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Variability of morphological characteristics
of red forms of amaranth with a high content
of biologically active substances under conditions
of the Moscow region
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Abstract. The study of variability of morphological features in red-colored varieties of amaranth and their
correlations at different stages in the conditions of the Moscow region makes it possible to identify features
that affect productivity, amount of amaranthine and other biologically active substances. After analyzing
vegetative characteristics, the varietal features of amaranth plants were proved to have a smaller impact on
‘root length’, ‘plant height’ and ‘number of leaves’ characteristics than the cultivation conditions, especially
at the initial stages (ISB (Influence share of the weather conditions) from 22 to 58 %). It follows from the
phenotypic variability analysis that the genotypic component values varied significantly only at the last stages
(Cvg>35 %). The maximum values of phenotypic variability were marked in all varieties at the stage of active
growth considering the ‘root length’ (Cve=32...47 %) and the ‘number of leaves’ (Cve=48...85 %). The
generative characteristics seemed to be significantly influenced by the varietal factor (ISA (Influence share of
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varietal characteristics) =40...88 %) starting from the third stage. The genotypic component of all varieties was

high considering the inflorescence weight (Cvg=75...86 %). In signs of general productivity, it was studied

that the leaves (93...112 g/plant) contributed the most for amaranth forms, which mass in all varieties largely

depended on weather conditions (ISB > 55 %). The interrelation of the leaves productivity was noted high with

all the vegetative characteristics on phase III-V (r =0.71...0.92) and with ‘inflorescence mass’ on phase V-VI.
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Introduction

Amaranthus L. plants are a source of valuable bioactive compounds that could be
used in various spheres of national economy. Amaranth exceeds traditional grain and
vegetable crops in nutrients content especially in protein and fat; the amaranth protein
is especially valuable, as it contains the optimal ratio of essential amino acids [1, 2].
Leaves and inflorescences of red amaranth forms are raw materials for a valuable food
dye — amaranthine, its antioxidant properties could be compared with ascorbic acid [3].

An important feature of the amaranth is plasticity, which ensures the variability both
of plant morphological characteristics and of biochemical composition of substances
and their content in leaves. The wide variability of the content of various amaranth
substances is designed by its genotype and conditions of plant growth: region climate,
cultural practices, stage of plant development [4, 5].

The aim of this study was to design the maximum plant productivity of red amaranth
forms depending on the growth stage and establish the interrelation with the quantitative
characteristics of amaranth plants grown in open field in Nonchernozem zone of the
Russian Federation (Moscow region).

Materials and methods

Various morphological characteristics of red amaranth varieties (Valentina, Don
Pedro and Fakel) and green amaranth varieties with red inflorescences (Pamyati Kovasa
and Ecu 17020) were studied at biometric analysis depending on the growth stage and
weather conditions in 2013—2016 [6-8].

The methodology for field experiments was developed considering the peculiarities
of field experiment in selection, variety and primary seed breeding of vegetable crops
set by OST-4671-78.

Field experiment in cultivation of varieties of different amaranth species was
performed in open fields of Federal Scientific Vegetable Center in 2013—2016. Amaranth
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seeds were sown in open field in an ordinary way manually in the 4th decade of May.
Field experiments (size of plots and sowing schemes) were carried out according to
OST 4671-78. During the growing season we performed phenological observations,
accounted for biometric characteristics, collected amaranth species. The phenological
observations were carried out in accordance with the methodological guidelines for
the study of green crops [9—12], the dates of onset of the most significant phases for
amaranth plants were noted.

The obtained data were processed statistically using MS Excel spreadsheets. The
necessary observations, accountings and analyzes were conducted on the techniques
considering peculiarities of field experiment in breeding and crop production under the
method of field experiment according to Litvinov [13].

For data processing, a scheme of two-factor experiment was used: influence of
variety factor — Factor A (variety) and cultivation condition — Factor B (year) on
variability of the studied characteristics. The total phenotypic dispersion is represented
by decomposition into individual components: environmental variability (Cve, %) and
the influence of varietal factor — a genotypic component (Cvg, %) [13].

Results and discussion

Root length. Analyzing variability of ‘root length’ parameter, an increase in values
was observed as the amaranth plants develop. The most favorable conditions for root
system development in most varieties (except Valentina) were formed in 2013, when the
average root length of plants was significantly higher by the beginning of flowering. Don
Pedro variety had some significant differences between the years (Cve = 25...47 %).
The parameters for 2014 are characterized by a sharp transition from phase II to phase
IIT with achieving plateau after phase III. In 2013—2014, parameters of ‘root length’
for Fakel are characterized by a sharp increase from phase I to phase III. In 2015—2016
the values almost immediately achieve plateau: after phase I in 2015 and after phase II
in 2016 [14].

The following features can be distinguished in green varieties. Pamyati Kovasa
demonstrates slow growth of root system at the initial stages of its development only
under unfavorable 2015 conditions. Ecu 17020 variety had the least susceptibility to the
changing weather conditions during its vegetative growth (Cve< 20 %) [9, 14].

The results of two-factor analysis demonstrated that the varietal factors (factor A) of
the amaranth plant have a smaller impact on root system growth than cultivation conditions
(factor B—the year), especially at the initial development stages (Fig. 1). The influence
of factor A ranged from 1 to 30 %, and factor B— from 20 to 57 %.

This is also confirmed by low values of genotypic component of phenotypic
variability of ‘root length’ characteristics (Cvg <15 %). The maximum values of
ecological variability for all variety characteristics were noted at the stage of active
growth (Cve=29...44 %).

MORPHOLOGY AND BIOCHEMISTRY OF PLANTS 11
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Fig. 1. Influence of genotype — factor A (variety) and cultivation conditions — factor B (year) on root
length of amaranth varieties at different growth stages (2014—2016)

Height of plants. The highest growth parameters were marked in Ecu 17020 and Don
Pedro, while Pamyati Kovasa amaranth had the lowest growth. The maximum height
of plants was in 2013 (Fig. 2).

Fig. 2. Height of amaranth plants depending on variety (A), growth stage and research year (B)

Under the conditions of growing red variety Valentina, schedules for 2014—2015
reach a plateau at reproductive stages, and 2013 curve is constantly growing. Don Pedro’s
plant height curves have been observed to plateau at different stages of plant development.
2013 and 2014 can be considered for Fakel as reaching a plateau after phase III, and the
indicators for 2015—2016 differ significantly at the early stages.
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In 2013 and 2014, for green varieties Pamyati Kovasa and Ecu 17020, we can note
a constant increase in ‘plant height’ curves. At the same time, in 2015—2016, graphs
for Pamyati Kovasa reach plateau after phase III, and phase IV (See Fig. 2) [15, 16].

It should be noted that in different years the influence of year conditions was essential
in phase II-VI IS, >52 %. The greatest varietal differences were noted at the last stages
(Cvg>35 %).

Number of leaves. The patterns above are similar to changing the ‘number of leaves’
characteristic. The influence of year conditions was significant (ISB >34 %), and ‘plant
height’ reached its maximum starting from phase III, ISB>82 %. The differences
between 2013 and 2015—2016 are the most noticeable. In 2014, there were no significant
differences compared to 2013 in the active growth phase, but the number of leaves on
plants was significantly lower at the beginning of budding and later stages [14, 15].

From the analysis of phenotypic variability, it follows that the values of genotypic
component ranged throughout the ontogenesis (Cvg=5...77 %). The values of
environmental variability coefficients were the largest for Pamyati Kovasa variety
(Cvg =34 %); at other stages, the influence of year conditions was significant for all
varieties (Cve=52...87 %) depending on the variety and phase of development.

Plant productivity by total leaf weight. Some similar features in the development
dynamics were identified for the ‘total leaf weight’ characteristic, however, the influence
of weather conditions was significant at all stages of development, in contrast to the
varietal factor (ISA<15).

2013 was distinguished by high values at phase IV for Don Pedro, Fakel and Pamyati
Kovasa varieties; at phase V — for Valentina variety. For Ecu 17020, the leaf mass after
phase IV remained unchanged till the end of the growing season.

On average over the years, the highest productivity was noted in the three
varieties — Don Pedro, Fakel and Pamyati Kovasa at the beginning of seed formation
(95...112 g/plant). In varieties Valentina and Eku 17020 (more than 120 g/plant) — at
the ripening stage (V phase). Varietal differences are more significant than ‘leaf mass’
and ‘number of leaves’ [13, 15, 16].

Inflorescence length. Among the studied varieties, two groups can be
distinguished: with large inflorescences (Fakel, Valentina, Pamyati Kovasa) and
small inflorescences (Don Pedro and Ecu 17020). Comparing the values for different
years, general patterns were found: a high growth rate of inflorescences at the
stage ‘beginning of budding-flowering’ and its slowdown to phase IV (Fig. 3).
The most optimal conditions for Valentina and Don Pedro were in 2015; for Fakel
and Ecu 17020 —in 2013 [17, 18].

Significant fluctuations in the coefficient of phenotypic variability were observed
in late-ripening varieties of amaranth Don Pedro (Cve=236...87 %) and Eku 17020
(Cve =25...84 %) with maximum values in phases IV and V (Cve =72...94 %). The
values of genotypic component had the maximum variation a in phase IV (Cvg=43 %).

These features explain the more significant influence of genotype on development
of reproductive system of amaranth plants. The share of influence of this factor at the
stages of maturation was more than 45 %, which is significantly higher than that of
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plant height (ISA <25 %), root length (ISA <30 %), and number of leaves, (ISA<5 %).
At the same time, the effect of cultivation conditions, factor B, is significantly less
(IBS<37) (Fig. 3).

Fig. 3. Influence of genotype — factor A (variety) and cultivation conditions — factor B (year)
on inflorescence length of amaranth varieties at different growth stages (2014-2016)

Inflorescence mass. On this basis, two groups of varieties can be distinguished:
Valentina, Fakel and Pamyati Kovasa with large inflorescences (>25 g); Don Pedro and
Ecu 17020 with small inflorescences (<10 g). Varietal differences were observed at all
stages of inflorescence development (ISA=43...87 %), and influence of year was more
significant at budding stage (ISA=37 %). The genotypic component of variability for
inflorescence mass in all varieties was distinguished by high values of the studied trait
in phases II-VI (Cvg=75...86 %).

In the first group, Fakel and Pamyati Kovasa have a similar dynamics of inflorescence
mass growth in all years, while in 2016 Valentina showed a sharp decrease in this indicator.
In the second variety group, Eku 17020 was the most susceptible to changes in weather
conditions and had a comparable mass of inflorescences in 2013 and 2014 [16, 19].

Analyzing the correlation of the total leaf productivity, it should be noted that it
should be noted that in all studied varieties, high positive correlations were noted for
‘root length’, ‘plant height’ and ‘number of leaves’ in phases III and IV and for ‘number
of leaves’ and ‘plant height’ in phases II and V (r >0.84). The ratio of ‘leaf mass’ with
generative characteristics is as follows: for ‘inflorescence length’ it is positive at stages
IT and V, for ‘inflorescence mass’, an increase in correlation with the last phase of
inflorescence development can be noted (r =0.8).

At the same time, significant relationships between the mass of inflorescence and
other morphological characteristics of plants (root length, plant height, number of leaves)
were not found in the studied varieties [8, 20].
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Conclusions

Grouping varieties according to the total productivity of vegetative mass
(leaves +inflorescence) depends on the phase of development — Pamyati Kovasa and
Eku 17020 had the largest plant mass (> 100 g/plant) at the flowering stage, at the stage
of seed formation this indicator was comparable in all varieties (115...121 g/plant), and
at the stage of beginning of seed formation, Valentina could be distinguished by this
parameter (more than 140 g/plant).

The greatest differences between the studied varieties in the group were noted for
‘plant height’ (Cvg>25 %), the coefficient of genetic variability for number and weight of
leaves was 15...27 % depending on the growth stage; for length of root and inflorescence
Cvg<15 %. Eku 17020 variety differs in plant height, Don Pedro — in number of leaves,
Valentina and Eku 17020 — in leaf mass, Pamyati Kovasa — in inflorescence length,
Fakel — in inflorescence mass.

Thus, the overall productivity (leaves and inflorescences) in the open ground of the
Moscow region is due to early maturity, varietal characteristics of the reaction rate to
changing weather conditions in the region, year of cultivation and the ratio between the
main quantitative traits at different growth stages of amaranth plants.
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N3meHUYnBOCTb MOpPdOMETPUUECKUX NOKa3aTenen
KPaCHOOKPpaLLEHHbIX COPTOB aMapaHTa C BbICOKUM
copep)XaHMeM 6MoNorMYeckn akTUBHbIX BELLLECTB B YC/IOBUAX
OTKpbITOro rpyHTa MockoBckol o6nactu

C.O. ITnaronoBa' -~ =5, K.X. Toppec MuHb0?,
E.M. Tunc! *, M.C. I'uuc*? ", E.B. PomanoBa!

'Poccuiickuii yHUBEpCUTET APY>KObI HAPOAOB, 2. Mockea, Poccuiickas ®edepayus
*Texuuueckuit ynusepcutet Kotonakcy, 2. JlakamyHea, IKk8adop
3®enepasbHbIM HAYUHBIN LIEHTP OBOIIEBO/CTRA,
noceiiok BHUMUCCOK, Mockoeckas 064., Poccuiickas @edepayus
> Svetlana.Platonova.00@mail.ru

AnHoTanms. V3yueHre U3MeHUMBOCTH MOP(OIOrMUeCKHUX MPHU3HAKOB KPaCHOOKPAIIIeHHBIX COPTOB
amapaHTa ¥ UX KOpPPe/SILIMOHHBIX B3aMMOCBsI3eM Ha pasHbIX CTafIUsX OHTOreHe3a B yCA0BUSIX MOCKOBCKOM
006/1aCTH MO3BOJIUJIO OTIPeZIe/TUTh 0COOEHHOCTH, BAMSIOLIYE Ha (HOPMUPOBaHHe MPOYKTUBHOCTH, TI0JyUeHHe
MAaKCHMaJIbHOTO KOJIMYeCTBa aMapaHTHHA U PyruX 6MOMIOrnuecKy akKTUBHBIX Bel|eCTB. AHA/IM3 BereTaTMBHbIX
TIPU3HAKOB BBISIBUJI, UTO COPTOBBIE 0COGEHHOCTH PAaCTeHHU aMapaHTa OKa3bIBalOT MeHbLIee BJKUSHHUE Ha JITUHY
KODHSI, BBICOTY PaCTe€HUH U UKMC/IO JIUCTHEB, YeM yC/IOBUS BhIPALMBaHMUs, 0COOEHHO Ha Haua/bHBIX CTaJMsX
(B, ot 22 n10 58 %). ViccenoBanye heHOTUINIUECKON H3MEHUMBOCTH TI0KA3a/I0, UTO 3HAYEHUS TeHOTUINYECKOM
COCTaBJ/ISIIOIIeH N3MeHUMBOCTH BapbUPOBAIM Ha MOC/IeHUX cTafusix cospeBanust (Cvg > 35 %). Ha HavyanbHbIX
CTaJysIX BBICOKOW M3MEHUYHMBOCTbHIO OTVIMUW/INChH BereTaTUBHbIe NIPU3HaKK: JyiHa KopHs (Cve = 32...47 %)
1 uncsio ctbeB (Cve=48...85 %) — B 3aBUCHMOCTH OT yC/I0BUIA rofia. B penpoflyKTUBHBIH TIeprog pa3BUTHS
y BCeX reHepaTUBHBIX NPU3HAKOB (akKTop copTa 6bUT Hanboee CyIeCTBeHHBIM HaUMHAasE CO CTa/IUU LIBETEHUS
(OBA =40...88 %). 3HaueHust MpH3HaKa — MacChl COL{BETHI — BapbHPOBAa/IX B 3aBUCUMOCTH OT BJIHSIHUS Te-
HOTHUINYECKOH COCTaB/IsIIOIel H3MEeHUMBOCTH BceX copToB (Cvg = 75...86 %). VI3 aHanu3a NpU3HAKOB 00111eit
MIPOAYKTUBHOCTH PacTeHHH! C/lefjyeT, YTO OCHOBHOM BKJIaJ] y COPTOB aMapaHTa BHOCAT JiMCTbs (93...112 r/pac-
TeHHe), Macca KOTOPhIX 3aBUCHUT OT TIOTO/HBIX YC/I0BUH ([IB, > 55 %). BBICOKMMY KOppesALuaMH GbLId 0TMe-
YeHbI B3aUMOCBSI3H 0011jeli TPOJYKTUBHOCTH JIMCTHEB CO BCEMU BereTaTMBHBIMU NpH3HaKamu Ha II1-V ¢a3ze
(r=0,71...0,92) u mMaccoit coerus Ha V-VI dasax cospeBaHusl.

KnroueBblie cioBa: Amaranthus L., mopdostorus, ¢peHoTHUNNYeCKasi U3MEHUUBOCTb, IIPOAYKTUBHOCTE,
amapaHTHH

3asB/IeHHe 0 KOH()IMKTe MHTEPECOB: aBTOPHI 3asIB/ISOT 00 OTCYTCTBUU KOH(IMKTa HHTEPECOB.

VicTopusi cTaTbM: MOCTYNU/IA B peAakiyio: 11 aBrycra 2021 r.; npuHsTa K nybnukaryu: 2 nekabps 2022 r.
Jna qutupoBanus: Platonova S.Y., Torres Mino C.J., Gins E.M., Gins M.S., Romanova E.V. Variability

of morphological characteristics of red forms of amaranth with a high content of biologically active substances

under conditions of the Moscow region // RUDN Journal of Agronomy and Animal Industries. 2023. T. 18. Ne 1.
C. 9—19. doi: 10.22363/2312-797X-2023-18-1-9-19
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MpOoAYKTUBHOCTb CE/IbCKOXO3ANCTBEHHDbIX KYNbTYP
NPy UCNosIb30BaHUN OpraHOMUHEpPaJbHbIX YA06peHui
Ha OCHOBe O0TPaboTaHHOro rpPMGHOro KOMMocTa

T.B. 3y6kopa' ~ =, JI.B. Bunorpapos?

'Enewnkuii rocygapcTBeHHbIN yHUBepcuTeT uM. U.A. ByHuHa, 2. Eney, Poccutickas @edepayus
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3Ps13aHCKWH TOCY/japCTBeHHBINM arpOTeXHOIOTHYeCKid yHUBepcuTeT UM. I1.A. KocTbiuesa,
2. Pazamb, Poccutickas ©edepayus
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Annoranus. C pa3sutreM B Poccry oTpacsii rpuboBO/CTBA YBETMUMBAETCS KOJTMYECTBO OTPabOTaHHBIX
TPUOHBIX KOMITOCTOB, KOTOpble HAUMHAIOT aKTHBHO HCITO/Ib30BaThCsI KaK OpraHOMUHepabHbIe Y00peHus 1o,
CeJIbCKOXO03sIHCTBeHHBIE KY/IBTYPBL. POCT cripoca Ha /jaHHbIe YA00peHHs CHIKaeT 0CTPOTY NPob/ieMbl XpaHeHHsT
OTpaboTaHHBIX KOMIIOCTOB. B nccieoBaHMsIX, MpoOBejeHHBIX HAa TEMHO-CEPHIX JIeCHBIX MoYBax Psi3aHcKoi obacTy,
M3y4asioch BJMSIHHE Ha YPO)KaHHOCTh CeTbCKOX03SHCTBEHHBIX KY/IBTYP OTXOJ0B IPUOHOT0 TIPOU3BO/ICTBA Kak Op-
raHWUecKUX yZi00peHui ¢ BBICOKUM MPOLIEHTHBIM COZeP>KaHHeM IUTaTe/IbHbIX 37IeMEeHTOB, CITOCOOHBIX Y/yYIlaTh
¢du3nyeckre, bronoruyeckre U OUOXUMHUYECKHe CBOMCTBA TIOUBHL. B IPUBeIEHHBIX OMBITaX B 0TPabOTaHHBIX
KOMIIOCTaXx: CBeXXeBBI'PY>KEHHOM U OJJHOTO ro/ja XpaHeH!sl — BbISIB/IEHO COJiepyKaHre MTUTaTe/lbHbIX 371eMEeHTOB:
3o/pHOCTH — 8,0 1 74,1 %; oprannyeckoro BellectBa— 66,3 u 25,9 %; NPK — 0,50, 0,63, 0,44 u 0,45, 0,51,
0,39 % COOTBETCTBEHHO, B COUETAHWUH C 6/1aronpUsTHBIM KUC/IOTHBIM pexkuMoM (pH 8,0-7,3). MakcumasnbHast
MIPOJYKTUBHOCTh CeJIbCKOXO035IIICTBEHHBIX KY/IBTYp OTMeUueHa Ha BapyaHTax C eliCTBUEeM I0JyTeperpeBLiero

© 3ybkoBa T.B., Bunorpazgos [1.B., 2023
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https://creativecommons.org/licenses/by-nc/4.0/legalcode

20 PACTEHMEBOLCTBO


https://orcid.org/0000-0003-3525-488X
mailto:zubkovatanua%40yandex.ru?subject=%D0%97%D1%83%D0%B1%D0%BA%D0%BE%D0%B2%D0%B0%20%D0%A2%D0%B0%D1%82%D1%8C%D1%8F%D0%BD%D0%B0%20%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%BD%D0%B0
https://orcid.org/0000-0003-2017-1491
mailto:zubkovatanua%40yandex.ru?subject=%D0%97%D1%83%D0%B1%D0%BA%D0%BE%D0%B2%D0%B0%20%D0%A2%D0%B0%D1%82%D1%8C%D1%8F%D0%BD%D0%B0%20%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%BD%D0%B0

Zubkova TV, Vinogradov DV. RUDN Journal of Agronomy and Animal Industries, 2023;18(1):20-30

KOMIIOCTa: YPOXKalHOCTh SIpOBO# iieHMLbl — 2,82 1/ra (mpubaeka + 0,23 T/ra K KOHTPOJIIO); IPOBOTO STUMEHS —
3,21 1/ra (+0,17); sspoBoro parica— 1,77 1/ra (+0,24); KapTodesns copra Bomvmen—27,91 (+4,41); kaprodesns
copra Kono6ok — 11,21 1/ra (+1,63); ropoxa nocesHoro — 2,10 1/ra (+0,21). [ToaTBep>xaeHa BbicoKas 3¢ dek-
THUBHOCTb TIPIMEeHeHUs] 'PUOHBIX KOMITOCTOB B KaueCTBe yZA0OpeHH i /ISl TTOBLIIIeH!s YPOXKaltHOCTH SIPOBBIX
sTIMeHsT ¥ TILIEeHHL{b, SPOBOTO parica, KapTodesst ¥ ropoxa IoCeBHOTO.

KitroueBsble c/10Ba: MIIeHHUIIA SIPOBasi, TYMEHb SIPOBOM, pariC SPOBOMH, KapTodesb, TopoxX MOCeBHOM, ypo-
JKalHOCTb, MaC/IMYHOCTh
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Abstract. As development of mushroom industry in Russia is growing, and the amount of spent mushroom
composts is increasing, they are actively used as organomineral fertilizers for agricultural crops. Therefore,
from the rather large problem of storing waste composts, these fertilizers began to be in great demand in the
agricultural industry. Organic fertilizers are characterized by a high percentage of nutrients. They are able to
improve physical properties of soil by increasing aggregative stability and reducing soil density. Organic fertilizers
improve biological and biochemical properties of soil, and positively affect the development of soil microbial
community. In the experiments, the content of nutrients in fresh compost and compost after one year of storage
averaged: ash content— 8.0 and 74.1 %; organic matter — 66.3 and 25.9 %; NPK (%) — 0.50, 0.63, 0.44 and
0.45, 0.51, 0.39, respectively, under a favorable soil acidity (pH 8.0-7.3). In studies carried out on dark grey forest
soils of the Ryazan region, the maximum productivity of agricultural crops was noted in variants with application
of half-ripened compost: the yield of spring wheat was 2.82 t/ha (+ 0.23 t/ha compared to the control); spring
barley — 3.21 t/ha (+0.17); spring rapeseed — 1.77 t/ha (+0.24); potato cv. ‘Vympel’ — 27.91 (+ 4.41); potato
cv. ‘Kolobok’ — 11.21 t/ha (+1.63); pea— 2.10 t/ha (+0.21). The high efficiency of spent mushroom composts
as fertilizers for increasing yields of spring barley and wheat, spring rapeseed, potatoes and peas was confirmed.
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BeepeHue

B coBpemMeHHOM arpapHOM IPOM3BO/JCTBE OPraHNUeCKUM YZ100peHUsIM OTBOAUTCS
ocobasi porib B MoAJepKaHUU ¥ HapalljBaHUU TTOYBEHHOTO TUI0{0POANS A/ YBeTHUeHus]
MPOAYKTUBHOCTHU CEJIbCKOXO035IMCTBEHHBIX KY/IbTYP. B MHTEHCUBHBIX arpOTEXHOIOTHSX
HU3KUI YPOBEeHb IJI0J0PO/Us U TIPUMeHsieMasi CUCTeMa y00peHHit IPUBOJSAT K CHIKe-
HUIO YPOBHSI MUHepam3aluu rymyca. [loaaepskanve 6e3neduiutHoro 6anaHca rymyca
B [I0YBEHHOM ITIOKPOBe C BBICOKHM €ro COZlepyKaHueM SIBJISIeTCs BaKHeUllel 3afadyeit
CeMbCKOXO035MCTBEHHOT 0 TIPOM3BO/CTBA, U ee pelleHre BO MHOTOM CBSI3aHO C NpUMe-
HEeHHeM OpraHW4YeCKUX U OpraHOMHHepanbHbIX yioopeHuit [1-4].

Opranuyeckye yno0peHUs: XapaKTepU3yOTCsl BHICOKMM MPOLIEHTHBIM CO/Iep’KaHeM
MUTaTe/IbHBIX 37IEMEHTOB U CIIOCOOHBI y/TyyulliaTh (hrU3uuecKre CBOMCTBA IOYBHI 3a CYET
TOBBILLIEHUS] arperaTUBHON YCTOMUMBOCTH U YMEHbLLIEHUS MVIOTHOCTH NTOYBEHHOMN
Maccel [5-7]. Oprannyeckue y00peHust CrIoCOOCTBYIOT yTyUIIeHHI0 OHOIOryeCKIX
1 OMOXMMUYeCKUX CBOMCTB TOUBBI, @ TAK)Ke TIOJIOKUTETFHO BIUSIFOT Ha Pa3BUTHE 1T0OU-
BEHHOT'O MUKPOOHOTr0 coobirectBa [8—10].

[Mocnennue rozael B Poccutickoit depepariyiu OypHOe pa3BUTHE TIepeKUBAeT OTPacyb
rpuboBoacTBa. B uucie mumepor Kypckast (13,8 Toic. T) obracTs, KpacHogapckwuii
Kpatii (12,2 Teic. T) U MockoBckasi obnacts (7,8 Teic. T). Kpome Toro, rpuboBocTBO
aKTUBHO pa3BuBaeTcs B JIeHHHrpazckol, Boponesxckoi, Kanyskckoit u PocToBckoit
obnacTsx, a Takke B Pecriybsike TarapcraH.

KomuecTBo yBe/mMuMBaroLerocsi 0orpabotaHHOro rpubHoro cybcTpara rnpejcrapiser
OOobLI0M WHTEpPeC JJ1s1 UCTI0/Ib30BaHusI B KaueCTBe OPraHnuecKux y00peHuil B Tex-
HOJIOTHSIX CeTbCKOXO03sIMICTBEHHBIX KY/IbTYp. BbICOKOMY MPOM3BOACTBY 3epHa, 6000B,
K/TyOHeIyI0Zi0B ¥ Mac/IoCeMsiH CII0COOCTBYeT HUCTOb30BaHWEe MHTeHCUBHOW CUCTEMBI
yAobOpeHuii B arporexHosiorusx [11-15].

Iens nccnegoBanuss — olleHKa 3 (eKTUBHOCTH UCIIONMB30BaHUsI OTX0J0B IPUOHOTO
MPOW3BO/ICTBA: OTPAabOTAaHHOTO KOMITOCTAa ¥ MULIENHSI KCUJIOTPO(HBIX TPUO0OB — B TeX-
HOJIOTHSIX TTPOU3BOZCTBA CeMbCKOXO3SIICTBEHHBIX KY/IBTYP.

Matepuanbi 1 MeToAbl UCCllef0BaHUS

OmnbITHBIE YUaCTKH pacrioyiaraauck B Ps3aHckol 061acTv Ha TeMHO-Cepo jec-
Hoii rtouBe. ITo/1eBOM OITBIT 0 KCIILITAHKWIO KOMITOCTOB ObIT 3a/105keH B 20202021 rT.
Ha ToCceBax CebCKOX035MCTBEHHBIX KY/BTYP: SPOBOI0 parica, ipoBOro suMeHs, IpOBOM
TIIeHUIIBI, TopoXa U KapTodess (pakrop A). KoMriocT BHOCH/ICS OUH pa3 B CeBO00OO-
poTe, HeToCpe/ICTBEHHO TI0/| UCC/Ie/[yeMYIO KY/BTYpY.

