isolated from a brain sample from one of the domestic reindeer of a herd
showing clinical signs of severe agitation and aggression to humans. It is assumed that the reindeer
was infected with rabies virus when bitten by a rabies-sick Arctic fox, as the range of distribution
of these animals in the region is quite large. Rabies virus detection studies were conducted using
polymerase chain reaction, enzyme immunoassay and fluorescent antibody method. The diagnosis of
rabies was confirmed in all diagnostic tests. The nucleic acid fragments were isolated from the positive
samples by the PCR method and their nucleotide sequences were determined. Analysis of the nucleo-
tide sequences of the viral genome revealed phylogenetic relatedness of the isolated rabies virus iso-
late in the Arctic zone of Yakutia with the rabies viruses circulating in some areas of the North Amer-
ican continent, including Greenland (two isolates), Canada (six), and the United States (three). The
isolate of the rabies virus from the brain of domestic reindeer in the Arctic zone of Yakutia belongs to
the group of strains of American origin (USA1) and is phylogenetically close to the strains isolated
in Greenland, Canada, and the USA. The studied virus isolate territorially corresponds to the known
antigenic variant 3, established earlier in the north of the Asian part of Russia, in particular in Yakutia.

Keywords: rabies, virus, domestic reindeer, phylogenetic analysis
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INTRODUCTION sand domestic reindeer, suffered from rabies and
were forcibly slaughtered. The economic dam-
age amounted to 656.8 and 49.6 million rubles,
respectively [1].

The molecular and genetic characterization
of field isolates of rabies virus circulating in the

organism of different species of domestic and

According to the classification of the Interna-
tional Epizootic Bureau (IEB), rabies is included
in the list of particularly dangerous diseases. In
Russia, rabies is included in the list of particular-
ly dangerous animal diseases for which restric-

tive and regime anti-epidemic measures (quar-
antine)! may be established.

During 1991 — 2015 in Russia, more than
23.4 thousand farm animals, including 5.5 thou-

wild animals has been studied in a number of
regions of Russia, including the Republic of Ta-
tarstan®, Kirov region [2], Vladimir, Moscow,
Tver and Ryazan regions [3, 4], Krasnoyarsk

List of contagious, including especially dangerous, animal diseases for which restrictive measures (quarantine) may be estab-
lished (as amended as of September 25, 2020). Order of the Ministry of Agriculture of the Russian Federation of December 19, 2011,

Ne 476.

*Gulukin A.M., Shabeykin A.A., Zaikova A.N., Polyakova L.V., Zaberezhny A.D., Hismatullina N.A., Samerkhanov I.I. Features of
the epizootic process and molecular genetic characterization of rabies virus isolates in the Republic of Tatarstan // Veterinarny Vrach,

2015, N 6, pp. 3-11.
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Territory [5], Western Siberia®, the Republic of
Buryatia [6], the European region of Russia [7],
Mongolia, and nearby areas of China [8]. This
has allowed us to supplement the epizootic and
epidemic situation of rabies and to monitor its
spread. Using molecular genetic methods, cases
of human deaths from rabies spread in natural
foci have been confirmed [9].

According to official veterinary statistics, in
2001-2021 rabies was registered in the territory
of the Republic of Sakha (Yakutia) among herd
horses (one head), domestic reindeer (31 heads)
and other animal species, including wild animals.
In wild animal biomaterial, rabies virus (Rabies
lyssavirus) has been detected in various years in
red foxes, wolves, Siberian weasels, ermine and
sables. In 2018, 15 laboratory-confirmed cases
of rabies were detected in wild animals, includ-
ing two in wolves and two in Arctic foxes. In
addition, rabies diagnoses were confirmed in 11
domestic reindeer and a dog puppy. The rabies
virus was also detected in biomaterial samples
of two white foxes that were shot by hunters as
part of a monitoring study in a hunting area*.

The purpose of this work is to present a phy-
logenetic analysis of rabies virus isolates in the
Arctic zone of Russia, including Yakutia.

MATERIAL AND METHODS

The spread of rabies among wild and farm an-
imals on the territory of Yakutia for 2001-2023
was studied according to the data of veterinary
statistics of the Department of Veterinary Medi-
cine of the Republic of Sakha (Yakutia).

Studies on detection of rabies virus in the
brain tissue of domestic reindeer were carried
out in 2023 using polymerase chain reaction
(PCR)’, enzyme-linked immunosorbent assay
(ELISA) and fluorescent antibody technique
(FAT)® at the Yakutsk Republican Veterinary and
Testing Laboratory.

PCR was performed in accordance with the
"Instructions for use of the kit for detection of
rabies virus RNA by real-time polymerase chain
reaction (PCR) (Fractl BIO LLC"). The ELISA
method for detection of the rabies virus antigen
is based on its specific exposure to an anti-ra-
bies antibody immobilized on a solid carrier
with subsequent detection of the bound antigen;
FAT is a method for detection of the rabies vi-
rus antigen by fluoresceinisothiocyanine-labeled
anti-rabies antibody with the formation of char-
acteristic luminescent complexes in the field of
view of a microscope.

In the study, total RNA was extracted from
the biomaterial of domestic reindeer (brain tis-
sue) using Trizol reagent (Life Technologies
Corp/ ThermoFisher Scientific, USA) accord-
ing to the manufacturer's instructions. Synthe-
sis to DNA was performed using the Revert-L
kit (InterLabService, Russia). The presence
of rabies virus RNA was determined by PCR
using BioMaster LR HS-PCR (Biolabmix LLC,
Russia) and specific primers to the nucleotide
sequence of the Rabies lyssavirus matrix protein
gene fragment (2515-2771 bp). The following
oligonucleotides were used: F385-149 (5’-ATA
GTGAAAAACTGCAGGGATGAGGA-3’) and
R387-151 (5’-ACCCAGTTCATGCCYTCMG).
Amplification of a 319-nucleotide pair fragment
was performed using the following program: —
95 °C — 5 sec; — 57 °C — 10 sec; — 72 °C 30 sec
—40 cycles.

PCR products were visualized by electropho-
resis in 2% agarose gel stained with ethidium
bromide using a gel photodocumentation system
(GelDoc Go Imaging System, Bio-Rad, USA).
The obtained DNA fragments were purified
using an agarose gel DNA evolution kit (Bio-
Silica, Russia) and sequenced on an ABI-Prism
3500 instrument using BigDye Terminator v3.1
reagent kits (ThermoFisher Scientific, USA).

3Zaikovskaya A.V., Ternovoy V.A., Aksenov V.A. Molecular and genetic characterization of rabies virus isolates isolated in Western
Siberia // Annals of the Russian Academy of Medical Sciences, 2006, N 2, pp. 30-35.

‘Form 1-vet “Information on contagious diseases of animals” of the Veterinary Department of the Republic of Sakha (Yakutia)

for 2001-2023.

SInstructions for use of the kit for detection of rabies virus RNA by real-time PCR (Fracl BIO LLC).
SGOST 26075-2013. International Standard. Animals: Methods of laboratory diagnosis of rabies (official edition). Moscow:

Standardinform, 2014, 10 p.
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Phylogenetic analysis of the rabies virus nu-
cleic sequence (studied sample — Seq5rc) was
performed using the minimum evolution method
in the MEGA7 program [10] in comparison with
the rabies virus prototypes from the GenBank
database’®.

RESULTS AND DISCUSSION

In May 2023 reindeer herders of one of the
farms of the Nizhnekolymsky ulus, territorially
located in the Arctic zone of Yakutia, noted un-
usual behavior of one of the domestic reindeer
of the herd. Upon arrival of veterinary speci-
alists, the animal, showing clinical signs of se-
vere agitation and aggression towards people,
was shot with a presumptive diagnosis of rabies.

The number of Arctic foxes in the tundra
zone of Yakutia is estimated at 35-45 thousand,
and the isolation of the rabies virus from their
biomaterial is 32.5%”’. In all likelihood, the rein-
deer was infected by a bite from a rabid fox.

Samples of the selected biomaterial (brain)
were analyzed by PCR, ELISA and FAT meth-
ods. All diagnostic tests confirmed the diagnosis
of rabies virus presence.

Nucleic acid fragments were isolated from the
positive samples by PCR and their nucleotide se-
quences were determined. The studies were per-
formed at the State Scientific Center of Virology
and Biotechnology "Vector" of the Rospotreb-
nadzor (Federal Service for Consumer Rights
Protection and Human Welfare, Novosibirsk).

The evolutionary history of the rabies virus
isolated from the brain of domestic reindeer was
established using the method of minimal evolu-
tion (ME). Evolutionary analysis was performed
in the MEGAT7 program.

The studied sample is SeqSrc. The prototypes
of the rabies virus from the GenBank database

were used in the tree. The search in the ME-tree
was performed in the Close-Neighbor- Inter-
change (CNI)'* algorithm using 37 nucleotide
sequences of different rabies virus genovari-
ants. The phylogenetic groups of rabies virus
are shown in the figure according to the method
proposed by A. Metlin et al. (2007) [10]. Five
main phylogenetic groups of the rabies virus
were identified.

Analysis of the nucleotide sequences of the
viral genome revealed phylogenetic relatedness
of the rabies virus isolate we isolated in the Arc-
tic zone of Yakutia with the rabies viruses cir-
culating in some areas of the North American
continent, including Greenland (two isolates,
Canada (six), and the United States (three) (see
the figure).

The figure shows the optimal tree with the
sum of branch lengths equal to 0.52 867 549,
reflecting the phylogenetic relationships of ra-
bies virus isolated from the brain of Yakutian
reindeer (Minimum Evolution algorithm using
nucleotide sequences of the matrix protein gene
fragment (2515-2771 bp). Bootstrap test of 1000
repetitions).

H. Bourhy et al.'" in studying the spread of
rabies in the global area showed that viruses cir-
culating in the populations of wild and domes-
tic carnivores in Russia correspond to two main
phylogenetic groups of viruses - arctic and cos-
mopolitan. The representatives of the cosmopol-
itan group of viruses, an extensive phylogenetic
group, are distributed in the territories of Europe,
the Middle East, Iran, Kazakhstan, America, and
the African continent.

In turn, the group of Arctic viruses has two
distinct subgroups: Arctic A proper and Arc-
tic-like B'?. Similar arctic-like field isolates of
the rabies virus were identified by B. Boldbaatar

"Rzhetsky A., Nei M. A simple method for estimating minimum evolution trees // Molecular Biology and Evolution, 1992, N 9,

pp. 945-967.

$Metlin A., Rybakov K., Gruzdev S., Neuvonen E., Huovilainen A. Genetic heterogeneity of Russian, Estonian and Finnish field

rabies viruses // Arch. Virol. 2007, vol. 152, pp. 1645-1654.

’Romanova U.N., Vishnyakov IF, Bakulov IA, Nedosekov VV, Kurinov VV. Features of manifestation of rabic infection in the
Republic of Sakha (Yakutia) // Veterinary Medicine, 1999, N 9, pp. 17-20.

YNei M., Kumar S. Molecular Evolution and Fhylogenetick // Oxford University Press, New York, 2000.
"Bourhy H., Reynes J., Dunham E., Dacheux L., Larrous F., Huong V. The origin and phylogeography of dog rabies virus //J.

Gen. Virol., 2008, vol. 89, pp. 2673-2681.

2Metlin A., Rybakov K., Gruzdev S., Neuvonen E., Huovilainen A. Genetic heterogeneity of Russian, Estonian and Finnish field

rabies viruses // Arch. Virol., 2007, vol. 152, pp. 1645-1654.
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81 LM645037 Greenland 2008
LM645048 Greenland 2005
MN234008 Canada 2017 A3
MN418166 USA 2018 Group of strains
MN233898 USA 1989 A3 of American origin
— MN234054 Canada 2015 A3 Usal
L MN234056 Canada 2017 A3
MN233905 Canada 2012 A3
MN233975 Canada 1999 A3
MN234047 Canada 2012 A3
MN233901 USA 2008 A3

@ Seqg5rc
MK540972 Canada 2006 A1 Group of strains
MK540952 Canada 2001 A1 of American origin
99 MK541011 Canada 2018 A1 USA2
96 MK540999 Canada 2016 A1
76 | MK541003 Canada 2017 A1

™ L MK540985 Canada 2008 A1
AY956319 India 2005 genotype 1 T
— MK760735 Iran 2014
L MNS534895 Nepal 2019
—— MN599473 India 2017 Pan-Eurasian
OP765640 India 2017 phylogroup
HEB802676 Pakistan 2007 genotype 1
Bl _|—— LT909545 Germany 2018
MK760761 Iran 2014
75 |- LT909539 Germany 2018
ONB814542 India 2021 B1
KX148226 Afghanistan 2002
100 — KY952220 China 2016 genotype 1 Group of strains
L KY982923 China 2012 genotype 1 of Japanese and Chinese
78 KY860613 Russia 1989 ongim
79 LC553558 Japan 2020
KY982922 China 2014 genotype 1
KX148244 Guinea 1990 Group of strains
1 - MK760769 Egypt 2009 of African origin

100L— MK760770 Egypt 2009

OdunoreHeTHYECKIE CBSI3U BUpYyca OCIMICHCTRA, U30JIMPOBAHHOTO U3 MO3Ta JIOMAITHETO CEBEPHOTO OJICHS
Sxytun (anroputm «Minimum Evolution» ¢ ncronb3oBaHrEeM HYKIICOTHUIHBIX MTOCIICAOBATEILHOCTEH
¢dparmenta rena matrix protein (2515-2771 m.u.). byrcrpen-tect 1000 nmoBropeHuit)

Phylogenetic relationships of the rabies virus isolated from the brain of domestic reindeer of Yakutia
(Minimum Evolution algorithm using the nucleotide sequences of the matrix protein gene fragment
(2515-2771 bp); bootstrap test of 1000 repetitions).
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et al.”® from animal biomaterial from Mongolia.
According to the molecular genetic analysis per-
formed by B. Tao et al.'*, rabies viruses of the
cosmopolitan group, also arctic-like, are preva-
lent in China, while viruses belonging to a sepa-
rate group of lyssaviruses circulating in Asia are
prevalent in southern China. Isolates of lissavi-
ruses studied by A. Metlin et al.'* corresponded
to groups C, D and E established earlier by I.
Kuzmin et al.'®

Based on the results of the phylogenetic anal-
ysis, it can be concluded that the rabies virus iso-
late from the brain of domestic reindeer in the
Arctic zone of Yakutia belongs to the group of
strains of American origin (USA1) and is phylo-
genetically close to the strains isolated in Green-
land, Canada, and the United States. The stud-
ied virus isolate territorially corresponds to the
known antigenic variant 3, established earlier in
the north of the Asian part of Russia, particularly
in Yakutia (see footnote 16).

CONCLUSIONS

1. In the Republic of Sakha (Yakutia) in
2001-2021 rabies was registered among horses,
domestic reindeer and dogs. Rabies virus (R. ly-
ssavirus) was detected in the biomaterial from
wild animals in foxes, red foxes, wolves, Siberi-
an weasels, ermines and sables.

2. In the Arctic zone of Yakutia in 2023, the
diagnosis was confirmed in all diagnostic tests
from the biomaterial (brain) of a domestic rein-
deer with clinical signs of rabies by PCR, ELISA
and FAT methods. In all likelihood, the reindeer
was infected with the rabies virus when bitten by
a rabid fox, which has a large distribution area in
the region.

3. Analysis of nucleotide sequences of the
viral genome showed phylogenetic relatedness
of the isolated rabies virus isolate in the Arctic

zone of Yakutia with the rabies viruses circulat-
ing in the areas of the North American continent,
including Greenland, Canada and the USA.
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IToBbIIIEHHE NMPOAYKTHBHOCTH KOPOB 3a CYET UCIIOJb30BaAHUA
B KOPMJICHUH IIPEMUKCOB HAa OCHOBE JICCHBIX U MUHEPAJIBHBIX PECYPCOB

(XD Tepemenko B.A.!, Usanos E.A.!, Jlrooumosa F0.I'.', UBanoBa O.B.’
'Kpacnospckuil HayuHo-uccied08amenbCKull UHCMUMyn CelbCKo20 X035UCmed —
0bocobnennoe noopazoenenue PedeparbHo20 UCCIe008AMENLCKO20 YeHMPA
«Kpacnoapckuu nayunwiti yenmp Cubupckozo omoenenus Poccutickou akademuu Hayk»
KpacHnosipck, Poccus

2Poccuiickuii cocyoapcmeennviii acpaphvitl yuueepcumem — MCXA um. K. A. Tumupsizesa
Mocksa, Poccus

(C<De-mail: v.a.tereshencko@mail.ru

W3yyeHo BiusiHIE TPEMUKCOB HA OCHOBE JIECHBIX CHIPHEBBIX PECYPCOB (COCHOBON XBOM, CKOPITYTIBI
KEIPOBOTO Opexa, apaOuHorajgakTaHa) i MUHEPaIbHBIX (OEHTOHUTOBOH ITIMHBI, BCITyYEHHOTO BEPMHU-
KyJUTa) Ha MOJOYHYIO TPOAYKTUBHOCTh KOPOB. DKCIIEPUMEHT MpoBesieH B KpacHospckoM Kpae Ha
TpeX TPyIIax KOPOB YePHO-TIECTPO mopoas! (11o 10 Tour. B rpyIine) B BO3pacTe TPETHETO OTENa, YKIUBOU
Maccoit 530-550 kr. KoHTpoIpHOM TpyIIie CKapMITUBATIN OCHOBHOU paInvoH, |- OMBITHON — JOTOJ-
HUTEIFHO K OCHOBHOMY PaIlMOHY CKapMJIMBAIIN TPEMHUKC, COCTOSIINN U3 OEHTOHUTOBOH TIIMHBI, COC-
HOBOM XBOWHON MYKH, CKOPJTYIIbI KEAPOBOTO OpeXa, BATAMUHHO-MUHEPAIbHOTO KOMILJIEKca U apalu-
HoranakTtaHa. KopoBaM 2-if ONBITHOM IPYIIBl CKAPMIIMBAJIM MPEMHUKC aHAJIOTHYHOTO COCTaBa, 3a Hc-
KIIIOY€HHEM OEHTOHUTOBOM INIMHBI, BMECTO KOTOPOH B MPEMHUKC BKJIIOYMIIN BCITYyYE€HHBIH BEPMUKYJIHT.
[IpomomxuTensHOCTD onbITa cocTaisia 60 gaell. ConeprkaHue KOPOB OBUIO MPUBA3HO-BBITYIBHBIM,
JIOCHHUE — aBTOMAaTHYECKUM B MOJIOKOMIPOBO/I. PaIiioH KOpMIIEHHSI COOTBETCTBOBAT 300TEXHUUECKIM
HOpMaM. M3ydaeMble MPEMUKCH CKapMITUBAIIA B CMECH C KOHIICHTPHUPOBAHHBIMH KOPMaMH OJIMH pa3
B JIeHb. VccrienoBanus MpOBeIeHbI 10 OOMICTTPUHATHIM METOMKAM C HCIIOJIb30BAHUEM COBPEMEHHOTO
cepTudUUUpOBaHHOTO 000pyAoBanus. CKapMIMBaHHE KOPOBAM M3Y4aeMbIX MPEMUKCOB OKa3aJlo Io-
JIOKUTETIHLHOE BIUSHUE HA MOJIOYHYIO MPOJYKTHBHOCTH B 00€HX OMBITHBIX TPYIINax, OHAKO HAUOOIb-
IV TIPUPOCT MPOAYKTUBHOCTH 110 CPABHEHHIO C KOHTPOJIEM YCTAHOBJIEH Yy KOPOB 2-1 OTIBITHOM TpyTI-
TTBI, TIOJYYABIINX MPEMHUKC CO BCITYYEHHBIM BEPMHKYJIUTOM B COCTaBE. YIOW MOJIOKA HATypalbHOU
JKUPHOCTH B 3TOM rpymne yBenuuwics Ha 7,60%, ynoit 6a3ucHoii sxupnoctu Ha 14,02%, maccoBas
JIoJis Kupa B Mosioke Ha 0,23 1. 1., KOJTHYeCTBO MOJIOUHOTO kupa — Ha 14,02%, MomoyHOro Oenka —
Ha 9,65%. OpranonenTuyeckye MOKa3aTesIl MOJI0Ka MOAOMBITHRIX KOPOB MO/ AEHCTBHEM M3YydaeMbIX
MPEMUKCOB HE YXYAIIMINCH U cOOTBeTCTBOBaIN TpeboBanusiMm [[OCTa Kk MOJIOKY BBICIIIETO COpTA.

KaroueBble cjioBa: MOnouHasi MPOAYKTUBHOCTH KOPOB, IMPEMHUKC, JIECHBIE PECYPCHI, IPUPOTHBIC
MUHEPAIBI

Increasing the productivity of cows through the use of premixes based
on forest and mineral resources in feeding

(<D Tereshchenko V.A.', Ivanov E.A.!, Lyubimova Yu.G.!,Ivanova O.V.?