B ombiTe npuMeHsiiv /iBe (OPMBbI OPraHUUECKOTO YA0OPEHHUSI: TTOJTyTIePerpeBIIHiA
u nepenpeBumnii komnoct (paktop B). 1o ¢pakTopy B cxema omnbiTa BKItouana 3 Ba-
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puaHTa: KOHTPOJIb — 6e3 BHeCeHHsI KOMITOCTa; KOMIIOCT TIOTyTieperpeBIlInii; KOMITOCT
TreperpeBLInii.

J03a BHeCeHMsI KOMITOCTOB OMpe/ie/sijiach B COOTBETCTBUM C pe3y/ibTaTaMU pacue-
TOB TIOTPeOHOCTH B y00peHUsIx Ha GOpMHUPOBaHHUe 3arlJIaHUPOBaHHOM YPOXKaliHOCTH
Y aHa/IM3a HayYHbIX Y NTPOU3BOJCTBEHHBIX PE3y/IbTAaTOB 10 MPOrPaMMHUPOBAHUIO YPO-
JKaeB CesIbCKOXO03MCTBeHHBIX Ky/IbTYp. B COOTBeTCTBUM C 3TUM CpefiHssA [03MPOBKa
BHECEHHsI KOMIIOCTOB COCTaBH/Ia 110/l IPOBbIe 3epHOBLIe 50 T/Ta, sipoBoii paric — 40 T/Ta,
kaptodens — 80 1/ra.

[IpencraBieHHbIE KOMITOCTBI OT/IMYAKOTCS JOCTATOUYHO BBICOKUM COZEP)KaHHUeM
OCHOBHBIX 3/1IeMeHTOB NuTaHus1. Cofiep>kaHie B KOMITOCTax: oTpaboTaHHOM U 1 rofia
xpaHeHwust: 301bHOCTE — 8,0 u 74,1 %; oprannueckoe BeljecTBo — 66,3 1 25,9 %; mac-
coBasi 10/1s1 Biaru — 65,4 1 29,3 %; cozpeprkaHue Ha HaTypasbHYO BJIQXKHOCTb 00IIUX
snementoB NPK — 0,50, 0,63, 0,44 u 0,45, 0,51, 0,39 % cooTrBeTcTBeHHO. BCe komrio-
cThl UMetoT OaronpusTHyto pH (8,0-7,3), mostomy usmosornyeckoe MoAKUCIeHUEe
TOYBbI UCKJIFOUEHO.

B omnbite conepxkanue B rouse: rymyc — 3,7 %, P,0.—10,5...14,6 mr/100 r mouBs,
K20 —14,1...15,6 mr/100 T 110UBbI; pH  — 5,4.

OO6beKThI UCCIeJ0BaHUI — sIpOBasi MileHnIa copT Jlafps, SpoBoii sUMeHb COPT
Bnagumup, sipoBoii panc copt Pud, kapTodens — CTO/I0BbIe CpeiHecIe/ible cCoOpTa
Beivrienn, Koiobok, ropox nmoceBHoH — PokeT.

CeJibCKOXO03sICTBeHHBIE KY/IBTYPbI BBIPAIIMBAIUCH COTTIACHO OOIIeNPUHSTHIM PEeKO-
MeHzAauusm s yciosuid HeueprHosemHoit 30Hb1. ['TK 2020 . —1,4; I'TK 2021 . —0,9.

KynbTyphl BhIpaliMBaIMch B CEBOOOOPOTE: UMCTHIN 1ap — 03UMast TiIeHna — Kap-
To(hesb — SIPOBOM paric — ropox — sipoBble 3epHOBbIe. BHeCeHHe KOMIIOCTOB B OIbITE
MIPOBOM/IH TI0Z, hpe3epHyt0 00paboTKy mouBsl arperatom MT3-1221 + ®I1-1,8 (kapTo-
(enb) WK npeArnoceBHy0 KyabrruBaluio MT3-1221 + KII3-3,8 (a5 Bcex ocTanbHbIX
KYJIBTYD).

O6was nomaab Bapuanta — 80 M2, yuetHass — 65 M?. [TOBTOPHOCTb — YeThlI-
pexkpaTHasi. OCHOBHBIM MeTO/IOM HCC/ieloBaHMi BbIOpaH MOJIEBOM OIIBIT, COITPOBO-
K/IQFOIL{MICsl MHOTOUHMC/IEHHBIMU HaOJTFOZIeHUSIMHU, YUeTaMu 1 JJabopaTopHBIMU aHa/IH-
3amu. Marematryeckast 06paboTKa BBITIOJHS/IACh METOZOM JUCTIEPCOHHOTO aHaIM3a
no b.A. [TocriexoBy .

Pe3ynbTaTbl UCCriefoBaHui U 06CyXaeHne

Pe3y/bTaThl NPOBEJEHHbIX OIBITOB [103BO/IU/N YCTAHOBUTD MOJIOKUTE/IBHBIN 3 (eKT
OT BHOCHUMBIX yA0OpeHUH.

CriefiyeT OTMETUTB, UTO BHeCeHue yA00peHuii CriocoOCTBOBAIO YBETUUEHHUTO TI/IOIIA i1
micteeB. Haubosblve pa3muuusi 1OCTUTa/IMCh Ha BapUaHTe C TIPUMeHeHHeM T10JTyTie-
peripeBliiero KOMIocTa. B omnbiTe ¢ spoBoii MilieHULel B a3y L{BeTeHUs! Ky/IbTYpbl, IPH
BHECEHUHU T0JTyTIepenpeBIlero KOMIIOCTa, TUIOLa/b JUCTOBOM MOBEPXHOCTH COCTaBU/Ia
2,26 M?*/m, uto B 1,44 pa3a Gosibllle 3HaUeHHUH KOHTPOIBHOTO BapyaHTa (puc. 1).

" docnexoB b.A. MeToavka noneBoro onbita. M., 1985. 220 c.
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Fig. 1. Leaf surface area of wheat and barley, m?/m
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B ombITe ¢ IpOBBIM SiUMEHEM TO/IyUY€eHbl CXO/IHble JaHHbIe: MJI0La/ib TUCTOBOM
IOBEPXHOCTU pacTeHUM C BHeCeHHeM I0J/yllepelpeBlIero KOMIOCTa COCTaBU-
na 2,14 m?/m.

BHeceHue ucciefyeMbix yao0peHHi CKa3anoch U Ha YBeJIMUeHUH BereTaTHBHON
Macchl pacteHuid. Oco6eHHO 3TO ObLIO 3aMeTHO B OTIBITE C SPOBBIM paricoM. BeretarvBHast
Macca OJHOTr0 pacTeHHs Ha BapuaHTe C BHeCeHHeM KOMIIOCTa CBeKero B (a3y LiBeTeHust
cocraeysiia 50,9 1, uto B 2,11 pa3a 6b110 BhIllle KOHTPOJIsi. Ha BapuaHTe C repemnpeBium
KOMITOCTOM JIaHHBIM TT0Ka3aTe/ib MpeBbIlliai KOHTposib B 1,96 pa3a (puc. 2).
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Puc. 2. BeretaTBHas Macca OfHOro pacTeHns panca B Gasy LBETEHNS, I
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Fig. 2. Vegetative mass of rapeseed plant in the flowering stage, g

YcTaHOB/IEHO, UTO BHECEHHE BCEX KOMIIOCTOB CITIOCOOCTBOBAJ/IO YBETMUEHHIO BbI-
COTBI PaCTeHUH SPOBOTO parica. BeicoTa pacTenuii B a3y 1iBeTeHHsI HA KOHTPOJLHOM
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BapuaHTe cocraBwia 83,5 cM. BHeceHure nonyrepenpeBIero KOMIOCTa yBeJTUYUBao
JaHHbBIN TTOKa3aTesb Ha 12,3 cM MO CpaBHEHUIO C KOHTPOJIeM U Ha 9,7 CM TI0 CPaBHEHHIO
C BBICOTOM pacTeHui Ha BapuaHTe C PUMeHeHreM TepeTpeBIliero Komrocta (puc. 3).
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Fig. 3. Height of spring rape plants in the flowering stage, cm
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B onbiTe o Bcem BapuaHTaM KyJ/bTYD BbISIBJIEHO yYBe/IMUeHHEe YPOXKaiHOCTH BCEX

CeJTbCKOXO03SICTBeHHBIX KY/IBTYD OT /IefCTBUS KoMmriocTa (Tabm.).

Ypo)XallHOCTb CENbCKOXO3AMCTBEHHbIX 3€PHOBBIX KYNBTYp

B 3aBUCUMOCTU OT YPOBHSA NuUTaHus, cpegHee 2020-2021 rr.

YpoxkaiiHocTb, T/ra
YpoBeHb nuTanus fipoBas fipoBon fipoBon KapTtodenb KapTtodenb Fopox
nweHuuya SIYMEHb panc copT Beimnen | copt Kono6ok NnoceBHOMN
KoHTponb 2,59 3,04 1,53 23,50 9,58 1,89
Komnoct | 282 3,21 1,77 27,91 11,21 2,10
nonynepenpesLUnit
Komnocr 2,66 3,19 171 25,63 10,86 2,09
nepenpesLwnin
HCP,, cpeaHee, T/ra, A—0,91,B—1,28, AB —2,22.
Yield of agricultural grain crops depending on nutrition, t/ha
(average for 2020-2021)
Yield, t/ha
Nutrition Spring Spring Spring Potato Potato Pea
wheat barley rapeseed cv. Vympel cv. Kolobok
Control 2.59 3.04 1.53 23.50 9.58 1.89
Half-ripened 2.82 3.21 1.77 27.91 11.21 2.10
compost
Fully ripened 2.66 3.19 1.71 25.63 10.86 2.0
compost

LSD,, average, t/ha: A—0.91;B—1.28, AB—2.22.

[NpuBezeHHbIe B Tab/uIle JaHHbIe TOATBEPKJAI0T, UTO U TIO/TyTIeperpeBILIMii KOMITOCT,
¥ KOMITOCT T'OZI0BaJIbIH (TiepernpeBLLnii) MMOB/IUSUIA Ha BCe OMOMeTprueCKye 1oKa3aTein
WCCIeZlyeMbIX KyJIbTYp B CTOPOHY yBerueHUs. I1py 3TOM KOMIIOCT nosyIieperpeBLIni
Jan Oosiblliee yBe/MueHre IaHHBIX TTOKa3aTesiei.

MakcrMasbHasi ypoykalHOCTB 10 BCeM Ky/IbTypaM OTMeueHa Ha BapyaHTax C [1elCTBHU-
€M TIO/TyTIeperpeBIIero KOMIOCTa: ipoBoi mieHuLsl — 2,82 T/ra (mpubaska + 0,23 T/ra
K KOHTPOJII0); sipoBoro siuMeHst — 3,21 1/ra (+0,17); sipoBoro parica— 1,77 T/ra (+0,24);
kaptodess copra Beimnen — 27,91 (+4,41); kaprodens copra Komobok — 11,21 1/ra
(+1,63); ropoxa noceBHoro — 2,10 t/ra (+0,21).

B nipotiecce BbITIO/IHEHUsT SKCIIEPUMEHTOB TI0C/Ie YOOPKH SIPOBOTO parica ObL rpo-
Be/leH aHa/Iu3 Mac/IoCeMsiH B 3aBUCMMOCTH OT YPOBHS NUTaHus (puc. 4).
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Fig. 4. Fat and protein content in seeds of spring rapeseed, %

Takum o6pa3om, TIpH orpe/iesieHnH KaueCcTBa Mac/0CeMsiH, BHeCeHHe Pa3/TMuHbIX
KOMITOCTOB CYIIleCTBEHHOTO U3MeHEeHHs1 MaC/TMIHOCTH Y copTa Pud He nokasarn, B cpejHeM
oHa cocrtaBuna 44,0...44,7 %. B 1o ke Bpemsi, 3aMKCUPOBAHO yBeJMUeHUe CO/iepKaHust
Oeska 1o/, ieficTBreM KOMITOCTOB. Tak, MakCHMMaJTbHOE B OTIbITe COZiepKaHHe IpoTernHa —
Ha BapUaHTe C BHECEeHUeM reperpeBiiero komrocrta (34,2 %), Ha + 3,1 % OT KOHTpOJISL.

3ak/itoyeHue

[laHHbIe, O/TyueHHbIe B UCC/Ief0BaHUN 3P (eKTHBHOCTH UCII0/Ib30BaHMUS OTXOZI0B
rpuOHOTO MPOU3BOACTBA: OTPAOOTAHHOTO KOMIIOCTA ¥ MULIE/HSI KCU/TOTPO(HBIX TPU-
00B — B KaueCTBe OpraHNyecKuX yfo0peHuii, MOTBeP)KAI0T, UTO X NPHMeHeHHe Ha ce-
PBIX JIeCHBIX TIOUBaX YBEJIMUMBAET YPOXKAaHHOCTH SIPOBBIX STUMEHSI, MIIeHULIbI U parica,
KapToderns ¥ ropoxa rnoceBHoro. Komnocr siBjsieTcs JOMOJTHUTE/bHBIM HCTOYHUKOM
OpraHHyYecKoro BelljecTBa B [104Be, oboraiijaeT ee a30ToM, pochopom, Kaarem.

VITory nosieBbIX UCIbITaHUK KOMITOCTOB I103BOJISIFOT PeKOMeH/|0BaTh UX /I/Is1 ONTH-
MU3alU1 YCIOBUM TTUTAHUS UCC/IelyeMbIX CebCKOXO3SIMCTBEHHBIX Ky/bTyp. [1pu aTOM
JJ/1s TI0JTyUeHUs] MaKCMMaJIbHBIX pe3y/IbTaToB MPOAYKTUBHOCTH KY/IBTYD JIyullle BCero
WCTI0/Tb30BaTh TOTyTIepernpeBIlrii KOMITOCT.
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BnusiHme MnHepanbHbIX yoo6peHuit, npeaLecTBeHHUKOB
N NOYBEHHO-KJIMMaTUYeCKUX YC/TIOBUIM Ha NPOAYKTUBHOCTb
npoca B cTenHon 3oHe KOXkHoro Ypana

J.B. MurpodanoB

desiepabHBIN HAyUHBIH 1JeHTp O6M0I0rMuecKUX CUCTEM U arpOTeXHO/IOTHH
Poccuiickoit akaieMuu Hayk, 2. OpeHbype, Poccutickas ®edepayus
> dvm.80@mail.ru

AnHoTanus. ViccneoBaHus POBe/ieHbl Ha UepHO3eMax FKHBIX B 3aCYLIIMBBIX YC/I0BUSX OpeHOypr-
ckoro [Ipenypasnbs ¢ 2002 o 2021 rr. [IpuBesieHb! pe3y/ibTaThl U3yUeHUs! BAWUSHUSL arpOMeTe0poI0ruyeckux
YCJI0BUH BereTalMOHHOTO NIepUO/ia, BeCEHHMX 3arlacoB MOUYBEHHOM B/ary 1 NMUTaTe/bHbIX Bell|eCTB, Lje/UIHJI0-
30/IMTUYECKOM aKTHUBHOCTU MUKPOOPraHW3MOB, COZlepKaHusi OpraHueCcKoro BelljeCTBa, Fymyca U KUCJIOTHOCTU
B [IOYBE 110C/Ie BHECEHHS] MMHEpPa/bHBIX YA00peHHUi Ha MOBBILIEHHEe NPOAYKTUBHOCTH CeTbCKOXO035HCTBEHHOTO
pactenus npoco (Panicum miliaceum L.) copra Openbyprckoe 9. B kauecTBe 00beKTa UCC/Ie0BaHUN BbI-
OpaHbl 10YBa ¥ NOCeBHI 1Tpoca. IIprMeHeHbI 110/IeBOM, TepMacTaTHO-BeCOBOM, HOHOMeTpUYeCKHH, MaunruHa,
anmnauKalMOHHO-BeCcoBOM, TioprHa, JUCIIepCUOHHBIN U CTaTUCTUYeCKUH MeToAbl UccaefoBaHys. [ToneBble
OTIBITHI 3a/I0’KEHBI B YETBIPEXTIONLHOM, JBYIOILHOM ceBoobopoTax 1 6eccMeHHO 1o criefytoulel cxeme: 1) ro-
CeB I10CJ1e TBeP/0H MIIeHULIb] B NI0C/Ie[eCTBUN YepPHOr0 Napa (KOHTPOJIb); 2) II0CeB M0C/Ie MArKOM NIlIeHUI[b
B TIOC/IeZIeiCTBUY YEPHOTO Mapa; 3) MoCeB MOC/e MATKOM MIIeHUIIB B TIOC/Ie[ieliCTBUY TIOUBO3AIUTHOTO T1apa;
4) moceB 1ocJie MATKOU MILIeHUL[BI B TTOC/Ie/IeCTBUY CHIePabHOTO 1Mapa; 5) MoceB Moc/ie TBepA0U MILeHUL[bI;
6) GeccMeHHBIH MoceB 1poca. BhisiBleHa COCOOHOCTh U3yuyaeMbIX ()aKTOPOB MOBBILIATH TPOAYKTUBHOCTD
TNpoca B /IBYNOIBHOM CeBO0OOPOTE C TBEP/0 MIilleHuLel MOC/Ie IPUMEHeHUst MUHEepa/IbHbIX yA00peHuil. Mak-
cUMaJjibHasi prubaBKa Mo CpaBHEHUIO C KOHTPOJIEM TP MCII0/Ib30BaHUK KOMILJIEKCHOTO yA06peHus ammodoca
c ool 40 kr/ra asora u pocdopa (N, P, ) neHcTByIomIero BellecTsa MoaydeHa rno BeIXoAy 3epHa Ha 0,45 T;
KopMoBbIX efinHuL — 0,44; sHepretuueckux — 0,26 1 kopmoripoTeMHOBbIX — 0,24 T/ra. Havnyuiliee BiusiHue
Ha yBeJIHueHHe TIPO/yKTUBHOCTH OKa3bIBaIOT HIObCKHe ocafki — 28,05 %; BeceHHUe 3amachl IPOAYKTUBHOM
Bjard B cyoe nousbl 0—30 cm — 25,96 %, B 0-100 cm — 20,86 %; cozmepskaHue HutparoB — 71,80 %, doc-
thopa— 38,05 %, kanusi — 33,07 %; aKTUBHOCTb MUKPOOPraHU3MOB (pa3JioykeHue 11e/t0/103bl) — 62,32 %
(p<0,05) o cpaBHeHHIO ¢ KOHTposieM. Hanbornbllee copepkaHue opraHyeckoro Bemjectsa— 17,6 u 3,5 %
rymyca B TIOuBe M HeliTpasibHast KUCJI0THOCTE (pPH = 7,0) co3zatoT GyiarornpusiTHbIe yCIOBUS [J1s BBIPALUBa-
HUsI TIpOCa TI0C/Ie TBepZAOH MIleHUIbl. B pe3ynbTare viccieoBaHyst 10 PYTUM MTOCeBaM YCTaHOBJ/IEHO, UTO
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Effect of mineral fertilizers, forecrops and soil-climatic conditions
on millet productivity in steppe zone of the Southern Urals

Dmitry V. Mitrofanov

Federal Research Centre of Biological Systems and Agrotechnologies
of the Russian Academy of Sciences, Orenburg, Russian Federation
> dvm.80@mail.ru

Abstract. The research was carried out on southern chernozems in arid conditions of the Orenburg Urals
in 2002-2021. The influence of agrometeorological conditions of the growing season, spring reserves of soil
moisture and nutrients, cellulolytic activity of microorganisms, content of organic matter, humus and acidity
in the soil after applying mineral fertilizers on increasing productivity of millet (Panicum miliaceum L.) cv.
‘Orenburg 9’ were studied. The soil and millet crops were selected as the object of research. The work uses
field, thermastatic-weight, ionometric, Machigin, application-weight, Tyurin, dispersion and statistical methods
of research. Field experiments were performed in four-field, two-field crop rotations and continuous cropping
according to the following scheme: 1) Sowing after durum wheat in the aftereffect of black fallow (control);
2) Sowing after common wheat in the aftereffect of black fallow; 3) Sowing after common wheat in the aftereffect
of soil-protective fallow; 4) Sowing after common wheat in the aftereffect of sideral fallow; 5) Sowing after durum
wheat; 6) Millet continuous cropping. It was revealed that the studied factors in the experiment increased millet
productivity under two-field crop rotation with durum wheat after fertilizers application. Compared to the control,
the maximum increase of grain yield was after using ammophos complex fertilizer (N, P,)) —by 0.45 tons; feed
units — 0.44; energy units — 0.26 and feed protein units — 0.24 t/ha. The best effect on increasing productivity
was provided by: July precipitation — 28.05 %, spring reserves of productive moisture in 0—30 cm soil layer
25.96 %; in 0-100 cm — 20.86 %, nitrate content — 71.80 %, phosphorus — 38.05 %, potassium — 33.07 %,
microbial activity (cellulose decomposition) — 62.32 % (p < 0.05) compared to the control. The highest organic
matter content (17.6 %) and humus (3.5 %) in soil and neutral acidity (pH = 7.0) create favorable conditions for
growing millet after durum wheat. As a result of research on other crops, it was found that these factors do not
affect yield increase. Positive results of the influence of factors can be useful in increasing millet productivity.

Key words: Panicum miliaceum L., crop rotation, precipitation, productive moisture, nutrients,
microorganisms, organic matter, humus, soil acidity
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BeepneHue

OrpaHuunTe/IbHBIE TTOJIMTHYECKUEe ¥ SKOHOMUUYeCKHe Mepbl, [IpeJIIpUHSAThIE 3a-
naZHbIMK CTPaHaMHU B OTHoLIeHUH Poccuiickoii Pezepaliuu, NpyuBey K MOBBILIEHUIO
PBIHOYHBIX L|eH Ha [TPOZ,0BOJIbCTBEHHBIE TOBaphl. B CBSA3M CO C/IOKUBLIMICS CUTYyaLeln
B Poccuu nepep 3emsiefieniieM CTOUT 3a/jaua PacIlIpUTh ITOCEBHBIE TUIOLAAN MTPOCa.

I[pumeHeHHe a30THBIX ¥ POCHOPHBIX YA0OpeHNH MPUBOAUT K HAaKOTI/IEHHIO HUTPATOB,
NoABIKHOTO (hocdopa B Hauasie BereTal[y MPOCa U MOSYUYeHUI0 BBICOKMX TIPUOaBOK
ypoxkasi 3epHa [1-3]. B 3acyl/IMBBIX yCIOBUSIX MOC/Ie IPUMEHEeHUs] MUHePa/IbHbIX
ynoOpeHui CHIDKAeTCsl ypoXKaltHOCTh Tipoca. B cpeHeM ypoxkaii 6e3 mpriMeHeHust yo-
6penutii coctapssier 0,94 T ¥ Ha ynoObpeHHOM arpodoHe — TosbKO 0,82 T/ra. BHeceHue
MUHepa/bHbIX yaobpeHnii MeHee 3¢ deKTHBHO B ceBoobopoTe ¢ ipocoM [4—6]. YBemye-
HHe YpOXXKalfHOCTH I1poca Ha Heyj00peHHOM arpod)oHe 3aBHUCUT OT 0CaJIKOB B Htore [7].
KonmuecTBo BhIMaBIIKX 0CAZIKOB B (ha3e BCXOAOB-KYILEeHHWsI ¥ BbIMETbIBAHUSI METE/IKU
He BCer/la 3HauMTe/IbHO B/USIIOT Ha MOBbILLEeHe YpokaiiHocTy nipoca [8]. B nepuog HanviBa
U co3peBaHus 3epHa BeinaziaeT 143,0 MM 0caZiKOB TPy TeMmeparype Bo3ayxa 22,2 °C,
yTOo BeleT K (JOPMUPOBaHUIO CcpeiHel ypokaliHOCTH ripoca [9, 10]. ITpu noBbliieHnN
TeMIlepaTyphl BO3lyXa B UIOJIe U aBI'yCTe HAOJF0JaeTCst CHIPKeHNe YPOXKalHOCTH Tpoca
¢ 0,95 710 0,70 1/ra. [IpoAYKTUBHOCTH B OCHOBHOM 3aBUCHUT OT K/IUMaTU4YeCKUX (PaKTo-
poB utons [11, 12]. Bo Bcex ceBoo6opoTax ypoKallHOCTh TIpOCa MpeBbIlIaeT JaHHbIH
TOKa3saresib y MATKOW U TBePZ0i MILIEeHHUIbI B iBa U O0jiee pa3 B pa3/MUHBIX CKIafibIBa-
IOLIMXCST arPOMETe0pOJIOTMUeCKHX YCIOBUsIX. B pesynbrare HaO/mogeHHI yCTaHOBIIEHO,
YTO TIPOCO TOKa3bIBaeT BBHICOKYIO YCTOMUHMBOCTh U CTaOM/IBHOCTH MPOAYKTUBHOCTH
B 3aCyLIJIMBBIX YCIOBUSIX BereTalMOHHOro rneproza [13]. 3anackl npogyKTUBHOU Blaru
95 MM u 6osiee C KOJIMUeCTBOM BBITIABIIMX OCA/IKOB 3@ BEreTallMOHHBIN Meprof 10 197 MM
MPUBOJAT K MaKCUMa/IbHOM YPOXKalHOCTH Tpoca B npefenax ot 2,60 go 3,20 1/ra [14].
B MeTpoBOM C/10€e 1TOYBBI 3ar1ackl NPOAYKTUBHOU BJlary C Y4eTOM BbINIaBIIMX OCAJKOB,
copepskaiye MeHee 70 MM, CITIOCOOCTBYIOT CHIDKEHUIO MPOAYKTUBHOCTH TIPOCa TOCIe
BHECeHHs] MUHepasbHBIX yobpenwii [15]. Llemnrono3omiTuueckasi akTUBHOCTD [TOYBBI
10J, MoCeBaMH MMpoca B OCHOBHOM 3aBHUCHT OT arpOMETe0pO/IOrMYeCKUX YCI0BUH B Te-
YyeHHe BereTal[iy, IPU HeJOCTaTKaxX Bard OHa pe3Ko rnajaet. B 6eccmeHHOM moceBe
Mpoca aKTHBHOCTb MUKPOOPTaHU3MOB B ITOUBe HIDKe, UeM B ceBOOOOpoTax. BHeceHue
MUHepanbHbIX Y00peHuii MoBbIliaeT OMOMOTHUeCKYI0 aKTUBHOCTD TIOUBHI [ 16].
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75151 petieHust Tpo6ieMbl yBeTHUeHHsI TPOJYKTUBHOCTH MPOCAa TIPOBOUIN UCCIe-
[l0BaHUA B cTenHOM 30He FOxxHOro Ypana.

Iesb Mcc/1eg0BaHUsA — OTIPeZe/TUTh B/IMSIHYE MOTOAHBIX YC/I0BUM BEreTaliOHHOIO
repuozia, BeCeHHUX 3aracoB [IOYBEHHOM B/laru U MUTaTe/IbHbIX BelleCTB, Lie/UIH/1030-
JIMTUUECKOM aKTUBHOCTU MUKPOOPraHU3MOB, COZlep>KaHUsi OPraHWuyeCKOro BelleCTBa,
rymyca ¥ KUCJIOTHOCTH B IT0YBe Ha TOBBILIeHUe IIPOAYKTUBHOCTH I1pOCa M0C/Ie BHECEHUs]
MUHepaJIbHBIX YA00peHUH.

MaTepuanbi 1 MeToAbl UCCllef0BaHUS

OOmbexT ucceoBaHNs — TMOYBa (UepHO3eM FOXKHBIN) U MoceBbI mipoca (Panicum
miliaceum L.) copta Open0yprckoe 9. [TouBa MHOTOJIETHETO KCTIEPUMEHTA/TLHOTO yYacTKa
SIBJISIETCS UePHO3eMOM FOKHBIM KapOOHATHBIM CPeAHEMOIITHBIM MajIOryMyCHBIM Ha JKeJTTO-
OypbIX TSDKEJIBIX CyIJIMHKAX. B Hauase 3ak/aziky, B 1988 I, cTalIOHApPHOTO TI0JIS TUIOIIA (B0
24 ra B cnoe niouBbl 0-30 cM cofepykaHre rymyca cocrasnset 3,2...4,0 %, obirero azo-
ta—0,20...0,31 % u dochopa—0,14...0,22 %, HutpatoB—8,7...18,1 Mr, MOABKHOTO
dochopa— 1,5...2,5 mr u obmenHoro kamuss — 30,0...38,0 mr/100 1, pH nouBeHHOTO
pactBopa — 7,0...8,1. CTalMoHapHbIM OMBITHBIM YYacTOK PaCIio/ioyKeH Bo3se 1. KpoHa
LIeHTpa/TbHOM 30HbI OpeHOyprcKoi o61actu o koopauHaram (51°46'31"N, 55°18'34"E).

HWccnenoBanust mpoBezeHbl ¢ 2002 1o 2021 rr. Ha 6a3e 6piBiero OITX um. Kyii6bi-
meBa OpeHOyprckoro paiioHa. HabmropeHust BBITOTHEHbI Ha AJTUTeTbHOM SKCIIepUMeH-
TaJIbHOM TIOJIe TI0 U3yUeHHI0 CeBOOOOPOTOB 1 GecCcMeHHBIX 1oCceBOB. MeTofuKa mose-
BOT'O OIbITa Np¥MeHeHa 1o pekoMeHanusaM b.A. Jlocriexosa. IloceBrl Tpoca n3y4yeHsl
T10 Mpe/lleCTBeHHUKaM B YeThbIPeXIIO/IbHbIX (I1ap YepHbI — 03UMasi IiIeHULla — TBepast
TMIIeHNLIa — NPOCO; Map YepHbI — TBep/asi MilleHM1|a — MsArKasi MIeHULa — Mpoco;
Tap ro4BO3alUTHBIN (CyJaHCKas TpaBa) — TBepZasi IileHnLia — Msrkas MieHura —
TPOCO; Tap CU/lepabHbIN (OBEC C TOPOXOM) — TBepZast TIIIeHUIa — MSITKasi TMeHna —
MPOCO) U IBYTIO/IBHOM (ITPOCO — TBepAasi MilleHNI[a) CeBO0O0poTax U npu beccMeHHOM
ero Bo3/e/bIBaHUM. [1oneBble OMbITHI 3a/10’KeHbI B YEThIPEXKPAaTHOM MOBTOPHOCTHU
T0 cJlefiyrolieid cxeMe: 1) roceB noc/ie TBEPZOU MIIEHULIbI B 10C/1eJeiCTBUM YePHOI0
napa (KOHTPOJb); 2) MOCEeB MOC/e MIATKOW MIIeHULIbI B TIOC/Ie[eiiCTBUM YEPHOTO Mapa;
3) noceB Moc/1e MATKOW IMIIeHULIbI B [10C/1e/jeiCTBUM [T0YB03all{UTHOTO 11apa; 4) roces
T0CJ/Ie MSITKOM MIIEeHULIbI B TOC/Ie|eMCTBUM CUepabHOrO Napa; 5) MoCeB Moc/ie TBepAoi
TIeHuIbl; 6) 6eccMeHHbIH MOceB mpoca.

OKCcrnepuMeHThI TIPOBeieHbI Ha y100peHHOM arpodoHe BhIpaluBaHus npoca. Ilo-
CeBbl IIPOCa 3aHUMaIOT IOk CcTaloHapa okoso 0,34 ra. I[IpsamoyrosbHble fenssHKU
pa3mepom 3,6 x 30 M B UeTLIPEXTIO/IbHBIX CeBOOOOpoTax u 7,2 X 30 M B IBYIOJIbHOM
u beccmeHHoM TioceBe. [lepes oceHHell BCMAIIKOM BHeCEH CessIKoM ammMooc B 103e
40 kr/ra asota u pocdopa (N, P, ) gericTyroiiero Beiiectsa. Bo BTOpoi Wi TpeTbei
Jekaze Masi BbicesiHO cestikou C3I1-3,6 mpoco ¢ HOpMOil 3 MJTH IIT. BCXOXXUX CEMSTH
Ha 1 ra. YueTHasi riomia b AeastHku rpoca — 180 m2. Bo BTOpOii Mo/I0BHHE aBrycTa
MpoBe/ieHa yOOopKa Ipoca Crieljdaau3upoBaHHbIM Kom0OaiiHoM Terrion-Sampo 2010
C U3MeJibueHreM 1 Pa30poCoOM COIOMBI Ha TIOBEPXHOCTH IMOUBLI. BbIX0[] 3epHa rpoca
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oripegiesieH ¢ yuetoM 13,5 % Brnaxknoctu u 100 % unctoThl. Cofep>kaHre KOPMOBBIX
1 KOPMOMPOTEMHOBBIX eIMHUL] TTPOCa YCTaHOBJIEHO T10 COCTaBy U MUTATeTEHOCTU KOP-
MmoB (B 1 kr) A.TI. KasanHukoBa. JHepreTHyeCcKre KOPMOBbIe eJUHHUIIbI PACCUUTAHBI
T0 OLIeHKe TTUTaTeJIbHOCTA KOPMOB CeJIbCKOX0351MCTBEeHHBIX )KUBOTHBIX. ArpOTeXHUKa
Y arpoTeXHOJIOT ST BO3/[e/IbIBaHMS ITPOCa B CeBOOOOPOTax U 6eCCMEHHO peKOMeH [0BaHbI
[J1s1 JAHHOW cTernHoM 30HbI FOXKHOTO Ypana.

B HayuHO-uCC/IejoBaTe/IbCKOM paboTe rprMeHeHbI TepMacTaTHO-BecoBoit (C.A. Bo-
poOBER), HOHOMEeTPHUUECKUM (HUTPaThl), MauurrHa (oABMKHBIN Gocdop U Kaiuii),
anTuMKaroHHo-BecoBoi (E.H. Mummyctun u A.H. Iletposa), TropuHa (opraHnueckoe
BeILeCTBO U T'yMYC), IUCTIEPCUOHHBIN 1 CTaTUCTUUECKUM MeTOZbI UCccefoBaHus. KnumMar
OTIBITHOTO YYaCTKa Pe3KO-KOHTHHEeHTa IbHbIM, B OCHOBHOM 3acylMBbIM. Habmogervs
3a arpoOMeTeopO/IOTHUeCKUMH YC/IOBUSIMU BETeTal[MOHHOT0 reproza 1o OpeHOYprckoMy
paiioHy MpoBeZieHsbI N0 AaHHbIM ['MapoMeTieHTpa. OcajKy Ha CTalMoHape Orpeze/ieHbl
C TIOMOILIBIO TTOJIEBOTO 0CaIKOMepPa, KOTOPbIN PaciosioyKeH Ha KOHTPOJIbHOU Jle/isTHKe
onbITa. ['mapoTepMuyeckrii KO3QGULMEHT YB/IaXKHEHUS 3a TTePUOJ, BereTalyy rpoca
paccuutaH 110 I.T. CensiHuHOBY. [IMCTIepCUOHHBIN aHA/IN3 M CTaTUCTHUeCKast 00paboTka
TMOTyYeHHBIX IaHHbIX MPOBE/IeHbI C TIOMOILLBbI0 MHOYKECTBEHHOM perpecCcuy B porpaMMe
Statistica 10.0 (Stat Soft Inc., CIITA). HabmoneHus1, y4eTbl, pacuyeThl, aHa/IM3bI, KOHTPOJTb
1 OL|eHKA BBIMOJTHEHBI 110 OOIIMM TIPUHSATHIM MEeTOAWKAaM U PeKOMeH/IaLUsIM.

PesynbraTtbl uccnepoBaHui U 06CyXaeHne

IMTpoBezentbie B 2002—2021 rr. Hab/mrOAeHUS 3@ TIOTOAHBIMU (haKTOPaMH Ha OTILITHOM
T10/1e TI0Ka3a/Ii 3HaYuTe/IbHble U3MeHeHUsl arpOMeTe0pO/IOrMueCKUX yCI0BUM B IIepyoze
BereTalyy Mpoca. 3a UJjib U UIOHb OTMeUeHO HauboJIbIllee KOJIMYeCTBO BBIMTABIINX
0CaJIKOB TI0 pationy — 42,2 MM nipu HopMe 41 MM 1 Ha riosie — 33,3 mm (Tabsm. 1).

Tabvya 1

ArpomeTeoponoruyeckme ycnoeus B nepuog BbipaliusaHus npoca (2002-2021 rr.)
B 3aBUCUMOCTM OT BPEMEHM rofa

Mecsiubl BeretayMoHHOro nepuopga npoca

MorogHble akTopbI 3a mecsubl
Mai UoHb Uonb ABryct

OCanKM Mo DAAOHY. MM 31,0* 29,6 42,2 22,8 125,6
A pautony, 41,0 39,0 41,0 34,0 155,0
CpeaHecyTo4yHana TeMnepaTypa, °C 16,4 208 228 21,9 20,5
peauecy patypa, 15,0 19,7 21,9 20,0 19,1
CYXOBEIHbIE IHM 16,0 15,0 15,0 18,0 64,0
y A 14,0 13,0 14,0 15,0 56,0
OcapgKu Ha none, MM 29,9 33,3 30,2 229 116,3

lpumeyaHume: "Hap YepTolt — cpeaHee No AaHHbIM OpeHOyprcKoro rmapoMEeTLEHTPA, NOA YepTo — CpelHEMHOroneTHee
3HadeHue; N'TK no I'T. CenaHMHOBY 3a MecsLbl cocTaBnsaeT 0,54, cpegHemHoronieTHnin — 0,50.
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Table 1

Agrometeorological conditions during millet cultivation depending
on the season (2002-2021)

Months of the millet growing season

Weather factors May June July August Total
Precipitation by area, mm 31.0* 29.6 422 228 125.6
! 41.0 39.0 41.0 34.0 155.0

Average daily temperature, °C 164 208 228 219 205
! 15.0 19.7 21.9 20.0 19.1

Dry days 160 | 150 | 150 | 180 64.0
14.0 13.0 14.0 15.0 56.0

Precipitation on the field, mm 29.9 33.3 30.2 22.9 116.3

Note: "Above the line is the average data according to the Orenburg Hydrometeorological Center, below the line is the
average annual data; Selyaninov hydrothermal moisture coefficient (HTC) for months is 0.54 and for years is 0.50.

ITo ganHbIM OpeHOYyprcKoro ruIpOMeTIIEHTPa 3a Ma, UIOHb, aBI'YCT BhITNaZaeT
0CaJKOB MeHblIlle cpegHeMHorosieTHel HopMbl: 31,0; 29,6 1 22,8 MM COOTBETCTBEHHO.
KonmuecTBO BBITIABIINX 0CA/KOB I10 JJAHHBLIM TI0/IEBOTO 0CAZIKOMepa 3a Mak, Ui0/Tb, aBryCT
cocrasisieT cCooTBeTCTBeHHO 29,9; 30,2 1 22,9 mM. Bricokas cpefiHeCyTOUHas Temrieparypa
BO3yxa HabmomaeTcs B utonte 22,8 °C, UTo BbIlTle CPeJHEMHOTOIETHETO TTOKA3aTe/IsI JIUIIh
Ha 0,9 °C. BosayiHag Temrieparypa mas rpeBbliiiaer Hopmy Ha 1,4 °C, ntons —Ha 1,1 °C
v aBrycra— Ha 1,9 °C. MakcruManbHOe UMc/Io CyXOBeHHbIX JHel — 18 — oTMeuaeTcst
B aBrycCTe, uTo 00JIblIIe CPeHEMHOT0/IeTHel HOpMbI Ha 3. KonuecTBo CyXOBeHHBIX JHEH
B Mae, UI0He, UI0JIe BhIllle HOPMBIL. 3a Mepro/| BereTal[ii KOJIMYeCTBO BhIMABIIINX 0CA/TKOB
cocrassnsieT 125,6 mm unu 81,0 % ot cpegHeMHoronetHeld HopMmbl 155,0 MM. 3a Bereta-
LIMOHHBIN ITEPUOJ, Ha T10J1e BBINAZatoT ocasku 116,3 MM 1 cpe/fHeCyTOUYHasl TemIiepaTypa
Bo3ayxa cocrasiisieT 20,5 °C, uTo BbILLIe CpeJHEMHOr0/IeTHero 3HaueHus Ha 1,4 °C. 3a me-
CAITIbI BeTeTaluy KOJIMUeCTBO CYXOBelMHbBIX [IHel cocTaBsieT 64, UTo Bhiilie HOPMbI 56 Ha 8.
B cpeaneMm rugporepMuueckuil koadduienT yBnaxHenus no I.T. CenssHUHOBY paBeH
0,54, uTo yKa3bIBaeT Ha Cpe/iHe 3aCyIIIUBbIN BereTal[MOHHLINA TTepUo/ TIpoca.

MakcrManbHOe KOIMYeCcTBO BeCeHHel MPOAYKTHUBHOM BJlarv C yU4eTOM 0Ca/IKOB
O0TMeYaeTCsl T10/] TTOCEeBOM TI0C/Ie MSTKOM IMIeHUI[bI B TIOC/IeZIeICTBUM TTIOYBO3aI[UTHOTO
(TII BapHaHT OMBITA) ¥ YEPHOTO Mapa (KOHTPOJIb) YeThIPEXTIO/BHBIX CeBO0O0POTOB. Co-
Jep>kutcs 3aracos B ciioe mouBsl 0-30 cm— 43,8 mm u B 0-100 cm — 140,3 mm (Tabs. 2).

Tabnmya 2

BeceHHue 3anacbl NPOAYKTMBHON BNaru v nUTaTeNibHbIX BELLECTB B oYBe
noj NOCeBOM Mpoca B 3aBUCUMOCTU OT UCCieflyeMbiX BapuaHToB onbiTa (2002-2021 rr.)

MuTaTenbHble BewecTBa (0-30 cm), Mr/100 r
MpoaykTuBHas Bnara, MM
BapwuaHT onbiTa nouyBbl
0-30 cm 0-100 cm NO," P,0, K,0
| 42,2 140,3 8,3 6,3 47,3
Il 42,0 136,0 8,0 6,2 46,7
m 438 134,7 5,6 5.1 41,9
v 42,7 131,2 6,0 6,0 45,2
\' 32,7 112,6 39 2,4 16,8
Vi 39,1 126,6 8,6 58 444
HCP . 7,4 17,8 34 2,7 21,2
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Table 2

Spring reserves of productive moisture and nutrients in the soil under millet crops
depending on the variants (2002-2021)

Productive moisture, mm Nutrients (0-30 cm), mg/100 g soil
Variant

0-30cm 0-100 cm NO," PO, K,0
| 42.2 140.3 8.3 6.3 47.3
] 42.0 136.0 8.0 6.2 46.7
1l 43.8 134.7 5.6 5.1 41.9
1\ 42.7 131.2 6.0 6.0 45.2
Vv 32.7 112.6 3.9 2.4 16.8
Vi 39.1 126.6 8.6 5.8 44.4
LSD,, 7.4 17.8 3.4 2.7 21.2

MuHMMabHOE KOJTMUeCTBO MTOYBEHHOH B/Iarv HaOJTIOaeTCst Mo/l TI0OCEBOM T0CJIe
TBEpZIOU MIIIeHUITBI IBYTIOJLHOTO ceBooOopoTa (V BapuaHT orbiTa) U B 0—-30 cM co-
crasnset 32,7 mM; B 0—-100 cm — 112,6 mm. ITo gpyrum m3yuyaeMbIM BaphaHTaM 3KC-
reprMeHTa MPOAYKTUBHAS Bjlara mo/ oCeBoM Mpoca 0TMeuasnachk B rpegenax ot 39,1
1o 136,0 mm. B niaToM BapuaHTe oribiTa B cjioe nmouBbl 0—100 cM dakThueckoe pa3iuurie
Cofiep>KaHUs TIPOYKTUBHOM Biary 27,7 MM 00Jibllie HAUMeHbIIIel CyIleCTBeHHOM pas-
Hoctu (HCP,=17,8 MM), UTO SIB/ISIETCSI 3HAUMMBIM.

HanGonpmme Becennue 3anacel HUTpatoB (NO,) B cioe noussl 0-30 cm Habmro-
JaroTcs oy, 6eccMeHHbIM oceBoM (VI BapHaHT or1bITa) ¥ Ha y00peHHOM arpodoHe
coctasiseT 8,6 mr, uto BeIlle KOHTposs Ha 0,3 mr/100 r. HauMeHblliee copep>kaHue
HUTPATOB OTMeYaeTCs MOoJ, MOCEeBOM MOC/e TBePAOH MILIeHULbI B IBYTIOJIBHOM CEBOO-
6opote u cocTaBnsteT 3,9 Mr, uTO HIKe KOHTpos Ha 4,4 mr/100 r mouBsl. KonmuecTBo
HUTPATOB MOZ, I0CEeBOM IpPOCa B MOC/e/IeiCTBUY TTapOB TOC/Ie BHECEHUsI MUHEPa/IbHbIX
yno6penuii coctasnset ot 5,6 10 8,3 mr/100 r mouBsl. Hanbosbliee KomueCTBO MO/~
BrXHOTO (ocdopa (P,0,) B mouse Ha yf06peHHOM arpogoHe Hab/rOAaeTCs B KOHTPO-
Jie — 6,3 mr, BO BTOpOoM — 6,2 MT 1 yeTBepTOM — 6,0 MI BapriaHTax dKCIIepUMeHTa.
HaumeHnbliiee cosiep)kanue okcuzia hocdopa oTMeuaeTcs B MSITOM BapUaHTe OMbITa
U COCTaBJisgeT 2,4 Mr, uTo HYKe KOHTPOoJist Ha 3,9 mr/100 r nmouBsl. B TpeTbem U 1iecToM
BapHaHTaXxX 3KCIepUMeHTa CoZiepyKaHue TOBKHOTro Gocdopa B 1MoUyBe COCTABIISIET
5,1 u 5,8 mr/100 r cooTBeTCTBeHHO. MakCcHMaIbHOE COZlep>KaHue TOABKHOTO Kalns
K,O B nouse HabmozaeTcs B MOC/Ie/|eiCTBUM YePHOTO Tapa (KOHTPOJIb) U COCTaB/ISAeT
47,3 mr/100 r. MuHMMa LHOE KOJIMUeCTBO OKCH/Ia Kajlusi OTMeuaeTcs TI0Cjie TBep/oi
TMIIEHULbI B IBYNIOJIbHOM ceBoobopoTe (V BapHaHT OmbITa) U cOocTaB/isgeT 16,8 mr
C OTpUILlaTeTbHBIM OTKJIOHeHHWeM OT KOHTpoJisg B 30,5 mr/100 r nouBsl. B pe3ynbraTe
rocseZieliCTBUI 1apoB U 6eCCMEHHOT0 MOCeBa MpOCca OMpe/e/iseTCsl ColepyKaHue
TIOJBM)KHOTO KaJivsl B TIOUBe TI0C/Ie BHeCEeHUsI MUHepalbHbIX yanobpenuit ot 41,9
1o 46,7 mr/100 r. Haunyumiast 3HauuMast pakThueckasi pa3HOCTh Hab/omaetrcss B V
BapHMaHTe OMbITa M0 OKCuAy Kanus u cocrasiser 30,5 mr (HCP  =21,2). Takoe Ha-
OrofieHre 0OBSICHSIETCSI BLICOKUM COZIeP>KaHMeM TIO/IBM)KHOTO Kaslusl (XapaKTepUCTHKA
TOYBKI) B YepHO3eMax IOKHBIX [Ipemypasibs.
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Hawnborbliiast akTHBHOCT MUKPO(QUIOPBI TIOUBBI ¥ MAKCUMaJTbHOE COofiep>KaHKe opra-
HMYeCKOro BellleCTBa M ryMmyca B 1ouBe Ha0/moamichk B V BapriaHTe OIbITa U COCTaBHIIH
13,7; 17,6 u 3,5 % (tabs. 3). KMC/I0THOCTE MOUBBI TIOZ, [TOCEBOM MPOCa B IBYTIOIBHOM
ceBo0OOpOTE C TBEp/IO# TIIeHNLIel HaXou/Iach B HeMTpaTbHOM TIOJIOKeHHUH M COCTaBU/Ia
7,0. To ocTanbHBIM BapriaHTaM OITbITa MOKa3aTe/ Iy T/I0[0PO/UsI TIOYBLI ObUTH Ha yPOBHE:
Orosoruueckast akTHBHOCTb MouBbl—9,9...12,7 %; conep>kaHye OpraHUIeCcKoro BelriecTBa—
11,5...16,4 %, rymyca — 1,0...3,0 %, mouBeHHOro pacteopa— 7,5...8,0 pH. 3Haunmas
HavMeHbl11as CyllleCTBeHHasl Pa3HOCTb OTMedeHa B VI BapuaHTe oribITa 1o rymycy — 1,5 M.
CHKeHHe cofiep)KaHus Tymyca B 6eCCMEeHHOM ToceBe 000CHOBBIBAETCST UCTOIIEHHUEM
TIOUBbI 1 3aTOPMa’KMBaHWEM aKTUBHOCTU MUKPO(/I0pbl KOPHEBBIMU Bbl/le/IeHUsIMU TIPOCa.

Tabnvya 3

lNMokasaTenu nnopopoausa NoYBbI NOA NOCEBOM Npoca B cnoe yepHosema 0-30 cm
B 3aBMCMMOCTM OT Bap1aHToOB onbiTa (2002-2021 rr.)

Moka3zaTtenu nnogopoaus BapuaHT onbiTa HCP
nouebl | ] 11l \" \' Vi 05
E::::;g::g‘a” 11,5 12,7 11,2 11,0 13,7 9,9 2,4
OpraHuyecKkoe BelLecTBo? 15,5 16,4 14,1 13,2 17,6 11,5 4,0
ymyc® 2,8 3,0 2,7 2,5 35 1,0 1,5
KucnotHocTb* 7,6 7,5 7,7 7,8 7,0 8,0 0,6

anMe'-laHMe‘ 1|_|,eJ'IJ'IIO!'IO3OJ'II/ITI/IHECKaﬂ AKTMBHOCTb MMKPOOPraHN3mMoB B NO4YBE, %; 2Opl’aHl/NECKOE BELLECTBO COCTOUT
M3 MOXXHNBHbIX, KOPHEBbLIX OCTATKOB M COJIOMb, %, SCO,EI,ED)‘r(EIHI/Ie rymyca Ha FO>KHOM HYepPHO3EME, %; *KMCNOTHOCTb
MOYBbI BblpaXkaeTca pH NOYBEHHbLIM PACTBOPOM.

Table 3
Soil fertility under millet cropping in 0-30 cm layer of chernozem (2002-2021)
Variant LSD
Indicators of soil fertilit 05
ndicators of soil fertili Yy ! I m v v Vi
Biological activity' 11.5 12.7 11.2 11.0 13.7 9.9 2.4
Organic matter? 15.5 16.4 14.1 13.2 17.6 11.5 4.0
Humus? 2.8 3.0 2.7 2.5 3.5 1.0 1.5
Acidity* 7.6 7.5 7.7 7.8 7.0 8.0 0.6

Note: "Cellulolytic activity of microorganisms in the soil, %; 2Organic matter consists of crop, root residues and straw,
%; *Humus content in southern chernozem, %;* Soil acidity is expressed by pH soil solution.

BrisiB/ieHO, 4TO HaKOO/TBLINIA BBIXOZ, 3epHa Mpoca Habsroziancs B V BapUaHTe OIbITa
(moceB mocJsie TBep 0¥ MILIeHUL[bI) U cocTaBU 1,21 T, uTo BhIlLe KOHTPOJIs Ha 0,45 T/ra
(tabn. 4). HaumeHblilast ypoykailHOCTh 3epHa rpoca otMedeHa B VI BapuaHTe 3KcIiepu-
MeHTa (6eccmenHbIi oceB) — 0,52 T, yTo HIDKe KOHTPOs Ha 0,24 1/ra. 1o mepBbIM
YyeThIpeM BapHaHTaM OIbITa BbIX0Z 3epHa coctaBui 0,66...0,80 T/ra.

MakcuMabHbIA BbIXOZ, MPOAYKTUBHOCTH C 1 ra MaiiHyd OTMeueH B V BapuaHTe JKC-
nepumenTa — 1,18 T kopMmoBbIx, 0,70 T 3Hepretrueckux u 0,65 T/Ta KOPMOIIPOTEMHOBBIX
eMHUL. MUHUMa/TbHBIN BBIXOZ, IPOAYKTUBHOCTH MPOCMaTpuBascs B VI BapuaHTe Onbl-
ta—0,28; 0,30 1 0,51 T/ra cooTBeTCTBeHHO. 10 OCTa/ILHBIM Bapy¥aHTam MoceBa Ipoca
BBIXOZ, KOPDMOBBIX eivHUL cocTaBui 0,65...0,78 T; sHepretnueckux — 0,38...0,46 T
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u kopMonpotenHoBbIX — 0,36...0,43 T/ra. Haunyuiiasgd HaMeHbI11asi Cylile CTBEHHAs
Pas3HOCTh Orpejesisdaach 1o BeixoAy 3epHa — 0,43 T. dakTuueckas pasHocTts 0,45 T
T10 CPaBHEHUIO C KOHTPOJieM 3a(hMKCHpOBaHa B V BapyaHTe OMbITa U SIB/ISIETCS 3HAYUMOMU.

Tabnmya 4

BnusiHue pa3nnyHbIX BapUaHTOR OMbiTa Ha MPOAYKTUBHOCTb Npoca B ceBoo6opoTe
u 6eccMeHHOM nocese, T/ra (2002-2021 rr.)

Bbixog ¢ 1 ra B BapnaHTax onbiTa, T
ERUHALL! | I i v v vi HCPs
3epHo 0,76 0,80 0,69 0,66 1,21 0,52 0,43
KopmoBble 0,74 0,78 0,68 0,65 1,18 0,51 0,41
OHepreTuyeckue 0,44 0,46 0,40 0,38 0,70 0,30 0,25
KopmonpoTenHoBble 0,41 0,43 0,37 0,36 0,65 0,28 0,23
Table 4

Productivity of millet in crop rotation and continuous cropping, t/ha (2002-2021)

Output from 1 ha in Variants, t
Parameter | I 1 v v Vi LSD,,
Grains 0.76 0.80 0.69 0.66 1.21 0.52 0.43
Feed units 0.74 0.78 0.68 0.65 1.18 0.51 0.41
Energy units 0.44 0.46 0.40 0.38 0.70 0.30 0.25
Forage protein units 0.41 0.43 0.37 0.36 0.65 0.28 0.23

BnusiHue Tiokasaresiel 1100poAus MOYBBI HAa YPOXKaWHOCTh 3epHa Mpoca 1o Bapu-
aHTaM OITbITa TI0C/Ie BHECeHUs aMMOo(oca MoKa3aHO Ha PUCYHKe.

% 1,21 1/ra / t/ha
24 1,2
22 1,1
20 1
18 0,9
16 0,8
14 0,7
12 0,6
10 0,5
8 0,4
6 0,3
4 0,2
2 0,1
O T T T T 0

I I I v . \%
Bapuant onsrra / Experience option

CoJieprkaHusi OpraHuvecKkoro Berectsa, % / Organic matter content, %
EEEEEN AKTHBHOCTH MHKPOOPIaHHU3MOB, % / Activity of microorganisms, %
= == VpoxailHOoCTh 3epHa mpoca, T/ra / Millet grain yield, t/ha

BosfencTBme cofep)kaHnst opraHM4eckoro BeLecTBa U akTMBHOCTM MUKPOOPraHM3MOB B NoYBe
Ha YPOXXalMHOCTb 3epHa Npoca B CeBOO6OPOTE N 6&CCMEHHOM MOCEBE MOC/e BHECEHMA aMModoca
(2002-2021rr))

Effect of organic matter content and microbial activity in soil on yield of millet grain in crop rotation
and permanent sowing after application of ammophos (2002-2021)
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I'padhuik 1oka3biBaeT NpsSMO TIPOITOPIIMOHA/IBHYIO 3aBUCHMOCTD; UeM BBhIIIle /HIKe
cofiepkaHe OpraHUUYeCKOro BellleCTBa B MOYBE U LIeJI/TF0/I030/IMTUUe CKOM aKTHBHOCTH
MHKDPOOPTaHHU3MOB, TEM COOTBETCTBEHHO O0JIbITie/MeHbIlle YPOyKaHOCThb 3epHa Mpoca
10 BapHaHTaM OTIbITa WM HaoOopoT. Haunmyuliiee BAusiHUe 3TH (PAKTOPbI OKa3bIBAtOT
Ha TIOBBIIIIEHUe TTPO[yKTUBHOCTH B V BapvaHTe ITOCeRa.

B pe3ynbrare cratucTiyeckoii 00pabOTKHU JAHHBIX BBISIBJIEHO, UTO HauboJIbIIee
BJIMSTHUE Ha TIOBbIIIIeHUe MPOAYKTUBHOCTH MPOCA U3 TIOTOAHBLIX (DAKTOPOB OKa3zasiu
HIOJIbCKYE 0CAJIKK B V BapuaHTe OTbITa, COCTABUB 110 BBIXOAY 3epHa, KOPMOBBIX, SHEpre-
TAYECKUX ¥ KOPMOIIPOTEHMHOBBIX €IMHUL] COOTBETCTBEHHO: 27,91; 27,93; 27,96; 28,05 %

C KpuTepueM ypoBHs 3HauumoctH 0,01 (Tabs. 5).