'Krasnoyarsk Scientific Research Institute of Agriculture — Separate Division of the Federal Research
Center “Krasnoyarsk Science Center” of the Siberian Branch of the Russian Academy of Sciences
Krasnoyarsk, Russia

*Russian State Agrarian University — Moscow Agricultural Academy named after K. A. Timiryazev
Moscow, Russia

(XDe-mail: v.a.tereshencko@mail.ru

The influence of premixes based on forest (pine needles, pine nut shells, arabinogalactan) and min-
eral (bentonite clay, expanded vermiculite) raw materials on dairy productivity of cows has been stud-
ied. The experiment was conducted in the Krasnoyarsk region on three groups of Black-and-White
breed cows (10 heads per group) at the age of the third calving, with a live weight of 530-550 kg. The
control group was fed the basic diet, the 1st experimental group was fed a premix consisting of ben-
tonite clay, pine coniferous flour, pine nut shells, vitamin and mineral complex and arabinogalactan in
addition to the basic diet. Cows of the 2nd experimental group were fed a premix of a similar compo-
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sition with the exception of bentonite clay, instead of which expanded vermiculite was included in the
premix. The duration of the experiment was 60 days. The cows were kept tethered and walking, milk-
ing was automatic in the milk pipeline. The feeding ration corresponded to zootechnical standards.
The studied premixes were fed in a mixture with concentrated feeds once a day. The research was
carried out according to generally accepted methods using modern certified equipment. Feeding the
cows of the studied premixes had a positive effect on milk productivity in both experimental groups,
however, the greatest increase in productivity compared with the control was found in cows of the 2nd
experimental group who received a premix with expanded vermiculite in the composition. Milk yield
of natural fat content in this group increased by 7.60%, milk yield of basic fat content — by 14.02%,
the mass fraction of fat in milk — by 0.23 percentage points, the amount of milk fat — by 14.02%, milk
protein — by 9.65%. The organoleptic parameters of the milk of experimental cows under the influence
of the studied premixes did not deteriorate and met the requirements of the GOST (Russian National
Standard) for premium milk.
Keywords: dairy productivity of cows, premix, forest resources, natural minerals
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INTRODUCTION Domestic premixes have high quality indica-

Ensuring food security of the population and
increasing the efficiency of livestock breeding
are the most important tasks of the agro-in-
dustrial complex of Russia [1]. To solve these
problems, it is necessary to provide quality and
balanced feeding of animals, which allows to re-
alize their genetic potential of productivity to the
fullest extent possible.

The production of new high-quality premixes
is an actual direction in the domestic compound
feed industry. Their use in the feeding of farm
animals contributes to additional enrichment
of diets with biologically active substances and
increasing the digestibility of fodder nutrients,
significantly stimulates physiological functions
of the organism, improves animal health and re-
duces the cost of production [2].

tors, but their price is not always competitive,
because up to 90% of the components used in
their production are purchased abroad [3]. Most
often these are vitamins, trace elements and ami-
no acids obtained by chemical synthesis, but it is
known that similar components of natural origin
have better bioavailability for the animal organ-
ism. In this regard, the use of premixes based
on non-traditional natural mineral and plant raw
materials is relevant and promising to balance
diets and achieve a high level of their biological
value.

Useful biologically active substances re-
quired by farm animals can be extracted from
various plant wastes of natural origin. In Sibe-
ria, these are primarily wastes from logging and
food forest resources, in particular, pine nuts.

300TEXHUS U BETEPUHAPHS

73

Cubupckuii BECTHHK CENbCKOXO3SHCTBEHHON HayKH * 2024 ¢ 54 ¢ 5



Increasing the productivity of cows through the use
of premixes based on forest and mineral resources in feeding

Tereshchenko V.A., Ivanov E.A., Lyubimova Yu.G., Ivanova O.V.

In Russia, the activities of forest processing
enterprises annually generate about 68-74 mil-
lion m® of wood waste, of which only 48-58%
is recycled [4]. Currently, the main method of
wood waste utilization continues to be burning
or storage, which causes global concern about
environmental sustainability and resource con-
servation [5].

According to the Federal Law "On Produc-
tion and Consumption Waste" (as amended on
04.08.2023)!, the development of a closed-cycle
economy, in particular, the involvement of seco-
ndary resources in economic turnover, including
the recycling of waste from forestry enterprises,
is relevant for our country.

When harvesting coniferous timber, green
tree crowns, needles, bark, chips remain as
waste, and after pine nut processing - cone shells
and husks. These wastes are rich in vitamins,
macro- and microelements, carotenoids, essen-
tial oils, carbon and fatty acids, polyprenols, tan-
nids, quercetins, phenolic compounds and other
substances with biological activity, antioxidant
and anti-inflammatory properties?.

The valuable biologically active forest raw
materials also include polysaccharide arabino-
galactan, obtained from larch wood and possess-
ing prebiotic properties. Its use in animal feeding
stimulates the growth of beneficial lacto- and bi-
fidobacteria in the gastrointestinal tract and pro-
motes the formation of short-chain fatty acids,
vital for the normal functioning of the body. In
addition, arabinogalactan is able to exhibit inde-
pendent immunomodulatory properties by acti-
vating the reticuloendothelial system, increasing
phagocytosis, and stimulating the multiplication
of spleen and bone marrow cells® [6].

Consumption by animals of natural phyto-
biotics contained in forest biomass stimulates
immunity, accelerates and improves the quality
of metabolic processes in the body, increases
digestibility and availability of feed nutrients,
hormone activity, increases the production of
endogenous enzymes [7, 8].

The quality characteristics of premixes are in-
fluenced by the type of raw material used as fill-
er in addition to the compatibility and stability
of the components used in the composition and
the production technology. The most common
filler in premixes is bran, which requires special
storage conditions. In addition, vegetable fillers
are subject to mold and rancidity [9].

With the development of modern technolo-
gies, it has become possible to use porous miner-
als, widely distributed in nature, such as benton-
ite clay, vermiculite, etc., as fillers for premixes.

Mineral raw materials are used in premixes
and mixed fodders to make them technological,
as well as enrich with macro- and microelements
in order to correct metabolism in animal orga-
nism, in particular mineral metabolism®*. Due to
their high adsorption capacity, porous minerals
can reduce the level of toxic effects and eli-
minate feed mycotoxins, pollutant metals, radio-
nuclides, pathogenic microorganisms and pro-
ducts of their vital activity from the body [10,
11]. Eating of natural minerals by animals stim-
ulates digestibility and promotes better assimila-
tion of forage nutrients due to the manifestation
of buffering and ion exchange properties [12]. In
addition, when animals are fed natural minerals,
the body restores self-regulation mechanisms,
maintains acid-base equilibrium and osmotic
pressure, stimulates the processes of secretion,

'Federal Law “On Amendments to the Federal Law ‘On Production and Consumption Waste’ and Certain Legislative Acts of the
Russian Federation” dated 04.08.2023, No. 451-FZ (wording effective as of 01.01.2024).

2Ivanova O.V., Ivanov E.A., Tereshchenko V.A. Forest resources as a source of fodder additives: recommendations. Krasnoyarsk:

FRC KSC SB RAS, 2020, 32 p.

3Medvedeva E.N., Babkin V.A., Ostroukhova L.A. Arabinogalactan larch — properties and prospects for use (review) / Chemistry

of plant raw materials, 2003, N 1, pp. 27-37.

‘Podolnikov V.E., Gamko L.N., Sezin Y.A., Sidorov I.I. Recommendations on the use of rotten stones of Bryansk deposits in the
diets of farm animals. Bryansk: Bryansk State Agrarian University, 2018, 56 p.
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hematopoiesis, bone formation and excretion of
underoxidized products of biological synthesis> °.

When using bentonite clay in premixes, the
density and moisture content of the final pro-
duct, its bulkiness and homogeneity are im-
proved, and storage time is increased’. At the
same time, it is important to follow the recom-
mendations for the coarseness of grinding min-
erals in the composition of feeds and additives
for mammals (0.5-2.0 mm)®.

The use of expanded vermiculite in premixes,
which has the property of strong water holding
capacity, allows introducing liquid components
such as extracts, molasses, oils, medicines, etc.
into the final product. At the same time premix
retains its homogeneous bulk structure and does
not delaminate [13].

In view of the above, the development of new
premixes for cows using forest and mineral re-
sources is an actual and demanded direction of
research.

The purpose of the study was to investigate
the effect of the premixes based on forest raw
materials (pine needles, pine nut shells, arabino-
galactan) and mineral (bentonite clay, expanded
vermiculite) on the milk productivity of cows.

The objectives of the study were to investi-
gate the milk productivity of cows and organo-
leptic properties of milk under the action of the
studied premixes.

MATERIAL AND METHODS

The research was carried out at the farm
"Mikhailovskoye" — branch of the FRC KRC
SB RAS, Uzhursky district, Krasnoyarsk Ter-
ritory. The scientific experiment was conducted
on the dairy cows of Holsteinized Black-and-
White breed at the age of the third calving with
annual milk yield of 5822 kg and average live
weight of 530-550 kg. Three groups of dairy

cows — control and two experimental groups of
10 cows each — were formed for the experiment
according to the principle of analogs, taking into
account breed, age, live weight, level of milk
productivity. The experiment lasted 60 days.

According to the experimental feeding con-
ditions, the control group received the basic
diet, the 1st experimental group was fed pre-
mix (215 g/head/day) in addition to the basic
diet, consisting of bentonite clay (100 g/head),
pine conifer meal and pine nut shell (50 g/head
each), vitamin-mineral complex (10 g/head) and
arabinogalactan (5 g/head); 2nd experimental
group — premix (215 g/head/day), consisting of
expanded vermiculite (100 g/head. ), pine coni-
ferous meal and pine nut shell (50 g/head each),
vitamin-mineral complex (10 g/head) and arab-
inogalactan (5 g/head).

The basic diet of experimental cows consist-
ed of grass-legume haylage — 21 kg, rapeseed
cake — 1.5, mixed herbs — grass-and-legume
hay — 5.0, straw — 1.0, barley — 4.8, fodder mo-
lasses — 1.6, chalk — 0.15, salt — 0.15 kg. For
every 100 kg of live weight the cows consumed
3.72 EFU and 3.97 kg of dry matter. 1 kg of dry
matter of the diet contained 0.94 EFU, digestible
protein in 1 EFU —92.2 g (see Table 1).

The experimental cows were kept in the same
technological conditions in individual stalls
using a tied- free-range method. Milking was
carried out 2 times a day in the milk pipe with
milking machines DUOVAC TU 200 (DeLaval,
Sweden).

Experimental premixes were made from the
following components:

— bentonite clay from the "10th Khutor" de-
posit (OOO "Bentonite of Khakassia", Russia);

—expanded vermiculite (OOO "Siver", Russia);

— coniferous meal, produced in the Depart-
ment of Animal Husbandry of the Krasnoyarsk
Research Institute of Agriculture using a ham-

SKarmatskikh Yu.A. Dairy productivity and milk quality when cows are fed bentonite clay // Feeding of Agricultural Animals and

Feed Production, 2013, N 11, pp. 16-25.

®Zholobova LS., Borisenko V.V. Bentonites in veterinary medicine: a brief review of the current state and prospects of

development // Young Scientist, 2016, N 13 (117), pp. 929-935.

"Zhukova I.N., Solovieva E.V., Kononenko S.I. Application of bentonite in the production of premixes // News of universities.

Food Technology, 2003, N 5-6, pp. 60-61.

8Gamidov M.G., Bystrova E.G. Prospects for the use of local mineral resources in animal husbandry in the Far East (review) //

Achievements in the Life Sciences, 2009, N 1, pp. 153-161.
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mer crusher "MOLOT-200" (Infel, Russia) from
pre-extracted hot water at a temperature of 100 °
C for 20 min and dried needles of common pine
(Pinus sylvestris);

— pine nut shells (Pinus sibirica) crushed on a
hammer crusher;

— arabinogalactan of Dahurian larch (Larix
dahurica) (AO "Ametis", Russia));

— vitamin and mineral complex (content in 1
kg of vitamin A — 600 000 IU, D3 — 100 000,
E — 500 IU, manganese — 1.0 g, iodine — 0.2,
zinc — 2.0, copper — 0.5, cobalt — 0.1, selenium
—-0.02 g).

All premix components were weighed ac-
cording to the dosage on electronic laboratory
scales VK-300 "Massa-K" (Russia), mixed and
fed to cows in individual portions during morn-
ing feeding in dry form mixed with concentrated
feeds.

Milk productivity of cows was determined
monthly by control milkings, taking individu-
al average milk samples from each cow. Mass
fractions of fat and protein in milk were deter-
mined on the milk analyzer "Expert Super Plem"
(Combo) (OOO R&D company "Laboratorika",
Russia) in the laboratory of the Department of

Tao6a. 1. IToka3arenu NUTATEILHOCTH OCHOBHOIO
panuoHa KOpoB

Table 1. Nutritional indicators of the basic diet of

COWS

Indicator Value
EFU per 1 kg of dry matter 0,94
Digestible protein in 1 EFU, g 92,2
Crude fiber in dry matter, % 19,17
Crude fat in dry matter, % 3,59
Sugar in dry matter, % 7,40
Metabolizable energy concentration
(MEC) in dry matter, MJ 9,53
Ca:P 2,1:1
Sugar: protein 0,86:1
Starch: sugar 1,83 : 1

Animal Husbandry of the Krasnoyarsk Research
Institute of Agriculture.

Organoleptic evaluation of milk was carried
out according to the method of VIZh®. Milk qual-
ity indicators were determined in accordance
with GOST 282883-2015'"" and GOST R 52054-
2003". The experiment was set up and conduct-
ed according to the method of A.I. Ovsyannikov
(1976).

Biometric processing of the experimental
digital data was carried out according to the
method of N.A. Plokhinsky in the computer pro-
gram "Biometric analysis of quantitative traits
in zootechnics" (FRC KRC SB RAS, Russia).
Reliability of the difference between the groups
of animals was established using the Student's
t-criterion. The difference between the groups
was considered statistically significant at p <
0.05.

RESULTS AND DISCUSSION

The highest milk productivity during the ex-
periment period was established in the cows of
the 2nd experimental group, which exceeded the
cows of the control and 1st experimental groups
in milk yield by 7.60 (p <0.05) and 3.25%, milk
fat mass fraction by 0.23 (p <0.05) and 0.14 p.
p., respectively (see Table 2). Also, a slight ten-
dency of increase in the mass fraction of protein
in milk (by 0.06-0.09 p. p.) was observed in the
experimental groups compared to the control.

The quantitative content of fat and protein in
milk of the experimental cows is presented in
Fig. 1.

The amount of milk fat increased significant-
ly by 14.02% (p < 0.01) and milk protein by
9.65% (p < 0.05) in the milk of the 2nd exper-
imental group compared to the control. No sig-
nificant differences with the control were found
in the milk of the cows of the 1st experimental

SFomichev Yu.P.,, Khripyakova E.N., Gudenko N.D. Methodical workshop on quality control of milk and dairy products: textbook.

Dubrovitsy: VIZh of Rosselkhozakademy, 2013, 236 p.

YGOST 28283-2015. Cow's milk. Method for organoleptic evaluation of taste and odor (amended). Intro. 2016-07-01. Moscow:

JSC “Codex”, 2019, 17 p.

"GOST R 52054-2003. Cow's milk — raw material. Technical conditions (with amendments No. 1, 2). Introduced on 2004-01-

01. Moscow: JSC “Codex”, 2017, 16 p.
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group according to these indicators, but there
was a tendency to increase the content of fat and
protein by 6.82 and 7.0%, respectively.

The amount of milk of basic fat content
(3.4%) during the experimental period was the
highest in cows of the 2nd experimental group
(1569.32 kg), which by this indicator exceeded
the control counterparts by 14.02% (p < 0.01)
and the cows of the 1st experimental group by
6.75% (see Fig. 2).

Organoleptic parameters of milk can change
as a result of animals eating feed with sharp taste
or odor, which can negatively affect its consu-
mer qualities. In this regard, organoleptic exa-

mination of milk is a prerequisite when intro-
ducing new feed additives into the diet.

As a result of organoleptic evaluation of milk
of experimental cows, it was found that in all
groups it met the requirements of the highest
grade according to GOST R 52054- 2003 (see
Table 3).

There were no differences in the studied pa-
rameters (consistency, color, taste and odor) be-
tween the groups. At the same time, milk had no
extraneous taste and odor, there was no sediment
and flakes in it, which allowed concluding that
eating of the premixes under study by cows does
not worsen organoleptic parameters of milk.

Tada. 2. Monouynas npoxyKTHBHOCTH KOpoB 3a 60 gueit makrauuu (M + m, n = 10)
Table 2. Milk productivity of cows for 60 days of lactation (M £ m, n = 10)

Group
Indicator experimental
control
1st 2nd

Milk yield, kg 1203,60 + 33,33 1254,30 + 78,90 1295,10 £22,83"
Average daily milk yield, kg 20,06 + 0,56 20,91 + 1,32 21,59 £0,38"
Mass fraction, %:

Fat 3,89+ 0,06 3,98 + 0,09 4,12 £0,04"

protein 3,08 + 0,04 3,17+ 0,04 3,14+ 0,03
Fat to protein ratio 1,26:1 1,26 : 1 1,31:1

Here and in fig. 1, 2:

p <0,05.

“p<0,0l.

1569,32 +
3304 1600,0 28,52%*
60,0 49.99 £ 0 g7¥x 1550,0 1470.15 + [/
46,80 £ 3.95 1069 & £ 1500,0 103,33
; 39,69 + 0>70* *g‘ 14500 137636 +
37,11+ 2,40 ’ 2 1400,0 49,38

oy 1.14 8 1350, ’
- < 1350,0
= 1300.0
% 1250,0 A

MBMIMUIMdNMY

Protein

Fat

Puc. 1. KomnuecTBO MOJIOYHOTO JKUPA U OElKa B
MOJIOKE KOpOB 3a niepuoz omnsita (M + m, n = 10), kr
Fig. 1. Amount of milk fat and protein in cow's milk
during the experimental period (M + m, n = 10), kg

Group: ¢4 Control
B 1st experimental
2nd experimental

Puc. 2. KonruecTBo MOJIOKa 0a3UCHOW KUPHOCTH
(B mepecuere Ha 3,4%) 3a nepuon omnbita (M £ m,
n=10), kr

Fig. 2. Quantity of milk of basic fat content

(in terms of 3.4%) during the experiment period
(M+m,n=10), kg
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Tao6a. 3. Pesynasrarsl opraHoienTHUECKON OLICHKH MOJIOKa KOpoB (M + m, n =5)

Table 3. Results of organoleptic evaluation of cow's milk (M + m, n =5)

Group Consistency Color Taste and smell glasi::iﬁrgl;‘;iigﬁtiggo(r)i

Control Homogeneous White with yel- | Specific, clean, pleasant, slightly

non-friable liquid |lowish tinge, uni- |sweet, without extraneous odors 5,00+ 0,27

E . T without sediment | form and flavors not typical of fresh

xperimental: | gy eg natural milk

Ist 5,00 + 0,22
2nd 5,00 + 0,00
CONCLUSIONS 3. Jlvicenko FO. KopMuM TpaBUIBLHO — TIOTydYa-
. . eM BbIrony // DPPEKTHBHOE KUBOTHOBOCTBO.
1. Feeding cows pre.mlxes based on f(.)r'est re- 2001, Ne 5. C. 78-85.
sources and natural minerals had a positive ef- 4 Bykosuy HA., IHomnckas O.A.  Buo-
fect on milk productivity. SHEpreTHKa Kak JpaiiBep pasBUTHS 3elie-
2. The best results were established when HO#t skoHOMuKH B Poccum // Beneficium.
cows were fed premix consisting of expanded 2020. Ne 4 (37). C. 4-10. DOL: 10.34680/
vermiculite, pine coniferous flour, pine nut shell, BENEFICIUM.2020.4(37).4-10.
vitamin-mineral complex and arabinogalactan. 5. Owiun A.B. I%HH%BaHHfI B IIEpPepaboOTKe OT-
The milk yield increased by 7.60%, the mass XOROB HCPEBOODPAbOTIH: HOBBIC MYTH yTHIH-
. . o 3amuu // AkryanbHble wuccienoBanus. 2023,
fraction of fat in milk increased by 0.23 p. p., the Ne 52 (182). U. 1. C. 34-41. DOL: 10.5281/
amount of milk fat increased by 14.02%, milk zenodo.10428751.
protein increased by 9.65, and milk of basic fat 6. FBozonob6oea H.B., Pomanos B.H. Ynydmenue
content increased by 14.02%. (bU3H0I0r0-ONOXNUMHYIECKHX TIPOIIECCOB B Op-
under the influence of the studied premixes cor- ocHoBe nepepaboTki Guomaccsl neca // Bere-
. . puHapus, 300TexHUS U OnorexHomorus. 2018.
responded to the requirements of milk of the
hioh d hich indi hat th died Ne 4. C. 79-87.

18 e‘St gra' ¢, which 1n 1cates.t at the studie 7. Jesamrkun B.A. VIcnonb30BaHHE XBOHM KakK
premixes did not have a negative effect on the MCTOUHMKA (PUTOGMOTHKOB B TUTAHHH KUBOT-
taste, smell, color and consistency of milk. HBIX M aKBaKyJIbTYpbl // ArpapHas Hayka. 2023.

Ne 6. C. 50-57. DOI: 10.32634/0869-8155-
CIIUCOK JINTEPATYPBI 2023-371-6-50-57.
1. Cmpexosos HH., Tuxomupos A.M. Passutue 8. Tepewenrxo B.A., Meanos E.A., Heanosa O.B.
Hcnonp30BaHue OTXOMOB OMOMAcChl Jjeca Hu
YKMBOTHOBOJICTBA POCCHH B COBPEMEHHBIX yCIIO-
9 (epMeHTHOTO Tpenapara B KOpMIICHHH KOPOB //
BILIX  XO3AMCTBOBAHMA.  OPraHU3ALHOHHO-5KO- I'enetuka u paszsenenue xuBoTHbIX. 2019. Ne 4.
HOMHYCCKHEC, TCXHOJIOTHYCCKHE U COIMAJIBHBIC C. 56-63 -
actiekThl // BecTHHK arpapHoOi HayIfI/I. 2022. 9. JKuenbaesa C.T., Epmyxanosa A.M., Treybae-
Ne 6 (99). C. 74-80. DOI: 10.17238/issn2587- 6a 3.5. PaspaGoTKa TEXHONOTHH MPEMHKCOB C
666X.2022.6.74. BEPMHUKYJIUTOBBIM HamojHuTeneM // BecTHHK
2. Heanosa H.E., Boneimkuna M.I., Koeane- AJIMaTHHCKOTO TEXHOJIOTHIECKOTO YHUBEPCHTE-
6a O.B., Ilemposa 10.A. Binsnue MuHepab- ta.2023.Ne 1. C. 152-160. DOI: 10.48184/2304-
HOTO MPEMHKCA B PAI[MOHE BBICOKOIPOTYKTHB- 568X-2023-1-152-160.
HBIX KOpPOB Ha OOMeHHbIe mpoueccsl B nepuon  10. Liu J.H., Cai W.K. Khatoon N., Yu WH,

pasznos // Tlepmckuit arpapubiidi BecTHUK. 2018.
Ne 2 (22). C. 129-134.

Zhou C.H. On how montmorillonite as an in-
gredient in animal feed functions // Applied
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Oco0eHHOCTH KHCI0POA-HE3aBUCUMOI0 MeTa00IU3Ma
HENUTPO(PUJIOB y :KUBOTHBIX, CECHCHOMITU3MPOBAHHBIX
HearrII0TUHOTeHHBIM IITAMMOM Opyle/LI

X)Mamnakosa 0.0., SInuenxo T.A., Biacenxo B.C.
Omcruil azpapHblil HAYYHbLU YeHmpP

Owmck, Poccus

(<De-mail: golovachcheva@mail.ru

[IpencraBnensl pe3ynbTaThl OUEHKH 0COOCHHOCTEH (DYHKIMOHHUPOBAaHUS HE(PEPMEHTHBIX CHCTEM
HEHUTpOPMIOB TIepu)epUUSCKOl KPOBH MOPCKHMX CBHHOK JIO MMMYyHHU3aIuu u Ha 7, 14, 21, 28, 42,
55, 69, 125-e cyTku mociie *MMyHH3aIIny R-mraMMoM Opyten. [ uccenoBanmsi chopMUPOBAHBI
JIBE TPYIIITBEI MOPCKUX CBUHOK JIMHUH aryTH: KOHTPOJBHYIO U OMBITHYIO. OTBITHBIE )KUBOTHBIE MM-
MYHHU3UPOBaHbI cycrieH3uel u3 mramma Brucella abortus 16/4 B noze 1 mnpn KOE/Mn noakoxHo,
KOHTPOJIbHBIC CBUHKH OBUIM MHTAKTHBI K Opyuesie3dy. AKTUBHOCTh aHTUMHUKPOOHBIX CHCTEM OLICHU-
BaJIM MyTEM OMNpEACTICHUS NOKazaTelell KaTHOHHBIX OEJIKOB (POTOMETPHUYECKUM CIIOCOOOM B CIIOH-
TAaHHOM M WHJIyIIMPOBAHHOM BapHaHTax. B KadecTBe crienn(UUecKuX HHIYKTOPOB MPH TTOCTAaHOBKE
PeaKkIny NCIOIh30BAN SKCIIEPUMEHTAIBHBIE 00Pa3IIbl OPYIIEIIE3HBIX AaHTUTEHOB. YCTAHOBJIEHO, YTO
MIPIMEHEHUE B TECTE C KAaTHOHHBIMHU OEIKaMU B KauyeCTBE WHAYKTOPOB JIE3MHTErPaTOB OpyIENl B
KOHIIEHTpanuu 50 MKI/MII U KOPITYCKYJISIpPHBIX aHTHUTE€HOB B KOHIEHTpamuud 100 MKT/Mi 1o Oerky
OKa3bIBACT CTUMYIMPYIOMINH 3PPEKT HAa UHTEHCUBHOCTD BBIPAOOTKH KATHOHHBIX OCJIKOB B KJIETOYHOM
B3BeCH JICUKOUUTOB. Bo Bce cpokn HaOMIOAEHMs MPOU3BEACH MOACYET WHAEKCOB CTUMYJSIMU Kak
OTHOIICHUE TTOKa3aTesi CTUMYJIMPOBAHHOHN MPOOBI K MTOKA3aTelto MpoObl 0e3 aHTUTEHHON HAarpy3KH.
B xone nccienoBanns 0TMEUEHO IBA THKA CTUMYIHPYIONIEH aKTUBHOCTH KATHOHHBIX OEITKOB: MaKCH-
MaJbHBIN MTOFEM WHIEKCOB CTUMYISIINY HaOMoAamu Ha 14-e CyTKHM 1Mocie UMMYHHU3AIllid U MEHEe
BBIP2XXCHHBIN MOIeM — Ha 28-¢ CyTKH. [IuK BRIpaOOTKH arrTFIOTHHHUPYIONIUX aHTUTEI MPHIIENICS Ha
21-e cyTKH MOCJIEC UMMYHHM3AIUU, KOMIUIEMEHTCBS3BIBAIOIINX aHTUTEN — Ha 21-28-¢ CyTKH, MeHee
WHTEHCUBHBIN MOJbEM TUTPOB arrIIOTHHUPYIOIIUX U KOMIUIEMEHTCBS3BIBAIOIINX aHTUTE] OTMEUeH
Ha 69-e cyTKH. B 9T CpoKH BBISBICHO CHHKEHUE CTUMYJIHPOBAHHOM aKTMBHOCTH KATHOHHBIX OCIIKOB
HEUTPOIIOB. YCTAaHOBJICHO, YTO ITUK aKTUBHOCTH HE(EPMEHTHBIX KATHOHHBIX OCIIKOB HEUTPODUIOB
oTieperkaeT MUK ryMOpPaJTbHOTO MMMYHHOTO OTBETA.

KiiroueBble cjioBa: aHTUTEHBI, KATHOHHBIC OCJIKH, HEUTPOMIIbl, MIMMYHU3aLMsL, Brucella abortus

Features of oxygen-independent metabolism of neutrophils in the animals
sensitized with non-agglutinogenic Brucella strain

C<)Manakova O. O., Yanchenko T.A., Vlasenko V.S.
Omsk Agrarian Scientific Center

Omsk, Russia

(<De-mail: golovachcheva@mail.ru

The results of evaluation of the peculiarities of functioning of non-enzymatic systems of neu-
trophils of peripheral blood of guinea pigs before immunization and on the 7th, 14th, 21st, 28th,
42nd, 55th, 69th, 125th days after immunization with Brucella R-strain are presented. Two groups of
agouti guinea pigs were formed for the study: control and experimental. The experimental animals
were immunized with a suspension of Brucella abortus strain 16/4 at a dose of 1 billion CFU/ml
subcutaneously; the control pigs were intact to brucellosis. The activity of antimicrobial systems was
evaluated by determining the indices of cationic proteins by photometric method in spontaneous and
induced variants. Experimental samples of brucellosis antigens were used as specific inducers in the
reaction procedure. It was found that the use of Brucella disintegrans at a concentration of 50 pg/ml
and corpuscular antigens at a concentration of 100 ug/ml by protein in the test with cationic proteins
as inducers of disintegrants has a stimulating effect on the intensity of cationic protein production in
the cell suspension of leukocytes. Stimulation indices were calculated at all observation periods as the
ratio of the index of the stimulated sample to the index of the sample without antigen load. Two peaks
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Features of oxygen-independent metabolism of neutrophils
in the animals sensitized with non-agglutinogenic Brucella strain

Manakova O. O., Yanchenko T.A., Vlasenko V.S.

of stimulating activity of cationic proteins were observed in the course of the study: the maximum rise
of stimulation indices was observed on the 14th day after immunization and a less pronounced rise on
the 28th day. The peak of agglutinating antibody production was on the 21st day after immunization,
complement-binding antibodies — on the 21st-28th day, less intensive rise in titers of agglutinating and
complement-binding antibodies was noted on the 69th day. In these terms, a decrease in the stimulated
activity of neutrophil cationic proteins was observed. The peak activity of non-enzymatic cationic
proteins of neutrophils was found to be ahead of the peak of humoral immune response.

Keywords. antigens, cationic proteins, neutrophils, immunization, Brucella abortus
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INTRODUCTION

Brucellosis, caused by microorganisms of the
genus Brucella, is a widespread disease affect-
ing many species of domestic and wild animals,
as well as humans. Brucellosis in cattle is caused
mainly by Brucella abortus [1-3]. This zoonot-
ic infection causes significant economic losses
due to infertility and abortion of animals, as well
as restrictions on dairy marketing and livestock
trade [4-6].

Currently, vaccines, primarily live vaccines,
are used for specific prophylaxis of brucellosis
in animals as the most effective. The most im-
munogenic are agglutinogenic vaccines from
brucella strains in S-form, less immunogenic -
weakly agglutinogenic and non-agglutinogenic
- from brucella strains in SR- and R-forms, re-
spectively [3, 7].

It should be noted that non-agglutinogenic
vaccines from R- strains of brucellae with min-
imal immunogenicity provide the possibility of
testing blood sera of animals for brucellosis with
S-diagnostics at any time after immunization,
which does not create any problems with the de-
tection of brucellosis carriers provoked by the
vaccine [8]. This fact gives grounds to continue
the search for rational schemes of immunization
of animals with this type of vaccines.

As in other bacterial chronic infections, re-
sistance to pathogens of the Brucella genus
depends on the completeness of cell-mediated

immunity, including activation of bactericidal
mechanisms of phagocytes. Despite the repeat-
edly proven role of polymorphonuclear neutro-
phils in the fight against many bacterial patho-
gens, the function of these immunocompetent
cells in brucellosis remained unstudied for a
long time. On the one hand, researchers have fo-
cused on uncovering the intracellular life cycle
of Brucella organisms in macrophages, dendritic
and epithelial cells, and on the other hand, on
cells of the acquired immune system rather than
neutrophils involved in early proinflammatory
reactions [9-13]. However, in recent years there
has been a renewed interest in studying the role
of these cells in the mechanism of antibrucello-
sis immunity.

It is known that the main ways to realize
the bactericidal function of neutrophils are ox-
ygen-dependent metabolism, in the process of
which reactive oxygen species (hydrogen pero-
xide, superoxidanion, etc.) are formed, as well
as oxygen-independent metabolism, carried
out with the participation of lysozyme, cation-
ic proteins, and hydrolytic enzymes. While the
study of oxygen-dependent defense mechanisms
in brucellosis infection has been addressed by
some researchers, the role of the anaerobic an-
timicrobial system has been covered in a frag-
mentary manner [14-16].

In connection with the above, the problem of
cell-mediated anti-brucellosis immunity in ani-
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mals immunized with non-agglutinogenic vac-
cines is of special scientific interest.

The purpose of the study was to investigate
the activity of non-enzymatic cationic proteins
at different times after immunization of guinea
pigs with a non-agglutinogenic strain of B. abor-
tus.

MATERIAL AND METHODS

The work was carried out in the Department
of Veterinary Science of the Omsk Agrarian Sci-
entific Center. Two groups of agouti guinea pigs
(males aged 45 months and weighing 400 —450
g) were formed for the study: control and exper-
imental, 5 animals in each group. Experimental
animals were immunized with a suspension of
B. abortus strain 16/4 at a dose of 1 billion CFU/
ml subcutaneously; control pigs were intact to
brucellosis.

Blood samples for determination of the
amount of cationic proteins and serological re-
actions were taken in accordance with the plan
of the experiment: before immunization and on
the 7th, 14th, 21st, 28th, 42nd, 55th, 69th, 125th
day after administration of the immunobiologi-
cal preparation.

The amount of non-enzyme cationic pro-
teins in peripheral blood neutrophils of experi-
mental and control guinea pigs was determined
by spectrophotometric method without antigen
treatment (spontaneous variant) and with an-
tigen treatment (stimulated variant) (Khaitov
R. M., 1995). The results were recorded on a
multichannel immunoassay analyzer "Fluorofot
STD-Less-486-M" (manufactured in Russia) at
a wavelength of 492 nm. The results were re-
corded in conditional optical density units (c.op.
d.u.).

Stimulation indexes (SI) were calculated
during all periods of observation as the ratio of
the index of the stimulated sample to the index
of the sample without antigenic load. Disinte-
grants (D, and D) and corpuscular antigens (C,
and C) made from brucellae, typical (S) and
modified (R) forms were used as inducing load
for the reaction. The concentration of antigens
was standardized by the protein content in the
final product on a semi-automatic biochemical

analyzer EMP- 168 Vet (manufacturer Emperor,
China) using the reagent kit for protein determi-
nation "HOSPITEX DIAGNOSTICS".

Blood serum of guinea pigs in all periods of
observation was investigated according to GOST
34105-2023 "Animals. Laboratory diagnostics
of brucellosis. Serologic methods" in aggluti-
nation reaction (AR) and complement binding
reaction (CBR) with standard diagnostics and
experimental samples of R-brucellosis antigens.

To characterize the immune response, the
geometric mean of antibody titers (log*M), ex-
pressed in negative logarithm at base 2, was
used, which was determined by the formula

Zlog,an.
Ppf=—">
log"M "

where log a,— negative logarithm of each of the
titrations of the series; n, — number of sera of a
given titer; N — total number of observations.

Digital material was processed using met-
hods of variation statistics, including calculation
of arithmetic mean (M) and arithmetic mean er-
ror (m). The statistical significance of differen-
ces in the mean was evaluated by the Student's
¢-criterion.

RESULTS AND DISCUSSION

At the initial stage of research, we evaluated
the effect of antigenic load on the content of cati-
onic proteins (CPs) in neutrophils.

For this purpose, peripheral blood was col-
lected from guinea pigs before and after immu-
nization to determine the content of cationic
antimicrobial proteins of neutrophils after their
treatment with different specific inducers. As
specific inducers disintegrants (D, D,) and cor-
puscular antigens (C,, C,) produced by us from
B. abortus strains (located in the bioresource
collection of the organization) in typical S- and
modified R-forms in concentrations of 25, 50,
100 and 200 pg/ml were used.

According to the results of the conducted
experiment, different specific activity of brucel-
losis antigens at stimulation of cell suspension
of leukocytes was established, which was chara-
cterized by a pronounced increase in the con-
centration of cationic proteins at introduction as
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an inducer of disintegrants at a concentration of
50 pg/ml. At the same time, when corpuscular
antigens were used, a higher concentration of
100 pg/mL was required to obtain an identical
effect.

In a similar study conducted in a control
group of guinea pigs, cationic protein values
were independent of the concentration of the ad-
ministered activators.

In order to detect changes in the neutrophil
CP content, studies were carried out before ino-
culation and on the 7th, 14th, 21st, 28th, 42nd,
55th, 69th and 125th day after inoculation of
guinea pigs with B. abortus 16/4. The activity of
antimicrobial peptides was evaluated both with
the use of specific inducers at optimal concentra-
tions and without antigenic load. The results are
summarized in the Table.

Cytophotometric parameters of CP content
in guinea pigs before immunization were chara-
cterized by the following values: 1.39 + 0.05 c.
op. d. u. when the reaction was performed with
inactivated neutrophils, 2.22 + 0.31 and 1.14 +
0.06 c. op. d. u. when they were stimulated
with D, and D, disintegrants, respectively, and
1.87 £ 0.05 and 1.68 + 0.06 c. op. d. u. when
treated with corpuscular antigens C,, and C (see
the Table).

On the 7th day after inoculation, the studied
indices did not differ significantly from the va-
lues of CP, established by us at the beginning of
the experiment, except for the C,, antigen, which
significantly suppressed the production of this
bactericidal component of neutrophils.

Later (from the 14th to the 28th day), a signif-
icant decrease in the concentration of CP in the
reaction without antigenic stimulation of phago-
cytes was observed, with the average group va-
lues during this period ranging from 0.61 + 0.06
t00.85+0.10 c. op. d. u. Incorporation of D, dis-
integrate into the neutrophil suspension contri-
buted to the suppression of antimicrobial peptide
production, especially on the 21st day after vac-
cine administration, when the most significant
decrease in neutrophil CP concentration was ob-
served, to 0.70 £ 0.04 c. op. d. u. vs.2.22+0.31
c. op. d. u. before the immunization. When D,
disintegrate was used as a stimulant, on the con-
trary, some tendency to increase the level of CP
in neutrophils was observed. In contrast to dis-
integrates when treating the cell suspension with
C, antigen, the functional activity of neutrophils
was depressed by 2.2 and 1.6 times (p < 0.001)
on the 21st and 28th days, respectively, and
by Cantigen by 1.36 (p < 0.05) and 2.1 times
(» <0.001) on the 14th and 21st days.

Coz[epmaHHe He(bepMeHTHBIX KaTHOHHBIX OEJIKOB Y MOPCKHX CBHHOK B PAa3HBIC CPOKHU IMOCJTIC UMMYHU3AIIUN

B. abortus 16/4,y. e. om. m.

The content of non-enzymatic cationic proteins in guinea pigs at different times after immunization

of B. abortus 16/4, c.u. op. pl.

Vaccination option
. . — stimulated
Study period, days without antigenic disintegrate corpuscular antigen
load
D, Dy C, C,

Before immunization 1,39 + 0,05 2,22 +0,31 1,14 + 0,06 1,87+ 0,05 1,68 + 0,06
7th 1,43 + 0,02 2,07 +£0,20 1,27+ 0,11 1,04 £ 0,08 2,17+0,16
14th 0,61 £0,06™ 1,67 £0,26 1,69 £ 0,30 1,99 £ 0,29 1,23 +0,16
21st 0,83 £0,06™ 0,70 £ 0,04 1,08 + 0,04 0,85+ 0,02" 0,81 0,05
28th 0,85+0,10"™ 1,56 £ 0,20 1,25 +£0,24 1,16 £0,11™ 1,65+ 0,22
42nd 1,34+ 0,19 0,95 + 0,08" 1,09 £ 0,07 2,18+0,30 1,92 £ 0,30
55th 1,31 + 0,04 0,83 +0,19 1,06 £0,10 1,26 +0,03" 0,74 +0,10™
69th 2,55+0,12" 1,48+ 0,16 2,36 +0,22" 1,37+0,13" 1,90 + 0,04
125th 2,05+0,12" 1,51 + 0,04 1,37+ 0,33 1,09 £0,18" 1,10+ 0,15

* p<0,05.

**p <0,01.

**%p < 0,001.
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On the 42nd and 55th days the spontaneous
activity of CP production was restored to the
level registered before immunization, starting
from the 69th day it increased with a high degree
of reliability.

A decrease in neutrophil CP content was ob-
served during stimulation with R-antigens, espe-
cially on the 42nd and 55th days after immuni-
zation when interacting with disintegrate and on
the 55th, 69th and 125th days with corpuscular
antigen. The concentration of antimicrobial pep-
tides decreased 1.36-2.8 times (p < 0.05). When
D, and C antigens were used as an inducer, the
characteristic feature was an increase in the
number of neutrophil CPs on the 69th day after
immunization by 2.1 (p < 0.01) and 1.13 times
(» <0.05), respectively, relative to the values we
recorded at the beginning of the experiment.

In all the observed periods, stimulation indi-
ces were also calculated as the ratio of the sti-
mulated sample to the sample without antigenic
exposure. The average group values of these in-
dices are presented in Fig. 1.

When Brucella disintegrates and corpuscu-
lar antigens were used as inducers, two peaks of
stimulating activity of CP were observed. The
maximal rise of the stimulation indexes (SI) was
observed already on the 14th day after immu-
nization and less intensive on the 28th day. It
should be noted that when neutrophils interacted

3,50
g 3,00
8
T 250
S 200
g >
& 150 -
g
E 1,00
© 0,50
0,00

Before injection  7th 14th

21st

with C, antigen, a repeated surge of activity was
detected on the 42nd day after the immunization.