Tabmua 5

BnusiHMe 0CHOBHbIX (haKTOPOB Ha NOBbiLlIeHWe NPOAYKTMBHOCTHM Npoca
B ABYNO/IbHOM CeB0O060pOTe C TBEpAOoN nweHuuen (2002-2021 rr.)

MpoayKTUBHOCTb Npoca
OcHoBHble dakTopb! 3epHa KopMOBBIX | SHepreTuyeckux Kopmonpo-
P envHNL eanHNL TEMHOBBIX EAVHMUL
o 27,91/0,27* | 27,93/0,27 27,96/0,27 28,05/0,28
cafikv foXaeMepa B nione 001" 001 001 001
0-30 25,96/0,25 25,91/0,25 25,79/0,25 25,80/0,25
B 0-30 cM
MpoaykTueHas 0,02 0,02 0,02 0,02
BNara B BeCEeHHUN
nepHoa 5 20,86/0,20 | 20,83/0,20 | _ 20,71/0,20 20,73/0,20
0-100 cm 0,04 0,04 0,04 0,04
HUTDATH! 71,80/0,71 71,78/0,71 71,55/0,71 71,75/0,71
P 0,00 0,00 0,00 0,00
MutaTenbHble docto 38,05/0,38 37,95/0,37 37,84/0,37 37,78/0,37
ﬁﬁg’fg“ nocne P 0,00 0,00 0,00 0,00
K . 33,07/0,33 33,01/0,33 32,79/0,32 32,93/0,32
anum 0,00 0,00 0,00 0,00
62,13/0,62 62,03/0,62 61,93/0,61 62,32/0,62
Buonorunyeckui B 0-20 cm
0,00 0,00 0,00 0,00

Mpumeyanume: Mepen 4ePTON — [ONA BANSHUA hakTopa, %, Noc/e YepTbl — KO3DDUUMEHT AeTEPMUHALMM; ™ KpuTepuii
YPOBHSA 3HAYMMOCTU MHOXECTBEHHOM perpeccuu (p < 0,05).

Table 5

Influence of the main factors on increasing millet productivity under two-field crop
rotation with durum wheat (2002-2021)

Millet productivity
Factors
Grain Feed units Energy units Forage protein units
Rain gauge in Jul 27.91/0.27" 27.93/0.27 27.96/0.27 28.05/0.28
precipitation y 0.01™ 0.01 0.01 0.01
. 25.96/0.25 25.91/0.25 25.79/0.25 25.80/0.25
. . in 0-30 cm
Productive moisture 0.02 0.02 0.02 0.02
in spring in 0-100 20.86/0.20 20.83/0.20 20.71/0.20 20.73/0.20
cm 0.04 0.04 0.04 0.04
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Ending of table 5

Millet productivity
Factors
Grain Feed units Energy units Forage protein units
Nitrates 71.80/0.71 71.78/0.71 71.55/0.71 71.75/0.71
0.00 0.00 0.00 0.00
Nutrient's after Phosphorus 38.05/0.38 37.95/0.37 37.84/0.37 37.78/0.37
sowing 0.00 0.00 0.00 0.00
Potassium 33.07/0.33 33.01/0.33 32.79/0.32 32.93/0.32
0.00 0.00 0.00 0.00
Biological in 0-20 cm 62.13/0.62 62.03/0.62 61.93/0.61 62.32/0.62
0.00 0.00 0.00 0.00

Note:"Before the line — share of the factor's influence, %; after the line — coefficient of determination;™ The criterion
of significance level of multiple regression (p < 0.05).

BosgeiicTBre BeceHHUX 3aMacoB MOUBEHHOM B/Iard Ha yBeJTMUeHue MPOAYKTUBHOCTH
TIpoca HabJTFOa/I0Ch IO/ TTIOCEBOM TT0C/Ie TBEP/0H IMIIEHUIILI B IBYTIO/ILHOM CEBOOOOpOTe
u B cJioe 1ouBkl 0-30 u 0—-100 cm — ot 20,71 mo 25,96 % c ypoHem 3HaunMoctu 0,02
u 0,04 (p<0,05). Hamnyuiiiee B/ivsiHie OKa3biBaeT CO/iepKaHNe HUTPATOB B TTaXOTHOM
cioe miouBbl 0-30 M 1ocIe IoceBa B IBYTIOJIbHOM CEBOOOOPOTE C TBEPAOH TIIIEeHHLIEH,
TMOBBIIIAsA BbIX0/] 3epHa npoca Ha 71,80 %, kopmoBeIXx — 71,78 %, sHepreTuyeckux —
71,55 %, KOpMOTNIPOTeUHOBBIX efuHUL — 71,75 % mipu ypoBHe 3Haurmoctu 0,000002
1 0,000003. [Tons BausiHus TIoAIBMOKHOTO (hocopa HaxoauTcs B Tipeenax 37,78...38,05 %,
Kanig — 32,79...33,07 % c yposHeM 3HaunmocTu 0,003 u 0,008 coorBeTcTBeHHO. Llesn-
JTFOJT030/IUTUYECKasi aKTUBHOCTD TIOYBHI (pa3/ioykeHUe 11e/I/TF0I03bI MUKPOOPTaHW3MaMU )
OKa3bIBaeT 3HAUMTEILHOE BO3/[eCTBUE Ha POCT KY/bTYPhI Y MOBLILIAET BBIXOJ, 3€pHa
Ha 62,13 %, kopmoBbIX — 62,03 %, sHepreTryeckux — 62,32 % 1 KOPMOIIPOTEUHOBBIX
equHuL]— 61,93 % c kputeprieM ypoBHs 3HaunmMocTu 0,00003. Hanbosbliias akTUBHOCTh
MUKPOOPTaHU3MOB B TOYBE TIPUBOIUT K JIETKOM [OCTYITHOCTH MMUTATE/bHBIX BEITeCTB
[JIs1 pOCTa U pa3BUTHS Ky/AbTyphl. [1o ApyrvM BapraHTaM OIbITa He YCTaHOBJIEHO BO3-
JlelicTBUe n3yuyaeMbIX (DAKTOPOB Ha MOBBIIIIEHUE TIPOYKTUBHOCTH.

Ha ocHoBaHuu pe3ynbTaToB UCC/IeJOBaHUs B cTenHOM 30He HOykHOTO Ypana s
TIOBBIIIIEHHUS YPOXKaHOCTH 3epHa Tpoca /10 1,21 1/ra u 6o/iee peKOMeHyeTCsI BHEZIPSITh
TOCEBHI 110C/IE TBEPZOH IMIIIEHUIIBI B IBYTIOJIbHOM CEBOOOOPOTE C IPUMEHEHHEM aMMO-
(hoca 1o/ BCIaIliKy B 0C@HHUM TIePUO/I,.

3akoyeHue

YcTaHOB/EHO, UTO TpyU BHeceHWH aMmmodoca ¢ mo30i 40 kr/ra a3ora u pocdo-
pa (N, P, ) meficTByroiero BerjecTsa oz OCHOBHY0 06paboTKy MOUBbI (OCeHHSAA
BCIaIllKa) MPOMCXOAUT MOBBILLIEHUE MPOAYKTHBHOCTH MPOCa MOC/Ie TBePAO0M MIIeHULIbI
B JIBYTIOJIbHOM C€BOOOOPOTE MO CPaBHEHUIO C KOHTPOJIbHBIM 1MOCeBOM. HanbosbIimii
BBIXO/] 3epHa nmpoca coctaBuia 1,21 1, kopmoBbiXx — 1,18, sHepretuueckux — 0,70,
KOPMOTIPOTEHMHOBBIX eAnHUL] — 0,65 T/ra. MakcumasibHas mpubaBka OT yaoOpeHHs
MO CpaBHEHMIO C KOHTPOJIEM MOJIyueHa Mo BbIXOAy 3epHa Ha 0,45 T, KODMOBBIX eiu-
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Hut] — 0,44, sHepretuueckux — 0,26, kopMonpoTenHOBbIX — 0,24 T/ra. B V BapuanTe
omnbITa (Hauiy4lliee BAUSIHUE) CO/lep>KaHUe HATPATOB M LIeJITFO/I030/IMTUUe CKOM aKTHB-
HOCTH MUKDOOPT'aHU3MOB B TI0UBe YBEJTMUMU/IO MPOAYKTUBHOCTD TIPOCA COOTBETCTBEHHO
Ha 71,55...71,80 % 1 61,93...62,32 % (p <0,05). CoBMecTHOe BO3/eliCTBHE BbINaBIINX
0Ca/IKOB B UI0JIe, BeCEHHUX 3arlacoB MTPOAYKTHUBHOM BJlaT¥, aKkTUBHOCTU MUKPOOPTaHU3-
MOB, MMATAaTe/IbHBIX BelleCTB (HUTPAThI, TIOABWKHBIN Gocdop, Kaiuii), HaubOoIbILIEero
Co/lep>KaHusi OpPraHUueCcKOTo BeITecTBa, TyMmyca U HelTpaabHOW KUCIOTHOCTH B TIOUBE
obecrieurBaeT 6/1arONPUSTHBIE YCIOBUS [1J1s1 BbIPAIIIMBaHMS IPOCa Ha Y[00peHHOM arpo-
(hoHe 110 TIPe/IIIIeCTBEHHUKY TBep/iasi TIIIeHHUI]a B IBYTIO/ILHOM ceBooOopoTe. B apyrux
BapHaHTaX I0CEBA BbISB/IEHO, UTO OCHOBHBIE (JaKTOPBI U MUHEpasbHbIE yI00peHHs
B 3aCYIIUIMBBIX YCJIOBUSIX BETeTAI[MOHHOTO TIepHo/ia He BAMSIIOT Ha TIOBBIIIIEHHE TIPO-
JYKTHBHOCTH TpOcCa.
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BopHo-¢du3snuyeckme cBoMCTBa KallTaHOBbIX NOYB
Npu pasHbIX cnocob6ax MennopaTuBHOM 06paboTKU

H.H. yoenok' ', A.E. HoBukos> 8, A.A. Ilopayockui®
I.0. Yamypnues® ', K.b. IllymakoBa' ~, P.B. 30ykapes>

'PTAY — MCXA um. K.A. TumupsizeBa, . Mockea, Poccutickas @edepayust
?Bcepoccuiickuit HUU opormaemoro 3emezens, 2. Boneoepad, Poccutickas @edepayus
3PoccuiiCKUi yHUBEPCHTET pY>KObI HAPOJoB, 2. Mockea, Pocculickas @edepayust
X ae_novikov@vniioz.ru

AnHoTanus. Vcciej0BaHO U3MeHeHHe BOJHO-(DM3MUeCKUX CBOMCTB KallITAHOBBIX MOUB I107] BIMSHUEM
pasHbIX CII0OCOOO0B MX MeNMMOPaTUBHOM 06pabOoTKY NP BO3Je/bIBaHUM KyKypy3bl (rubpuy [ToBomkckuii 89 MB)
B yCJIOBUSIX opoluaemoro 3emsefienusi HikHero TIoBo/kbs. V3ydeHsl XapaKTepUCTHKH MOYBBI: IJIOTHOCTS,
B/Ia)KHOCTb, HAUMeHBI11as BIar0eMKOCTb, MaKCUMa/lbHasi TUTPOCKOMTMYHOCTb, BJI&KHOCTD 3aBsiZlaHUs paCTeHUH,
TIOPO3HOCTb U TOPUCTOCTh a3pal{iy. YCTaHOB/IEHO, YTO MOC/e MeTMOPaTUBHOTO UM3e/IbHOTO OTBabHOTO PhIX/Ie-
HM$ MTOYUBBI HaOJTFOlaeTCsl KaueCTBEHHOE YITyullleHHe ee BOAHO-(MU3UYeCKHX CBOMCTB B CPAaBHEHUH C KOHTPOJIb-
HBIM BapHaHTOM — JIeMeIlIHOM OTBa/lbHOM BCMAIIKOW. [I/11 MaTeMaTH4eCKOro OMUCaHUsI JUHAMUKU N3MeHeHUs
TVIOTHOCTH TI0YBBI I10 CJI0SIM IO BapraHTaM ee 006paboTKH NpejyioykeHa Perpeccus 2-ro Mopsi/ika, BbIYUC/IEHb
Ko3(duLeHTsl ypaBHeHuUs. [I/1s1 oAep>KaHUs 3a/JaHHOTO Pe)kKMa OpOLIEHHUs 110 TleprofiaM HabmoeHni
B BapHaHTe C JIeMelIHOH OTBa/IbHOW BCIAIIKO MOYBbI ObIIO IPOBEJIEHO OT 7 A0 9 BereTallOHHBIX MOUBOB
OpoCHTe/TbHOM HOpMOi OT 2250 10 2750 mM%/ra, B BapHaHTax C METHOPAaTUBHBIM UH3e/IbHBIM 0€30TBa/IbHBIM
PBIXJIEHHEM MOUBBI — 7...8 Mo/mBoB HopMmoi 2200...2600 m>/ra, un3e/bHbIM OTBaJIbHBIM PbIXJieHHeM — 6...7 TI0-
JIUBOB HOpMoO#i 2100...2500 M3/ra. YpoxkaliHOCTb KYKypYy3bl B BapHaHTe C UH3e/bHbIM OTBabHBIM PhIXJIEHHEM
TIOYBBI B CPeJJHEM 3a Neproj, UCC/IeloBaHUs coCTaBua 8,75 T/ra, UTo Bhlllle KOHTPOIBHOTO BapyaHTa Ha 18 %,
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Water-physical properties of chestnut soils depending
on different tillage practices and irrigation regimes
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Moscow, Russian Federation
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Abstract. The aim of the research was to study water-physical properties of chestnut soils under different
tillage practices when cultivating corn (Povolzhsky 89 MV hybrid) under irrigated conditions in the Lower
Volga region. Therefore, the following characteristics of the soil were studied — soil density, soil moisture,
field capacity, maximal hygroscopic moisture, wilting point and porosity. The results revealed that after chisel
loosening, a qualitative improvement of soil water-physical properties was observed in comparison with the
control variant — moldboard plowing. To describe the dynamics of changes in soil density by layers and tillage
variants, a regression of the 2nd order was proposed, and coefficients of the equation were calculated. In order
to maintain the specified irrigation regime during the observation periods, 7 to 9 vegetative irrigations with
application rate from 2250 to 2750 m?3-ha! were carried out in the variants with moldboard plowing, 7 to 8
irrigations with application rate from 2200 to 2600 m3-ha™ in the variants with chisel loosening, and 6 to 7
irrigations with application rates from 2100 to 2500 m*-ha™ in the variants with chisel moldboard plowing. The
yield of corn in the variant with chisel moldboard plowing averaged 8.75 t-ha™ during the research period, which
is 18 % higher than in the control variant. Moreover, the cost of irrigation water for producing one ton of grain
decreased by almost 20 %, and the coefficient of water consumption decreased by 17 %.

Keywords: water-physical properties of soil, soil plowing, soil loosening, irrigation, sprinkling, corn,
grain, yield, Lower Volga region
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BeeneHue

B mupoBoM 3emiefieniuy oceBbl KyKypy3bl 3aHUMAIOT BeylLye MO3ULUHU, YTO
00yC/I0B/IeHO ee YHUBePCaIbHBIM Ha3HaueHUeM, BbICOKOM YPO)KalHOCTBIO U SHepreTH-
YeCKOW LIeHHOCThI0, B YaCTHOCTH KOPMa M3 3TOU KY/bTYPhI MOAXOJAT /11 KOPM/IEHUS
BCEX BU/IOB CEJIbCKOXO0351MCTBEHHBIX KUBOTHBIX U MTHUL], 3¢PHO MO>XXHO MCI10/1b30BaTh
J71st mpou3BozicTBa 6uororivea. B 2019 r. moceBamu KyKypy3bl ObLIO 3aHSTO Oostee
191 mnH ra, unr 10 % Bcex nmoceBHBIX Muiowiazel B Mype. [1pu atom noutu 48 % mipu-
xoputca Ha Kutaii, CIIIA u Bpasunmro.

Ba)xHbpiMH (hakTOpaMy B TOTyueHUH CTabM/IbHO BLICOKMX YPOXKaeB 3epHa KyKypy-
3bI OCTAIOTCSI ONTHMMAa/bHBIA BOJHBIN PeXXUM U CTPYKTypa MOYBbI C MaKpoarperaramu
pa3mepom 0,25...10,0 mm [1-6].

Opor11aemble OUBBI B COCTOSIHUU YB/IA)KHEHUS JIETKO YIIOTHSIFOTCS TIPU BO3Z€HCTBUU
MeXaHU4ecKoro jaesenus, a Na*, K* u NH,", npuBHOCHMBIe C MUHepalbHBIMU yro00pe-
HUSIMH, BBITECHSIIOT 00OMeHHbIN Kastbiuid u3 [TITK (rTouBeHHO-TIOT/IOMIAIOIHIA KOMITJIEKC)
Y HapyllaloT YCTOMYMBOCTh MOUBEHHOM CTPYKTYpbl. COBOKYIHOCTb 3THX (DAKTOPOB
TIPUBOAUT K 00pa30BaHUIO TTY)KHOU «TIOAOIIBBD» Ha rmyoune 0,2—0,3 m [7—11]. OHa
TPeMsTCTBYeT HAKOIIEHHUIO 3ar1acoB MPO/YKTUBHOM B/Iar, pa3BUTHIO KOPDHEBOU CHCTEMBI
pacTeHuid, CO3[,aHUI0 ONTUMAJ/IBHOTO BO3/IYILLIHOTO, BOAHOTO Y MUILL|EBOTO PE)KUMOB TTOUBBIL.
C yBe/rueHHeM IIOTHOCTH TIOUBBI YMEHbILIAeTCsI ee BIUTHIBAIOILast CII0COOHOCTH U TIPU
OpOLIeHNU UHTEHCHU(ULMPYIOTCS] UPPUTaLMOHHO-3PO3UOHHBIE TIpoLiecchl [12—-16].

5151 perynupoBaHus BOAHO-(DM3MUeCKUX CBOMCTB MOYBbI IPUMEHSIIOT Me/IMOpaTHUB-
HbIe cr1I0coObI 00pabOTKM MOUBBL. OTO Pa3HOBUIHOCTH «HY/eBOi» 006paboTku (No-Till,
Strip-Till, Mini-Till), nemerHas Bcraika, 6e30TBa/IbHOE PHIXJIEHHUE, B T.U. UU3€/IbHOE
pbIX/IeHHe, KOMOMHHPOBAHHbBIE PA3HOTTYOMHHBIE Y MHOTOSIDYCHBIe 006paboTku [17-24].

3a cyeT MeMOpaTUBHON 00pabOTKY TIOUBBI MOXKET (hOPMHUPOBAThCS [0 25 % ypoXKas.
[1pu 3TOM eAMHOTO MHEHUS TI0 BEIOOPY criocoba 06pabOTKY MOYBHI HET. 371eCh Orpe/e-
JISTIOLIMME (haKTOpaMH BBICTYTIAIOT B1aroobecrieueHHOCTh 0Ca/IkaMU, TeMITepaTypHbIH
peXum, Crioco0bl yTIpaBieHus MPOAYKIMOHHBIM TPOLIeCCOM, CTeleHb 1 XapaKTep 3P03uu
MOYBBI, HAOOP Ky/IETYP B C€BOOOOPOTE, 3aCOPEHHOCTH ToJieH [25-27].

Ienb ucciegoBaHusa — OLleHKa BOAHO-()H3UUeCKMX CBOMCTB KalITaHOBbIX I1OYB
TPH pa3HBIX CrIocobax MeMopaTHBHON 00paboTKY MOUBBI MPH BO3/€/TbIBAHUH KYKYDY3bI
B YCUJIOBUSX opoliiaeMoro semiesenvs Hukaero [ToBo/mKes.

Matepuanbl U MeToAbl UCCNeA0BaHUSA

ITo cxeme T0/1EBOTO OITBITAa OBITIO IPOBEJIEHO TPY BapHUaHTa OCeHHel MeTMOPaTUBHOM
00pabOTKM MOYBLL: JIeMeIlHas OTBa/IbHas BCTIAIIKa (BAPMAHT A, KOHTPOJIb) Ha ITy0H-
ny 0,22...0,24 m opynuem ITH-5-35, un3ensHoe Ge30TBasIbHOE pPhIXJIeHWEe Ha IyOUHY
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0,25...027 m (BapuaHT A,) ¥ Un3eJIbLHOE OTBa/IbHOE PhIX/IeHHe Ha ybuny 0,36...0,38 M
c BHeapeHreM oTBasioB Ha 0,16...0,18 M B 1-i1 roz mpoBeeHust 00pabOTKH U Ha TTyOUHY
0,25...0,27 M c BHeipeHEM OTBAJIOB Ha Ty Ke ITyOUHY Ha 2 U 3-1 Tofbl IPOBeJeHUS
0bpabotku (BapuaHT A.) opyarem [TUB-5-40M.

[1ouBBI OMBITHOTO y4YaCTKa M0 rPaHy/IOMETPUYECKOMY COCTAaBY TSDKEOCYTJIMHUACTHIE.
B naxotHom ciioe 0,22...0,24 M cogepkanue rymyca— 1,65...1,75 %. ObecrieueHHOCTb
JOCTyTHBIMU (hopMamu a30Ta ciabast — 35. .45 mr/kr, hochopom — cpeanss, 75...85 Mr/kr,
Kanem — nosbllieHHas, 280...300 mr/kr, mectamu 0 450. Peakijusi TOUBeHHOIO pac-
TBOpa cnaborenounas, pH 6,5...7,2. [TnotHocTs cioxenus — 1,35...1,40 /M B cioe
0,22...0,24 M, IOTHOCTB TBepoH (ha3bl — 2,54 T/M?, Topo3HOCTh — 43 %, HaUMeHbIIIast
BJIar0eMKOCTb — 22...24 %. Bopoyzaep>kuBatolijasi CltoCOOHOCTh METPOBOT'O CJI0ST —
2800 m*/ra. I'mybuHa 3asieraHusi TpPyHTOBBIX Bog — Oosiee 10 M.

OnbIT 3aK/1a/[pIBa/I CUCTeMaTHueckuM MeTogioM Tio B.A. JTocriexoBy (1985), B.H. ITe-
makoBy (1983) B ueTkIpexKpaTHOM MOBTOPHOCTHU. B HccienoBaHUSIX UCIOMB30BaIU Pakio-
HUPOBaHHbIN 3epHOBOM rubpuz [ToBomkckuii 89 MB. [IpeanonyMBHOM OPOT BAaKHOCTH
TI0YBBI [10//lep>KUBasIy N0/IMBaMU JOXKeBaHreM MallHou «®perar» Ha yposHe 80 % HB
B cyioe 0,7 M oT (ha3bl 13 MMCTHEB ZI0 OKOHUAHUS TIBeTeHMs, a B 0CTabHOU nieprog — 70 %
HB B crioe nousel 0,4 M. ®on ypobpenuii (N, P, K. Kr /i.B. Ha TeKTap) U arpoTexXH1Ka
(3a uckmoueHreM 00pabOTKY TIOUBLI) Ha BCEX BapHaHTaxX ObI/A UI€HTUYHBI.

OG6pasibl 0TOMpany MoYBeHHbIM OYPOM B UeThIPeXKPATHOW MOBTOPHOCTH TI0 J1eCsi-
THUCAHTUMETPOBBIM CJIOSIM C TIOBEPXHOCTH /10 TyOMHBI 0fWH MeTp. BopHo-¢hu3nueckue
CBONCTBa KallITaHOBBIX MOUYB U3ydanu 1o Metoaukam A.®. Baaronunoi, 3.A. Kopua-
ruHoi (1986).

Ob6ecrieyeHHOCTh BereTalOHHOTO MepUo/ja 0CaZikaMH OL|eHUBaIX 10 TUAPOTep-
Muyeckomy ko3dduumenty IT. CenssuunoBa (1937).

Hwxnee IToBo/DKbe OTHOCHTCS K 30HE HEIOCTAaTOUHOM B/iaroobecrieueHHOCTH.
ATMochepHbIe 0Ca/IKU 3a BereTal[MOHHBIN ITepro/], KOMITIeHCUPYIOT He 6osee 50 %
CYyMMapHOTO0 BOZOTIOTpebsieHus pacTeHHI B 3aCyLLIUBBIX paliOHaX, a B TIOMYCYXUX
U cyxux — 710 30 %. B 3T0i1 CBSI3U opollleHre BBICTYIaeT JUMUTHUPYIOLIUM (PaKTOPOM
B TI0JTyYeHUH CTaOM/TbHO BBICOKHMX YPOKaeB CeTbCKOX03HCTBEHHBIX KY/IBTYP.

[Mepuoab! HabMHOAEHUH TI0 YC/IOBUSIM TETIO- U BIaroobecrieueHHOCTH ObLTH O/Ti3-
KUMHM K CpeJIJHeMHOI0/IeTHUM 3HaueHUsIM. [10 cyMMe akTUBHBIX TeMIlepaTyp MOCEeBbI
KyKypy3bl 0butr 06ecrieueHnl TeryioM oT 3300 o 3407 °C, a BereTaliOHHbIE TT€PUO/IBI
10 Ha/IMUKMIO0 aTMOC(epHBIX 0CaJKOB XapaKTeprU30BaIUCh KaK KpaiHe 3aCyllIMBbIe
u cyxue ¢ I'TK 0,35...0,45.

PesynbraTtbl UccnegoBaHusa U 06CcyXXaeHune

[ nojiepKanus 3aJaHHOTO PeXXKMMa OPOILeHHs Ha BapyuaHTe A ObLIO MPOBEIEHO
oT 7 10 9 BereTalMOHHBIX MOJIMBOB OPOCUTEILHOM HOpMO oT 2250 mo 2750 m?/ra, Ha Ba-
PHAHTaxX C YM3e/IbHBIM 0e30TBa/IbHBIM PBIX/JIEHHEM MOUBbI A,— 7...8 TI0IMBOB HOPMOM
2200...2600 m*/ra, c uM3e/IbHBIM OTBA/ILHBIM PBIX/IEHHEM T0uBbl A, — 6...7 MOMBOB
Hopmoit 2100...2500 m*/ra (tabm. 1).
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Tabnmya 1

MonveHble HOPMbI U KOIMYECTBO NOJIMBOB MPU pasHbIX cnocob6ax MeNMopaTUBHOWM
06paboTKM NouBbl (3a 3 roga UccnegoBaHUiA)

O6paboTka BogHbIi KonuyectBo MonueHas OpocuTenbHas
nouyBbl peXX1uMm noysbl nonveoe HopMma, M%/ra HopMma, M3/ra
80%HB,h=0,7m 2 500
A, 70 % HB,h=0,4 M 5.7 250 2250..2750
80%HB,h=0,7m 2 500...550
A, 70 % HB,h=0,4 M 5..6 250...300 2200..2600
80%HB,h=0,7m 2 500...550
As 70 % HB, h= 0,4 m 4.5 200...350 2100..2500
Table 1

Water application rate and number of irrigations under different methods
of soil treatment (average over 3 years)

Soil treatment Soil water regime [\ll{mbgr Water appallca_t1|on Irrigation rate, m3-ha!
of irrigations rate, m*-ha
80%FC,h=0.7m 2 500
A 70%FC,h=0.4m 5..7 250 2:250.-2,750
80%FC,h=0.7m 2 500...550
A, 70%FC,h=0.4m 5..6 250...300 2,200..2,600
80%FC,h=0.7m 2 500..550
As 70%FC,h=0.4m 4.5 200...350 2,100..2,500

WccnenoBanre mioTHOCTU MOYBLI (pUC. 1) MOKasano pasHylo JUHAMUKY ee W3-
MeHeHHUsI 110 CJIOSIM B 3aBUCUMOCTH OT BapUaHTa MeMOpaTUBHONM 00pabOTKM MOUBHI.
HavmeHblI11asi TVIOTHOCTB MAXOTHOTO CJIOS TIOUBBI OTMeUeHa Py OTBaIbHBIX 06paboT-
kax. [Tepes moceBom KyKypy3el B Baprante A B csioe 0,0-0,3 M rokasaresib H3MeHsIICS
or 1,28 no 1,37 1/m°, a nepen, y6opkoii — ot 1,33 o 1,41 1/M°, B BapuanTax A, u A
cootBeTcTBeHHO 1,26...1,35 T/M° nepes moceBom u 1,31...1,41 1/m° nepep, yOOPKOIA.