In the control group of guinea pigs, the group
average level of cationic proteins did not change
significantly throughout the study period. The
spontaneous production of cationic proteins
ranged from 1.31 = 0.08 to 1.39 + 0.04 c. op. d.
u. When the samples were stimulated with D,
disintegrate, the cationic proteins ranged from
1.25+0.10 to 1.27 £ 0.12 ¢. op. d. u., D, disin-
tegrate from 1.18 = 0.08 to 1.21 + 0.03 c. op. d.
u., C, antigen from 1.26 = 0.18 to 1.34 +0.03 c.
op. d. u., C; antigen from 1.23 + 0.13 to 1.30 =
0.11 c. op. d. u.

Subsequently, the data obtained were com-
pared with the results of the serologic studies
(see Fig. 2).

It was found that the geometric mean anti-
body titers in the study of the blood serum in
the AR reached maximum values on the 21st day
after immunization, whereas in the CBR on the
21st-28th day. Subsequently, on the 69th day
another less intensive rise in the antibody titers
was noted. It should be noted that on the 21st
and 69th days the level of stimulated activity of
neutrophils, on the contrary, decreased.

No agglutinating and complement-binding
antibodies were observed in the control group of
animals during all periods of the study.

28th 42nd 55th 69th 125

Study period, days
CR e CS DR e DS

Puc. 1. lnnamuika n3meHeHnH unekca crumyisiid Kb y MOpCKix CBUHOK, IMMYHU3HPOBaHHBIX B. abortus 16/4
Fig. 1. Dynamics of changes in the CP stimulation index in guinea pigs immunized with B. abortus 16/4
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Puc. 2. I[I/IHaMI/IKa HU3MCHCHUA CPCAHUX TCOMETPUYCCKUX TUTPOB aHTUTECI Y MOPCKUX CBUHOK, UMMYHU3U-

pOBaHHBIX B. abortus 16/4

Fig. 2. Dynamics of changes in the mean geometric titers of antibodies in guinea pigs immunized with B.

abortus 16/4

CONCLUSION

Based on these studies, it can be concluded
that the use of brucellosis antigens designed by
us as inducers in the test with cationic proteins
has a stimulating effect on the cell suspension of
leukocytes isolated from guinea pigs immunized
with brucellae of the non-agglutinogenic strain
B. abortus 16/4. The maximum specific activi-
ty was detected using Brucella disintegrates at a
concentration of 50 pg/mL, corpuscular antigens
of 100 pg/mL. Non-enzymatic cationic proteins
of neutrophils showed the most pronounced ac-
tivity on the 14th day after administration of the
immunobiologic preparation, ahead of the peak
of humoral immune response on 7 days.

For a more detailed understanding of the
mechanisms of cell-mediated immunity in Bru-
cella sensitization, an in-depth study of the func-
tional state of neutrophils is necessary.
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P PeKTUBHOCTH MCNOJIB30BAHUSA NMOKPHITHS KOPMOBOI0 CTOJIA
«Jlyr 310poBbs»

) 1ypceneB M.C., baronosa H.A., OBcsainnuxos 10.C.
Bamckutl cocyoapcmeennvlii acpomexHono2uyeckull YHugepcumen
Kupos, Poccus

(<D e-mail: maks.xitman@mail.ru

B crarbe npeacTaBieHbl pe3yabTaThl OLIEHKN HCIIOIb30BaHUS IIOJIMMEPHOTO MOKPBITHSI KOPMOBOI'O
crona «JIyr 3m1opoBbs» B CpaBHEHHUH ¢ OETOHHBIM KOPMOBBIM cTojIOM. McciaenoBanue npoBeacHoO B
YCIIOBHUSIX MOJIOYHOT'O ’KMBOTHOBOYECKOTO KoMIUIekca KupoBckoit o6acTu Ha TOWHBIX KOpOBax yep-
HO-IIECTPOM TOJITUHU3UPOBAHHOMN IOPOABI B JJAKTALIMOHHBIA NIEPUOA. bETOHHBIE KOPMOBBIE CTOJIbI,
NpUMEHsIEMBbIE [T KOPOB B TIEPUO/T CTA0MITN3AINH JIAKTAIIMU, HA MOMEHT IPOBEICHUS SKCTIEPHMEHTA
HMEIU CPEJHUN U3HOC, TOIIA KaK IIOKPHITHE KOPMOBOTO cTosa «JIyr 310poBbs» 0CTaBalIOCh IVIaJKUM
¥ POBHBIM Ha IPOTsDKeHNH 6 Mec. McenenoBanne MEKPOOHOH 00CEeMEHEHHOCTH TIOKPBITHI KOPMOBBIX
CTOJIOB IIOKA3aJ10, YTO yXKe Yepe3 MecsIl Nocje Havyajla SKCIIepUMeHTa B |-if ONBITHOM Tpynie, rae uc-
0JIb30BAIN TOKPBITHE «JIyT 310pOBBsI», YMCI0 MUKPOOHBIX KJIETOK ObUI0 HIXKE Ha 54,7% (p < 0,05)
[0 CPaBHEHUIO ¢ OETOHHBIM cTOJIOM. KoJInuecTBO HeCheICHHBIX OCTaTKOB KOpMa Ha KOPMOBBIX CTO-
Jax ¢ MOKpeITHEM «JIyr 310poBbs» OBLTO MEHBIIE 110 CPABHEHHIO C OETOHHBIM KOPMOBBIM CTOJIOM
(p < 0,05), 9TO CBHIETEILCTBYET O JYUIIEH MOETAEMOCTH KOPMOCMECH C TaHHOTO TMOKPHITHS. [Ipn
IIEPEBOJIC KOPOB C MOJUMEPHOIO MOKPHITHSL Ha OETOHHOE yXKE CO BTOPOT0 MECSIA JaKTaluu HaO0-
JlaJii CHIDKEHUE cpeqHecyTouHbIX ynoes Ha 0,9 kr. K ueTBepToMy Mecsily JTaKTallud CHUKEHHUE YOS
cocraBisiio 4,8 Kr mosioka Ha 1 ron. B cyTku. [Ipu nepeBoze KOpoB ¢ 6ETOHHOTO KOPMOBOI'O CTOJIA Ha
HMMEIOUTNH MOJTUMEPHOE MOKPHITHE OTMEUEHO YBEINYEHHE MOJIOYHON MPOAyKTUBHOCTH Ha 0,4—1,3 kr
Ha | roj. B cyTku. B mepBeie Tpu Mecsia norpediieHue KopMa co CTONA € MOJIMMEPHBIM TTOKPBITHEM
BBIpOCIIO Ha 2,3-5,6% B cpaBHEHWU C OETOHHBIM. 3a 5 MEC JIaKTallu KOPOBHI C TIOKPBITUS KOPMOBO-
ro crona «JIyr 3nopoBes» chenn kopma Ha 6,8—8,6% OomnbIne, uem ¢ OETOHHOTO, YTO U 00YCIOBHIIO
OONBLIYI0 NPOAYKTUBHOCTD JKUBOTHBIX 33 aHAJIU3UPYEeMbli nepuoa. Mcnonb3oBaHue MOIMMEPHOTO
MOKPBITUSL KOPMOBOTO cToNa «JIyr 3710poBbs» MO3BOIMIO MONYYUTH JOMOJHHUTEIBHYIO MPUOBUIb B
pasmepe 20 460 p. 1 OKyIIUTh 3aTpaThl HA €TO YCTAHOBKY YK€ Ha 39-if 1eHb.

KuroueBble cjioBa: KOpMIIEHHUE, JIAKTHPYIOUIHE KOPOBBI, TIOEAEMOCTh KOPMOCMECH, KOPMOBOU
CTOJI, IPOLYKTUBHOCTh

Efficiency of using the ""Meadow of Health" feed table cover

C<)Dursenev M.S., Bayunova N.A., Ovsyannikov Yu.S.
Vyatka State Agrotechnological University

Kirov, Russia

(<) e-mail: maks.xitman@mail.ru

The results of using the polymer cover of the feed table "Meadow of Health" in comparison with
the concrete feed table are presented. The research was carried out in the conditions of the dairy live-
stock complex of the Kirov region on milk cows of the Black-and-White Holstein breed during the
lactation period. Concrete feed tables for cows during the lactation stabilization period at the time of
carrying out had average wear, while the cover of the feed table "Meadow of Health" remained smooth
and even for 6 months. The study of microbial contamination of feed table covers showed, that already
one month after the beginning of the experiment, the number of microbial cells was 54.7% lower
(p <0.05) in the 1st experimental group, where the "Meadow of Health" cover was used, compared to
the concrete table. The amount of uneaten feed residues on the feed tables with the "Meadow of Health"
cover was less in comparison with the concrete feed table (p < 0.05), which indicates better palatabi-
lity of forage mixture from this cover. When transferring cows from polymer cover to concrete from
the 2nd month of lactation, a decrease in average daily milk yields by 0.9 kg was observed. By the 4th
month of lactation, the reduction in milk yield was 4.8 kg of milk per head per day. When transfer-
ring cows from a concrete feed table to a polymer one, there was an increase in milk productivity by
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0.4-1.3 kg per head/day. In the first 3 months, the consumption of feed from a polymer-coated table
increased by 2.3-5.6% compared to the concrete one. During 5 months of lactation, cows from the
cover of the feed table "Meadow of Health" ate feed by 6.8—8.6% more than from concrete, which led
to greater productivity of the animals during the analyzed period. The use of the polymer cover of the
feed table "Meadow of Health" allowed to get additional profit in the amount of 20,460 rubles and
recoup the costs of its installation already on the 39th day of use.

Keywords: feeding, lactating cows, feed mixture palatability, feed table, productivity
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INTRODUCTION

Feeding of lactating cows on modern dairy
complexes in most cases is organized from the
so-called feed table. The surface of the feed ta-
ble in the process of use ceases to be smooth,
gradually potholes, cracks and other irregulari-
ties are formed on it, in which the residues of
feed mixture accumulate, which makes it diffi-
cult to clean the feed table and can lead to the
development of undesirable microflora [1-5].

This problem can be solved by using diffe-
rent kinds of feed table coatings, which eliminate
irregularities, prevent moisture and useful sub-
stances from the feed mixture from being drawn
out into the concrete base, as well as particles of
the feed table base — gravel, sand, cement — from
getting into the animal's food pathway [6—11].

The objectives of the study were to investi-
gate the surface condition and microbial con-
tamination of the feed table with and without
the "Meadow of Health" coating, to evaluate the
feed mixture digestibility and productivity of
lactating cows when using the coating and with-
out it.

MATERIAL AND METHODS

The study was conducted at the dairy live-
stock complex of the agricultural production
cooperative "Konyp" of the Kirovo-Chepetsk
district of the Kirov region on dairy cows of
the Black-and-White Holstein breed during the
lactation period. Four groups of animals (18
animals each), each of which corresponded to
a certain section (technological group), were
formed for the experiment by the analogy me-
thod. The experiment lasted from November
2021 to March 2022. Feeding of cows of the
12th and 13th technological groups was orga-
nized from the polymer feed table "Meadow of
Health", cows of the 11th and 14th technologi-
cal groups ate feed from the concrete feed table
(see Table 1). The usual on-farm diet in the form
of a feed mixture distributed by a mobile feeder
twice a day was used to feed the animals.

The condition of the feed table surface was
evaluated on a 5-point scale, where:

5 points — the surface is visually smooth and
even, without hollows, chips and cracks;

4 points — there are minor chips and hollows
up to 10 mm deep;
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Taoa. 1. Cxema skcniepuMeHTa
Table 1. Experiment scheme

Num- Section
Group ber of Fes(()i t:?le (technology

heads v group)

Ist (experimental) 18 “Meadow 12th
of Health”

2nd (experimental) | 18 » 13th
3rd (control) 18 Concrete 11th
4th (control) 18 » 14th

3 points — there are chips and hollows up to
30 mm deep;

2 points — there are chips and hollows up to
50 mm deep;

1 point — there are chips and hollows up to
100 mm deep;

0 points — there are chips and hollows more
than 100 mm deep, there may be cracks [12, 13].

Studies on microbial contamination of the
surface of feed tables were conducted in the
Kirov regional veterinary laboratory three
times: 1, 2 and 5 months after the beginning of
the experiment and installation of the feed table
"Meadow of Health". For this purpose, lavage
materials were taken from each feed table using
a sterile cotton swab moistened with sterile iso-
tonic sodium chloride solution.

The amount of uneaten feed residue was as-
sessed before the morning feeding on a 5-point
scale during 4 months:

0 points — there's no feed left at all;

1 point — some feed is scattered, residues are
less than 5%, indicating the need to increase the
amount of feed;

2 points — a thin layer of feed, 5-7% residue.
This is a desirable result, something to strive for,
provided the animals are fed in the next hour;

3 points — feed layer 5.1-7.6 cm, residues
25-50%, indicating overfeeding or poor digest-
ibility;

4 points — feed layer more than 7.6 cm, resi-
dues more than 50%;

5 points — the feed is untouched [14, 15].

Milk productivity of cows during 4 months
of lactation was studied on the basis of control
milking data.

Economic indicators of the use of polymer

coating of the feed table "Meadow of Health" in
comparison with concrete feed table were calcu-
lated on the basis of the selling price of 1 kg of
milk in 31 rubles and the cost of polymer coating
width of 0.75 m with installation in 1950 rubles
for 1 linear metre.

RESULTS AND DISCUSSION

Concrete feed tables used for cows in the pe-
riod of lactation stabilization had average depre-
ciation at the time of the study. The results of
surface evaluation of the concrete feed table, as
well as the table with the "Meadow of Health"
coating are presented in Table 2.

Table 2 shows that for 6 months of use the
surface of the feed table with "Meadow of
Health" coating remained visually smooth and
even, without hollows, chips and cracks, its con-
dition was rated 5 points. The concrete feed ta-
ble was moderately deteriorated, with chipping
and hollows. The use of concrete feed table in
such condition leads to more moisture accumu-
lation in the existing "potholes", development of
bacteria in them, formation of unpleasant odor
and further destruction of the concrete.

To assess the microbial contamination of
coated and uncoated feed tables, lavage mate-
rials were taken from its surface from three lo-
cations. Pathogenic and opportunistic forms of
microorganisms in the lavage materials from
feed tables were not detected. The results of the
studies are presented in Table 3.

In general, a tendency to decrease microbial
contamination of the feed table with the "Mead-

Tada. 2. OueHka COCTOSIHUS TOBEPXHOCTH
KOPMOBOTO CTOJIa, OaJI

Table 2. Feed table surface condition assessment,
points

Feed table cover
Period “Meadow of Concrete
Health”

Before the start of the study 5 3
After the study began:

in 30 days 5 3

in 60 days 5 3

in 90 days 5 3

in 6 months 5 3
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ow of Health" coating in comparison with the
concrete feed table was noted. Thus, already a
month after the beginning of the study in the 1st
experimental group the number of microbial cells
was lower by 54.7% (p < 0.05) compared to the 3rd
group, where the concrete feed table was used. The
indicators of the 2nd and 3rd groups differ by 3.7
times, the differences are reliable (p < 0.05). The
decrease in microbial contamination in groups
1-3 in the samples taken 5 months after the be-
ginning of the experiment, compared to the pre-
vious results, is probably due to deeper cleaning
of feed tables before taking lavage materials.
Excess of the indicators in tens of times in the
lavage materials from the feed table of group 4 in
the last study is probably due to some unaccount-
ed factor during sampling or during the analysis.
Uneaten feed residues on feed tables were also
monitored during the experiment (see Table 4).

The amount of uneaten feed residues on feed
tables with "Meadow of Health" covering was
less in comparison with concrete feed table
both in each of the months of the study and in
general for the whole period. Significant differ-
ences in November were observed between the
1st and 4th experimental groups (p < 0.05), and
between the 2nd and 3rd, 2nd and 4th groups
(p < 0.05). In January, reliable differences in
uneaten residues were found between the Ist
and 3rd, as well as between the 1st and 4th
groups (p <0.05).

Consequently, cows were significantly bet-
ter at eating feed from the "Meadow of Health"
cover than from the concrete feed table.

The analysis of feeding rations for lactating
cows has shown that the applied diets fully cov-
er the need of the animals in nutrients and corre-
spond to their productivity level.

Ta6ua. 3. Pe3ynbrarsl OlleHKH MUKPOOHOW 00CEMEHEHHOCTH KOPMOBBIX CTOJIOB

Table 3. Results of microbial contamination assessment of feed tables

Microbial infestation, thousand m.s.c.
Group (section)
in 1 month in 2 months in 5 months

1th (12th) 20,50 +7,19* 27,25 £0,35 3,05+ 1,65
2nd (13th) - 25,80+ 1,20 2,05+ 1,36%
3rd (11th) 37,50+ 3,75 25,65 +2.45 7,60 + 1,80
4th (14th) 13,85 +2,05 21,15+ 5,85 310,00 + 160,00
On average:

“Meadow of Health” 20,50 + 4,60 26,53 £ 0,66 2,55+0,92

concrete table 21,73 £ 6,87 23,40 £2,90 158,80 + 109,04

Note. *p < 0,05, **p < 0,01, **%p < 0,001.

Ta6ua. 4. Pe3ynbrarsl OIIEHKH KOPMOBBIX CTOJIOB O KOJMYECTBY HECHEIEHHBIX OCTAaTKOB KOpMa, 0ajul
Table 4. Results of feed tables assessment by the amount of uneaten feed residues, points

Group (section) November December January February for t;);\;;/lf)rlzg;erio d

Ist (12th) 1,86 £0,08 | 1,97+0,05 | 2,00 £0,04* | 2,00+ 0,00 1,96 + 0,07
2nd (13th) 1,81 £0,09**| 1,97 +0,03 2,07+0,06 | 2,00=+0,00 1,96 £ 0,06
3rd (11th) 2,00 +0,00 | 2,07 +0,05 2,17+0,07 | 2,07+0,05 2,08 +£ 0,04
4th (14th) 2,14+0,08 | 2,07+0,07 | 2,17+0,07 | 2,10£0,06 2,12+0,07
On average:

“Meadow of Health” | 1,84 +0,09 | 1,97 +0,05 2,04 £ 0,05 2,00 + 0,00 1,96 £ 0,08

concrete table 2,07+0,08 | 2,07+0,06 | 2,17+0,07 | 2,09+0,05 2,10 £0 ,06

Note. When comparing with group 3:*p < 0,05, **p < 0,01, ***p < 0,001; when comparing with group 4:
*p < 0,05, *p <0,01, *p <0,001.

92  Siberian Herald of Agricultural Science ¢ 2024 « 54 ¢ 5

Zootechnics and veterinary medicine



D¢ dHeKTHBHOCTH HCTIONB30BaHHS MOKPHITHSA KOPMOBOTO CTOJIA
«JIyr 310poBBsI»

HypceneB M.C., batonosa H.A., Ocsinankos 10.C.

Based on the data of control milkings, the
milk productivity of cows during 4 months of
lactation was studied depending on the section
from which the animal was moved to which one,
1.e. whether it ate feed from polymer or concrete
covering of the feed table during the whole pe-
riod of the study or whether the covering of the
sections was changed. Depending on the sec-
tions of cow movement during lactation, we
have identified four possible variants of chang-
ing feed table coverings (see Table 5).

Data of control milkings are presented in Ta-
ble 6. When the cows were fed from the poly-
mer-coated feed table "Meadow of Health"
an increase in milk production was observed
from the first month of operation throughout 4
months. At feeding from concrete fodder table,
the milk yield increased insignificantly by the
second month of lactation, and from the third —
fourth months the decrease of milk productivity
was observed.

Lactation of a cow is usually divided into the
following periods: milking, stabilization and de-
cline. During each of the periods the cow can
move from one section to another in accordance
with the accepted milk production technology
due to the change of feeding rations and produc-
tivity level. At the same time, not all sections can
be equipped with polymer covering of the feed
table. Therefore, we have studied all possible
variants of changing feed tables associated with
the transfer of animals in the process of lactation
(see Table 7).

When the cows were transferred from poly-
mer coating to concrete coating, a decrease in
average daily milk yield by 0.9 kg was observed
already from the second month of lactation. By

Taoua. 5. Bapuantsl u3MEHEHUS TOKPBITUS
KOPMOBBIX CTOJIOB B IIPOLECCE MEPEMELLICHUS
JIAKTUPYIOIIUX KMBOTHBIX

Table 5. Variants of feed table cover changes
during lactating animal movements

Feed table cover
Group
(section) preceding successive
Ist (12, 13th) Polymer Polymer
2nd (12, 13th) » Concrete
3rd (11, 14th) Concrete »
4th (11, 14th) » Polymer

the fourth month of lactation the decrease in
milk yield amounted to 4.8 kg per 1 head per
day. When transferring cows from concrete feed
table to polymer one, the increase in milk pro-
ductivity by 0.4-1.3 kg per 1 head per day was
recorded.

The level of feed consumption by cows of
different groups is presented in Table 8.

Feed consumption per group before the be-
ginning of the experiment was approximately at
the same level. During the first three months of
the study, the increase in feed intake from the
concrete table was insignificant and amounted to
0.5-1.0 t per group per month, whereas feed in-
take from the polymer-coated table increased by
2.3-2.8 t during this period, i.e. feed intake from
the polymer-coated table increased by 2.3-5.6%
more than from the concrete feed table.

During 5 months of lactation, cows from the
feed table "Meadow of Health" ate 6.8-8.6%
more fodder than from the concrete one, which

Taba. 6. CpemHecyToUHBIE YIOH KOPOB IO Pe3yIbTaTaM KOHTPOJIBHBIX TOSHHUH, KT (1 = 18)

Table 6. Average daily milk yields of cows based on the results of control milkings, kg (n = 18)

Milk yield by months
Feed table cover Section
November December January February

Meadow of 12th 284+ 1,9 29,6+ 2,0 30,3 +3,0 32,1+2,1

Health
» 13th 229+2,4 24,0£2,0 - -

Concrete 11th 28,5+ 1,6 28,6 + 1,5 27,3+ 1,6 -

» 14th 27,5+ 1,4 27,6 £1,5 27,6 +2,2 25,1+£23
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Tabua. 7. CpegHecyTouHble y0U KOPOB MO PE3YyNbTaTaM KOHTPOJIBHBIX JO€HUH NMPHU IBUKEHUH TPy, KT

Table 7. Average daily milk yields of cows based on the results of control milkings during group

movement, kg

Milk yield by months
Change of the feed table cover Section December January February March
From polymer to concrete 12th 29,5+2,0 28,6+2,0 28,3+2,1 24,7+ 2,1
» 13th 22,8+2,0 21,8+2,1 21,2+1,9 19.2+2,0
From concrete to polymer 14th 26,1 +1,8 27,4+1,7 — -
» 11th — 294+19 29,8+£2,0 253+2,0

Taoa. 8. Ilorpebaenue Kopma 3a MECSIL, T
Table 8. Feed consumption per month, tons

Feed table section/cover
Month
l4th/concrete 11th/ concrete 13th/ polymer 12th/ polymer
November 48,3 48,0 48.8 50,5
December 48,0 48,7 51,7 52,5
January 48,8 49,0 51,6 52,8
February 47,6 49,2 50,8 51,9
March 46,0 47,9 50,6 51,6
Total 2387 242.8 253,5 259,3

caused higher productivity of the animals during
the analyzed period.

Based on the obtained data of milk produc-
tivity of cows, the economic efficiency of the re-
search results was calculated (see Table 9).

The use of the polymer coating "Meadow of
Health" made it possible to get additional profit
and recoup the cost of its installation already on

the 39th day of use. Thus, the profit from milk,
additionally obtained with the use of the poly-
mer coating, already in the first month of lacta-
tion reached 20,460 rubles.

CONCLUSION

The use of the polymer coating "Meadow of
Health" makes it possible to level the surface of

Taba. 9. DxoHomudeckas d(HEeKTHBHOCTH HCIIOTH30BAHUS TTOTUMEPHOTO TTOKPHITHS KOPMOBOTO CTOJIA

«JIyr 3mopoBbs»

Table 9. Economic efficiency of the use of polymer cover of the feed table "Meadow of Health"

Indicator Section
13th 12th 11th 14th

Number of cows, heads 18 18 18 18
Milk yield in November (before the polymer cover use), kg 12 411 15360 | 13941 15399
Milk yield in December (1 month of polymer cover use), kg 12 969 16020 | 14016 15438
Increase in milk yield per cow per day, kg 1,13 1,22 0,1 0,1
Milk increment compared to November (uncovered), kg + 558 + 660 +75 +39
Sales price of 1 kg of milk, rubles 31,00 31,00 31,00 31,00
Additional profit, thousand rubles + 17298 | +20460 | +2325 + 1209
Cost of 1 linear meter of coating “Meadow of Health” with installa-
tion, thous. rubles. 1950
Cost of 13.5 linear meters of “Meadow of Health” cover for 18 cows
with installation, thousand rubles 26 325
Cover payback, days 46 39 - -
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the feed table to an ideal state, eliminating all
its defects for a long time. In addition, the study
found that the use of such a coating significant-
ly (p < 0.05) reduces microbial contamination
of the surface of the feed table in 0.6-3.6 times,
prevents the development of the undesirable mi-
croflora, as well as secondary fermentation of
the feed mixture.

The analysis of feeding rations for lactating
cows showed that the applied rations fully cover
the need of the animals in nutrients and corre-
spond to the level of their productivity. At the
same time feed mixture on polymer coating is
distributed in greater quantity.

When the cows were fed with polymer-coat-
ed feed table "Meadow of Health" from the first
month of operation during 4 months of lacta-
tion there was an increase in milk productivity.
When cows were fed from the concrete feed ta-
ble, milk yields increased insignificantly by the
second month of lactation, and from the third to
the fourth months of lactation, a decrease in milk
productivity was observed.

When the cows were transferred from poly-
mer coating to concrete coating, a decrease in
average daily milk yield by 0.9 kg was record-
ed already from the second month of lactation.
By the fourth month of lactation the decrease in
milk yield amounted to 4.8 kg of milk per 1 head
per day. At transfer of the cows from a concrete
feed table to a polymer-coated one, an increase
in milk productivity by 0.4—1.3 kg per 1 head per
day was observed.

The amount of uneaten feed residues on the
polymer-coated feed table was significantly (p
< 0.05) less than on the concrete one. During 5
months of lactation, cows on the "Meadow of
Health" coated feed table ate 6.8-8.6% more
feed than on the concrete one. The increase in
feed mixture eatability ensured stable growth of
milk productivity — 1.2 kg per 1 head per day.

Profit from the sale of milk additionally ob-
tained by using the polymer coating reached
20,460 rubles in the first month of lactation. The
cost of purchasing and installing the polymer
coating "Meadow of Health" paid off in 39-46
days (assuming average depreciation  of
the previous concrete feed table).
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HUcropus uzyyeHusi pUHOIMTHEBMOHUU JIOMIAAeH

D I1omoB A.A., HeyctpoeB M.IL., BacunseBa C.A.
AKymcKutll Hay4Ho-UCCIe008amenbCKUll UHCmMUmym ceibckozo xosaticmea um. M1 Cagpponosa —
noopasoenenue Axymckoeo nayunozo yenmpa Cubupcrxozo omoenenus Poccutickou akademuu nayx

Sxytck, Poccus
(<De-mail: andrian.popov.94@bk.ru

[IpencraBiensl MaTepuanbl 0 UCTOPUM W3YYEHUS PUHOMHEBMOHHUH Jiomaaen. M3yuenue puHo-
MTHEBMOHUH Hadanock B cepeanae XIX B. Buauane Oone3Hp Ha3Basm HHOIIOIHIINEH, a 3aTeM ee CTalln
nmrddepeHTpoBaTh Kak CaMOCTOATEIbHBIC 3a00JIeBaHMSI: TPHIIIT, MHAITIOIHIIA, 3apa3HbIi KaTap Bepx-
HUX JBIXaTeNbHBIX MyTel, HH(peKInoHHas TuieBpomHeBMOHMs. B 1933 1. aMepuKaHCKUMH yUeHBIMU
Dimock n Edwards yctanoBneno, 4ro y OonbHBIX MHGUIIO9HIMEH JOIMIafeld OTMEYaroTcsi abopThI.
[Tocne uccienoBanus MOMYyYEHHBIX AaHHBIX OHM YCTAHOBWIJIM BHUPYCHYIO STHOJIOTHIO 3a00JIeBaHuSI.
Haunnas ¢ 1941 1. BbICKa3bIBAIMCh MHEHHSI YTO TPHIII U BUPYCHBIH a0OpT Jiomaeil 0JJHO U TO ¥Ke
3a0osieBaHKe, HO MTpOTEKaroliee B pa3iniHbix Gopmax. CHauana HepBHas popMa reprieca BUpyca Jio-
majei owiIa 3adukcupoBana B Hopsernu B 1966 1., 3arem B Coennaennbix lllTarax Amepuku, Kana-
ne u eBporerickux crpaHax. B CCCP B 1955 r. H.H. Ouefinukom 3aperucTpupoBaH BUPYCHBIH abopT
nomaneil. Bniocnencteun puHonHeBMOHMS Jomaneit Oviia uccnenoBana K.IT. FOpossim. Brnepssie
M30JISALUIO U uiieHTHuKanmio Bupyca ocymiectsmwiu K.I1. KOpos u H.H. Kprokos B 1969, 1970 rT. ot
KepeOsT, OONBHBIX PECIUPATOPHBIM 3a00ieBaHreM Ha koHedepmax Psszanckoit obmactu. B 1995 r.
ocHoBaHa pedepeHTHas JabopaTopuss MexIyHapoaHOro 3Mmu300THdeckoro 0ropo (MOB) mo puHo-
ITHeBMOHUH Jiommaaeit. Ha 6ase aToit mabopaTopuu pa3paboTaHsl METOIBI TUATHOCTHKHU W TTPOdrIaK-
TUKHA PUHOITHEBMOHUU Yy somianeii. B EBpone, A3uu u Adpuke, a Takke Ha 000UX CYOKOHTHHEHTAaX
CesepHoii u OxHON AMEpPHUKH IUPOKO PAaCIpOCTPaHEHO JaHHOe 3a0ojeBanue. Ha Bcex KOHTHHEH-
Tax CyLIeCTBYeT OOJbILAs 4acTh JIOUIA e, KOTOPbIe HMEIOT aHTHTeNa K BUpYycCy 3Toi nHdpekuuu. [To
JUTEepaTypHbIM JaHHBIM, TepIiec BUpyca JIOMaaeld 3aperucTprupoBaH B psAJe €BPONEUCKUX CTpaH, B
toMm yncie B crpanax CHI' u Poccum.

KiroueBble ciioBa: nHpEeKIMOHHAS 0ONE3Hb, JOMIAAN, BaKIIMHA, PUHOITHEBMOHUS, TA0YHHOE KO-
HEBOJICTBO

History of equine rhinopneumonia research

CXDPopov A.A., Neustroev M.P., Vasil'eva S.A.

M.G. Safronov Yakut Scientific Research Institute of Agriculture — Division of the Yakut Scientific
Centre of the Siberian Branch of the Russian Academy of Sciences

Yakutsk, Russia

(<De-mail: andrian.popov.94@bk.ru

Materials on the history of the study of equine rhinopneumonia are presented. The study of rhino-
pneumonia began in the mid-19th century. At first the disease was called Influenza, and then it began
to be differentiated as independent diseases: grippe, Influenza, contagious catarrh of the upper respi-
ratory tract, infectious pleuropneumonia. In 1933, American scientists Dimock and Edwards found
that abortions were noted in horses with influenza. After examining the findings, they determined the
viral etiology of the disease. Since 1941, opinions have been expressed that influenza and equine viral
abortion are the same disease, but occurring in different forms. The nervous form of equine herpes
virus was first reported in Norway in 1966, then in the United States, Canada, and European countries.
In the USSR in 1955, N.N. Oleinik registered viral abortion of horses. Subsequently, rhinopneumonia
of horses was investigated by K.P. Yurov. The virus was first isolated and identified by K.P. Yurov
and N.N. Kryukov in 1969, 1970 from the foals with respiratory disease on horse farms in the Ryazan
region. The Office International des Epizootics (OIE) reference laboratory for equine rhinopneumonia
was established in 1995. Methods of diagnosis and prevention of rhinopneumonia in horses have been
developed on the basis of this laboratory. Equine rhinopneumonia is widespread in Europe, Asia and
Africa, as well as in both subcontinents of North and South America. There is a large proportion of
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horses on all continents that have antibodies to this infection virus. According to literature data, equine
herpes virus has been reported in a number of European countries, including CIS countries and Russia.
Keywords: infectious disease, horses, vaccine, rhinopneumonia, herd horse breeding
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In the early 20th century, the term “Influen-
za” was used to describe almost all common fe-
brile diseases of horses. Dimock and Edwards
in 1932 showed for the first time that a species
of microorganism different from bacteria causes
contagious epizootic abortion in mares [1].

Around that period, experimental studies on
infection of mares with materials from aborted
fetuses were initiated. According to the results
of these studies it was found that infection with
filtered viral agent can cause abortions in horses.
In a further study, pathologic changes, including
intranuclear inclusions in fetal pneumocytes and
hepatocytes, were noted in the aborted fetuses.
Thus, the term “equine viral abortion” appeared.
Subsequently, equine abortion virus was cul-
tured in vivo and in vitro and detailed pathologic
findings were published' [2].

In 1941, Hungarian scientists Manninger and
Csontos noted cases of abortion with similar
symptoms, recorded in Kentucky (USA). Ac-
cording to the development of symptoms, they
observed a mild course of influenza when preg-
nant mares were inoculated with bacteriologi-
cally sterile filtrate of aborted fetuses with viral
abortion lesions [3]. Salyi in 1942 also confirmed
that the gross and microscopic lesions noted in
the aborted fetal material were similar to those
observed in Kentucky [1]. Kress in 1941 pointed
out that viral abortion was pneumotropic due to
the prevalence of bronchopneumonia in horses
that become infected through contact with the

aborted material.

Doll et al. in 1954 first investigated a respira-
tory infection associated with viral abortion of
mares. Young horses inoculated with this virus
showed similar symptoms to those described
as equine influenza, but the cause had not been
identified at that time. Based on the results of
their research, it is clear that viral abortion of
mares is a factor that contributes to the develop-
ment of epizootic respiratory disease in young
horses [1]. Doll et al. had only to confirm that
some of the suspected influenza virus isolates
were exactly the same as the viral abortion of
mares [1].

In another study, Bryans et al (1957) suggest-
ed that the causative agent formerly known as
viral mare abortion should be considered a re-
spiratory virus because of the severity of the ma-
jor histologic lesions in the respiratory tracts of
young and aborted foals?. The authors therefore
named the resulting disease viral pneumonitis
and the causative agent as equine viral pneumo-
nitis virus. In 1959, Rhinopneumonia virus sub-
types 1 and 2 were described on the basis of their
antigenic differences. The probable pathogenic-
ity of the infectious agents differed: subtype
1 was most frequently isolated from aborted f
etuses, subtype 2 was isolated from upper respi-
ratory tracts [4, 5].

In 1963, electron microscopy showed that the
virus belongs to the herpes group [6]. In 1966,

'Randall C.C., Bracken E.C. Studies on hepatitis in hamsters infected with equine abortion virus. I. Sequential development of
inclusions and the growth cycle // Am J. Pathol., 1957, N 33 (4), pp. 709-727.

*Bryans J., Crowe M., Doll E., McCollum W. Isolation of a filterable agent causing arteritis of horses and abortion by mares; its
differentiation from the equine abortion (influenza) virus // Cor. Vet., 1957.
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the first nervous manifestation of the equine
herpes virus (EHV-1) infection was reported in
Norway [1]. After that, the nervous form of the
EHV-1 infection was described in practical vete-
rinary epidemiology in every country. Mean-
while, in some countries with developed horse
breeding (European countries, USA, Canada),
a significant increase in the incidence of central
nervous system lesions in horses was observed
in 2010-2021 [7]. Outbreaks of nerve-paraly-
tic infection are associated with the spread of
neuropathogenic strains of the rhinopneumonia
pathogen [8]. Asymptomatic course of equine
rhinopneumonia is also possible. In 1981, based
on a comparative analysis of restriction pro-
files, the classification of the two EHV-1 sub-
types was changed, and they are now classified
as two different types of virus [9]. The subtype
of the pathogen EHV-1 was left the same name
(EHV- 1), while the second subtype of EHV-1
was named EHV-4 [2].

Rhinopneumonia of horses was first diag-
nosed in the USSR in 1955 by N.N. Oleinik
according to clinical data and pathological and
morphological changes corresponding to the
data obtained from epizootological sources. The
causative agent of the infection was most like-
ly the horses that were returned to Russia from
West Germany in the early 50s of the XX cen-
tury [10].

The works of K.P. Yurov can be emphasized
among the Russian scientists. He first described
the nervous form of rhinopneumonia in 1984,
created vaccines against equine rhinopneumo-
nia, compiled a number of instructions and me-
thodological guidelines for diagnosis and control
of equine viral diseases, which are successfully
used in veterinary practice® [11]. One of such
widely used methods is immunoenzyme analy-
sis, which K.P. Yurov proposed for diagnostics
of equine rhinopneumonia in 2006 together with
his student V.V. Korzhov. Also, for retrospective
diagnosis of equine rhinopneumonia in the hem-

agglutination inhibition reaction, a special tech-
nique was developed®.

Equine rhinopneumonia was first registered
in the Republic of Sakha (Yakutia) by M.P.
Neustroev in 1993. However, until 2002, the
equine herpesvirus was not registered in the offi-
cial statistical reporting of the veterinary service
of Yakutia. There were no objective data on the
scale of virus circulation in the republic. M.P.
Neustroev in 2001 established that rhinopneu-
monia has immunosuppressive abilities, which
complicate the course of the strangles disease.
The simultaneous course of rhinopneumonia,
strangles and salmonellosis in horses has been
proven [12]. From 2002 to 2022, equine herpes-
virus was observed in 100 sites in 16 districts
of the Republic of Sakha (Yakutia). The high-
est number of equine diseases was registered in
Amginsky, Khangalassky, Nyurbinsky, Tattin-
sky, and Suntarsky districts, i.e. in those mu-
nicipalities where the main horse population of
Yakutia is concentrated.

The highest number of unfavorable sites was
recorded in 2004, then the situation improved
annually. In 2014-2016 in the republic only one
unfavorable site per year was registered (see the
figure). This may be due to the low level of se-
rologic research.

According to our data, in 2004-2010, 827—
1044 samples per year were examined, in 2015—
2016 — only 189-283. Starting from 2017, no
serologic tests were performed due to the lack
of ELISA kit in the Republic of Sakha (Yaku-
tia). The immunization rate also decreased: from
8419 and 11,040 in 2012 and 2013 to 2834 and
5111 in 2015 and 2016, respectively.

Circulation of rhinopneumonia virus was ob-
served in the Amginsky district (villages Bolugur
Pokrovka, Chakyr), Kobyaisky district (Kobyai,
Mastakh), Megino-Kangalassky district (Khara,
Khoroobut), Nyurbinsky district (Maljagai, Ma-
lykai, Megezhek, Nyurbachan), Oymyakonsky
district (Tomtor), Suntarsky district (Khadan,

SYurov K.P., Amirbekov M.A. Postvaccinal immunity during vaccination in foal mares // Proceedings of VIEV, 1984, vol. 61, pp.

72-76.

‘Yurov K.P,, Sologub V.K. Application of the hemagglutination inhibition test for diagnosis of equine herpesvirus 1 infection //

The Journal of equine medicine and surgery, 1978, N 1, pp. 43-48.
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Dynamics of the number of the disadvantaged rhinopneumonia sites in the Republic of Sakha (Yakutia)

from 2002 to 2022.

Zharkhan, Elgay, Togoy Sela, Kempendyai,
Kyundyaye), Srednekolymsky district (Oyu-
sardakh), Tattinsky district (Debdirge, Walba,
Kharbalaakh, Chimnaii, Chychymakh, Borob-
ul), Tomponsky district (Keskil, Krest-Khaljai),
Ust-Aldansky district (Borogontsy, Sottintsy),
Khangalassky district (Bulgunnyakhtakh, Ne-
myugyuntsy, Oktemtsy), Churapchinsky district
(Khatyly, Khakhyyakh, Kytanakh), as well as in
the vicinity of Yakutsk (Khatassy village).

In our research from 2018 to 2021, 101 blood
serum samples were collected from young hors-
es from different regions of the Republic of
Sakha (Yakutia). Of these, antibodies to rhino-
pneumonia virus were detected in 61 samples
(60.3%), 40 samples (39.7%) were negative. It
can be concluded that rhinopneumonia virus cir-
culates among young horses in horse breeding
farms of the Republic of Sakha (Yakutia).

For the prevention and treatment of equine
rhinopneumonia, scientists of the Yakutsk Re-
search Institute of Agriculture under the leader-
ship of M.P. Neustroev developed ar inactivated
vaccine against rhinopneumonia, trivalent inac-
tivated vaccine against rhinopneumonia, horse
strangles and salmonellosis, bivalent inactivated
vaccine against rhinopneumonia and horse sal-
monellosis, and inactivated combined vaccine
against rhinopneumonia and horse strangles for

young horses [12—14].

The immunogenicity of the combined vac-
cine with respect to the viral component was
75%, and the immunogenicity of the bacterial
component in mongrel white mice was 80%. The
combined vaccine under production conditions
showed high anti-epizootic efficacy of 97,2%.