I[MonmyueHHbIH 3¢dexT cBsi3aH ¢ paboToii 0TBaNIOB Ha TOYBOOOPaAOATHIBAIOLIIX OPYAH-
SIX, KOTOPbIe KPOLIAT ¥ Pa3phIX/ISIOT MaXOTHbIN TOPU30HT. [1pr 3TOM OTBa/IbI Ha UM3€/TbHOM
OpyAuH He 060pauMBalOT IJIACT Ha BCIO ITyOMHY 06pabOTKH, Kak TPy JIeMeLITHOM BCIallKe,
a TOJTbKO PBIX/IST BEPXHUM C/I0H U 3a/le/IbIBatOT Ha ryouHy 1o 0,18 M cTepHeBbIe U Mo-
JKHUBHbIe 0CcTaTKU. CHIKeHUe TIJIOTHOCTH [TOUBBI HYKe TITY’KHOM «IIOfI0LIBbI» B Bapy-
antax A, u A, onpezeneHo riybuHoi ee obpabotku. B cnoe 0,2-0,3 M CyIjecTBeHHbIe
pasmiuns 110 pb mexxay A, u A, — cHkenne Ha 0,05 T/m* (HCP .= 0,021 1/m°), mepe
MOCEeBOM OTMeUeHbI JIMIIIL B 1-i1 rog HabmoneHnii. B 1pyrve mepro/ibl 3HAUMMBIX Pa3/IMUni
He YCTAHOBJIEHO, UTO CBSI3aHO CO CHW)KeHHeM TyOuHbI 00paboTku rmoussl ¢ 0,36-0,38
10 0,25-0,27 M ¥ TIoCTeneHHbIM BhipaBHKUBaeM pb. B BapuaHTe A, MIOTHOCTH MOYBLI
riepesi MOCeBOM KyKypy3bl CyIlleCTBEHHO BhbIllle KOHTposibHOrO Ha 0,02 /M3, a riepef,
ybopkoii — Ha 0,04 /M (HCP , =0,011...0,016 /™).

3
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Puc. 1. TNOTHOCTb CNOXEHNS NOYBbI P, T/M? N0 CNosm h, M, nepea NocesoMm (a)
v y6opKoii (b) KyKypy3bl No BapraHTam 06paboTku nousbl: A—A, B—A, C—A,

Fig. 1. Soil compaction density p,, t:-m?3, by layers h, m, before sowing (a)
and before harvesting (b) corn under soil treatments: A—A ,B—A,, C—A,

AHanm3 3KCIiepuMeHTa/TbHBIX JaHHBIX TI0KA3bIBAEeT, UTO MJIOTHOCTD CIOXKEHUS TI0-
YBBI 110 CJIOSIM B YCJIOBHSIX OPOIIIEHUSI MOYKHO OIHCATh KBaZIpaTUYHOM (DyHKLIMEH BUja
pb=ah2+bh+c,
rfie p, — IJIOTHOCTh MOYBBI, T/M>; h — CJI0¥ 1OYBBI, M; a, b, ¢ — K03 dULMEHTHI ypaB-
HeHus (Tabs. 2).

Tabmya 2
3HauyeHus ko3P bULMEHTOB perpeccun
KoadduumeHTbl
06paboTKa NoYBbI Mepuog oT60p Npob b
a c
A Jlo noceBa 0,405 0,487 1,222
1 Mepepn y6opkoii 0,571 0,331 1,281
A Jlo noceBa 0,500 0,310 1,276
2 MNepep y60pKoit 0,405 0,321 1,318
A Jlo noceBa 0,643 0,271 1,231
3 Mepeg y6opkoi 0,571 0,297 1,272
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Table 2
Values of regression coefficients
Coefficients
Soil treatment Sampling period
a b c
A Before sowing 0.405 0.487 1.222
! Before harvasting 0.571 0.331 1.281
A Before sowing 0.500 0.310 1.276
2 Before harvasting 0.405 0.321 1.318
A Before sowing 0.643 0.271 1.231
3 Before harvasting 0.571 0.297 1.272

IInOTHOCTE CJI0)KEeHUS TTOUBBI oripeesdaeT COCTOAHNE APYTIuX BO,E[HO-CI)I/IBI/I‘—IECKI/IX
CBOMCTB — HauMeHblIIel BIaroeMKOCTHU HB, MaKCUMa/IbHOM TUTPOCKOITMYHOCTH MmIr

Y BJIQXKHOCTH 3aBsiJlaHus pacTeHuit B3 (puc. 2).

c

Puc. 2. Bennuunnbl HB, % (a), MT, % (b), 1 B3, % (c),
Mo CNOSIM MOYBbI MO BapuaHTamM 06paboTKM NoYBbI: A — A,B—A,C—A,

Fig. 2. Values of FC, % (a), MHM, % (b), and WM, % (c),
by soil layers under soil treatments: A—A,B—A, C—A,
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Bemurna MI, xapakTepu3ytoliiasi CrioCOOHOCTB YacCTHL ITOUBbI COPOUPOBATh MOJIEKY-
JbI Tapoobpa3Hoi Biary, B coe 0,0-0,1 M Ha KOHTPOJIBHOM BapHaHTe Oblla CyIl[eCTBEHHO
Bbitie — Ha 0,2-0,3 % — 3HaueHws 1oKa3are/ist B BapuaHTe A, U HACTOJTHKO JKe HIDKE B Ba-
puanre A, (HCP=0,13...0,19). 3HaunMbIX pa3miuwii B Be/urHe MI™ Mex/y BapraHTamu
C OTBa/IbHBIMU 00paboTKaMu 1ouBkI B cjioe 0,1-0,2 M He BbISIB/IEHO, UTO 00YC/IOB/IEHO CO-
M3MepUMbIMH 3HaUeHHUsIMH TI0Ka3aTesiel KauecTBa 00pabOTKY TTOUBBI TIPH paboTe OTBAJIOB:
ko3¢ pumenT mpibucroctr 70,5 (A,) mpotus 60,5 (A,), koaddyipenT peixnenns 25,5 (A)
npotus 26,7 (A,), kosbdunmenT kpourenus 33,8 (A,) npotus 63,4 (A,). ITpu stom MIT
B BapuanTe A, Ob11a cymecteenHo Hivke —Ha 0,2 % (HCP . =0,08...0,13). Hibke ruryxHOM
«nofomBbl» MI' o BappiaHTaM 00pabOTKH TIOUBBI CYIIIECTBEHHO He OT/IMYaach.

HabsnroeHrsiMu 3a BIaKHOCTBIO TIOUBBI (PUC. 3) YCTaHOB/IEHBI CylljeCTBeHHbIE pa3-
JIMUMS B 3HAUEHUSIX T10Ka3aTesis 110 BapyaHTaM 06paboTky mouBkl. Ha KOHTpoJIe Biax-
HOCTb TIouBHI B cjioe 0,0-0,5 M mepey moceBoM U yOOPKOM KyKypy3bl cocTasrsiia 14,1
u 12,9 %, uto Hmke Ha 0,3...0,6 % (HCP05=0,08 %), yeM B BapuaHTe A,. B Bapuanre A,
BJI&KHOCTH Obl1a BbILe Ha 2,3...2,5 % (HCP . =0,15 %) oTHOCHTeNIbHO A, C TeHJeH-
uuen cawkenust 10 0,6...1,2 % (HCP . =0,13...0,24 %) Ha 2-ii 1 3-ii rofi IPOBe/ieHust
OTIBITOB M3-3a YMeHbLIeHUs TTyOrHBI pbIxieHust mouBsk Ao 0,25...0,27 m.

b

Puc. 3. BnaxkHocTb noysbl W, %, no cnosm h, M, nepes nocesoM (a) 1 y6opkoit (b) Kykypysbl
no BapuaHTam 06paboTku noyusbl: A—A,B—A,C—A,

Fig. 3. Soil moisture W, %, by layers h, m, before sowing (a) and harvesting (b) corn by tillage options:
A—A,B—A,C—A,
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Bonbias BAaKHOCTE ITOYBLI B BdpHdHTAaX C Me&/IMOPAaTHBHBIM UK 3€/IbHbIM DBIX/IEHHEM
CBsI3aHa C pa3pylleHUeM TUTY>KHOW «TIOZ0LIBLI», MPeTsTCTBYIOIel MPOHUKHOBEHUIO
aTMoc(epHBIX 0CaZIKOB U OPOCUTE/BHBIX BOJ B Oosee miyboOKre C/IoH, a B CyTyuae C UM-
3e/IbHbIM OTBa/IbHbIM PhIXJIEHUEM — CHWKEHHUEM 3BarloTPaHCIMPALIAH TOBEPXHOCTHIO
TMOYBHI ¥ TIPe/IOTBpAllleHeM MPPUTAL[MOHHOTO CTOKA 3a cueT (hOpMHUPOBAHMs ITpebHu-
CTOTO ZIHAa OOPO3/bI.

ITo 3KCIIeprMMeHTa/IbHbIM 3HaY€HUAM IIJIOTHOCTU W B/Ia>)KHOCTH I10YBBI 6bIJII/I pac-
CUMTaHBI 00IL[ask TIOPO3HOCTD € (PUC. 4) ¥ TOPUCTOCTh a3PALUK €, COOTBETCTBYIOLIMX
cnoes (puc. 5).

Puc. 4. O6u1ast NOPO3HOCTL €, %, MOYBbI MO CNoAM h, M, Nepes NocesoM (a)
v y6opkoii (b) Kykypysbl no BapuaHTam 06paboTku nousbli: A—A, B—A , C—A,
Fig. 4. Total porosity €, %, of soil by layers h, m, before sowing (a)
and before harvesting (b) corn under soil treatments: A—A,B—A,C—A,
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b

Puc. 5. lop1cToCTb aspaunm €, %, NOYBbI MO CNoam h, M, nepea NoceBoMm (a) 1 y6opkoi (b)
KYKYpy3bl Mo BapraHTam 06paboTku noysbl: A=A, B—A, C—A,
Fig. 5. Porosity of aeration g, , %, of soil by layers h, m, before sowing (a) and before harvesting (b)
corn under soil treatments: A—A ,B—A, C—A,

[Topo3HOCTh 1O BCeM BapriaHTaM 00pabOTKH MOUBHI B TAXOTHOM CJI0€ HaXOJUTCSI
B Auarna3oHe 43...48 %, uro no knaccudukauuu H.A. KaunHckoro (1965) cBuze-
TeJIbCTBYET O HEYJOBJIeTBOPUTEIbHOM COCTOSIHAY [10YB, NPOTEKAHUHW UPPUTaLiuOHHO-
9PO3MOHHBIX MPOLIECCOB, BAUSIOLUUX HA yXyZlleHHe Bo3ayxooOMeHa, pa3BUTHe
aHa’pOOHBIX TPOIECCOB.

SddexTrBHOCTE AKPepeHLIMPOBaHHOTO pe)KMMa OPOLLIEeHHs C yUeToM 0/Ty4eHHOTo
ypOXKasi 3epHa KyKypy3bl OL|eHHUBaJI 110 3aTpaTaM OpPOCUTEeIbHOW BOZbI Ha IPOU3BO/CTBO
TOHHBI 3epHa Q U k03 durenTy Bogornorpebnenus K (tabs. 3). B BapuaHTax c 6es-
OTBaJ/IbHBIMH U OTBAJIbHBIMHU UH3€/IbHBIMU MeJIMOPATUBHBIMUA 00paboTKaMu MOYBHI ITPU
ypokaiiHOCTH 3epHa 8,48 u 8,75 T/ra 3arparsl Q B cpegHeM cocTtaBumm 283 u 263 M*/T.
Ha koHTpOo/LHOM BapuaHTe C JileMeIlTHON OTBaJbHOW BCHAIIIKOW MPU YPOXKAaHOCTH
3epHa 7,42 1/ra (HCP, = 0,15...0,32 1/ra) 3aTpaThl OPOCUTE/IbHOK BO/bI ObLIN BhILIE
cootBeTcTBeHHO Ha 16,0 1 22,0 %. KoaddurmeHnT BogonoTpebieHnst KyKypy3bl Ha KOH-
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TpoJie B cpefiHeM cocTaBu 642,8 M/ (100 %) npotus 551,7 Mm%/t (87 %) B BapuanTe A,
1 524,6 M*/T (83 %) B BapuanTe A..

Tabnmya 3

OnieMeHTbl pe)XXuMa OpoLLEHUS KYKYpPY3bl Npy pasHbIX cnoco6ax MennopaTMBHOM

06paboTKM NOUBbI C OL,eHKOoM ero 3 peKTUBHOCTH

(B cpegHem 3a 3 roga uccnefoBaHuin)

0O6pabotka OpocuTenbHasa CymmapHoe YpoxkaiHocTb Q K,
HOPMa, notpeéneHue 3 3
nousbl m3/ra BoAbl, M3/ra T/ra % K KOHTPOJTIO M*/T M¥/T
A, 2500 4770 7,42 100,0 337 642,8
A, 2400 4670 8,48 114,3 283 551,7
A, 2300 4590 8,75 118,0 263 524,6
Table 3

Elements of corn irrigation regime under different methods of soil treatment
and assessment of the effectiveness (average over 3 years)

Irriation rate Total water Yield Q K
Soil treatment 9 s.hal ! consumption, 3 3
m>ha m3ha tha' | %tothecontrol | M/t m*/t
A, 2,500 4,770 7.42 100.0 337 642.8
A, 2,400 4,670 8.48 1143 283 551.7
A, 2,300 4,590 8.75 118.0 263 524.6
3akntoyeHue

YcraHoBeHo, uTo AubdepeHIMpoBaHHOE TI0 TTyOUHe UKi3e/IbHOe OTBAIbHOE PhIXJIe-
HUe TOYBBI CIIOCOOCTBYET Y/yUIIEHHUIO OCHOBHBIX BOAHO-(DHM31UYeCKMX CBOMCTB U CHU-
JKeHUIO BEPOSITHOCTH Pa3BUTHS UPPUTaLIMOHHO-3PO3MOHHBIX MPOLECCOB B CUCTEME
OpolLIaeMoro 3eMJie/ie/usl, TIOBbIIeHUI0 3(h(HeKTHUBHOCTH UCII0/Ib30BaHUS PaCTeHUSIMU
OpPOCHUTE/bHOM BOJBI U aTMOC(ePHBIX 0CaZIKOB. Pa3pbix/ieHre MOuBbl HUXKE TLTYKHOU
«TIOZIOIIBLI» TP IOCTaTOYHOM eCTeCTBEHHOM W/ UCKYCCTBEHHOM YBJIa)KHEHUW UHTEeH-
cudUIMpyeT POCTOBBIE MPOIIeCChl KaK Ha/[3eMHOM, TaK U T10/I3¢MHOM YaCcTU pacTeHuH
KYKYypY3bl, 00ecrieurBaroliye TojyyeHre KaueCTBeHHBIX YPOXKaeB 3epHa B 3aZlaHHOM
KOJIMYeCTBe.
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Mopdonoruueckue Kputepum noKkasaresemn noyexk
HeTonblipsa Manoro Pipistrellus pygmaeus

E.H. Kapnenko ~, AJI. Xapnan —, E.B. 3aiiijeBa =

BpsiHCKMIT roCyapCcTBeHHbIM YHUBepCUTET MMeHU akasieMuka I.I" TleTpoBckoro,
2. Bpsnck, Pocculickas @edepayus
> liza_zayceva22@mail.ru

AnHoTtanus. V3yueHue Mophodr3roIoruueckux 0Co6eHHOCTel, KPUTEPHUEB U TOJIEPAHTHOCTH OPraHoB,
y4acTByIOLIMX B 6eIKOBOM 0OMeHe, y TIpefiCTaBUTe el OTpsi/ja PyKOKPBUIBIX CIIOCOOCTBYeT TOHUMAaHHUIO MPo-
1|eCCOB, BJIMSIIOIIMX Ha MPUPOAY BO30yAuTe/Iel 300aHTPOIIOHO30B M MaKpOOPraHU3MOB. VicciejoBaHbI Makpo-
¥ MUKPOMeTpUYeCKHe ToKa3are/iv Touek HeTorbipst Manoro (Pipistrellus pygmaeus) Kak pe3ysibTaT ajalTUBHBIX
npeobpa3oBaHUii OpraHMu3Ma K yCI0BHsSM 00MTaHUsl Ha TeppuTopuM BpsiHCKOi obnactu. B mepuog ¢ 2011
o 2022 r. npoBezieHo 40 0T/IOBOB € 0011{1M KostuecTBoM 481 0cobb, 100 U3 HUX 0TOOPaHBI 151 Aa/IbHEeHIero
nsyueHusi. Ha rucronornyeckyx npemnaparax rnouek HeToIbIpst Manoro (Pipistrellus pygmaeus) BbIITOTHEHBI
MopdomeTpyst He(pPOHOB, M3MepeHUe 1T0Ka3aTesel NOJOLUTOB, H3yUeHb! slePHO-LIUTOIIa3MaTHIeCcKoe OTHO-
enue (S1L10), obnacTy sapbIKOBBIX opranu3aropoB (OSIOP) u ux cymmapHas muioiiazs. Ha mpumepe Buza
HeTOTbIPb Masibiit (Pipistrellus pygmaeus) yCcTaHOB/IEHO, UTO Y pyKOKPbLIbIX (Chiroptera) Guonoruueckas ajari-
TaLys NPOSIB/ISIETCS B Pa3BUTHY OMOJIOTHUeCKUX CBOMCTB BU/Ia; GYHKLMOHA/MbHAS U Oe/IKOBO-CUHTeTUYeCKast
aKTMBHOCTB KJIETOK, 1oueK (00beMa KIIeToK, siApa, LuTonnasmel 1 FL10), Konu4yecTBa U yBeluUeHHH CyMMapHOH
mwiotaau (AgNORs) aprentoduibHoit OSIOP obyciioeneHs! Tororpadueii opraHa, oJioBoM MPUHA/IEXHOCTHIO
Y B/IMSIHHEM aHTPOIIOTeHHBIX HeraTUBHBIX 3(p(eKToB oKpysKatolieit cpesibl. [ToKa3aHbl M10/I0BbIe pa3IddUs
y caMOK pyKOKpbUTbix (Chiroptera) Buzia HeTorbipb Masbiii (Pipistrellus pygmaeus), 0OUTAOIINX B FTOPOAICKOM
cpefie, ¢ 6OJIBIIOM UNC/IEHHOCTRIO B KOJIOHHH, Ha ()OHE COUeTAaHHOM aHTPOTIOreHHOM HAarpy3KH, TI0[] BIUSTHAEM
YI7IeBOZI0PO/a, AUOKCHUOB Cephbl U a30Ta U B3BellleHHBIX BellleCTB. BhIsiB/IeHO, uTO (peHOTHIMUeCKast afjarTaLyis

© Kapnenko E.H., Xapnan A.J1L., 3aiiiesa E.B., 2023

This work is licensed under a Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by-nc/4.0/legalcode

MORPHOLOGY AND ONTOGENESIS OF ANIMALS 59


https://orcid.org/0000-0002-4765-7216
https://orcid.org/0000-0003-0790-7804
https://orcid.org/0000-0002-1244-3058
mailto:liza_zayceva22%40mail.ru?subject=%D0%97%D0%B0%D0%B9%D1%86%D0%B5%D0%B2%D0%B0%20%D0%95%D0%BB%D0%B5%D0%BD%D0%B0%20%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%BD%D0%B0
mailto:liza_zayceva22%40mail.ru?subject=%D0%97%D0%B0%D0%B9%D1%86%D0%B5%D0%B2%D0%B0%20%D0%95%D0%BB%D0%B5%D0%BD%D0%B0%20%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%BD%D0%B0

Kapnenxo E.H., Xapaan A.JL, 3atiyeea E.B. Bectrvik PY/TH. Cepusi: ArpoHomusi ¥ )KUBOTHOBOACTBO. 2023. T. 18. Ne 1. C. 59-70

KaK a/janTarysi K roJieTy 3armycKaeT OCHOBHBIE TIPOLIeCChl GMOXUMHUECKHX LIMKJIOB, TIPOLIECCHI 3HA0TeHHOM HHTOK-
CHKALMH U [IeTOKCHKALIAOHHOM (DYHKIIMM B TTOUKAX, yCH/IMBasi 0OMEeH BelLjeCTB, CMIOCOOCTBYIOIHUI YBeTUUEHHIO
YKC/Ia MOYeYHbIX KJyOOUKOB U YMEHBLIIEHHIO MOJIOCTH KarlCy/ibl OYeyHOro Kiy6ouka. [To/yyeHsl HOBbIE JAHHbBIE
oTHOocHUTenbHO ArHaMuky AL1O, komyecTBa 1 cymMapHo# romasu OSIOP B nofonuTax KIybOUKOB IToueK
BH/Ia HETOMBIPE Mastblii (Pipistrellus pygmaeus), 4To MOKeT SIBIISITBCS ITPOSIB/IEHVEM TeHeTHYeCKON aZjanTarjin
K YCJIOBUSIM CPe/ibl OOMTaHUSI.

KiioueBble €jI0Ba: PyKOKpbUIble, HETOILIPb Maslbli, TOUKH, MOP(HOMeTpUsI, TIOAOLUTEI, siZlePHO-
LIUTOIJIa3MaTHYe CKOe OTHOLLEeHHe, 00/1aCTH SAPBILIKOBBIX OPraHU3aToOPOB, aJaNTallys OpraHoB

3asB/ieHue 0 KOH[l)J'lPIKTE HUHTEpPEeCoB. ABTOPI)I 3asIBJISIIOT 00 OTCYTCTBHUH KOHCI)]'II/IKTa HWHTEPECOB.

Bkiap aBropoB: E.B. 3aiiljeBa — KoHLenuus ¥ Av3aiiH uccienosanust; E.H. Kaprnenko — c6op 1 06pabotka
MarepuasoB, HanucaHue Tekcta; A.JI. XapiaH — aHa/M3 N0/IyYeHHbIX [JaHHbIX, HalMcaHue TekcTa. Bce aBTopbl
03HaKOMJIEHBI C OKOHUATe/IbHOM BepCHel CTaTby U 0J0OPUIH ee.

VicTopusi crarbM: MOCTYIN/IA B pefakiyio 27 siueaps 2023 r., mpuHsTa K ny6/vkaimu 28 despans 2023 .

Jas qurupoBanusi: Kapnenko E.H., Xapaan A.JL., 3aiiyeea E.B. Mopdoioruueckre KpUTepUU TToKa3aTesiel
ouYeK HeTorbIps Majioro Pipistrellus pygmaeus // BecTHUK POCCHITCKOr0O yHHUBEpCHUTETa APY>KObI HapoaoB. Ce-
pusi: ArpoHoMust U )KUBOTHOBOZCTBO. 2023. T. 18. Ne 1. C. 59—70. doi: 10.22363/2312-797X-2023-18-1-59-70

Morphological criteria
for Pipistrellus pygmaeus kidney indicators

Elizaveta N. Karpenko ', Alexey L. Kharlan ', Elena V. Zaitseva =

Bryansk State University, Bryansk, Russian Federation
X liza_zayceva22@mail.ru

Abstract. At present, there is scientific and practical interest in the study of morphological and physiological
features, criteria and tolerance of organs involved in protein metabolism in representatives of the order Chiroptera.
Macro- and micrometric indicators of kidneys in soprano pipistrelle (Pipistrellus pygmaeus), as a result of adaptive
transformations of the body to habitat conditions in the Bryansk region were studied. The study was conducted
in the period from 2011 to 2022, 40 captures were carried out with a total of 481 individuals, of which 100 were
selected for further study. On histological preparations of kidneys of soprano pipistrelle (Pipistrellus pygmaeus),
morphometry of nephrons, podocyte parameters, nuclear-cytoplasmic ratio, areas of nucleolar organizers and their
total area were studied. It was established that biological adaptation of the bats (Chiroptera), on the example of
soprano pipistrelle (Pipistrellus pygmaeus), is manifested in development of biological properties of the species.
The functional and protein-synthetic activity of cells, kidneys (cell volume, nucleus, cytoplasm and nuclear-
cytoplasmic ratio), the number and increase in the total area of the argentophilic region of nucleolar organizers
were determined by organ topography, gender and influence of anthropogenic negative environmental effects.
The data obtained showed gender differences in female bats (Chiroptera) of Pipistrellus pygmaeus species
living in an urban environment, having a large number in the colony, against the background of a combined
anthropogenic load, under the influence of hydrocarbons, sulfur and nitrogen dioxides and suspended solids.
It was found that phenotypic adaptation as an adaptation to flight triggers the main processes of biochemical
cycles, the processes of endogenous intoxication and detoxification function in kidneys. In turn, it increases
metabolism, which contributes to increase in the number of renal glomeruli and decrease in the cavity of renal
glomerular capsule. New data characterizing nuclear-cytoplasmic ratio, number and total area of regions of

60 MOP®OSIONM A M OHTOMEHES XMBOTHbBIX


https://orcid.org/0000-0002-4765-7216
https://orcid.org/0000-0003-0790-7804
https://orcid.org/0000-0002-1244-3058
mailto:liza_zayceva22%40mail.ru?subject=%D0%97%D0%B0%D0%B9%D1%86%D0%B5%D0%B2%D0%B0%20%D0%95%D0%BB%D0%B5%D0%BD%D0%B0%20%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%BD%D0%B0
mailto:liza_zayceva22%40mail.ru?subject=%D0%97%D0%B0%D0%B9%D1%86%D0%B5%D0%B2%D0%B0%20%D0%95%D0%BB%D0%B5%D0%BD%D0%B0%20%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%BD%D0%B0
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nucleolar organizers in podocytes of glomeruli in kidneys of soprano pipistrelle (Pipistrellus pygmaeus), which
may be a manifestation of genetic adaptation to environmental conditions, were obtained.

Keywords: bats, soprano pipistrelle, kidneys, morphometry, podocytes, nuclear-cytoplasmic ratio, regions
of nucleolar organizers, adaptation of organs
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BeepneHue

ApanTanysi OpraHoB, y4acTBYIOIIMX B OeIKOBOM 0OMeHe OpraHu3Ma PyKOKPBLIbIX,
K BO3/IeMCTBUSIM aHTPOTIOT'eHHBIX ()aKTOPOB — Ba)kKHasi COCTaBHasi uacTh 0011e6uo-
JIOTUYeCKUX TIPOLIeCCOB, Jarolijas MpeCTaBlIeHre O B3aUMOCBSI3M Pa3/IMUHbIX O1o-
JIOTUUeCKUX CUCTEeM B JIOTUUHOM B3aUMO/eHCTBUM PUUYNHHO-C/Ie/ICTBEHHbIX CBs3ei
aHTPOITypruueckom cpefel [1, 2]. BMecTe ¢ 3TUM, aHTPOIIOreHHOe U3MeHeHHe K/IMmMara,
MIPUPOAHBIE U TeXHOTeHHbIe KaTaCTPOdbl, STHJEMUN He TOJIBKO SIB/ISIFOTCSI OCHOBHBIM
(hakTOpOM MOTEPH B OTPSiie PYKOKPBLIBIX, HO U CITIOCOOCTBYIOT BO3HUKHOBEHHUIO HOBBIX
ype3BbIYalfHO OMaCHbIX 3MHeMUYeCKHX 300aHTPONOHO030B [3-5]. B 3T0ii cBsA3U BcecTo-
POHHee, OpraHHOe M3yUyeHHe TaKUX OMOIOrueckrx 0ObeKTOB SIBJISIETCS] HeOTheMIeMO
COCTaBHOM YacCTbiO0 GMOIOTHMUeCKOi HayKU Kak 6a30BOi OCHOBBI TOHMMAaHHUsI MHOTHX
TMIPOLIeCCOB, OKA3bIBAIOILMX CBOE BJIMSIHUE Ha Mpe/CTaB/ieHre O MPUpoje Bo30yauTesst
Y MakpoopraHv3ma.

[Touky MIEKOTIUTAIOIIMX BBITIO/HSIOT PsiJ BXKHBIX (PYHKI[MI B OpraHu3Me, Moj-
Jiep>kuBasi roMeocTas. [Ipy HapyIeHUsIX BOJHO-3/IeKTPOTUTHUECKOro 0OMeHa, U3MeHsis
CKOpPOCTH peabcopOLuK UK CeKPeLvy, OHU BBI/IENISIOT TOPMOHBI, KOTOPBIE Pery/UpyOT
apTepuasbHOe JlaBleHre U 3pUTPOII033 [6], TakKe OCYILeCTB/SAIOT BbIBOJ, M3 OpPraHM3Ma
MPOAYKTOB Oe/TKoBOro 06MeHa — MOYeBHHBI, KpeaTUHHUHA, MOYEBOUW KUCJIOTBI, TUTIITYPOBOM
KHCJIOTHI M aMMHaKa [7]. HapyteHnve ¢hyHKLMM TIOUeK BeZieT K HAaKOTUIeHHI0 06pa30BaB-
IMXCST @30TUCTBIX MTPOAYKTOB Oe/TKOBOTO 1 HeOeTKOBOro 0OMEHOB B TKaHSIX U B KPOBH,
BBI3bIBas a30TeMHI0 1 ypemuio [8]. M36bITouHOe HaKOoTIeHHe a30TCofiepyKalliX KOHeu-
HBIX MPOIYKTOB 0OMeHa B KPOBU U MOKET TPUBECTH K rubey MyieKomuTaroiiero [7].