The economic efficiency was calculated ac-
cording to the “Methodology for determining
the economic efficiency of veterinary measures”
approved by the Ministry of Agriculture and
Food of the Russian Federation and approved
by the Department of Veterinary Medicine of
the Ministry of Agriculture and Food of the Rus-
sian Federation (1997). In order to increase the
informativeness of perception and for the con-
venience of calculations of the used formulas,
the calculation of efficiency was carried out per
100 young animals. Conducted in a fairly long
period (2016-2022) studies in the central group
of uluses (districts) showed a significant prev-
alence of rhinopneumonia and foal strangles.
Territorially, about 60% of the horse population
is concentrated in the central group of uluses of
Yakutia.

It has been established that in certain years
in the Republic of Sakha (Yakutia) strangles
and rhinopneumonia were registered annually
in the Namsky, Khangalassky, Ust-Aldansky,
Tattinsky, Amginsky and Megino-Kangalassky
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districts. Rhinopneumonia and equine typhoid
fever in the acute phase can spread to 65% of the
foal population.

According to calculations, in the absence of
vaccination, the economic damage per 100 head
of young animals will amount to 555.5 thousand
rubles. After the introduction of the combined
vaccine, the damage per 100 head will decrease
to 8.25 thousand rubles, or by 67.3 times. Eco-
nomic effect on 100 heads will amount to 617
thousand rubles, on 12 370 thousand heads — 76
322,9 thousand rubles. At introduction of the
development in a separate farm we will receive
two indicators characterizing the economic ef-
fect. It will amount to 6.17 thousand rubles per
one head of animal and 8.81 rubles of profit per
one ruble of costs. In the Republic of Sakha (Ya-
kutia) as a whole, the total economic effect, ac-
cording to our calculations above, will amount
to 76 million 322.9 thousand rubles.

There are no data on the spread of rhinopneu-
monia in other subjects of Siberia and the Far
East, possibly due to the lack of diagnostic and
scientific studies.

There are many countries in which equine
rhinopneumonia is widespread. This applies to
Europe, South Asia, Africa and North America.
Antibodies to rhinopneumonia virus have been
registered on all continents. At present, equine
rhinopneumonia is becoming a significant prob-
lem of horse breeding in many regions of the
Russian Federation, the Republic of Kazakhstan
[15], the Kyrgyz Republic [16].

It should be noted that equine rhinopneumo-
nia is included in the “List of contagious, includ-
ing especially dangerous, animal diseases, for
which restrictive measures (quarantine) can be
established” (orders of the Ministry of Agricul-
ture of the Russian Federation dated December
19,2011). According to the order of the Ministry
of Agriculture of the Russian Federation No. 649
of September 23, 2021, which approved the rules
of control and prevention of rhinopneumonia,
scheduled diagnostic and preventive measures
should be carried out. Paragraph 31 of the order
stipulates that meat obtained from the slaughter
of sick animals, after heat treatment, can be used
as raw material only for the preparation of feed
and feed additives for animals.

CONCLUSIONS

1. The given data of foreign and domestic
literature show that equine rhinopneumonia still
remains an unsolved problem of veterinary medi-
cine. Literature data and analysis of the report-
ing data of the Department of Veterinary Medi-
cine of the Republic of Sakha (Yakutia) showed
that equine rhinopneumonia is significantly
spread not only in the Republic, but also in other
subjects of the Russian Federation, where herd
horse breeding is developed.

2. In the Russian Federation, diagnostic
tests should be expanded and new regulations
for rhinopneumonia control should be imple-
mented in all entities, which will increase the
productivity of herd horse breeding and enable
biosecurity to be ensured.

3. A combined vaccine against rhinopneu-
monia and strangles for young horses has been
developed. Immunogenicity of viral composi-
tion of the vaccine amounted to 75%, strangles
composition — 80%. Approval and introduction
of the combined vaccine into production will
increase the effectiveness of prophylactic mea-
sures for respiratory diseases of young horses.
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JAnHaMu4eckne 0CO0EHHOCTH BUOPOIIEKOBOI0 M3MeJIbYMTEJIs
KOPMOBOI'0 3epHa

CX)UBano H.M."3, JleBun A.M.!, ®enopenxo N.51.2
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BubpanmoHHbIii criocod M3MENBICHUS] KOPMOBOTO 3€pHA MOXKET OBITh PEaM30BaH B PA3IMIHBIX
KOHCTPYKIMSIX HM3MEJIBbUUTeNeH, OHAKO MPEeANOYTeHHE CleAyeT OTAaBaTh AMHAMUYECKHM CXeMaM
MaIlliH, TIOCKOJIbKY TaKHe CHCTEMBI CITIOCOOCTBYIOT SHEPrOCOEPEKEHUIO U MOBBIIICHUIO HAJECKHOCTH
BCEH KOHCTPYKIIMH. AHAIN3 BCEH COBOKYMHOCTH MH(OPMAIIUH 10 BUOPAIIMOHHBIM H3MEINBIUTEIISM,
pa3paboTaHHBIM B Pa3IMYHBIX OTPACISAX XO3IHCTBA, TIO3BOIHI CHOPMYIIMPOBATH OCHOBHBIE TPEeOOBa-
HUS K IHHAMHYECKUM CHCTeMaM 3THX MalnH. K HUM oTHOCSTCS crienytommue: odbecnedeHne BUOpanu
TOUCK PabOYMX OPTraHOB IO ONPEETICHHBIM 3aKOHAM; OCYIIECTBIECHHE CaMOCHHXPOHM3AIUU BUOPO-
BO30yuTeNei (B ciydae nmapHOro BUOPOIIPHUBO/IA); oOecriedeHe MUHUMAIILHOM aMILTHTYIIbI HECYIIeH
CHCTEMbI U3MEJIBUUTEINS, HA KOTOPOW YKpEIUICHbI BUOPOBO3OYAMUTENH; 00eClieYeHne MaKCUMAaIbHOM
aMIUTUTY/IBI Pab0Yero opraHa U3MeIbUnTeNsl; KOMIIAKTHOCTh BUOPOTIPUBOAA; OTCYTCTBHE MAapa3sUTHBIX
Kosie0aHuii. B cBA3M ¢ 3TUMH TpeOOBaHUSAMH 3aCTyKUBAIOT 0COOOTO BHIMAHUS BUOPALIMOHHBIE IIIEKO-
BbIE M3MEJTBYUTEINH JUISI KOPMOBOTO 3€pHA. biiu3Kue 1Mo TeXHMUECKOH CYyIITHOCTH N3MENTBYUTENH yCIIel-
HO MPUMEHSIOT B TOPHOM Jiefie. B Takux M3MeNBIUTeNIX MPOSBIISIOTCS BaXKHBIE JIJIS1 TEXHOJIIOTHH pa3-
JMYHbIC BUOpaIMOHHbIe fuHaMuueckue 3¢ dexTol. Llens HacTosmei paboThl — MOBBIICHUE TEXHUYE-
CKOTO YpOBHS BUOPAIIMOHHOTO U3MEJIBUUTENS KOPMOBOTO 3€pHA Ha OCHOBE MCIIOJIB30BaHUS d(PPEKTOB
CaMOCHHXPOHHU3AIIMN BUOPOBO30OYIUTENECH 1 MHTEHCU(DHUKAIINY BBITPY3KH U3MEIFIEHHOTO MaTepraia.
[Tomyuyena maremaTnueckasi MOJENb TUHAMUKHA BHOPAIIMOHHOTO IIEKOBOTO M3MEIBUUTENST KOPMOBOTO
3epHa, YUYUTHIBAIOIIAsl €T0 KOHCTPYKTHBHBIE 0COOCHHOCTH M B3aUMOJICHCTBHE PA0OYMX OPraHoB C TeX-
HOJIOTUYECKON Cpefod. YCTaHOBJIEHO, UYTO U3 JIByX BO3MOXHBIX PEKMMOB CUHXPOHU3ALUNA YCTOMUUB
CHHXPOHHO-CHH(}A3HbINA PeXUM. AHAIUTHYECKUN aHAJIN3 TT0Ka3aJl TEXHOIOTHYECKYI0 pPaboToCcnoco0-
HOCTb JUHAMHUYECKON CXeMbI BUOPOIIIEKOBOTO M3MENIBYUTENS B JAHHOM PEeKUME CHHXPOHHU3AINH, TIPH
9TOM JIMHAMUKA U3MEITBIUTENS] OTBEUACT IPAKTUIECKU BCEM JIPYTUM YKa3aHHBIM TPEOOBAHHUSIM.

KiroueBble ciioBa: KOpMOBOE 3€PHO, BUOPAIIMOHHBIA U3MEIBUNTENh, TPEOOBAHUS K THHAMUYC-
CKUM CXeMaM, CaMOCHHXPOHHU3AIHsI BUOPOBO30YyIUTENEH
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The vibration method of feed grain crusher can be realized in various designs of crushers, but pref-
erence should be given to dynamic machine schemes, as such systems contribute to energy saving and
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Dynamic features of vibrating jaw crusher of feed grain Ivanov N.M., Levin A.M., Fedorenko I.Ya.

increase the reliability of the whole structure. The analysis of the totality of information on vibrating
crushers developed in various branches of economy allowed formulating the main requirements to the
dynamic systems of these machines. These include the following: providing vibration of points of the
working bodies according to certain laws; implementation of self-synchronization of vibro-exciters
(in the case of a pair of vibro-drive); ensuring the minimum amplitude of the load-bearing system
of the crusher, on which the vibro-exciters are mounted; ensuring the maximum amplitude of the
working body of the crusher; compactness of the vibro-drive; absence of parasitic vibrations. Due to
these requirements, vibrating jaw crushers for feed grain deserve special attention. Crushers close in
technical essence are successfully used in mining. In such crushers, various vibratory dynamic effects
important for the technology are manifested. The purpose of this work is to increase the technical
level of the vibrating crusher of feed grain on the basis of using the effects of self-synchronization of
vibration exciters and intensification of discharging the crushed material. The mathematical model of
dynamics of the vibrating jaw crusher of feed grain, taking into account its design features and interac-
tion of working bodies with the technological medium, is obtained. It is found that of the two possible
synchronization modes, the synchronous-synphase mode is stable. Analytical analysis has shown the
technological operability of the dynamic scheme of the vibrating jaw crusher in this synchronization
mode, while the dynamics of the crusher meets almost all other specified requirements.

Keywords: feed grain, vibrating crusher, requirements to dynamic circuits, self-synchronization
of vibration exciters
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INTRODUCTION the main requirements to the dynamic systems

Vibratory method of feed grain milling re-
duces specific energy costs in comparison with
hammer crusher [1]. At the same time, the struc-
ture of the crushed product to a greater extent
meets the requirements formulated by zootech-
nical science for ruminants'.

Vibratory method can be realized in various
designs of shredders, but preference should be
given to dynamic schemes of machines, as such
systems contribute to energy saving and increase
the reliability of the whole structure [2—10].

The analysis of the totality of information
on vibrating shredders developed in various
branches of economy allowed us to formulate

of these machines, which should?:

—provide vibrations of the points of the work-
ing bodies according to certain laws;

— conduct self-synchronization of vibration
exciters (in case of paired vibration drive);

— ensure minimum amplitude of the shredder
support system on which the vibrating exciters
are mounted;

— ensure maximum amplitude of the shred-
der's working body;

—meet the criterion of compactness of the vi-
bration motor;

— ensure that there are no parasitic oscilla-
tions.

'Tabaev A.V. Features of the granulometric composition of the crushed product formed in a vibrating crusher // Studenthood
of Russia: century XXI: Proceedings of VIII All-Russian youth scientific and practical conference. Orel: N.V. Parakhin Orel State

Agrarian University, 2022, vol. 3, pp. 270-276.

2Levin A.M., Fedorenko I.Ya. Requirements for dynamic systems of vibrating crushers of fodder grain // Agrarian science to
agriculture: Proceedings of the XVIII International scientific-practical conference Barnaul: Altai State Agrarian University, 2023, B.

1, pp. 134-137.
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In connection with these requirements, vibrat-
ing jaw crushers for feed grain deserve special
attention. Similar in technical essence crushers
are successfully used in mining* *. Various vi-
bration dynamic effects important for technolo-
gy are manifested in such crushers’.

The purpose of the research is to increase the
technical level of the vibrating crusher of feed
grain on the basis of using the effects of self-syn-
chronization of vibration exciters and intensifi-
cation of discharging the crushed material.

MATERIAL AND METHODS

The design of a vibrating jaw crusher for
feed grain developed by us is protected by the
patents of the Russian Federation No. 2759864,
2787723. Its dynamic scheme is made according
to the method®and is presented in the figure.

The scheme includes two active (vibrating)
jaws [ and 2, performing in the operating mode
synchronized, symmetrical angular oscillations
relative to the transverse axis of the machine.
The middle jaw 3 has no vibrating motor, so it
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PacueTHas quHamuyeckas cxema BI/I6pOH_[eKOBOFO HU3MEJIBYUTEIIA C ABYMS CaMOCHHXPOHU3HUPYOIIUMUCA

BHOPOBO3OYIUTEIISIMH, TPEXMacCHAs

Calculated dynamic diagram of a vibrating jaw crusher with two self-synchronizing vibration exciters,

three-mass

3Vaisberg L.A., Zarogatsky L.P., Turkin V.Y. Vibrating crushers. SPb.: VSEGEI Publishing House, 2004, 306 p.
*Revnivtsev V.I., Denisov G.A., Zarogatsky L.P, Turkin VY. Vibration disintegration of solid materials. Moscow: Nedra, 1992,

430 p.

*Kartavyi A.N. Resource-saving principles of design of technological vibrating machines // Mining equipment and electrome-

chanics, 2009, N 3, pp. 28-37.

®Nagaev R.F., Belyaev A.K. Dynamics of synchronising systems // Berlin, Springer, 2003, 326 p.
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can be called passive. The frame of the crusher
is idealized as a softly cushioned absolutely rig-
id weightless rod 4. Each of the jaws can rotate
in its pivot located at the top. Thus, each of the
jaws is a physical pendulum. The pivots are lo-
cated at a distance a from each other. The centers
of gravity of all the jaws in the position of static
equilibrium lie on the verticals passing through
the centers of the pivots and are located at a dis-
tance /| from the centers of their pivots.

Let's consider that the frame springs are very
soft, so their stiffness is close to zero.

The rotation centers of identical unbalance
(inertial) vibration exciters are located at similar
points of jaws O1 and O2, located at a distance
[, from the pivot axes.

The crushed material enters from above into
the gaps between the active and passive jaws.
The viscoelastic properties of the process load
are modeled by viscous and elastic elements b
and c. As generalized coordinates of the whole
crusher system we take the horizontal x and
vertical y displacements of the pivot center of
the middle jaw 3, the absolute rotation ¢ of the
rod 4, as well as the jaw rotations ¢, ¢, and ¢,
counted from the vertical. We consider that the
jaw unbalances rotate uniformly with the same
angular velocity, but in opposite directions ac-
cording to the laws of

o, =wt; 6,=of +a,

(D
where ® — eccentric weight angular velocities;
o — eccentric weight rotation phase shift.

The starting angles of the eccentric weight ro-
tations can be seen in the figure.

The equations of small oscillations of the
whole crusher system as well as of all three jaws
at synchronous oscillations of vibrating excit-
ers with arbitrary phasing a have the following
form:

Z\/[x'+Mll(('p1 +(';S2 +(p3):
= mye?[sinwf—sin(w?+a)]; )

My = moswz[cosoat +cos(wt+a)l; (3)

Mo 2p = —mgem2afcoswt—cos(wr+a)]; (4)

(I +mi2)§, +ml5+mglo, +b(¢,—¢3)IF +
(5)

+ (o, —(p3)l12 = moamzl2 sinmt;
N .. . . 2
(L+ml )@, +mlx+mgle, +b(¢, -0 +

+c(0, —(p3)ll2 = —m08w212 sin(wz+a); (6)

(I, +myI)y +mlx +mglo, +b(@, +¢, —
~20 ) +c(o, +¢, ~29 )} =0, ()

where M — total weight of the crusher compo-
nents involved in oscillating movements; m =
m =m, — the weight of each active jaw with ec-
centric weight; m, — passive jaw weight; /=1 =
I, — central moment of inertia of each active jaw
with eccentric weight; 7, — central moment of in-
ertia of the passive jaw; m,, € — eccentric weight
mass and its centering error; o — phase angle
characterizing the eccentric weight movement.

The obtained mathematical model includes
differential equations of reciprocating move-
ments of the entire crusher system (2), (3).
Equation (4) models the angular vibrations of
the frame in the drawing plane; equations (5),
(6) characterize the forced oscillations of the ac-
tive jaws around their suspension points; equa-
tion (7) describes possible angular oscillations
of the passive jaw.

RESULTS AND DISCUSSION

The first thing that we need to find out from
the mathematical model (2) — (7) is the possibil-
ity of self-synchronization of the vibration ex-
citers mounted on the active jaws. Here a rare
case is presented, when the vibration exciters are
installed not on a common bearing system, but
on two separate bearing systems (jaws), which
are not directly rigidly connected to each other.

Self-synchronization of mechanical vibration
exciters consists of two or more unbalanced ro-
tors driven by induction motors, on a fixed base,
having different rotational speeds ®, and w,.
These rotors, mounted on a common movable
base, rotate with the same average speed ® and a
certain phasing [6, 7].

From the figure we can see that in this crush-
er we need such self-synchronization of vibrat-
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ing exciters, at which the jaws synchronously
squeeze the material in the gaps between the
active and passive jaws and also synchronous-
ly move aside to release the crushed material.
With the accepted starting points for the angular
displacement of the eccentric weights it can be
seen that synchronous in-phase rotations of the
unbalances are necessary, at which

0=0,

(8)

whereas the angles 6, = -9..
Substituting the value (8) into equations (2) —
(7), there will be

M+ ML(¢,+0, +¢5)=0; 9)
My =2m 0’ cosot, (10)
Mo.>$ =0; (11)

(I+mI})§, +ml5+mglo, + b, —¢ ) +
+ Ao, —(pq)ll2 =m0803217 sinos;, (12)
(I +mlI2)§, +ml 5 +mglg, +b(@, —¢ ) +

+e(@, —@ I =—men’l sinors (13)

(I3 +mylP)§ 5+ mlx+mgle, +b(@, +¢, -
=20 DI} + (@, + ¢, —2¢ I =0. (14)

Let us first consider differential equations
(12) and (13). When adding the right and left
parts of these equations, 0 is obtained in the
right part. Consequently, the left parts should
be identical, i.e., the forces in the system of two
active jaws are mutually balanced at a given
self-synchronization mode. As a consequence,
¢, = 0. We conclude that at the considered mode
of self-synchronization of vibration exciters, the
middle (passive) jaw should be stationary with
respect to its angular oscillations around the sus-
pension point.

Taking into account this information, as well
as the condition ¢, = -, from equation (9) it fol-
lows that

Mx=0;x=0. (15)
Thus, there should be no horizontal transla-

tional oscillations of the whole system at this
synchronization mode.

The law of vertical rectilinear oscillations of
the entire crusher system follows from the equa-
tion (10):

V= (2mg/M)cosot. (16)

Active jaw swing equations (12) — (13) tak-
ing into account ¥ = 0 and ¢, = 0 and will be as
follows

2 . . 2 2
(I +ml])o, +mglo, +bo,l; +co l =

=®. . sinmt. (17
(I +ml} ), +mgle, +bo I} +co I’ =
=-®,/,sino?, (18)

where @ = m gw’.
After adding similar terms in these equations,
we obtain
PN 2
(L +ml))e, +1,(mg+cl)o, +bo ] =

(19)

=CI)OI2 sInm

(I+mI2)§, +1,(mg+cl)g, + b, 12 =

=-® [, sinwt. (20)
Let us reduce these equations to the standard
form:

0, +2n9, +coé(p1 =0, sino’,

e2y)

¢, +2n0, + coéq)z =-Q,sinwt, (22)

e 2= bll2 o - (mg+cl)I,
IT+ml’ 0 I+ml

0 ®y 23
L mll2 ' (23)

Equations (21), (22) represent the usual lin-
ear models of forced oscillations, the solutions
of which are well known and are given in text-
books on the theory of oscillations. Thus, each of
the active jaws in the first approximation makes
sinusoidal angular oscillations around its pivot,
which is required for technological reasons. In
this case, the oscillation range is the same for
both jaws, and their movements are synchro-
nized.

In addition, the entire crusher system, includ-
ing the jaws, vibrates vertically in a straight line.

MexaHu3a1wst, aBTOMATH3ALsl, MOZIC/IMPOBAHHE
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The combination of these movements is very
useful for the jaws, because the entire crush-
er system is in the lowered position when the
jaws are clamped. When the system is lifted, the
cheeks are unclamped and the crushed material
remains in the lower position. This facilitates its
rapid evacuation from the chambers of the chop-
per and prevents over-milling of the grain.
Theory and practice of synchronization show’
that in this case there can be another type of syn-
chronization — counter-phase, in which

o =T. (24)

Substitution of value a = 7 into the initial
equations (2) — (7) results in:

M3+ ML(§, +§ 4 +§4) =2me0” sinot, (25)

My =0;

(26)

Mo’ = —2m0£-:oa2 cosot;  (27)

(L+mi})p, +mlX+mglo, +b¢,—¢ I +

+c((p1—(p3)l]2 =m08w212sin03t; (28)

(L+mi} ), +mlX+mglo, +b(¢, —¢ )} +

+c(o, —(p3)ll2 = moz-:o)zl2 sino#,  (29)

(15 + m3l]2 Yp 5 +mhX +mgl@ +
+B(P, + ¢, =20 +
+e(@,+9, =20 =mEo’lsinot. (30)

As can be seen from these equations, the
mode of counter-phase synchronization is com-
pletely unsuitable for the technological process.
Active jaws oscillate in one phase, i.e. they have
no mutual oscillations relative to each other.
Consequently, there is practically no compres-
sion of the material to be crushed. This compres-
sion can be increased by increasing the inertia
of the middle passive jaw. However, there are
negative factors of this synchronization mode,
caused by difficulties with discharging of the
crushed material from the working chambers. In
this case, there are no movements of the jaws

along the y-axis, contributing to unloading, but
there are movements along the x-axis, prevent-
ing it. There are also rotary parasitic oscillations
of the whole system.

In this regard, the in-phase synchronization
mode is certainly preferable to the counter-phase
one for technological reasons. However, in dy-
namic systems the synchronization mode that is
stable is implemented, so it is necessary to prove
the stability of the required synchronization
mode and the instability of the other mode.

For this purpose, let us use the integral criteri-
on for the stability of synchronous motions (see
footnote 7).

It is formulated as follows: stable synchro-
nous motions correspond to the minimum of the
Lagrangian L of the mechanical system aver-
aged over the oscillation period.

The mathematical formulation of this criteri-
on can be written as follows:

2n/® 2n/®
sk

L' =2 [Ldt="" [(T-TI)dt — min (31)
2m v 2m v

Consequently, we conclude that L *< L *.
This means that the in-phase mode required by
technological considerations is stable. The ex-
perience of development of vibrating crushers
in the mining industry testifies to the stability
of this particular mode: if the crusher is a sym-
metric dynamic system (as in our case), such a
synchronization mode necessarily exists and is
stable [7].

Thus, the dynamic scheme of this crusher
is quite workable, and the required synchroni-
zation of vibrating exciters is set automatically.
The disadvantage of this dynamic scheme of the
crusher is noted: unbalances of vibrating excit-
ers are fixed on vibrating jaws, so their bearings
are subjected to high dynamic loads. Otherwise,
this dynamic scheme meets the requirements
listed in the introduction.

CONCLUSIONS

1. The mathematical model of dynamics of
a vibrating jaw crusher of fodder grain, taking

"Blekhman I.1. Vibrational mechanics: nonlinear dynamic effects, genera approach, applications. Singapore, New Jersey, London,
Hong Kong: World Scientific Publishing Co. Pte. Ltd. 2000. vol. 509. DOI: 10.1142/9789812794659.
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into account its design features and interaction
of working bodies with technological medium,
is obtained.

2. It is established that out of two possible
modes of synchronization the synchronous-syn-
phase mode is stable. The analysis has shown
technological operability of the dynamic scheme
of the vibrating jaw crusher in this mode of syn-
chronization, at the same time it meets practical-
ly all other requirements listed above.
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OUR JUBILJARS

Anexkcanap CemenoBuu loHueHko

PykoBomurento MHcTUTyTa 3KCiepuMeHTanbHON BetepuHapun Cubupu u JlanmbHero Bocroka,
akagemuky PAH, noktopy BeTepuHapHBIX Hayk, npodeccopy Anekcannpy CemeHoBuuy JloHYEHKO
25 uIoHA ucnonHseTcs 85 neT.

Anexcanap CemenoBuu poauics B 1939 r. B . Uute B ceMbe BOEHHOCHYyXXawlero. B nepuon
Benukoit OtedecTBeHHOM BOMHBI ceMbsi [lonuenko npoxuBaia B CeBepo-Kazaxcranckoit oomacTu
B coBxo3e «K3bui-Ackepckuit» («Kpacusiii Boun») [IpecHoBckoro paitona Kazaxckoit CCP. I'masa
cembu Cemen BacwibeBnu JloHueHko Obu1 yyacTHukOM Benmukont OTeuecTBeHHOW BOWHBI. B HroHe
1945 r. maiiop C.B. [lonuenko nepeses cembio B benopycckyro CCP Ha HOBoe MeCTO cBO€il CITyKOBbI
— B L. [Ipyxans! [Ipyxanckoro paiiona. A.C. Jlonuenko B 1946 r. noctymnui B nepsblii kinace [Ipysxan-
CKoM cpeaneit mkoubl. [locneayromire BoceMb KJIacCOB OH yuuJIics B cpeaHeit mkone I. Ciyika berno-
pycckoit CCP. Tlocne orctaBku B 1954 1. u3 Coerckoit apmun C.B. JloHueHKko repeexaii ¢ cembeil B
Cesepo-Kazaxcranckyro obmacts Kazaxckoir CCP.

B 1956 . A.C. [IoH4eHKO OKOHYMJI CpeAHIol0 1Koy B cene IIpecHoBka IIpecHoBCckoro paiio-
Ha Ceepo-Kazaxcranckoit obnactu Kazaxckoit CCP. TpynoByto NesTelnbHOCTh Hadal B COBXO3€
«[Ipunmmmcknin» Cepreeckoro paiiona CeBepo-KazaxcTanckoit 061acTi B Ka4eCTBE TPAKTOPHCTA.
B 1960 r. okoHunn yckopeHHbi (2,5 roga) kypc JIECHUHCKOTO CebCKOX03IUCTBEHHOTO TEXHUKyMa
(c. ITokpogka SBnenckoro paitona CeBepo-Kazaxcranckoii 00J1acTH), TOTYUHI CPEIHEE CIeIIMATEHOE
o0pa3oBaHMe — 300BETTEXHUK, Hayall paboTaTh BETTEXHUKOM B coBXx03e «[IpunimmmMckuiiy.

B 1960 r. moctynui B AiMa-ATUHCKUANA 300BETEPUHAPHBIA MHCTUTYT, KOTOPBIM C OTJIMYMEM OKOH-
yun B 1965 1., monry4uuB BhICIIIEE CTIEIIHAIEHOE 00pa3oBaHue — BeTepuHapHbIN Bpad. [ociie okoHuaHus
MHCTUTYTA €r0 paclpeeiin B AKTIOOMHCKUHN cenbX03TeXHUKYM (I. Temup AxTroOMHCKOH 00nacTu
Kazaxckoit CCP) mpenonaBaresieM BeTepUHAPHBIX TUCIUILIMH. [lanee B TeueHUe IBYX JIET MPOXOIUIT
ciyx0y B MunuctepctBe oxpanbl odmiectBeHHoro nopsiaka (MOOIT, Kazaxckas CCP, Anma-ATta) B
KauecTBe oduliepa-nHCIEKTOpa BETEPUHAPHO-KAPAHTUHHOM CITYKOBI.

B 1968 r. noctynui B 0uHy10 acnupantypy Kazaxckoro HayqHO-UCCIIEI0BATEILCKOTO BETEpUHAP-
Horo uHctutyta (KasHUBM) BO BACXHWJI (Anma-Arta). [locine okoHYaHUST aCTIMPaHTYyPhI 3alll-
TUJI KaHIUAATCKYIO0 AUCCEPTANi0 « IKOHOMUYecKast Y3PPEeKTUBHOCTh KOMIUIEKCHBIX BETEPHUHAPHBIX
MEPOTIPUSATHIA, HEKOTOPBIE BOTIPOCHI TUArHOCTHKH MIPH UCKOPEHEHHUH TyOepKyJie3a KPYITHOTO poraro-
ro ckotay (1972 r.) B Kuprusckom cenbckoxo3siicTBeHHOM MHCTUTYTE (T. @pyH3e). B Teuenue 6 et
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pabotan mupektopoMm ['ypbeBCKOl Hay4HO-MCClenoBarenbckoi BetepuHapHoi cranimu (HUBC,
. I'ypreB ['ypreBckoii obmactu Kazaxckoit CCP), 3arem crapiimM HaydyHBIM COTpyaHHMKOM B Kas-
HUBMU (Anma-Ata). B 1979 . nomyuwnn npuriamenue qupekropa MHCTUTYTa SKCIepUMEHTaIbHOM
BetepuHapun Cubupu u lansaero Boctoka (M3BCu/IB CO BACXHIJI, HoBocuOupck) akagemMuka
BACXHWJI A.A. CBupuI0Ba MPUHATH y9acTUE B KOHKYpCE MO0 M30paHUIO 3aBEAYIOIIETO J1adopaTo-
pueii TyOepKynesa CebCKOX03IHCTBEHHBIX )KUBOTHBIX 3TOTO MHCTHUTYTA.

B mapre 1979 . Anexcannp CemeHOBHY ObLT U30paH MO KOHKYPCY 3aBEAYIOLIUM JIabopaTtopuen
TyOepKyIesa cenbckoxo3siicTBeHHbIX KUBOTHRIX NOBCu/IB CO BACXHIJL

OnHOBpeMEHHO ¢ paboToi B KauecTBe 3aBeyrolero aboparopueii B 1988 . HazHaueH 3aMeCcTH-
TEJeM TUPEKTOpa MHCTUTYTa 1o HaydHoil pabote. C deBpans 1996 r. mo mapt 2012 r. Anekcanap
CemeHOBHY paboTall TUPEKTOPOM ITOTO MHCTUTYTA. B 1990 I. 3amuTHi JOKTOPCKYIO TUCCEPTAIINIO
«Ty0Gepkyne3 KpymHOTO poraroro ckora, BepomonoB u oer» (1990 r.). B atom xe roxy Beiciieit
arrectarmoHHoi komuccuel (BAK) npu Cosere MunnctpoB CCCP emy nmpucBoeHo 3BaHue mpodec-
Copa 1O CHEIHUATBHOCTH «BETEPUHAPHAS MUKPOOUOIIOTHS.

B mapre 1997 1. Ha obmem cobpannu Cubupckoro otnenenusi Poccenbxozakanemun A.C. Jlon-
4yeHKo n30pan 3amecturenem npezacenarens npesuanyma CO PACXH, B 2001 r. — nmepBbIM 3aMecTu-
teneM. 19 HosiOps 2004 1. Anekcanap CeMeHOBHY MPUCTYNUI K pabOTe B Ka4eCTBE MpeceaaTess
CO PACXH. 17 despans 2005 1. Ha obmmiem coopanuu o ObuT n30pan npeacenareaem CO PACXH,
YJICHOM Ipe3uanyMa 1 Bunie-npesuaentom PACXH.

[TpaBurensctBo Poccuiickoit @enepannu 25 okrsiopst 2013 . yrBepauio peopranuzanuio Pocenii-
CKOM akajeMuu cenbckoxossiicTBeHHbIX Hayk (PACXH) B denepasibHOe areHTCTBO Hay4HBIX Opra-
Huzaiuii (PAHO) PO. CO PACXH 06sb110 peoprannzoBano B CUOMPCKOE OTIEeNIEHHE arpapHbIX HayK
DAHO P®. PykoBoautesnem 3Toit HayuHO# opranm3amuu Obu1 HazHaueH A.C. Jlonuenko. 30 ceHTs-
opst 2015 1. Ha 6a3e CO arpapubix Hayk DAHO P® 6b11 oprannzoBan Cubupckuii penepanbHbIid
Hay4HbI neHTp arpoouorexHonoruit (COHLA) PAH. 9 mapra 2016 1. u3nan npukaz ®PAHO PO 06
opranmszanun COHIIA PAH, ¢ 5 anpens 2016 . A.C. JloHueHko ObUT Ha3HAYECH HAYyYHBIM PYKOBOJIH-
teneM 3toro LlenTpa.

20 mapra 2018 1. corntacHO 3asBICHUIO 110 COOCTBEHHOMY >keanuto Asekcanap CeMeHOBUY Tepe-
men padorars B UDOBCu/IB — nayunoe noapasnenenne COHIIA PAH — rmaBHBIM HayYHBIM COTPY/I-
HUKOM J1abopaTopuu TyOepKyie3a CelIbCKOX03MCTBeHHBIX KUBOTHBIX. C 31 mas 2021 r. commacHo
npukazy Ne 199-nk nupexropa COHIIA PAH on Ha3zHaueH HayuHbIM pykoBoautenem MOBCu/IB
C OIHOBPEMEHHBIM BBIITOJHEHUEM OOS3aHHOCTH IVIABHOTO HAYYHOTO COTPYIHMKA JIabopaTtopuu Ty-
OepKyre3a CelnbCKOX03sHCTBEHHBIX )KUBOTHBIX. C okTs10pst 2023 1. cran pykosoaurenem MOBCu/lB
C®OHIIA PAH.

B 2014 r. B cBs13u ¢ peopranuzaiueil Tpex rocy1apcTBeHHbIX akaaemuid Poccuiickont ®enepanun
(PAH, PAMH u PACXH) A.C. Jlondyenko u30pan akaaemukom PAH u unenom Ilpesunamyma PAH,
BKJIFOYEH B cocTaB Oropo CoBeTa akaJeMuu 10 KOOPAWHALIUY JISITEIbHOCTH PETHOHATIBHBIX OT/Iele-
HUI U pernoHanbHbIX Hay4dHbIX 1IeHTpoB PAH. B 2015 . onHOBpeMEHHO cTall 3aMECTUTEIIEM TIpEJICce-
narenst CO PAH no nayke.

A.C. Jlonuenxo kxak aupexrop UOBCu/IB CO PACXH, npencenarens CO PACXH, pykoBoauTesb
CO arpapnbix Hayk PAHO P®, 3amectutens npencenarens CO PAH mHorue romsl KyprupoBai HayYHbIE
HarpaBlieHus arpapHoil Hayku CHOMPH, B TOM YHCIIe TIO KUBOTHOBOJICTBY, BETEPUHAPHON MEIUIMHE U
nepepaboTke cenpxo3npoayKimu B Cubupckom peruone u Ha Kpaitnem CeBepe, akTUBHO 3aHUMAJICS
BOIPOCAMU BHEJIPEHUSI HAy4YHBIX Pa3pabOTOK B CETLCKOXO3IHCTBEHHOE MPOU3BOACTBO. Ero Hay4yHo-HC-
CIIeZIOBATEIIbCKAs! JEATEIFHOCT KaK YUYEHOTO MOCBSIIIeHa PodieMaM 300HO30B JOMAITHUX JKUBOTHBIX,
CO3/IaHHIO HAyYHO OOOCHOBAHHBIX TEXHOJIOTUI B )KUBOTHOBOZCTBE U BETEPUHAPHON MEUIIMHE, pa3pa-
OOTKEe HOBBIX BETEPUHAPHBIX TUATHOCTUKYMOB, CUCTEM CHEM(PUIECKOI 3alUThI )KUBOTHBIX OT 00JI€3-
HEli, CO3/IaHUIO MTPOTUBOTYOEPKYIIE3HBIX XMMHUOIIPENapaToB, BETEPUHAPHBIX TPHOOPOB, CENIEKIUU TUIIOB
¥ TIOPOJI CEJILCKOXO3SIMCTBEHHBIX KUBOTHBIX (OBELI, TAHTOBBIX OJICHEH U SIKOB).

Jnst BHeIpeHUs B JKUBOTHOBOACTBO AJjiekcaHapoM CeMeHOBHUYEM (B COaBTOPCTBE) MPEAJIOKEHO
Oonee 85 HaydHBIX pa3padOTOK, YTBEpPKIEHHBIX Haydno-texHmdeckum coBetoMm u ['Y JIB, MCX
CCCP u P®, a Takke Hay4HO-TEXHUUYECKUMHU COBETAMH YIIPABJIEHUHN CEJIbCKOTO XO3sIMCTBA MM MU-
HHUCTEPCTB CEIBCKOTO X03sicTBa CyObekToB Crnbupckoro (enepanpHOro okpyra u JlanbHEeBOCTOYHO-
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ro (enepanbHOro okpyra. Kpome toro, as1st CebCKOX0351MCTBEHHON MPAKTUKY MpeaiokeHo 80 meto-
IMYecKuX pekoMeHaauuii, TY, IpoekToB, yueOHBIX TOCOOUH U yUeOHUKOB, CIIPABOYHUKOB U TTOJIOXKE-
HUI{, MHOTHE U3 KOTOPBIX BHEAPEHBI B CEIBX03MPOU3BOJCTBO CYOBheKTOB CHOMPCKOTO PEernoHa.

A.C. JloH4eHKO y4acTBOBAJI B pa3pabOTKe HA OCHOBE OMOTEXHOIOTMUECKUX METOMIOB 3(PPEKTUBHBIX
TECT-CUCTEM JJISl IMarHOCTUKU TyOepKyIe3a, KJIacCH4eCKOM YyMbl CBUHEH, HH(EKIIMOHHOTO pUHOTpa-
XeuTa ¥ BUPYCHOU TMapeu KPyIHOTo poratoro ckora. Mim npennoskeH Bbicoko3(h(heKTHBHBIN MPOTHBO-
TyOepKyJIe3HbII XUMHOIIpenapaT HUa30H, ¢ MOMOIIBIO KOTOPOTO O3/I0POBJIEHBI OT TyOepKye3a MHO-
rue HeOIaronoayyHsle Mo TyOepKyie3y KpYyIHOIO poraroro CKora IyHKThl. COBMECTHO € YUEHBIMU
I'HIBub «Bekrop» (p.n. KombiioBo HoBocubOupckoro paiiona) pazpaboTaHbl cOCOOBI MOBBIIICHUS
€CTECTBEHHOM Pe3UCTEHTHOCTH OPraHU3Ma XKHUBOTHBIX € TOMOILBI0 UMMYHOMOAYJISITOPOB (TTOIUPHO0-
Hart, puocTuH). [ Ipenaparsl HCTIOIB3YIOTCS M KaK IbIOBAHTBI JJ151 IIOBBIIIEHUS IPOTEKTUBHBIX CBONCTB
c1abOMMMYHOTEHHBIX BaKLIKH MpoTuB TyOepkynesa (BLIK) u mpita nomaneii. UMMyHOMOITyATOPBI U
TEXHOJIOTUU UX MPUMEHEHUS! BHEAPEHBI B BETEPUHAPHYIO MPAKTUKY. MHOTHME HayuHble pa3pabOTKH
A.C. JIoHYEHKO 3all1ILEHbl ABTOPCKUMHU CBUJIETENBCTBAMU, TATEHTAMU U CEJIEKLIMOHHBIMU JOKYMEH-
tamu Poccuiickoii @enepanun. Kakx nupexrop UOBCu/IB CO PACXH, 3aBenyrommii 1aboparopueii
TyOepKyJie3a )KUBOTHBIX W 3aBEIYIOIINUN OTJIEIIOM TeopeTudeckoi obmeit nndekronoruu, A.C. JloH-
4yeHKo noMumo BbinosiHeHuss HUP npunuman aktuBHOE y4acTre B OCBOGHUH HOBBIX JUArHOCTHKYMOB,
BETEpUHAPHBIX MPENapaToB U BETEPUHAPHBIX aNlapaToB U pa3HOOOPA3HBIX MPOTUBOIMH300THUECKUX
CHCTEM BETEPUHAPHBIX MEPOIPUATHI B X03stiicTBaXx CHOMpPH, MO3BOJSAIOIINX NPOPUIAKTUPOBATh, KY-
MIUPOBATh U JIMKBUIUPOBATh TyOEpKyJie3, OpyLesuies, SuAepMUT OapaHoB, 00JI€3HU TEJIAT, pPUHOTpaxe-
UT U psA Opyrux nHGEKuuii. MHOTHE TOAbI OH PYKOBOIMI CHOUPCKOH MOCEKINEN, OpraHM30BaHHOM
pu UDBCu/IB CO PACXH, cexmun nHPEKIIMOHHBIX OOJIE3HEH CETbCKOXO3SIMCTBEHHBIX KHUBOTHBIX
Otaenenus BerepruHapHoi Meauimasl PACXH.

A.C. JIoHYeHKO B COaBTOPCTBE OMyOIMKOBaHO 882 Hay4dHBIC PaOOTHI, B TOM YHUCIIe Oosee 85 KHHT,
MoHorpaduii, yueOHUKOB, CIIPABOYHUKOB, YUEOHBIX MOCOOMI, HAyYHO-METOIMYECKUX PEKOMEH/1a-
umif. Hayunsle pa3pa®orku 3ammiieHsl 30 aBTOPCKMMHU CBUIETENIBCTBAMHU, MATEHTAMH, JTOKYMEH-
TaMH O CEJIEKLIMOHHBIX JOCTMXKEHUsX. OH sBisieTcs coaBTopoM Asnrtae-CassHCKON MOpOJbl MapasioB
(2007 1.), Tuna 3yranaickuil aruHCKoM nopojsl oser (2016 r.), Tuma mopozbl TOMAIIHUX SKOB —
Capinpik (2021 r.). ITox ero HaydyHBIM PYKOBOICTBOM M KOHCYJBTAITUEH 3aIIUIIEHO 23 TOKTOPCKHUX,
30 kangumarckux aucceprammid. Yuenuku A.C. JloHueHko ycnemHo TpyasTcs B HoBocuOupckoid,
Owmckoit, Yenssounckoit, AMypckoit obnactax, [Ipumopckom u AnTaiickoM Kpasix, pecryonukax Caxa
(Axytus), Anrait, Tamkukucrane, Kazaxcrane, Monromuu u Kanaze.