ViccnenoBaHus TOKa3bIBakOT, UTO NIPY OKUC/IUTETbHOM (0C(OpPHUIMPOBAaHUM B T10U-
Kax 0CHOBHOe KosmmuecTtBO AT® mocTaB/sieTcst Ha TIPOL[eCChl aKTUBHOTO TPAHCIIOPTa
npy peabcopbuyy, cekperuy U 6rocrHTe3e 6eskoB. B moueyHbIX K1eTKax — MOfAOLH-
Tax — CyOCTpaTtamu /il peakLyii OMOOKUCIeHHS SIBJISTFOTCS YKUPHBIE KUCJIOTHI, T/IFOK03a,
KeTOHOBBIe Tesia U Jp. [9]. MI3BecTHO, uTo abCO/IOTHAs: Macca MoyueK y MJIeKOTTUTAFOLIX
coctapnset 0,5 % oT o611jeit abcomoTHOM Macchl Tesla. TkaHb ouky rotpebmseT fo 10 %
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OT BCero TMOCTYIMBILIET0 B OpraHu3M Kucaopoga. [1ouku yuacTByIOT B Karabosmu3me
TEeNTH/I0B ¥ HU3KOMOJIEKY/ISIPHBIX 6enkoB Maccoit 5—6 k/la (ropMoHBI ¥ 6HOIOTHUeCKH
akTvBHbIe BewlecTBa (BAB)), punsrpyromuxcs B nepsuyHyto mouy [10]. ITog pelictBrem
JTU30COMAJbHBIX TIPOTEOTUTHYECKUX ()epMEHTOB B K/IeTKaX KaHasIbLieB IoueK Oeku
Y TIeNTU/BI TUAPOJIU3YIOTCS 0 aMUHOKUC/IOT, KOTOPbIe, TIOCTYTIasti B KPOBb, PEYTH/IU-
3UPYIOTCS K/IeTKaMU COeIMHUTeTbHOM TKaHu [9].

Bce 3T0 0c006eHHO aKTyasIbHO /IS BhISIB/IEHUS a/IallTalliOHHO-TIPUCTIOCOOUTETbHBIX
peaKLuii OpraHM3Ma, ¥ B YaCTHOCTH TI0YeK KaK YUaCTBYIOIIero B 6e/1koBOM 0OMeHe opraHa
PYKOKDBUIBIX B CBSI3H C MIX TI0JIETOM B YCJIOBUSIX aHTPOTIOT€HHOM Harpy3KH Ha TEPPUTOPUH
BpsiHCKOl 06/1acTH, rie 001t OoH paZioaKTUBHBIX U3myueHuit gocturaet 10,70'¥Cs, br/m?.

Ienb ucciegoBaHuA — U3yYnUTh MOP(OIOriyecKre KpUTEPUH TI0Ka3aresieid rmouek
HeTorbIpst Masioro (Pipistrellus pygmaeus) Kak afjantaljiOHHble H3MeHeHUs K YC/IOBUSIM
AHTPOTIOTeHHOW Harpy3Ku Ha TeppuUTOpuH bpsiHCKOM 06/1acTH, UMeroLLel paJjioaKTUB-
HbIl ¢doH 10,70"Cs, Br/m?.

MaTepMaﬂbI n MeToabl nccnepgosaHmna

MeTtog0/10ru4ecKOr OCHOBOW UCCI/IeJOBaHUs CTa/ll KOMIIEKCHbIe Hay4UHbIe I10-
JIO>KeHUSI U TIOAXO/bI OTeueCTBEHHBIX U 3apy0eXHbIX yueHbIX B 061acTi Mopdosioruu
¥ U3MOIOTHH KUBOTHBIX, OMOXUMHHU, KOTIOTHH, a TAaK)XKe aHa/In3 JaHHbIX, COTIOCTaB-
JIeHHBIN C COOCTBEHHBIMH UCC/IeIOBAaHUSIMU 110 KOHTPOJTIO BIUSIHUSL aHTPOTIOTeHHBIX
(akTOpOB Ha aJjanTaro opraHM3Ma oTpsja pyKokpelabix (Chiroptera) BUjia HeTOIbIPb
Masieiit (Pipistrellus pygmaeus).

Pa6orta BbinosHeHa B riepuog, ¢ 2011 mo 2022 rr. B 1aboparopusix Kadeapsl 6uoioruu
BpsiHckoro rocygapctBeHHOro yHMBepcuTeTa UM. akazemuka V.IN [Terposckoro (BI'Y)
T07], yKOBOZICTBOM JJOKTOpa OHO/Iornueckux Hayk, mpodeccopa CTaBpOIoIbCKOro rocy-
JlapCTBeHHOrO arpapHoro yHuBepcurtera A.H. KBOUko rpy KOHCY/IBTUPOBAHUH C KaH M-
JatoM OHOIOrMYeCcKHUX Hayk, JoLeHToM Kadeapsl 6uosoruu BI'Y M.JI. TIpokodbeBbiM.

Uccnenyembie pyKOKpbIIble MJIEKOTIMTAIOIIME BU/Ia HETOTILIPL Masbiii (Pipistrellus
pygmaeus) OTHOCSTCS K ceMeicTBY riagkoHockle (Vespertilionidae) — oObIKHOBEHHbIe
JleTyure MBILIH, WK KO)KaHOBbIe. Bcero 6b110 rpoBesieHo 40 OT/IOBOB C 00IIUM KOJTH-
yectBoM 481 0co6b (100 oTobpaHo A1t UccefoBaHui). Miccieqyemble JeTyure MbIILN
OTHOCWJIMCh K TEPPUTOPHSIM C pa3HOW aHTPOINOTeHHOM Harpy3Koi: rOpojcKas cpefia
(kosioHUs 1) ¥ cesibCKasi MeCTHOCTD (KOIOHUS 2).

[Tpu mopdomeTpuun onpefensiiv TMHENHbIe pa3Mepbl BHYTPEHHUX OpraHoB. s
TUCTOJIOTUYeCKUX UCC/IeJOBaHUM YIVIOTHEeHYe TI0/IyYeHHOI'0 MaTepuasia pOBOAUIOCh
Mpy nomolu napaguHa. ['ucronoruueckre cpesbl TOMIUHOM 5...8 MKM OKpallyBaIu
reMaTOKCU/IMHOM U 503UHOM, YacCTh M0JyUeHHbIX Cpe30B JienapaMHUPOBaH /s Bbl-
sierieHust Ag-OS1IOP-6e/ikoB € IpUMeHeHreM THCTOXUMHWYeCKON peakluy ¢ HUTPaTOM
cepebpa 1o MeTozvKe okpacku B.U. Typunosoti ¢ coapr. [11].

Ha rucronornueckurx npemnaparax rnodex ornpezessiii: TONLIWHY KarCy/ibl, MKM;
[IMPUHY, JAJMHY, MKM; TJIOIIa/b T0YeYHbIX KITyOOUYKOB, MKM?; TJIOL[a/lb AUCTA/IBHOTO
Y TIPOKCUMA/IbHOTO KaHaJIbIeB, MKM?; 00BeM M T/IOIIa/[b TIOAOLUTOB U UX sifiep U LU-
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TOTJIa3Mbl, MKM>; MaKCUMa/IbHbIA 1 MUHUMAJbHBIN AaMeTp TOJOLIUTOB U UX sep,
MKM; siflepHO-LIMTOIIa3MaThueckoe otHotieHue (S1110), y.e., 06/1acTy sAPBIIIKOBBIX
opranusaropoB (OSIOP), ez1., u X CyMMapHYIO TUIOIa/lb, MKM-.

Pe3ynbTarhl M3MepeHuil 1ojBepraiy BapualliOHHO-CTaTUCTHUeCKOH 06paboTke.
PaccuuTbiBanm OCHOBHbBIE 3/1IeMEHThI BapUALMOHHOW CTaTUCTUKU. [I0CTOBEPHOCTS OLje-
HuBam 1o CteiofieHTy t (P = 95 %). Pe3ynbrarhl Mcc/ieoBaHN 3aHOCUITH B TIPOTOKOJT
Y >KypHan peructpaiud. Lludposoii marepuan o6pabaTbiBaiy ¢ OMOIIBIO POrPaMM
MicrosoftWord — 2010, MicrosoftExcel, Bxoasiux B maket MS Excel 2010, Ha nepco-
HabHOM KoMnbloTepe ASUSZenBookUX305FA c oneparponHol cuctemoit WindowsXP.

MakpodoTorpadun BeINosHsIM poToKamepoit TesiedoHa iPhone5bs ¢ pa3peliienyem
B 8 Mn, mukpodoTorpaduu rucrornpenapaToB MNPOU3BOAW/IN NPY NMOMOLIU MeJULH-
CKOT'0 MUKPOBU30pa npoxozsiero ceeta pVizo-103XT0068, ¢ paspeluenvem 1024x768
B HAayYHO-UCCJIeI0BaTe/IbCKUX labopaTtopusix OMonHauKauuu u Mmopdodu3nonoruu
yeJi0BeKa U KUBOTHBIX Kadeapbl buonoruu BI'Y.

HasBaHusi aHaTOMHUeCKHUX CTPYKTYP COOTBETCTBYIOT MeXXZyHapOJHOM aHaTo-
MUYeCKol BeTepuHapHOI HoMeHK/aTypoii — Nommicaanatomica-Veterinaria-Ithaca,
NewYork (2000).

PesynbTaTtbl UccnepgoBaHusa U 06CyXXaeHne

HWccnenoBanne pyKOKPbUIBIX TTPOU3BOAWINCE B JIOKA/IbHBIX palilOHaX Ha TEPPUTOPUM
BpsiHCKOIi 06/1acTH, T/e aTMOCdepHbI BO3AYX C MOBLILIEHHBIM CO/Iep’KaHUeM yT/IeBO-
JIOPOZIOB, OKCH/Ia YI7iepoza, popMasbaerua, AMOKCHAa a30Ta, OKCH/a a30Ta, AUOKCHa
Cepbl 1 B3BellIeHHbIX BellleCTB He OTBeYaeT r’MrueHnyeCcKuM HopMatuBaMm. O61mii pox
PaIMOaKTUBHBIX U3TyueHui cocrasser 10,70’Cs, Bk/m?.

PesynbpTaThl MakpoCKONMYeCKOrO UCC/Ie0BaHusl MOKa3aau, YTO HeTOIbIpb Ma-
neiii (Pipistrellus pygmaeus) iMeeT TOYKH KpacHO-0yporo 1iBeTa C MJI0THOW KOHCH-
cTeHLuell. [TapHbIe MOYKHM Y HETOTIBIPS MaJIOTO PacIioyiaraloTcsi B HeOpIOIIHOM TIpo-
CTPaHCTBe B TIOSICHUYHOM 00/71aCTH 110 00€ CTOPOHBI OT MTO3BOHOYHOTO CTOs10a. JleBast
TI0YKa pacriosiaraeTcs HUWKe NpaBoi, KOTopas Criepefji 1o Mejua/IbHOMY Kparo FPaHuuUT
C IBeHaJL|aTUIePCTHOM KUILIKOM, B BepXHel YaCTy Nepe/jHei IOBePXHOCTH — C Teve-
HBIO, HIDKe — € 000/10YHO KUILIKOH. JleBasi TIOUKa criepeJjii FPaHUUUT C Cesie3eHKOMH,
3311 — C 000JJ0UHOM KUIIIKOH, B BepXHel YaCTy repejHel TTOBEPXHOCTH — C >KeJTYKOM,
HIKe — C TO/IPKeTy/I0UHOM >KeJie301 1 ToLLel KULLIKOM.

[TpriMeHeHHbIN KOMILJIEKC UCC/Ie0BaHUM TTO3BO/IUI MO/TyUYHUTh OPUTHMHAJIbHBIE J1aH-
HbIe, JOTIO/THUTD U PacCIIMPUTh CBeJieHHsl 0 MOP(OIOrMueCKUX 0COOeHHOCTSIX TT0YeK
y CaAMOK ¥ CaML|OB HETOIbIPsI Masoro.

[Tog BMUsiHWEM aHTPOIOTeHHBIX (aKTOPOB y 0cobeil oboero mosia B AMHAMUKE
MaKpOapXHUTeKTOHUKH TT0YeK OTMeUeHO yBeindeHre abCOoMFOTHOM MacChl, TMHEHHBIX
roKasaTesiel ¥ UX MpaBOCTOPOHHSAA acuMMeTpusi. OLieHKa TMHeHHbIX IT0Ka3aTesei
MOYeK MoKasasa, YTo LIMPHHA JIEBBIX [OUEK Y CAMOK U CAMLIOB B KOJIOHUSIX OT/IMUAEeTCsI
Ha 12,23...13,37 %, nipaBbix — Ha 12,33...13,35 %; B [yIHe 10 JIeBbIM MOUYKaM —
ot 10,03 go 10,13 %, mo npaBeiMm — ot 11,34 no 12,03 %.
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B xope uccnenoBaHys mpoaHaaM3upoBaHa JUHAMUKA MUKPOMETPUYeCKUX T10-
KasaTeJieli riouek. Y JyieTyueid MbIIIM BUA HETOTLIPb Masiblii (Pipistrellus pygmaeus)
MOUKa MOKPbITa COeIMHUTE/IbHOTKAHHOM KarCy/ou (acrueit — >KMpOBOU KarCysioHu,
COCTOSIIIIeH U3 CJI0s1 KJIeTOK >KUPOBOM TKaHU, U (hMOPO3HOM KariCy/ioH, cofeprKaliei
COe[JMHUTE/IbHOTKaHHbIE U T71a/JKOMBILLIeYHbIe 3/1IeMeHThI. To/IIMHA KarcCy/bl y CAaMOK
Bapbupyet ot 0,02 o 0,14 mxwm (p <0,05), y camiioB — go 0,008 Mxm.

[MoueuHbIii KITyOOUEK COCTOUT M3 COCYIMCTOrO KIyOOUKa ¥ OKpY KaroIi[el ero Karcyyibl—
SMUTeMaIbHON 000/10uky boymeHa. Hapy KHbIH JIMCTOK KarlCy/Tbl COCTOUT U3 TVIOCKUX 3TTH-
TeMaIbHBIX K/1eToK. [T0/10CTh Karicysibl peicTaB/isieT CO00¥ Y3KyHO 11iesib. [ITiHa MoueyHbIX
KTyOOUKOB y CaMOK M CaMIL[OB B KOJIOHHSIX B JIEBBIX TIOUKax oTmmyaetcs Ha 10,80...11,74 %,
B ITpaBbIX — Ha 5,88...5,98 %; B IMprHe MOYeuHbIX K/TyOOUKOR T10 JIEBBIM TIOUKaM pPa3HHIla
cocraBuia ot 9,77 no 10,72 %, mo nipaBeiM — oT 10,06 10 11,02 % (Tabmn. 1, puc. 1).

Tabvya 1
MukpomMeTpuyeckune napameTpbl NOYEYHbIX K/Iy6OUKOB
N TOJILLUHDbI Kancynbl No4YeK HeTonbIpsA Manoro
MouyeuHblit Kny6ouek Tonwuna
Mon KonoHusa Kancysnbl noyek,
JAnunHa, MKM | LLnpuHa, MKM | Mnowaab, MKM?2 MKM
lMpaBas noyka
Camkn 1 KONoHusA 0,204 + 0,006* 0,086 + 0,005* 0,051 +0,002* 0,016 + 0,009*
2 KOMOHuUA 0,216 + 0,004* 0,085+ 0,005* 0,049 +0,002* 0,014 +0,006*
1 KonoHua 0,167 £ 0,002* 0,078 £ 0,003 0,041 +0,003* 0,008 £ 0,001
Camubl ™ ononns | 0,170£0,002* | 0,080%0,002 0,040 + 0,003 0,008 + 0,002
JleBas noyka
Camkn 1 KONoHUA 0,189 £ 0,006* 0,089 + 0,003* 0,051 0,004 0,009 + 0,002
2 KOnoHus 0,209 + 0,004* 0,087 + 0,002 0,050 + 0,003* 0,009 + 0,002*
1 KOnoHusA 0,175+ 0,004 0,083 + 0,002 0,039 + 0,002 0,008 + 0,004
Camubl ™ ononna | 0,178+0,003* | 0,085%0,003* 0,037 + 0,003 0,006 + 0,002*
lpumeYyaHme: CTaTUCTUYECKME Pa3NNYna Mexay camuamu U camkammn 0603HaveHbl: * — p < 0,05.
Table 1

Micrometric parameters of renal glomeruli
and thickness of renal capsule in soprano pipistrelle

Renal glomerulus Thickness of renal
Sex Colony
Length, pm | Width, pm | Area, pm? capsule, ym
Right kidney
Fermales |_1COlony [ 0.204%0.006* | 0.086%0.005% 0.051£0.002% 0.016 £ 0.009%
2colony | 0.216%0.004* | 0.085%0.005* 0.049 £ 0.002* 0.014 £ 0.006*
Tcolony | 0.167 £0.002 0.078£0.003 0.041£0.003* 0.008 £ 0.001
Males 2colony | 0.1700.002* 0.080 +0.002 0.040 £ 0.003 0.008 + 0.002
Left kidney
Fermales |1 colony | 0.1890.006* | 0.089 0.003* 0.051£0.004 0.009 £ 0.002
2 colony | 0.209 £ 0.004* 0.087 £ 0.002 0.050 % 0.003* 0.009 % 0.002*
Tcolony | 0.175%0.004 0.083%0.002 0.039 % 0.002 0.008 £ 0.004
Males 2colony | 0.178+0.003* | 0.085%0.003* 0.037 £ 0.003* 0.006 + 0.002*

Note: statistical differences between males and females are indicated: *—p < 0.05.
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Puc. 1. CTpoeHue nodeyHoro knyboyka nesor  Puc. 2. 06nacT s4pbILKOBbIX OPraHM3aTopoB

NoYKe caMKM HETOMbIPA Manoro (konoHust N2 1). B NnofoumTax Knyboyka eBoi MoYKm
Okpacka no metoay B.W. Typunosom camku (konoHus N2 1). Okpacka no MeTomy
¢ coarT. (1998), x1200 B.W. Typunosoii ¢ coaBT. (1998), x2400
Fig. 1. Structure of renal glomerulus in the left Fig. 2. Areas of nucleolar organizers in
kidney of female soprano pipistrelle podocytes of glomerulus of the left kidney
(colony no. 1). Coloring according to the method of female (colony no. 1). Coloring according
of V.I. Turilova et al. (1998), x1200 to the method of V.. Turilova et al. (1998), x2400

OTtMeueHa CylieCTBeHHas! Pa3HHIA B T/IOIA/IN TTOYEUHBIX KTyDOUKOB y CAMOK U CaM-
LIOB B KOJIOHHSAX — 10 JIeBBIM [1I0YKaM OHa cocTaBuia ot 13,07 mo 13,5 %, no npaBbim
noukam — oT 12,25 no 12,43 %. YcraHoB/ieHa MPaBOCTOPOHHSAS CUMMETPHS B JUHAMUKE
TJIOIIAZIA TIOYEUHBIX KITyOOUKOB Y CaMIIOB B 00€UX KOJIOHHSIX.

Y neTyuux Mbliliel B MOYKaX, B KODKOBOM BeITleCTBe PacCIio/araroTcs IPOKCUMaIb-
Hble U3BUTBIE U IMCTa/bHbIE U3BUTHIE KaHA/bLbl. JUCTanbHbIe KaHabLIbl TOUEK MeTKUe
CBeTJ/Ible C IIIMPOKUM U POBHBIM MTPOCBETOM.

[uctanbHble KaHA/bLIbI TOUEK He UMEIOT I[eTOUHOM KaeMKH, Oa3anbHasi MemMOpa-
Ha uu 6a3asbHBINA TaOUPUHT XOPOITo pa3BUT. CTeHKa AMCTA/IbHBIX KaHA/bIEB TIOUeK
COCTOUT U3 HU3KOTO0 TIPU3MaTUUeCKOro 3MuTesrs. B AUCTaNbHBIX KaHa/liblaX Mouek
MIPOUCXOUT UHTEHCUBHas peabCoOPIHsT 37IeKTPOIUTOB.

B noukax y HeTonbIpsi Masioro MpoKCcUMasibHble KaHa/blja OKPalllMBatTCs TEMHeE,
“MeroT Oosbiiie pasmMepsl. [IpocBeT MPOKCUMAa/ILHOTO KaHasIblla y3KUM, HeIPaBU/Ib-
HoWM (popmbl. [IleTouHasi KaeMKa MPOKCUMAaJIbHOTO KaHasblia UMeeT SIPKO BbIpayKeHHbIe
MUKPOBOPCUHKU. CTeHKa MPOKCUMAaIbHOTO KaHa/iblla COCTOUT U3 OHOCIOMHOIO KY-
OMUeCKOro KaeMuaroro 3MuTe/ust. VI3BeCTHO, UTO B MMPOKCUMA/IbHBIX KaHa/bllaX TOUeK
TIPOMCXO/IUT aKTUBHAsI 1 MHTEHCHUBHAs1 peabCcoOpIvs BCeX BeleCTB, TTOCTYMAOIHUX
B OpPraHu3M >KUBOTHOTO.

3a mepuo/ UCC/ieIOBaHUS yCTAHOBJIEHO, YTO MO MUIO[ay JUCTABHOTO KaHanblla
y CaMOK ¥ CaMIIOB B 00e1X KOJIOHUSIX TIPOC/IE)KUBAETCS IIPABOCTOPOHHSISI aCUMMETPHS,
B [IMHaMKKe MPOKCUMa/IbHOTO KaHaslblla — JIeBOCTOPOHHSIA. VIcCejoBaHuMs MOKa3a/u 3Ha-
YUTe/bHBIE PAa3MUKsi MUKPOMOP(OIOrnyeCcKUX XapaKTePHUCTHK MoueK y HeTOTBIPS Masioro
Pa3/IMYHOrO T10/1a U 11071, BJIUSTHAEM aHTPOIIOTeHHbIX (DAKTOPOR: TUIOIIA/lb AUCTATBLHOTO
KaHaJblia JIeBbIX MI0UeK Yy CaMOK M CaMLIOB B KOJIOHHAX OT/invaeTcs Ha 9,41...11,33 %,
npaBbix — 9,44...11,25 %; pa3Hulia B IJIOMa[i NPOKCUMAaIBHOTO KaHaJIbLIA M0 JIeBbIM
rnoykam cocrasuia 10,51...11,38 %, no nipaBbim — 10,83...11,05 %.
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Mo gannbv K. Takmre', mogouTsl He)poHa MOYEK HECYT Pas3IMuHYO (QyHKIHO-
Ha/IbHYI0 Harpy3Ky U aKTUBHOCTb U UMEIOT pa3/ihuus silepHO-LIUTOI/Ia3MaThueCcKoro
oTHoleHus1. TecHas 3aBucUMOCTb — AL]O UMeeTcs Mexxly pa3Mepamu siipa v pasme-
paMu KJIeTKU, YTO U TIOATBEP>K/AEeHO B HallleM UCC/IeOBaHUM.

KonmuecTBo sipHIIIEK B sifipe K/IeTKA MEHSIeTCsI B 3aBUCUMOCTH OT TeHHOro Oa-
faHca. S phIlIKo — MPOU3BO/AHAS eJUHHLIA MUTOTUUYECKHUX XPOMOCOM — He SIBJISIeTCS
CaMOCTOSITeTbHO-EUCTBYIOLMM OPraHOMZOM. S IPBIIIIKOBbIE OPraHU3aToOPhI JIOKa/ -
3YIOTCS B JIOKYCAaX siIpbIllIeK BO BpeMsi akTUBHOU CcTaZuu HTepdasbl. [/1s BbIsBIeHUS
SITPBIIIKOBBIX OPTaHW3aTOPOB UCITOJIB3YIOT KPAaCHUTEIM Ha OCHOBe coseid cepebpa [11].

3BeCTHO, UTO SIAPBIIIIKY UMEOT MPaHy/ISIPHBIN U (PUOPU/ISIPHBINM KOMITOHEHT. [ paHyJisip-
HBIM KOMITOHEHT, Wr Arddy3Hasi 4acThb, SPBIIIEK — 3TO 30HbI CKOTUIEHHS TPaHy/1, hHUOPUITT,
XPOMAaTUHOBBIM KOMITOHEHT — 3TO 30Ha CKOTLIEHUsI OKOJIOSIIPBIIIIKOBOrO XpoMaruHa [12].

B nokasaresisgx mofo0LyMTOB MMOYEK OTMeYaeTCsl IPAaBOCTOPOHHSSL aCUMMeTPUS.
CrefyeT OTMETHUTh, UTO Ha 00BeM TIOJOLIUTOB, UX sifiep U I[UTOI/Ia3Mbl, Ha sIIepHO-
L[MTOIJIa3MaTHUYeCKOe OTHOIIIeHWe TMOAOLMTOB MPaBOM MOYKU MPUXOJUTCS OO/IbIIast
MopdodyHKIMOHaIbHast Harpy3Ka, UeM Ha JIeByt0 TIouKy (Tabi1. 2, puc. 2). ITpaBasi ouka
B OOsIbIIIeli CTereHu pearupyeT Ha aHTPOTIOTEHHYH0 Harpy3Ky.

Tabnmya 2

06bem nogouuToB, UX Aaep n yutonsa3mbl, aaepHo-uyntonsiaaMatn4yeckoe oTHoLLeHune
noaouMTOB NMNOYeK HeTOoMnbIpA Manoro

Foa 06beM, MKM® AfepHo-uMTONNIasMeHHoe
MoaouunTbl Aapa nogouuTos | LuTonnasma nogoumtos oTHoweHue AILIO, y.e.
JleBasi noyka
CaMku (konoHus N2 1)
2014 15,37 +0,03 0,57 +£0,09 14,80 + 0,06 3,85+1,50
2018 15,83 +0,46 0,62 +0,05* 15,21 +0,41* 4,07 £0,12*
CaMku (konoHus N2 2)
2014 15,12+ 0,06 0,65 +0,08 14,27 + 0,02 4,29 +4,00
2018 15,37 £ 0,25* 0,70 + 0,05 14,47 +0,20* 4,57 +0,25*
Camub! (konoHus N2 1)
2014 17,13 £0,05 0,81 +0,04 16,32+ 0,01 4,96 + 4,00
2018 17,25+ 0,12* 0,93+0,12* 16,32+ 0,01 5,69 +1,00*
Camub! (konoHus N2 2)
2014 15,25+ 0,06 0,90 + 0,07 14,35+ 0,01 6,27 +7,00
2018 15,37 £0,12* 0,95 +0,05 14,42 +0,07* 6,58+0,71*
MpaBas noyka
Camku (konoHus N2 1)
2014 16,55+ 0,07 0,61+0,03 15,94 +0,07 3,82+0,42
2018 17,48 £ 0,09 0,90+ 0,09 16,58 +0,01* 5,42 +9,00*
Camku (konoHus N2 2)
2014 15,47 +0,10 0,71 +0,05 | 14,76 + 0,05 4,81+0,01

! Tawke K. BBeeHWe B KONMYECTBEHHYHO LMTO-TUCTONOrMYeckyro Mopdonornio. byganewT: N3a-8o AH CCCR,

1980. 1917 c.
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OKoHYaHWe Tabr. 2

Foa O6beM, Mkm? SiepHO-UMTONNa3MeHHoe
Mogountbl | flapa mogountoB | LiMTonsnasma nofoLnToB oTHowexue ALIO, y.e.

2018 15,53 £0,06 0,84+0,13* 14,66 + 0,07 5,72 +1,85*
Camupi (konoHus N2 1)

2014 17,20 £0,03 0,83+0,08 16,37 £ 0,05 5,81+1,60

2018 17,12+ 0,08* 0,87 +0,04 16,25+ 0,04 6,11 +1,00*
Camupi (konoHus N2 2)

2014 15,72 +0,07 0,92+0,03 14,80 £+ 0,04 6,21+0,75

2018 15,61+0,11* 0,97 £ 0,05 14,64 + 0,06 6,62 +0,83

[MpyumeyaHme: CTaTUCTUYECKME Pa3INUKS Mex /1y caMLaMu U caMKamm 0603HadeHbl: * — p < 0,05.