A.C. JIoHUEHKO KaK 3aBEIYIONINI Kadeapoil SMM300TOIOTHH, MUKPOOHOJIOTHH U TTapa3UTOJIOTHU
HoBocubupckoro rocynapctseHHoro arpapHoro yHusepcurera (1997-2019 rr) ynensin Oombiioe
BHUMaHHME MOJITOTOBKE MPAKTUUECKUX BETEPUHAPHBIX CIELUATUCTOB /sl CHOMpPCKUX cyObekToB Poc-
cutickoit denepanumu.

B pernonax Cubupu MHOTHE rojibl yCHemHo (GyHKIMOHUPOBAIM OPraHU30BaHHBIE 110 MPEIIOxKe-
Huto A.C. JIoH4eHKO HayuyHO-00pa30BaTeIbHO-IPOU3BOICTBEHHBIEC KOMIUIEKCHI — HOBast popMa HHTe-
rpanyy HayKu, 00pa30BaHUsI U IPOU3BOICTBA.

bonee 20 ner A.C. JloHYEHKO UCTIONHS 00S3aHHOCTH TIPEICEAaTeNsl CIEIHAIM3UPOBAHHOTO CO-
BETAa 10 3aIUTE JOKTOPCKUX aucceprainoHHbIX padoT nmpu MDOBCu/IB CO PACXH u CO arpapsbix
Hayk ®AHO P®. Ha npoTrskeHMM MHOTHX JIET OH BO3IJIABJISIET PEAAKINI0 KypHana «CHOUpCKuit
BECTHUK CEJIbCKOXO35IICTBEHHON HAYKN», SIBISETCS YICHOM PEIKOJJIETHH YEThIPEX APYTHX HAyUHBIX
KYpHAJIOB (OHOTO 3apy0eKHOTO).

A.C. Jlonuenko ObIT IBakabl m30paH aemyraromM HoBocuOupckoro obmactHoro cosera (1999—
2002 rr., 2002-2005 rr.), r71e 3aHUMAJICST HAyYHBIMU IPOOJIeMaMH CEIbCKOXO3IUCTBEHHOTO MTPOU3BO/I-
CTBa, pa3BUTHEM IPUPOTHBIX PECYPCOB U OXPAHOM OKpy»Katoriei cpenbl HoBocrOupckoii oomacty.

[Ipencenarens CO PAH, akanemux PAH,

JOKTOp xumudeckux Hayk B.H. ITapmon

Hupexrop COHIIA PAH, unen-koppecnonaent PAO,
nokrop ouonornyeckux Hayk K.C. ['omoxBact
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K ro0muero I'asmmasl MouceeBHbl [ oHUapeHKoO

JlokTopy OMOJIOrHYECKUX HayK, TIABHOMY HAyYHOMY COTPYAHHUKY J1a00paTopur OMOTEXHOIOTUU
CubHupcKOro Hay4HO-HCCIIEAOBATEIBCKOTO U MPOEKTHO-TEXHOJIOIMYECKOT0 MHCTUTYTa KMBOTHO-
BojzicTBa (CuOHUIITNIK) COHIIA PAH I'anune MouceeBne ['onuapenko 3 mast 2024 1. uCoigHu-
nock 70 ner.

I'anmaa MouceeBna B 1978 1. 3akoHuUnMna ANTaliCKHUI CEIbCKOXO3SIMCTBEHHBI MHCTUTYT IO
CHEeNHATBHOCTH «300TeXHUs». PaboTana riaBHBIM 300TEXHUKOM BBICTPOHMCTOKCKOTO COBXO03a, 3a-
teM B 1980 . moctynuia B acnupantypy npu CuOHUIITHKe. B 1987 r. 3amuTHia AuccepTaiuio
Ha COMCKAaHUE YUEHOW CTENEHM KaHAWJaTa CeIbCKOXO35ANCTBEHHBIX HaykK, B 2010 r. ero 3amumie-
Ha JOKTOpcKas nucceprauus no crneunanbHoctu 06.07.01 «Pa3BeneHue cenekiusi, TeHETUKA U
BOCIIPOM3BO/ICTBO CEJIBCKOXO3SIMCTBEHHBIX KUBOTHBIX». ['anmmHa MouceeBHa SBIISETCS BEIYIIMM
CHEIHAIIUCTOM B OOJACTH W3YyYEHHUS TE€HETHUKU CEJIbCKOXO3SMCTBEHHBIX >KMBOTHBIX, PYKOBOAMT
KPYITHOH PETHOHANBHOH J1aboparopuell Mo MMMYHOT€HETHYECKOW, MOJEKYISPHO-TeHETUIECKOM
AKCIEPTU3E U CEJIEKIIMOHHOMY KOHTPOJIIO KaueCTBA MOJIOKA (CBUJETENBCTBA O PETUCTPALIMU B TOCY-
JapcTBeHHOM miieMeHHOM peructpe Ne 007872, 007919, 007920). ITpu 3ToM 0cob0e BHUMaHHE OHA
yIeJNeT UCIONb30BAHUIO TeHETUYECKUX MapKepoB (Tpymnmsl KpoBu, SNPs) B cenekiuu KpymHoro
poraroro ckota, CBUHEW, oBell. VccinenoBanys HalpaBIeHbl HA PEIIEHNUE BOMPOCOB MO KOHTPOJIIO
MIPABUJIBHOCTH 3alMCeil MPOUCXOXKACHUSI MOJIOJHSKA, BBISBICHUS MapKepOB, CBA3aHHBIX C IMPO-
JTYKTUBHOCTbBIO, TOMYJISIUOHHO-TEHETUUECKON XapaKTEpUCTUKOW OTAENbHBIX MOMYJISALMH, CTaf,
nuHui. ['anmrnaa MouceeBHa ABISIETCS COABTOPOM IOPOJABI KPYIIHOTO POraToro CKOTa MOJOYHOIO
HarpasJIeHUs] TPOyKTUBHOCTH Cubupsiuka (aBropckoe cBuaerenbetBo Ne 67216 ot 08.02.2018).
OHa npyHMMaJa y4acTHe B IPOBEICHNUHU UCCIIEI0BAHUN 110 TEHETUUECKON XapaKTePUCTUKE TTOPOJIbI
C UCTOJB30BaHNEM UMMYyHOTreHeTnueckoro u [11[P-ananu3a.

I"M. l'oHuYapeHKo yCHeIlHO MOArOTOBUIIA YEThIPE KaHIuaTa HayK U ObLla PyKOBOAUTEIEM TPEX
BBIITYCKHBIX KBaJM(UKAIIMOHHBIX paboT. B HacTosee BpeMs OHa PyKOBOJHUT MOATOTOBKOM JBYX
KaHAUAATCKUX TUCCEPTALUM.

['anuna MouceeBHa — WiI€H JBYX JAUCCEPTALMOHHBIX cOBeTOB HoBOCHOMpPCKOTrO rocyapcTBeH-
HOTo arpapHoro yHuBepcurera. HeonHokpartno saBisuiack wieHoM [AK B HI'AY, nayunbiM 3kc-
neproM Poccuiickoro ¢oHma QyHIaMEHTAIBHBIX HCCIeI0BaHUM B PoccHiiCKO# akaaeMuu Hayk.
I'M. ToHyapeHKO TPUHUMAET aKTUBHOE yJacTHe B KOH(PEPESHIUAX PA3HOTO YPOBHS, arpodopyMmax,
CEMUHapax, BEIeT HACTaBHUYECKYIO JAEATEIbHOCTb CPEAN MOJIOJIBIX CIIELUATNCTOB, IPUBJIEKAs UX
K Hay4HO-HCCIIEIOBATEIbCKON paboTe.
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Pesynbrarsl uccnenoBanuii ['anuusr MounceeBHsl onyOnrkoBansl B 6onee 110 HayuHbIX paboTax.
Omna HarpaxkJieHa MOYeTHBIMU TpamMoTaMu rydepHaropa HoBocubupckoil obnactu, aenapraMeHTta
arponpoMBbIIIIEHHOTO KoMIuiekca HoBocuOupckoit 06acTi, MUHHUCTEPCTBA 00pa30BaHusl, HAYKU U
MHHOBallMOHHOW nonutuku HoBocubupckoit oonactu u Megansio M.U. Cunsruna.

[Tozmpasnsiem [NanmmHy MouceeBHY ¢ peKpacHOW FOOMIEHHON MaToW M KelaeM el KPEmKoro
3I0pOBBS, TYIIEBHBIX CHJI JJI HOBBIX CBEPILIEHUN U NPETBOPEHHUS B JKU3Hb CBOMX TBOPYECKHUX
3aMBbICJIOB, CUACThsl, HEUCCAKAEMON YHEPIHH, XOPOIIIETr0 HACTPOEHUS U BCexX OJar.

Hupexkrop COHIIA PAH, unen-koppecnonneHt PAO,
nokrop 6uonornueckux Hayk K.C. T'omoxsacr,
kosutektuB CuOHUIITUKa COHIIA PAH
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K 70-1eTuro Bukropa Anexkcanaposuya Porayesa

JIoKTOpYy CenbCKOXO3SUCTBEHHBIX HAyK, 3aBeIylOIIeMy JabopaTopueil KOpMIIEHHUSI CETbCKOXO-
3STCTBEHHBIX KMBOTHBIX, TexHONMOTHi kopmMoB CuOHUIITNIK COHIIA PAH Bukropy Anekcan-
nposuuy PoraueBy 5 mas 2024 r. ucnionauiock 70 ner.

Buxrop Anekcanaposud B 1977 1. ¢ omnmunem okoHunia HoBocuOupckuil cenbcKoXo3sicTBeH-
HBI{ MHCTUTYT IO CHEUUANbHOCTH «300TexHUs». CHavdana oH paboTajn MIIAJIIUM HAyYHBIM CO-
TPYAHHKOM B OTPACIEBOH J1a00OpaTOpHH TEXHOJIOTUU MPOM3BOACTBAa MoJloka KemepoBckoro ¢puiu-
ana HCXU, 3arem 2 roxna ciyxui B COBETCKOM apMHM KOMaHAUPOM OTHEBOTO B3BOJIa rayOMUYHOM
Oarapen.

B 1984 . noctynun B ounyto acnupantypy npu CuoHUIITHKe. B 1987 1. 3amuTin nuccepra-
[UIO HAa COMCKAHWE YYEHOU CTENEHU KaHAUAaTa CeIbCKOX035IMCTBEHHBIX HayK, B 2005 1. — qoKTOp-
CKyl0 qucceprauuio «MeToabl MOBBILEHUS MUTATEIbHON HEHHOCTH KOPMOB U MPOLYKTUBHOCTH
CEJIbCKOXO3SHCTBEHHBIX JKUBOTHBIX». 3aHUMAsICh HAyYHO-HUCCIIEA0BATEIbCKOM paboToi B TOMHKHO-
CTH MJIQJIIIEr0, CTApIIETO, BEAYIIEro M IJIaBHOTO HAyYHOTO COTPYAHHUKA, 3aBeyOIIero jabopa-
Topuel, Bukrop AnekcanapoBuy 3apeKOMeHA0Bal ce0sl BBICOKOKBAIU(DUIIMPOBAHHBIM ClIELUAIIU-
CTOM C TBOPUYECKHUM ITOJIXOIOM K JIEIY.

OCHOBHBIE HANPABIEHUS HAYYHO-NCCIIEN0BATEIBCKON AesTenbHOCTH B.A. PoraueBa cBsi3aHbl ¢
pa3paboTKOM penenToB KOMOMKOPMOB U OMOTHYECKHX 100ABOK M3 MECTHOTO MPUPOTHOTO CHIPHS,
COBEPILIEHCTBOBAaHHEM TEXHOJIOTHI1 3arOTOBKH OOBEMHCTBIX U KOHIIEHTPUPOBAHHBIX KOPMOB, OIITH-
MU3alKel CUCTEMbl KOPMIIEHHUS M PALIMOHOB CEIbCKOXO3SHCTBEHHBIX KUBOTHBIX PA3JIMYHbBIX BUIOB
10 HOPMUPYEMBIM JIEMEHTaM ITUTaHMUS.

B teuenue mHorux ser Bukrop AnekcaHApOBHY 3aHUMAJICS OLIEHKOW MPOAYKTHBHOTO M (H-
3MOJIOTMYECKOTO JIEUCTBUS SHEPronpoTenHOBBIX 100aBoK (DI1/]), n3yueHnemM KOHCEpBUPYIOLIUX
CBOWCTB 3JIEKTPOXMMHYECKH aKTMBMPOBAHHBIX BOJHO-COJIEBBIX pacTBOpoB (DAP), mouckom s¢-
(bEeKTHBHBIX METOJI0B MHAKTUBAIIMH AaHTUITUTATEIbHBIX COSTUHEHUH (PypakHOTO 3epHa parica, pxkH,
COU U APYTUX KYJIBTYP, OLIEHKOH 3()()eKTHUBHOCTHU HUCIIOIB30BAaHUS PA3IMUHBIX XUMUYECKUX peareH-
TOB U OaKTepUaIbHBIX 3aKBACOK IPH 3arOTOBKE OOBEMHUCTHIX KOPMOB.

B.A. PorayeB mpoBe ATUTEIbHBIE KOMIUIEKCHBIE SKCIIEPUMEHTHI IO OLIEHKE LIEIeCO00Pa3HOCTH
MIPUMEHEHHUS B KIIUMAaTUYeCKUX ycIoBUsAX CHOMPHU TEXHOIOTMH 3aTOTOBKHU ILTIOLEHOTO (Pypa’kKHOTO
3€pHa MOBBIILIEHHOHN BIAXKHOCTH (BOCKOBOH CIIEIOCTH), TEXHOJIOTUH 3aTOTOBKH TPABSIHBIX PYJIOHOB
C FEpMETUYHOH yIIaKOBKOM B IIJIEHKY, 3aHUMAJICSI COBEPILIEHCTBOBAHUEM TEXHOJIOT MM IIPOU3BO/ICTBA
MaTOKM M3 3€pHa pa3INyYHbIX (QypakHbIX KylbTyp. VIM mpoBeneHa cepusi ONBITOB MO HU3YyUYEHUIO
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HALTN OBUJIAIPHI

BIIUSTHUSI HOBBIX KOPMOBBIX JJOOaBOK Ha COXPaHHOCTh, MPOAYKTUBHOCTh M (DU3HOIOTHYECKHE MTOKa-
3aTeNu CeIbCKOX03SICTBEHHBIX )KUBOTHBIX PA3IUYHBIX BUIOB.

MHoro et BukTop AnexcanapoBHy 3aHUMAETCs pa3pabOTKOM PEIENnTOB U OIeHKOM d(hPerTrB-
HOCTH UCTIOJIB30BAHMSI B paIlIOHAX MEpPerneioB KOPMOBBIX 1I00aBOK HAMPABJICHHOTO JCUCTBUSA, CO-
JIEPKAIIUX KOMIIOHEHTHI, MOTy4yaeMbIe U3 MPUPOIHOTO CHIPhs (CKOpIIyNa KEAPOBOrO Opexa, XBOs
COCHBI, pajauoiia po3oBasi, apabMHOTramaKkTaH, objenuxa, yara, canpornenas u ap.). [peanoxenus,
CleNaHHBbIE Ha OCHOBE TMOJYYEHHBIX B MCCIEJOBAHUAX PE3YJAbTATOB, alpOOMPOBAHBI B PSIE XO-
3stiictB HoBocuOupckoit oonmactu (OITX «OmutHoe», DI'YIT «KpemiieBckoey, OAO «Hukomabckoey,
OAO «bonbiienukonabckoe» u ap.). B.A. PoraueB xopoio u3BecTeH yueHbIM-arpapusiM 1 MHOTHM
PYKOBOAMTEISAM CEIIbCKOXO3SMCTBEHHBIX MPEANPUITHH, MOCKOJIbKY HUCCIEAOBAHUS, MPOBOIUMBIE
UM, SIBJISIFOTCS] TIEPCTIEKTUBHBIMU, @ TIOJTyUYE€HHBIE PE3YJIbTaThl UCTIOIB3YIOTCS B IPOU3BOJICTBE.

B.A. PoraueB — oqun u3 aBTopoB KHUT «Cosi B 3amannoit Cubupu» u «’KMBOTHOBOICTBO Ha
JTUYHOM TIOZIBOPBE U B KPECTHIHCKOM ((hepmMepckoM) X035iCTBE», MIECTH METOAMYECKIX PEKOMEH-
JAIUi, B KOTOPBIX U3JIaraloTCs TEOPETUUYECKHUE TTOJIOKEHUS U MMPAKTUYECKUE METO/IbI TTOBBIIIICHUS
3(h(PEKTUBHOCTH CEIBCKOXO3SIMCTBEHHOTO Mpou3BoACcTBA. OH omyOnukoBan 157 HaydHBIX paboT,
nmeet 7 nareHToB Poccuiickoit denepanuu.

IMomumo npodeccronansHol nestensHocTH B.A. PoraueB 3anumaercst TBopuecTBoM. OH aka-
nemuk [leTpoBckoil akageMun HayK U UICKYCCTB, pekopAacMeH Poccun B HoMuHaiuu «Pekopabl Ma-
crepoBbix Poccumy». IM U3roToBieHa yHUKallbHAs KOJUIEKIMS caMbIX MalleHbkuX B Poccuu, ucro-
PUYECKH JTOCTOBEPHBIX 00pa3lOB JPEBHEPYCCKOTO 3AIIUTHOTO M HACTYIATEIIEHOTO BOOPYKCHHSI
X—XVII BB., HanMcaHa U MpOWLIIOCTpUpoBaHa kaura «Kpemnka OpoHst Ha moje Opann». Buxkrtop
AJeKcaHApOBUY MOCTOSHHBINA yUYaCTHUK Pa3nuuHbIX (OTOKOHKYpcoB: «IIpupoma Cubupuy», «IIpu-
poxa poxHoro kpasi» u ap. OH AByKpaTHBIN mobdenuTens MexayHaponHoro GpoTokoHKypca «Mup
razamu O6unosoray (bapHayn) B Homunanun « Mukpomup». Mms B.A. PoraueBa 3aHeceHO B KHUTY
«Pexopasl n noctmxennss HoBocubupcka (HoBoHMKOMaeBCKa)».

[To3apasnsiem Bukropa AnekcaHApOBUYA C FOOHIICEM U KeJlaeM €My XOPOIIEro CaMOYyBCTBUSI,
yIa4u, HOBBIX YCIIEX0B B MPO(GEeCCHOHATBHOMN U XyJOKECTBEHHON ASITENIbHOCTH.

Hupexrop COHIIA PAH, unen-koppecnionaent PAO,
nokrop 6uonornueckux Hayk K.C. T'onoxsacr,
koiutektuB CuOHUIITUKa COHIIA PAH
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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;

e 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 Scientif-

Section name . 1. . .
ic Specialties, for which academic degrees are awarded

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

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

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

4.1.1. General agriculture and crop production

Fodder production 4.1.2. Plant breeding, seed production and biotechnology

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

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

4.2.5. Breeding, selection, genetics, and animal biotechnology

Mechanization, automation, mod-

elling 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.
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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
documents. 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
expressed 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
sending 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
conducted in Russian and English.

If authors from different institutions took part in the preparation of the article, it is necessary to indicate the affili-
ation 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
content, follow the logic of the presentation of the material and description of the results in the article with the pro-
vision 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 contribution of the author; the place of research should be indicated to the district (region), specific organi-
zations 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.

CuOMpPCKUI BECTHHK CEJBCKOXO3MHCTBEHHON Hayku * 2024 « 545 121



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,.

1Klimova E.V., Andreeva O.T., Temnikova G.P. Ways to stabilize food production in Transbaikalia / Problems and
prospects of perfecting zonal farming systems in modern conditions: materials of the scientific and practical conf.
(Chita, October 16-17 2008). Chita, 2009, pp.36-39.

Digital Object Identifier — DOI (when the cited material has it) should be indicated at the end of the bibliographic
reference.

Example:

Chu T, Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize

(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.

The DOI of the article should be checked on the website http://search.crossref.org/ or https://www.citethisforme.
com. To do this, enter the title of the article in English in the search bar.

FIGURES, TABLES, SCREENSHOTS AND PHOTOGRAPHS

The figures must be of good quality, suitable for printing. All figures must have captions. The caption must be trans-
lated into English. Figures should be numbered in Arabic numerals according to the order in the text. If there is only
one figure in the text, it is not numbered. References to figures should be formatted as follows: “Fig. 3 indicates that ...”
or “Itis indicated that ... (see Fig. 3)”. The caption under the figure includes a figure number and its title. “Figure 2. De-
scription 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 num-
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bered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not numbered.
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, I, 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.
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