Table 2

Volume of podocytes, their nuclei and cytoplasm, nuclear-cytoplasmic ratio
of podocytes in kidneys of soprano pipistrelle

Volume, pm? . .
Year Nuclear-cyt:;:jlasmlc ratio,
Podocytes Podocyte nuclei Podocyte cytoplasm o
Left kidney
Females (colony N2 1)
2014 15.37+0.03 0.57+0.09 14.80£0.06 3.85+1.50
2018 15.83+0.46 0.62 + 0.05* 15.21 +0.41* 4.07 £0.12*
Females (colony N2 2)
2014 15.12+0.06 0.65+0.08 14.27 £0.02 4.29+4.00
2018 15.37 £0.25* 0.70 +0.05 14.47 £0.20* 4.57 £0.25*
Males (colony N2 1)
2014 17.13 £0.05 0.81+0.04 16.32+0.01 4.96 +4.00
2018 17.25+0.12* 0.93+0.12*% 16.32+0.01 5.69 + 1.00*
Males (colony N2 2)
2014 15.25+0.06 0.90+0.07 14.35+0.01 6.27 +7.00
2018 15.37£0.12* 0.95 £0.05 14.42 +0.07* 6.58 +0.71*%
Right kidney
Females (colony N2 1)
2014 16.55+0.07 0.61+0.03 15.94 £ 0.07 3.82+0.42
2018 17.48 £0.09 0.90+0.09 16.58 +0.01* 5.42 +9.00*
Females (colony N2 2)
2014 15.47+0.10 0.71+0.05 14.76 £ 0.05 4.81+0.01
2018 15.53+0.06 0.84+0.13* 14.66 + 0.07 5.72+1.85*
Males (colony N2 1)
2014 17.20 +0.03 0.83+0.08 16.37 £ 0.05 5.81+1.60
2018 17.12+0.08* 0.87+0.04 16.25+0.04 6.11+1.00*
Males (colony N2 2)
2014 15.72+0.07 0.92+0.03 14.80+0.04 6.21+0.75
2018 15.61+0.11% 0.97 £0.05 14.64 +0.06 6.62+0.83

Note: statistical differences between males and females are indicated: * — p < 0.05.
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YBenuueHue KomMuecTBa 001acTel siIPBIIIKOBBIX OPTaHU3aTOPOB B SIAPBIIIKAX
KOCBEHHO CBHIeTe/bCTBYeT 00 MHTEeHCUBHOCTH CUHTe3a Oeska B rpoljecce co3peBa-
HUsI KJIeTOK. MIHOT/Ia KONM4YeCTBO siPhILIeK Ha OHO SiAPO MOXKeT ObITb MeHbIIle Yrc/ia
A/IPBILIKOBBIX OpraHu3aTopoB. KoimuecTBO SApBILIKOBBIX OPraHU3aTOpOB XapaKTepu-
3yeT KOJINUeCTBO SAPBILIEK HA OFHO [P0, KOTOPOe BO3pacTaeT M0 Mepe yYBeIuUYeHUs
ero ruiougHoCTH [11, 12].

B Hamem ucciieoBaHMM MBI KOHCTaTUPOBA/IM, YTO Y CaMOK M camL{0oB B 2014 .
B [IPaBBIX MOYKAX, B sipax MOJOLMTOB KITyOOUKOB 0O0Hapy»KHUBaIoCk OT 5 f0 7 obracreit
SIIPBILIKOBBIX OPraHU3aTopoB, obiras riomaas OFJOP B cymme BapbupoBasa ot 0,462
1o 0,546 MKM?, B JIEBBIX TTOUKaX — OT 6 /10 7 obsacTel siIpBIIIKOBBIX OPraHU3aTOPOB,
HO UX 0011jasi CyMMapHasi IJ/I0La/[b COCTABJIs/Ia HECKOJILKO MeHbIIIe U U3MeHs1ach B jfa-
na3oHe ot 0,451 10 0,534 MkM?. B siipax MoJ0IMTOR K/TyDOUKOB IPaBbIX TIOUEK Y CaMIIOB
1 caMoK B 2018 1. HaCUMTBIBA/IOCH OT 5 10 7 06/1acTel sI/IPBIITKOBBIX OPraHHU3aTOPOB
¢ ux ob1el cymmapHo# moijazaeio ot 0,465 10 0,581 MKM?, B JIeBBIX TIOUKAaX — OT 5
[0 7 obnacTeit IAPLIMIKOBLIX OPraHW3aToOPOB, 0011jast M/I01aJib KOTOPBIX CyMMapHO
pocrurana 0,457...0,567 mxm? (p<0,05).

[1py u3yyeHuy BIUSIHYS @aHTPONIOT€HHOM Harpy3KH Ha aJlanTalyio MoJ0LUTOB
BbIsSIB/IeHa MaKCUMaslbHasl BeJIMuMHa cymMmMapHo# miomazn OOP B ux siipax B 06enx
MOYKax y CaMOK M CaMLIOB BO BTOpPOU Ko/ioHUM B 2018 1., HavMeHbIl1asi — y CamML|0B
Y CaMOK B TiepBoii KoiioHuU B 2014 1. [TaHHBIN (haKT CBU/IETEBCTBYET 00 YBeJTMUeHUH
WHTEHCUBHOCTH 0OMEeHHBIX TIPOLIeCCOB B si/ipaX MO/OLUTOB MOYEUHbIX KITyOOUKOB MPH
HeraTBHOM B/USIHUM (DAKTOPOB OKPY’Katolllel Cpe/ibl.

3ak/iroyeHue

Y pykokpbuibix (Chiroptera) HeTonbipb Masblii (Pipistrellus pygmaeus) B roukax
y CaMOK BbIpa’keHa B O0JIbILIel CTereHu JIeBOCTOPOHHSISI aCUMMETPUYHOCTD, UeM Y CaM-
L|OB, /I/TMHBI, IIUPHHBI 1 T/I0Ia/IN TIOUeUHBIX KJIyOOUKOB, IJIOIIAZN MTPOKCUMAIbHOTO
KaHasblia.

[IpaBOCTOPOHHSISI aCUMMETPUUHOCTb IJI0La/[d AUCTaAbHOTO KaHasblia Mouek,
yBeJIMUeHHe UrC/ia MOUeyHbIX K/TyOOUKOB MPH OJHOBPEMEHHOM YMEeHbIIIeHHUH TI0/I0CTH
Karicy/ibI TIOUeYHOro KTy0ouKa y CaMOK B IepBOii ¥ BTOPOI KOJIOHUSIX BBILLIE, UeM Y CaM-
L[0B, UTO CBSI3aHO C MOJIOBBIMHU 0COOEHHOCTSIMH TIpoLjecca oOMeHa BellleCTB U afjanTalyin
K I10/1eTy B TEXHOT€HHbIX yCJIOBUSIX.

B mogonuTax mouek udMeHeHUsi obbema, sijpa, LIUTOTM/Ia3Mbl U si/lepHO-
L[UTOI/Ia3MaTUYeCKOTr0 OTHOILIeHUS], KOJIMUeCTBa CyMMapHOM TUIOL{aZil apreHToO(pU/Ib-
HOM 00/1aCTH S/IPBILIKOBBIX OPraHMU3aToOpOB 00yC/IOBIeHbI Oe/IKOBO-CUHTeTHYe CKOM
aKTUBHOCTBIO, TeH/lepHOI NpUHa//IeXXKHOCThI0, Tororpadueii opraHa v BIUsiHUEM
aQHTPOIIOTeHHBIX HETaTUBHBIX 3(D(PEKTOR OKPY>KaroITiel Cpe/ibl.

Y caMOK PYKOKpPBUIBIX, 0OMTAIOLIX B TOPOACKOH cpejie ¢ H0JIBIIOI YHC/IeHHOCThIO
B KOJIOHWH, Ha (DOHe COUeTaHHOW aHTPOTIOreHHOMN Harpy3KHU 11071 BIUSIHUEM YT/IeBOZAI0PO/ia,
[MOKCH/IOB CepbI U a30Ta 1 B3BeLleHHbIX Bell|eCTB MPOMCXO/AT U3MeHeHus IToKasaresnei
OpraHOW/IOB TOZIOLUTOB B TIOUKaX, CIIOCOOHBIE B/UATH Ha (DeHOTUNMYECKYHO a/lariTaluio
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(KaK afarTaryio K MoJjieTy), 3aIyCcKaTh OCHOBHBIE TIPOLIeCChI OMOXUMUUECKUX IIUKIIOB,
TIPOLIeCChI SH/I0TeHHOM NHTOKCUKALIUY U JeTOKCUKAL[MOHHON (QYHKLIMU.

YcuneHHb1i 06MeH BelleCTB B TIOUKaX JIETYUUX MbIILIEH CIIOCOOCTBYeT yBeTMYeHHIO
YiiCJIa MOYeYHBIX KIYOOUKOB ¥ YMEHBIIIeHHIO TIOIOCTH KarlCy/Ibl TI0YeYHOro KIyOoukKa.

Vi3meHeHMs ¥ IaCTUYHOCTh AUHAMUKU SII€PHO-LIUTOI/Ia3MaTHYeCKOrO OTHOLLIEHUS,
KOJIMYeCTBA ¥ CyMMAapHO# TI/I0La/iy 06/1acTeid SIPBIIKOBBIX OPraHU3aTOPOB B TIOAOLIUTaX
K/TyOOUKOB TOYeK IMPOBOLIMPYET 3aIyCK reHeTUUYeCKOM aJjarTarjyiu.

YcTaHOB/eHHbIe KPUTEPUU Tpe/iesioB TOJIEPAHTHOCTH U 3aKOHOMEPHOCTel aHaToMO-
Mop(dodr3nonoruuecKrMx U3MeHeHri novek pyKoKpbuibix (Chiroptera) HeTonbIps Ma-
nbiii (Pipistrellus pygmaeus) nipejjjiaraeM UCMO0/b30BaTh B KaueCTBe MOP(}0o1oruuecKoit
HOpPMbI — pedepeHTa.
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BuoTtexHonornyeckune acnekTbl YCKOPEHHOr0O
BOCMNPOU3BOACTBA KaJIMbILLKOU MSICHOW NopoAabl

B.1O. Babenkos! ', A.1. Xax/1uHoB! 8, P.I. Canramkuen!
E.FO. MakapoBa® ', O.C. Mepry/sibuneB’

'KanMBILKWIA TOCyIapCTBeHHbIN yHUBepcuTeT uM. B.B. TopoioBrKoBa,
2. Onucma, Pocculickas ®edepayus
*He3aBUCHMBIN HcciieoBaresis, benrzopodckas obaacmsb, Poccuiickas Dedepayus
X arspeople@mail.ru

AnHoTtanus. B Poccu 1orosioBbe MsCHOTO CKOTa JJ0 HeflaBHero BpeMeHH ObLI0 COCPeI0TOUYEHO [71aBHBIM
o6pa3om B KanMbIKuM 1 IIpu/iexaivx pernoHax. OTCyTCTBHe 1ie/ieHarpaBieHHOM CeleKIIMOHHOM paboThl
TIpUBe/IO K TOMY, YTO YMCTONOPOHOE MOr0/I0Bbe KaJIMBILIKOW MSICHOI MOPO/bl 3HAUHUTE/IBHO COKPaTU/IOCh
U TIOTEPSUI0 CBOM YHHKAJIbHBIE KaueCTBa, YTO BbI3bIBaeT OosbIive oraceHust. CKopelilee pereHye npobsieMbl
BOCCTaHOBJ/IEHUsI TOPOJHBIX KaUeCTB [PU yCI0BUM YCKOPEHHOTO Pa3MHOXKeHHsl TeHOTUITMPOBaHHOTO TT0T0/IOBbS
TIpe/ICTaB/IseTCsl BO3MOXXHBIM TP BHeAIpeHUH OHoTexHOM0ruu amoprorpaHcdepa. TpeboBanoch BbISCHUTD
BO3MO)XHOCTH Ka/IMBIL[KOM MOPO/ibI C yUeTOM peaKTUBHOCTH Ha IOJMOBY/ISLIUIO C TapaHTUPOBaHHON MPOAYK-
THUBHOCTBIO JOCTAaTOYHOrO KOJIMYeCTBa KayeCTBeHHbIX SMOPHOHOB (OCHOBHOTI'O MOKa3areJisi, CreljupuyHOro
JU1s1 KaKZI0M TIOpOoAbI) Kak (pakTopa, onpefesiollero yCKopeHHOe BOCIIPOU3BO/CTBO I/IEMEHHOTO TI0T0/0BbS
TIPY UCII0/Ib30BaHUK MeToZa sMbproTpaHcdepa. YunuThIBasi, UTO U3HaYalnbHO (hOPMHUPOBaHUe TTOPO/bI MPOMC-
XOZIUJIO B YC/IOBUSIX MACTOMIIHOTO COZlepyKaHusI C BbIDAXKEHHBIM Ce30HHBIM T10JIOBBIM LIUK/IOM, ObLIM COMHEHUS
B IPUMEHUMOCTY TEXHOJIOTMH 3MOpHoTpaHcdepa B /it000i ce30H roza. Pabora npoBoamiack Ha KOpoBax Kasl-
MBILKOW MsicHOM mopozpl B 2010 . B OAO «KanMblilikoe» 110 rieMeHHoM pabote v B 2022 I. B perOHaIbHOM
Hay4YHO-TIPOU3BOAICTBEHHOM LIeHTpe 110 BOCIIPOM3BO/CTBY CebCKOXO03HCTBEHHBIX JKUBOTHBIX NPY Ka/MbILKoM
rocyAapcTBeHHOM yHuBepcuTeTe uM. b.B. ['oposioBrKOBa. Pe3ynbTaThl Hcciej0BaHMS MTOKa3aau, YTO CUHXPO-
HU3aLMI0 0XOThI C TIOMOLLbIO POCTAaVIaHAMHOB JIy4llle IPOBOAUT 110 UCTeueHUH 3—4 MecslleB Toc/Ie oTesa
B Mae-okTsi0pe. ITo pe3ysibraraM MUMMYHOTEHETHUECKOTO TeCTUPOBAHUS B KaueCTBe JOHOPOB ObLM 0TOOPaHbI
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10 nyieMeHHBIX KOPOB-TIEPBOTEJIOK U 2 GbIKa-mpou3BoauTes. B ceHTsOpe-okTAOpe B Lensix anpobalyi MeTozia
sMOpHOTpaHCcdepa B yCIOBHSAX HOMA/{HOTO )KUBOTHOBO/[CTBA ITPOBE/IN MepBbie PAOOTHI 110 CTUMYJISLIAK TTOTHO-
BY/ISILIVH U TIOJTyY€HHI0 SMOPHUOHOB y 3 KOPOB-A0HOPOB. Beero 6b110 nostyueHo 7 SiLeK/neTok U 16 SMOPHOHOB,
10 13 moc/ieJHUX OL|eHEeHbI KaK MPUrOAHbIE /1715 TPaHCI/IaHTaLuy. [IpuroHbie SMOPHOHBI ObLH 3aMOPOXKEHBI
Ha MpOrpaMMHOM 3amMopakuBaresie 30M-4 nocsie SKBUIUOPAL|K B pACTBOPE KPHUOMPOTEKTOPA STHU/IEHIVIUKOJIS
B 1,5 M KOHLjeHTpaLuu.

KiroueBsble ciioBa: sMbpuoTpancdep, reHohOH/I, TeHOTHI, CyTepoBy/IsLus, (O/UTHKY, SHLIEKIeTKa,
3MOPHOH, MSICHOH CKOT

3asB/ieHue 0 KOH[l)J'lPIKTE HUHTEpPEeCoB. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBHUH KOHCI)]'II/IKTa HWHTEPECOB.

dunancuposBanue. biarogaproctu. Pabora BeINo/HEHa B paMKax roCyapCTBeHHOr0 3ajiaHust MUHHCTepCTBa
HayKu ¥ BeIciIero obpa3soBanust Poccuiickoit ®eneparyn (Ne 075-03-2022-119/1 «OcobeHHOCTH OpraHM3aLiiin
reHOMa KPYIHOI'O POraToro CKoTa MsICHBIX ITOPOJ, aCCOLIMMPOBAHHBIX C BEICOKHM a/lallTUBHBIM U IIPOAYKTUBHBIM
TIOTEHIIAa/IOM, Ha OCHOBEe BBICOKOIIOIMMOP(HBIX TeHeTHUeCKIX MapKepoB»).
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Biotechnologies for accelerated reproduction of Kalmyk cattle
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Abstract. In Russia, the number of beef cattle until recently was concentrated mainly in Kalmykia and
adjacent regions. However, the lack of purposeful breeding has led to the fact that the purebred livestock of
Kalmyk meat breed has significantly decreased and lost its unique qualities. Introduction of embryo transfer
biotechnology can solve the problem of restoring breed qualities under the condition of accelerated reproduction
of genotyped livestock. The aim of the research was to study Kalmyk breed response to polyovulation considering
further increase in transferrable embryo productivity — the main indicator specific to each breed. As the formation
of the breed took place in pasture conditions with a pronounced seasonal sexual cycle, there were doubts about
the possibility of using embryo transfer technology in any season. The experiments were carried out on Kalmyk
cows at Kalmytskoye farm in 2010 and at the Regional Research and Production Center for Reproduction of Farm
Animals, Kalmyk State University, in 2022. The results of the study showed that it was better to synchronize
sexual hunting using prostaglandins after 3—4 months after calving (May-October). According to the results of
immunogenetic testing, 10 breeding cows and 2 breeding bulls were selected as donors. In September-October,
in order to test the embryo transfer method in nomadic animal husbandry, the first work was carried out to
stimulate poliovulation and obtain embryos from 3 donor cows. A total of 23 embryos and eggs were obtained,
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10 of which were suitable for transplantation. Transferrable embryos were frozen on a ZEM-4 software freezer
after equilibration in 1.5 M ethylene glycol cryoprotector solution.
Keywords: embryo transfer, gene pool, genotype, superovulation, follicle, egg, embryo, beef cattle
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BeepneHue

Kanmelirkast mopoga MsICHOTO CKOTa SIBISIeTCSl OAHOW U3 IPeBHUX U JIyUILIUX pOC-
CUICKMX TIOPOZ, MSICHOTO HarpaB/ieHus1 NPOAYKTUBHOCTH — JI0JITO€ BPeMsi OTHOCH/IACh
K a00OpUTeHHBIM TIOPO/iaM, SIB/ISTFOLLIUMUCS IPUOPUTETHBIMU 00beKTaMH 0XpaHbI B arpo-
6uorieHo3ax [1]. B HacTosiiiee Bpemsi 3Ta TIopo/ia OTHeCeHa K 3aBO/ICKMM. B Kaxk10i
abopureHHOM TIOpPO/ie eCTh BayKHBIM MPU3HAK B CeJIEKI[MOHHOM I/IaHe, OT/IMYAOLI[Hi
MOPOZY OT APYTHUX KOHCOMMVUPOBAHHBIX TPYIII )KUBOTHBIX [2, 3]. [ToTepst abopureHHbIX
MOPOZ — 3TO yTpara MOpOJHbIX aCCOLMALMI reHOB, TeHOTUIOB, YHUKA/IbHOTO reHO(OoH/a,
yro OyzieT UMeTb pa3HOOOpa3Hble OTPHULIATe/IbHbIe TOC/IeJCTBUS: 3HAUNTETbHO CHU3UTCS
3(h(heKTUBHOCTH CeJIeKLIUH, yrKe CyIIeCTBYIOLIYe TTOPOAbI He OYAyT B COCTOSIHUU MPOTH-
BOCTOSITb TIOCTOSTHHO 3BOJTFOL[MOHUPYIOLIUM BO30yauTe siM Oose3Held ¥ CTaHy T JIeTKOM
»KepTBOM 3Mu300THH. UTO KacaeTcst Ka/IMBILIKOM TIOPO/ibI, OHa 00/1a/iaeT YHHUKAIbHBIMU
KaueCcTBaMH, KOTOPBIX HET y JPYTMX MOPOJ, KPYITHOTO POraToro CKoTa HA B OIHOM CTpa-
He mupa [4]. @opmHpoBaHre KaJIMBILIKOTO CKOTa IMIPOMCXO/N/IO B yC/IOBUSX KOUEBOTO
XO3sIHCTBA, TPY KPYIJIOTO[0BOM CO/Iep>KaHUM KMBOTHBIX Ha macTouiie. JKUBOTHbIE 3TOM
MOPO/bl OTVINYAIOTCS KPENKOM KOHCTUTYLIMeH, el HeT PaBHBIX 110 37,0POBbIO, BBIHOCJ/IN-
BOCTHU, YCTOMUMBOCTH K 3a0071eBaHUSIM. MSICO TOBSIIMHBI, TTOJTy4YeHHOE OT Ka/IMBIL[KOTO
CKOTa, OT/IMYaeTCsl «MPaMOPHOCTbIO» 1 BbICOUAMNIIINM KauecTBOM [5, 6].

K criocobam coxpaHeHust MOpogHOTO reHO(OHAA OTHOCATCS XPaHeHHe CIIePMBI,
001MTOB, 3MOpHoHOB U [THK B 3amopoykeHHOM cocTosiHUM 1py —196 °C HeorpaHUueH-
Hoe Bpems [7, 8].

ITpu Ucronp30BaHUY OMOTEXHOJIOTHY TPAHCTI/IAHTALMY SMOPUOHOB TOSIBIISETCS YHHU-
KaJibHasi BO3MOYKHOCTb COXPaHeHHs1 reHO(OH/Ia Ka/IMBILIKOM MOPO/ibl U ee YCKOPEHHOT0
Bocripou3sBozcTBa [9—11]. I1pu Kcrosb30BaHUM PeLUITMEHTOB CKOPOCTb pOCTa CTaja
BO3pacTaeT B HECKOJILKO pa3. [Ipy KpHOKOHCepBaluu raMmeT reHeThYeCKrue pecypChbl
V30/IMPOBaHbI OT 3BOJIFOLIMOHHOIO MPOLiecca, COXPaHsATC B IepPBOHAYa/IbHOM BHJe
HeorpaHW4YeHHOe BpeMsi U MOTYT ObITh UCII0/Ib30BaHbI [Jisi BOCCTAaHOBJIEHUS TIOPO/bI
B urcToM BHje [12—15].
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Ienb uccieoBaHusI — OTIPeZe/IUTh BO3MOKHOCTH PENPOAYKTUBHBIX KaueCTB
KaJIMBILIKOW MSICHOM TIOPO/ibI HA PEAaKTHBHOCTh MHOKeCTBEHHOM OBYJ/ISILIUM SIMUHUKOB
c obpa3oBaHKeM KaueCTBeHHBIX SMOPHUOHOB, KaK (haKTOpPa, OTpeZeIsIOIIero yCKOpeHHOe
BOCIIPOM3BO/ICTBO TI/IEMEHHOT'0 TT0T0JI0Bbs TIPU HCITO/Ib30BaHUH MeTozia SMOproTpaHcdepa.

MaTepMaﬂbI n MeToabl nccnepgoeaHmna

Pa6oty npoBogumi B 2010 1. B OAO «Ka/MbILKoe» 10 TuieMeHHOU paboTe u B 2022 1.
B PETMOHA/IbHOM Hay4YHO-TIPOMU3BOLCTBEHHOM LIEHTPE 110 BOCIIPOM3BO/CTBY CEIbCKOXO-
3s1licTBeHHBIX )KUBOTHBIX PI'BOY BO «KanMbILKUii TOCyjapCTBEHHbIN YHUBEPCUTET
M. B.b. T'opojoBUKOBa» Ha KOPOBax KaJIMBILIKOM MSICHOM TIOPOABI.

B mreMeHHbIX x03stiicTBax Ka/IMbIKiK rpoBesv 0TO0p KOPOB B KaueCTBe JOHOPOB SMOpH-
OHOB B KO/TMUECTBe 25 KOPOB, OTE/TMBITIIMXCS B (heBpasie-MapTe. PaboTa Obl1a Hauara B arperie.

CTUMYSALUIO TTOJTHOBY/ISILIMK Y KOPOB TIPOBOAMIIH 110 MeToguKe B.FO. BabenkoBa
c coaBropami (mareHT Pecriybmviku benapycek Ne 12490) rmyTem 0ZHOKDPATHOTO BBeAEHHUS
(boNMMKy/I0CTUMY/HPYIOLIero TOPMOHA C MPOJIOHTaTOPOM, NTOKa3aBlilel M0/I0KUTe/IbHbIe
pe3yJIbTaThl B MIPeJbIAYIINX UCC/IeJ0BaHUSAX.

MHo)KeCTBeHHBII poCT (HOJTMKY/IOB C MOC/Ie/yoLIell MoMMOoBY/IsLeN UHAYLIMPOBa-
71 (HOJUTUKY/I0 CTUMY/IHMPYIOLIMM TOPMOHOM POCCHICKOT0 npou3BozcTBa «PCI'-cymep»
(PCI") B go3e 50 eg. o ApMOPOBCKOMY CTaHZApPTy C BelleCTBOM TMPOJIOHTUPYIOLLET0
JercTBus, aHaaoruuHo metoguke 2010 r. Ee mperMyliiiecTBa 3aKk/i04atoTCs B TOM, YTO
Triperiapar BBOJSAT OZHOKPATHO, B OT/IMUKeE OT OOIIeNpPUHSTON MeTOAUKH, BK/IHOUYaro-
el 8-kKpaTHoe BBeJileHHe KaK/ble 12 yacoB, UTO COTPSDKEHO C TPYZOBBIMU 3aTpaTaMH
1 CTPEeCCOBBLIM BO3[elCTBHEM Ha >XUBOTHBIX. Uepe3 48 uacoB nocse uabekuu OCIT
KOpOBaM BBOJW/IU MpOCTaraaHAuH «3CcTpodan», B fo3e 500 MKT M0 KI0MPOCTEHOTY
Y TTIOBTOPHO 4epe3 12 yacoB B go3e 250 MKT.

Uepes 60 1 72 yaca rocie 1epBoii UHbEKIIMK DCcTpodaHa >KUBOTHBIX OCEMEHSITU /IBY-
KPaTHO OXJIa’K/JeHHBIM CBE)KEI0TyYeHHbIM ceMeHeM YHCTOTIOPOHOTO ObIKa-TIPOM3BOUTEITS.

Vi3BneueHre SMOPHMOHOB OCYIIIECTBISTA HEXUPYPrUUeCKUM METOZOM C TIOMOIIbIO
karetepa Posses. [/ BBIMBIBAHHS UCIIOIB30BaM cpefly [Ironb0ekko ¢ gobaBieHrem
aHTHUOMOTHKOB U OBIUBETO CHIBOPOTOUHOTO anbOymuHa (BCA).

[Touck, oTbop U OlLleHKa KaueCTBa SMOPHOHOB TIPOBOJMINCH HAa OUHOKY/ISIPHOM
nyne MBC-10.

Cratuctiueckyto 06paboTKy SKCIepUMeHTaTbHBIX JaHHBIX TPOBOAKIIHN C TIOMOLIIBI0
oducHoro nmporpaMMHoro komruiekca Microsoft Office ¢ mpuMmeHeHreM TIporpamMmbl
Excel (Microsoft, CIITA) c o6paboTkoii jaHHbIX B Statistica 9.0 (Stat Soft Inc., CIITA).

Pe3yanaTb| ncecnepoeaHmnAa n OéCY)Kﬂ,eHVIe

C yueToM TOro, 4To paHee paboTa C KaJIMBILIKOM MSICHOU MOPO/I0N B TEXHOJIOTHUH
smbpuroTpaHchepa HUIKeM He MPOBouIach, HaMu B 2010 T. ObIIO pellieHo MOCTaBUTh
CEepUI0 SKCTIepUMEHTOB B 3TOM HarnpaBieHuU. MccienoBanysi poBesu crierianuctsl OAO
«Kanmeiikoe» 1o riiemMenHou pabote B.FO. Babenkos, A.U. XaxmuHoB, H.B. UnMuzosa.
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Y>ke B Hauasie 3KCIIepUMEeHTaIbHbIX UCC/Ie0BAHUI YCTAHOB/IEHO, YTO CUHXPOHU3ALMS
OXOTBI C [IOMOLLBIO [TPOCTAIVIaHAMHOB Y KOPOB C TeJIsITaMU Ha IOZiCOCe B TeueHHe NepBbIX
TpexX MecsLeB MOC/Ie OTesla He uMmeeT ycrexa. CieyeT OTMETUTb, UYTO B 3TOT NEPUOJ,
KODOBBI He pearvpoBa/Iy MOMHOBYJISILMeN lake Ha «IIPUHYAUTEe/IbHY0» TOPMOHA/IbHYHO
o6pabotky @CI ¢ ucrosbp30BaHeM BarvHa/IbHBIX CUPOB C ITPOreCTePOHOM. STUUHUKH
OT/IMYa/IMCh MUHUMaJIbHBIMU pa3Mepami (¢acoss). [Ipy 3TOM OTCYyTCTBOBA/IM NIPU3HAKU
OXOTBI, B SIMYHMKAaX He ObLJI0 pa3BUBAIOIIMXCS (DO/UTUKYJIOB M, COOTBETCTBEHHO, JKeJIThIX
TeJ K 7 JHIO BbIMBbIBaHUsI SMOPHOHOB. JIMIIIb 110 MCTeueHHH 3—4 MecsILeB [10C/Ie oTesia
OTMeua/Ti HOPMaJIbHBIM M0I0BOM LIMKJI, UTO TI03BOJIU/IO BbI3BATh MOJIOKUTE/TBHYIO PEAKLIMIO
Ha CTUMYJISILIIO TIO/TMOBY/ISALMHU. TakuM 00pa3oM, HaMy OTMeueHa sIpKO BbIpaKeHHast ce-
30HHOCTb B MPOSIBJIEHUH T10/I0BOTO LIUKJ/IA Y KOPOB Ka/IMBILIKOM MSICHOM TIOPOZIBI C TeIATaM1
Ha rioficoce. ITepBbie MoMOXKUTebHbIE YCIIeXH ObLIY MOTyYeHbl JIUIIb B KOHLIe Masi U T1e-
PUO, C Masi TIO OKTSIOPb /17151 TIO/TyueHusi SMOPHUOHOB OKa3ajicst Hauboriee MpOAYKTUBHBIM.

B 3TOT nepuoj HaMH BriepBbie OBIIO MOTydYeHo 3a 21 BeIMbIBaHHE OT 19 KOpOB-
JTOHOPOB (2 JOHOpa MCI0/Ib30Ba/M ABYKPATHO) M 3aMOPOXKEHO B KPUOOAHK [I/IsT /1IN~
TeJIbHOTO XpaHeHHs1 132 mpurogHeix sSMOproHa. Brixo/ KaueCTBeHHBIX SMOPHOHOB
3a OZIHO U3BJ/IeUEHME B CPeJHEM COCTaBUI 6,3 efl., UTO SIB/ISIeTCS BBICOKMM TOKa3aTesieM
U TIpeBbIIIaeT CTaHJAPT 10 MOJIOUHOM ropoge Ha 1,3 smbproHa (Tabm. 1).

Tabvya 1
CynepoBynsiuusi 1 aM6pUONpPoAYKTUBHOCTb KOPOB-A0HOPOB KasIMbILKO MSICHOW
nopopabl
MNMokasaTtenu PesynbTathl
06paboTaHO KOPOB-A0HOPOB, FOJl. 50
PearvupoBano cyneposynsuuei, scero — % 25-50,0
[MonoXuTenbHbIX NO N3BJIEYEHUIO JOHOPOB, BCEro — % 21-84,0
Yucno oBynsiLmMn, BCero — B CpeAHEM Ha floHOpa 217-10,3
lMonyyeHo 3apopapllien, BCero — B CpeAHEM Ha JOHOpa 182-8,7
ﬁpTl;l:c:.qulx, BCEro — B CPeAHEM Ha fOHOpa 132-63
[onsa ot obwero uucna, % 72,5
JAereHep1MpoBaHHbIX 3M6PUOHOB U IWLEKIIETOK, BCEro — B CpeiHEM Ha JOHOpa 50-2,4
[onsa ot obwero uucna, % 27,5
Table 1
Superovulation and embryo productivity of Kalmyk donor cows
Indicators Results
Treated donor cows, head 50
Superovulatory response in cows, total — % 25-50.0
Positive for donor extraction, total — % 21-84.0
Number of ovulations, total — per donor 217-10.3
Number of embryos, total — per donor 182-8.7
Freezable embryos, total — per donor 132-6.3
Freezable embryos, % 72.5
Degenerated embryos and eggs, total — per donor 50-2.4
Degenerated embryos and eggs, % 27.5
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Hwuskwuit riporieHT (50 %) pearupyroimx >KUBOTHBIX (CM. Tabm. 1) obbsicHsieTcst mo-
JIOBOM Ce30HHOCTHIO. B TO ke Bpemst ypoBeHb cyniepoBysiLuu (10,3 Ha JoHOpa) U BBIXO/,
KayeCTBeHHbIX SMOPUOHOB (72,5 %) ObUIH 10CTaTOYHO BEICOKUMH, UTO TT03BOJISIET UCTIONb-
30BaTh KOPOB Ka/IMBILIKOM MSICHOM TIOpPO/ibI B TIpOrpaMmax 1o smbpuotpaxcdepy. 1o psay
MpUYKH paboTa B 3TOM HaripaB/ieHHH Obljla IPUOCTAHOB/IEHA Ha Heorpe/ie/ieHHbIN CPOK.

B 2022 r. B Ka/IMBIIIKOM TOCYapCTBEHHOM YHUBEpPCUTETe Oblia Co3JaHa labopaTtopust
«Opranu3auys reHoma KPC MsicHBIX OPOJ, aCCOLIMMPOBAHHBIX C BBICOKUM aJalTHB-
HbIM U IPOAYKTUBHBIM TMOTEHL[a/IOM, Ha OCHOBE BbICOKOTIOJIMMOP(HBIX T'eHeTHYeCKUX
MapKepoB». [IpropuTeTHbIe HarpaB/eHUsT HAyYHO-TIPAKTUYe CKUX UCC/IeI0BaHuM 1abo-
paropyu — co3zianue pedepeHCHOI 6a3bl JaHHBIX KPYTTHOTO POTATOr0 CKOTA MSICHBIX
ropo/; Ha ocHoBe coBpeMeHHbBIX JJHK-TexHomoruii 1 pa3paboTka CceeKIMOHHOM TTPo-
rpamMMBblI C UCII0/Ib30BaHUEM BbICOKOIIOJMMOP(HBIX MOJIEKY/ISIPHBIX MapKepOB, a TaKKe
oTOOp reHeTUYeCKH L[eHHBIX KOPOB /IJIsl YCKOPEHHOTO BOCIIPOU3BO/CTBA T/IEMEHHOTO
TIOT0JIOBBSI C MCIIO/Tb30BaHHEM TeXHOJIOTUH SMOproTpaHcdepa.

B 2022 r. o pe3ynbTaTaM UIMMYHOI€HETAYECKOIO TECTUPOBAHUS B KaueCTBe [10-
HOPOB ObLTH 0TOOpaHb! 10 MIeMeHHBIX KOPOB-TIEPBOTENIOK U 2 ObIKa-ITPOU3BOAUTEIIS.
B cenTsibpe-okTsiOpe B 1jesisix arpobaryu MeToza SMOpuoTpaHcdepa B yCIOBUSAX HO-
Ma/IHOTO >KHBOTHOBO/[CTBA ITPOBEJIH TIepBbie PAOOTHI TI0 CTUMYJISLIMU TTOTUOBYISLIAN
U TIOJTy4eHHI0 SMOPHOHOB y 3 KOPOB-ZIOHOPOB.

Bcero 6b110 TIOTyU€eHO 7 sILIEKIeTOK U 16 SMOPUOHOB, U3 KOTOPBIX 10 MPUrOAHBIX
1 6 JereHepUpOBaHHbLIX (Tab/I. 2).

Tabnmya 2
Pe3yanaTb| CTUMyNAUMN NONINOBYNALNN U NONy4YeHnsa 3M6pI/IOHOB
Y KOpOoB-A0HOPOB KaanIU,KoVI MSICHOM nopojbl
MokasaTtenu PesynbTathl
06paboTaHO KOPOB-[0HOPOB, rON. 3
PearupoBano cyneposynsiuuei, Bcero —% 3-100,0
Yucno oBynsumin, BCero — B CpeAHEM Ha loHOpa 26-8,7
MonyyeHo 3apoppliluei, BCero — B CpeAHEM Ha AOHOpa 23-7,7
BT.u. 10-33
NpUroAHbIX, BCEro — B CPeHEM Ha JlOHOopa
[ona oT o6bLiero yucna, % 43,5
AereHepupoBaHHbIX SMGPUOHOB U ANLLEKNIETOK, BCEro — B CPEAHEM Ha AlOHOpa 13-4,3
[onsa ot oblwero yicna, % 56,5
Table 2
Stimulation of polyovulation and embryo productivity in Kalmyk cows
Indicators Results
Treated donor cows, head 3
Superovulatory response in cows, total — % 3-100.0
Number of ovulations, total — per donor 26-8.7
Number of embryos, total — per donor 23-7.7
Freezable embryos, total — per donor 10-3.3
Freezable embryos, % 43.5
Degenerated embryos and eggs, total — per donor 13-4.3
Degenerated embryos and eggs, % 56.5

76 XVBOTHOBOZCTBO



Babenkov VY et al. RUDN Journal of Agronomy and Animal Industries, 2023;18(1):71-79

[TpurogHbie SMOPUOHBI ObUTH 3aMOPOKEHBI Ha TIPOTPAMMHOM 3aMOpPa’KUBaTese
39M-4 nocsie SKBUIMOpALMK B paCTBOPe KPUOIIPOTEKTOPA 3TU/IEHIVIMKO/A B 1,5 M
KOHL|EHTPAL1H.

3akoyeHue

[TonyyeHHble Ha HAYAILHOM 3Tarle pe3y/bTaThl He MOoKa3aar BbICOKOW 3()(eKTUBHO-
CTH T10 TIPUYMHE OrPaHUYEHHOTO KOJIMUeCTBa 00paboTaHHBIX ZOHOPOB. OJJHAKO /JaHHbIE
HAIlMX UCC/IeloBaHuM, poBeieHHbIX B 2010 1., ¥ pe3y/ibTaThl TEKYIIETro SKCIIePUMeHTa
MOKAa3bIBAIOT NMPUHIUIHAAIBHYIO0 BO3MOXXHOCTh MCIT0/Ib30BaHUsT OMOTEXHOIOTMUEe CKUX
MeTO/|0B KaK Cpe/iCTBa YCKOPEHMS BOCIIPOM3BO/ICTBA Ka/IMBILIKOTO CKOTa, HapsAy C Tpa-
JUALMOHHBIM UCKYCCTBEHHBIM OCEMEHEHUEM.
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HayyHas ctaTtbsl / Research article

CocTosiHMe BATCKOM Nopoabl fiowagen
B OCHOBHbIX apeaax ee pa3BefeHus

C.II1. Bacc! g’ H.®. BenoycoBa’ ~, I.B. AsumoBa' ', A.H. I'yisieBa’

'YaMypTCKuii roCyjapCTBeHHBIN arpapHbIil yHUBepCHUTeT, 2. Moicesck, Pocculickas ®edepayus
2BcepoCcCcUiCcKuii HayuHO-UCC/Ie/I0BaTe/IbCKUH MHCTUTYT KOHEBO/ICTBA,
n. /lugoeo, PsizaHckas ob:., Poccutickas ®@edepayus
> sveta.bass@inbox.ru

AnHoTanus. B HacTosiiIiee BpeMsi CyIIleCTBEHHOMY COKPAIIeHHIO TI0/jBepPraroTcsi abopUreHHbIe TTOPO/bI
CeJIbCKOXO03STCTBEHHBIX )KUBOTHBIX, UTO BBI3bIBAET Cephe3HbIe ONaCeHMs], TOCKOJIBKY TaKye ITOPOJbI SIBIISOTCS
HOCHUTEJISIMU L[eHHBIX MIPUCTIOCOOUTETBHBIX KauecTB. L]esib UccieoBaHui — OLIeHKAa COCTOsTHUSI reHO(hOoHa
JIoILIa/iel BATCKOM MOPOABI TI0 OCHOBHBIM apeasiaM ee pasBefieHus. [{/ist u3yueHusi JaHHOTO BOTIPOca ObUT Mpo-
Be/leH aHa/IM3 MOTr0JI0BbsI TVIEMEeHHBIX JIoIaZieli B CelbCKOX03IMCTBEHHbIX NPeANPUATHSX, a TaKXKe y YaCTHBIX
BJIa/le/IbLIeB Ha TePPUTOPUH TpeX perroHoB Poccuiickoit ®eneparmu: Yamyprckas Pecry6vika, KupoBckast 00-
JIacTh, LleHTpanbHbIi denepanbHbIi okpyT (LIPO). s reHeTHUECKOM XapaKTePUCTUKH BCe TIOTOJIOBbE B KXKIIOU
nonysisiy 6bUI0 pa3bUTO Ha TPYMIILI C YUeTOM CTeneHHu pogcTea: 1 rpymnna— ayTbpesHble, 2 rpymna — C 0T/ja-
JeHHbIM MHOpHauHToM Fx (0,2...1,55 %), 3 rpynmna — c ymepenHsM Fx (1,56...12,5 %), 4 rpyrmina — c 6/M3Kum
uHbpugunrom Fx (12,6...25 %). Koadduipent nabpuaunra ornpesesnsiiu o gopmyse Paiita— KucioBckoro.
Haubosee TUIUUHBIMY C IPABU/ILHBIM 3KCTEPhEPOM SIB/ISIFOTCS ayTOpe/HbIe yiomiaan u3 nonyssiuu DO, Monu-
TOPUHI KOJIMYeCTBEHHOI'0 COCTaBa IOpo/bl [0Kasasl, uTo 3a rnepuog ¢ 1995 no 2021 rog KomM4ecTBO KOHEMaToK
YBeMUMBAIOCh ¢ 73 70 287 ronos. OzHako B Havase 2022 1. 3arKCHPOBAHO pe3Koe COKpalrieHe YHUCIeHHOCTH
OCHOBHOTO COCTaBa KOHEMATOK [0 222 T0JIOB, UTO CO3aeT OIpe/ieleHHbIe TPYAHOCTH B CeeKLFIOHHOM TIpoLiecce.
Haubosbliiee KomM4yeCTBO KOHEMATOK Ceiiuac COCPeIOTOYEHO B IIeHTPaIbHOM peruoHe — 83 rosioBbl. AHa/M3
reHeTUUeCKOro pasHoobpasusi Ha OCHOBAaHUM M3yueHUsl BO3PACTaHUsI TOMO3UTOTHOCTH 0CO0eli B YC/IOBUSIX
OrpaHUUEHHOr0 reHoOHa Ha COBPEMEHHOM 3Tarie paboThl C MOPOJoii oKasan, uto 43,3 % npejcraBuTesneid
SIBJISIFOTCS ayTOpeJHBIMU. B paBHOM COOTHOLLIEHHH TOTyUYeHbl TIPe/ICTaBUTeNH BITCKOW MOPOJBI OTAa/IeHHbIM
Y yMepeHHbIM UHOpuuHToM 28,1 u 27 % cooTBeTcTBeHHO. Hanbosiee TUITMUYHBIMY C TPABU/ILHBIM 3KCTEPHEPOM
SIB/ISIFOTCS ayTOpeHbIe Jolaau 13 nonynsaiuu LPO.

KiroueBsble cj10Ba: BITCKas TIOPO/ia Jiomazield, orpaHNUeHHbIN TeHO(hOH/I, CTerleHb MHOpUAWHTA, KO3d-
¢ureHT UHOPUAWHTA, CeNIeKLIUs JIOIIA IeH, TIOTY/ISAIUs
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3asB/ieHHe 0 KOH(IMKTe MHTEPeCcoB. ABTOPbI 3asIB/ISIIOT 06 OTCYTCTBUM KOH(IMKTA MHTEPECOB.

duHaHcHpoBaHuUe. lcciejoBaHNe BBITIOHEHO B paMKax TOCyAapCTBEHHOr0 3a/jaHusl MUHKCTepCTBa CebCKOro
xo3siiicTBa Poccutickoit ®emepariun coracHo Tematrdeckomy riaHy @I'BOY BO MrkeBckasi rocyjapCTBeHHast
CeJIbCKOXO03siiicTBeHHas akagemusi (Tema Ne 122020300065-3).

Bknap aBropoB: H.®. benoycoBa — koHuenius u au3aiiH ucciegosanus; C.I1. bacc — aHany3 momyueHHbIX
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State of Vyatka horse population in regions of Russia

Svetlana P. Bass!' g’ Natalya F. Belousova® ",

Glafira V. Azimova' ', Anna N. Gulyaeva'

"Udmurt state agricultural university, Izhevsk, Russian Federation
*Russian Research Institute of Horse Breeding, Divovo, Ryazan Region, Russian Federation
X sveta.bass@inbox.ru

Abstract. The current state of Vyatka horse breed gene pool was studied in the research. It was revealed
that the main array of the breeding stock is concentrated in three populations of three regions — the Udmurt
Republic, the Kirov region, the Central Federal District. The purpose of the research was to assess the state
of gene pool of Vyatka breed in modern conditions. Population of breeding stock horses both in agricultural
enterprises and on private farms was analyzed in the territory of three regions of the Russian Federation: the
Udmurt Republic, the Kirov Region, the Central Federal District. According to the genetic characteristics, horses
in each population were divided into groups based on the relation degree: group 1 — outbred, group 2 — with
distant Fx inbreeding (0.2...1.55 %), group 3 — with moderate Fx inbreeding (1.56...12.5 %), group 4 — with
close Fx inbreeding (12.6...25 %). The coefficient of inbreeding was estimated according to the Wright-Kislovsky
formula. The most typical horses with an inherent conformation were outbred horses from the population of
the Central Federal District. Monitoring the quantitative composition of the breed showed that the number of
mares increased from 73 to 287 heads over the period from 1995 to 2021. However, a sharp decrease in the
number of mares (222 heads) was recorded at the beginning of 2022. This tendency creates certain difficulties
in the selection process. The largest number of mares is concentrated in the Central Federal District— 83 heads
nowadays. At the present stage of work with Vyatka breed the analysis of genetic diversity showed that 43.3 %
of the representatives were outbred, it was based on the study of the increase in homozygosity of individuals
in a limited gene pool. Representatives of the Vyatka breed were obtained in equal proportions by remote and
moderate inbreeding — 28.1 and 27 %, respectively. The most typical with the correct conformation were outbred
horses from the population of the Central Federal District.
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BeeneHue

B Hacrosiree Bpems NpakTHKa U HayKa Poccuiickoit depepanyy 00beAMHUATNICH
B pellleHuu rinobanbHOM npobiemMbl, CBA3aHHOW C BOTIPOCaMU OHOJIOTHUYeCKOT0
pa3Hoobpa3us. [Ipobiema BcTasna J0CTaTOUHO OCTPO, TIOCKOIBKY yTpaTa MHOTO-
YMCJ/IEHHBIX BU/IOB )KUBOTHBIX W MTULIBI UAET ObICTpbIMU Temrnamu. Ha TeppuTto-
puu Poccuiickoii @enepaluu 3apeructpupoBaHnbl moutu 400 nopos KUBOTHBIX,
13 KOTOphIX B cpeiHeM 40 % HaxoAsTCs Ha TpaHu ucdye3HoBeHus [1]. CyiijecTBeH-
HOMY COKpAIL|eHUIO T0/JjBepraiTcs abopUreHHble MTOPO/bI Ce/TbCKOX03MCTBEeH-
HBIX JKUBOTHBIX, UTO BbI3bIBAET CEpPbE3HbIe OMACEeHUs, ITOCKOIbKY TaKhe MOPOALI
SIBJISSFOTCS] HOCUTEJISIMU LIeHHBIX MTPUCTIOCOOUTeTbHBIX KauecTB [2]. AKTya/lbHBIM
HarpasJ/IeHHeM B arpapHOM CEeKTOpe SIB/ISIeTCs COXpPAHEeHHWe U COBepILIeHCTBOBAHUE
nouazielt oTeueCTBEHHBIX TIOPO/I, KOTOPbIE MOT'YT OBbITH J0CTaTOUHO KOHKYDEHT-
HOCITI0COOHBIMU, 00/1aJjal0IIIMUMU LIeJIbIM PSIZIOM LIeHHBIX aJalfTUBHBIX CBOWCTB.
B cTaTHCTHKY Mcue3arolleil MopoAbl Jollajel Ha CerofHs BXOAUT U abopUreHHas
rnopozga — BaTcKas. [lopofja HAaCUUTHIBAeT TPEXCOT/IETHIOIO UCTOPHUIO C pa3/IMuHbI-
MU TepuoJamMu B3neta U 3abBeHus [3, 4]. B HacTos1[ee BpeMs psiJ abopUreHHBIX
MOPO/ MOJBePTar0TCs U3YUeHHIO 110 0CO0eHHOCTSM anienodoHia, B pe3ysibTare
HCCelOBaHUM BBISIBJIEHO, UTO JlaHHBIE TIOPO/bI 00/1a1a0T AOCTAaTOYHO BBICOKUM
yPOBHEM reHeTUuUeCKOro pa3Hoobpasus [5]. OcHoBHasi xapakTepHasi 0COO@HHOCTb
BATCKOM ITOPO/IbI 3aK/II0UaeTCsl B YHUBEPCaAbHOCTH ee UCI0J/Ib30BaHUsl U HaTUUUU
BBICOKHX MPUCIIOCOOUTETLHBIX KaueCTB B YCIOBUSX PYCCKOTO ceBepa [6, 7].

11 coxpaHeHVs1 TOPO/ibI Ba)KHbI T/IeMeHHbIe MePOIPUATHS B Ce/IeKLIMOHHOM I1po-
recce. Ocobyro CI0KHOCTh BbI3bIBaeT OTPAaHUUEHHBIN COCTaB TJIEMEHHOTO TTOT0JIOBbS,
yuacCTBYHOLL[ET0 B COXPaHEHMH U COBepIIIeHCTBOBaHUH 1opozisl. [1o Knaccrdukalum cra-
TYCOB PHCKA BATCKYIO ITIOPOJY MOKHO 0XapaKTepU30BaTh KaK «B COCTOSIHAY OIMAaCHOCTH,
KOHTpOJIUpyeMasi», T.€. TIopo/ia C 00I1iel uucieHHOCThI0 koHeMaTok oT 100 g0 1000 rosios,
JI71s1 TAaKOM TOMY/ISILIMK TIPUMEHSTFOTCS IPOrPaMMbl COXPaHEeHUs, U OHa KOHTPOJIUPYeTCs
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CreLaICTaMy HayYHO-HUCC/Ie0BaTe/TbCKUX yupexxaeHui [1, 2]. OCHOBHOM OT/IMUMTE b~
HOM 0COOEHHOCTBIO MOPOZ, C OrPaHUUeHHBIM TeHO(OH/IOM OT TOPOJ, ITI00ATBHBIX SIB/ISIETCS
TIOBBILLIEHHBI YPOBEHb TOMO3UTOTHOCTH, KOTOPBIN HAaXOAWT OMpe/e/ieHHOe OTPaykeHre
B ypoBHe UHOpuavHra [8]. HakorieHHBIH B HacTosiiIlee BpeMsi 60raThIii OTBIT 110 UCTIONb-
30BaHWI0 MHOPU/IMHTA B T/IEMEHHOW paboTe M03BO// BCECTOPOHHE U Oosiee 00BEKTUBHO
TOZIOWTH K OLleHKe MHOPHU/VHTA, OTIPe/Ie/IUTh er0 MeCTO B CHCTeMe TJIeMeHHOMN paboThI
COBPEMEHHOT0 WH/IyCTPHa/TM3UPOBAaHHOTO )KUBOTHOBO/ICTBA U KOHeBoACTBa [9—-15].

ITens uccreoBaHUs — OLIEHKA COCTOSTHHS TeHO(OH/Ia JToLIa el BATCKOW MTOPO/IbI
B OCHOBHBIX apeasax ee pa3BefeHusi. [Jisi JOCTHKeHUs Lie/Iv TIOCTaB/IeHbl 3ajauu: Tpo-
aHaTM3UPOBaTh OOILMI MAaCCHB MOMYJISILIMY JIOLIa/iel 1 110 OCHOBHBIM apeasiaM pacripo-
CTpaHeHWs; U3yUUTb CTeTleHb POZICTBA OCHOBHOTO TIOTOJIOBBSI B TIOPO/e, KO3 (hULIEHTHI
BO3pacTaHUsi TOMO3UTOTHOCTH B 3aBUCUMOCTH OT TOMTYJISILIAHA.

MaTepMaﬂbI M MeToAbl uccnefoBaHuUm

OO6BeKTOM HCCIe/JOBAHUIN MTOCTYXKHJIH JIOIIA/N BATCKON MOPOZBI II7IEMEHHOTO COCTa-
Ba M X MOTOMCTBO B KO/IM4YeCTBe 374 ronoBbl. MaTepuasbl NCCIe[0BaHus: TIepBUYHAs
300TeXHHUYeCcKasi JOKyMeHTal[usl, KaTasor kepebijoB-poussoguTteneii (2015 r.), 6a3a
JlaHHBIX MTOPO/bl. AHA/IM3 CTeNEeHU POZCTBA B MaCcCHBe MOPO/bI M3yyaad Ha OCHOBAHUH
JlaHHBIX POZIOC/IOBHBIX C YUeTOM UeThIpex MOoKoaeHUH. [1/11 cpaBHUTENbHOMN OLleHK!
nomaziedt 6buM c(hOPMUPOBAHBI TPU TPYTIITEI HAMO0JIee MHOTOUMC/IEHHBIX TIPe/ICTaBUTe-
neli Topo/bl, MPUHA//IeXAIUX K Pa3HbIM MOMY/ISALUSAM, pa3BOAVMBIM B TPeX PerMoHax:
Yamyptckas Pecrybmuika, KupoBckast o6nacts u LienTpanbhbiii pervion (LPO). dns
reHeTHUYeCKOl XapaKTepHUCTUKU BCe TIOT0JIOBbe B KaXK/I0M MOMy/ISILUU ObLI0 pa3ouTo
Ha TPYIITBI C YYeTOM CTereHU POACTBa: rpyrina 1 — aytbpesHsie, rpymma 2 — ¢ MHOpU-
Aunrom otaanensbm F (0,2...1,55 %), rpynna 3 — c ymepenssiM F (1,56...12,5 %),
nHOpuauHrom 6/mskum F (12,6...25 %). KoadduumenT nHOpuMHIa onpeesim
o opmyrie Paitra — Kucnosckoro [14, 15, 19].

Pe3ynbTaTbl UCCriefoBaHui U 06CyXaeHne

JlvHaMMKa YKC/IeHHOCTH JIola/ield BATCKOM TIOPO/IbI SIBJISIeTCS TTOKa3aTesneM o61riero
COCTOSIHUA NIOPOZBI B LiesioM. OCHOBHAs Macca IJIEMEHHOT 0 si7jpa MOPOABI pacCpefoToueHa
B Tpex pervoHax Poccun: Yamyprckas Pecriy6mvika, KupoBckast obacts 1 IO, MoHu-
TOPYHT KOJIMUeCTBEHHOI'O COCTaBa MOpPO/bI I0Kasasl, uTo 3a neproz ¢ 1995 mo 2008 rr.
Haubosblllee KOJMUYECTBO JIoLIaZieid BATCKON TTOpobl HaO/I0AAN0Ch B YAMYPTCKOM
Pecrnry6muke. C 2020 . m11epoM 110 KOJTMYeCTBEHHOMY COCTABY TUIEMEHHBIX JIOIIa/ei
CTaHOBUTCS LIeHTpasbHbIA peruoH — 277 rojioB (puc.).

CrnefyeT OTMETUTB, YTO Ha MPOTSKEHUH TPeX JIeT B LIeHTPaJbHOM PeroHe YHC-
JIeHHOCTb JIoLIa/iel BATCKOW MOopoAbl Oblia HaubosbIasl.

BenymymM nokasaresiem COCTOSIHHASL M pa3BUTHS MTOPOJIbI SIBJISIETCS KOJIMUECTBO I1Ie-
MeHHBIX KOHeMaToK. /[MHAMIUKa YHMC/IeHHOCTH BATCKUX KOOBL O rofiaM Tipe/iCTaBIeHa
B Tabm. 1.
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Population of Vyatka horses in regions of Russia, heads
Tabnmya 1
ﬂ,I/IHaMVIKa YUCIEHHOCTHU NJIeMEHHbIX KOb6biN BATCKOMN nopoabl no rogam, ronoe
PervoH 1995 2004 2008 2016 2020 2021 2022
Yamyprckas Pecny6nuka 42 80 103 93 106 106 78
KupoBckas o6nacTb 25 49 53 78 72 73 72
LleHTpanbHbIM pervoH 6 5 12 52 82 99 93
Bcero nnemeHHbIX Ko6bln 73 134 168 225 288 287 250
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Table 1
Number of Vyatka breeding mares by year, heads
Region 1995 2004 2008 2016 2020 2021 2022
Udmurt Republic 42 80 103 93 106 106 78
Kirov region 25 49 53 78 72 73 72
Central region 6 5 12 52 82 99 93
Total 73 134 168 225 288 287 250

[ToronoBbe KOHEMATOK B BITCKOM MOPO/ie e)KerofjHO Bo3pacTtasno, Ho B 2021-2022 rr.
MO CJIeZI0BAJI0 CHI)KEeHHe KOJTMUeCTBa TJIeMeHHBIX KOOBIT BC/IeACTBHE 3aKPBITHS T1jie-
MEHHOI'0 perpojyKTopa U COKpallleHUs] MaTOYHOT'O TI0T0JIOBbS B psifie KPYITHeNIINUX
XO3SIMCTB.

CrnemyeT OTMETUTb, uTO 60/bIIMHCTBO KOObUT Ha 01.09.2022 1. mpuHaIe)Kano
CebCKOX03SIMCTBEHHBIM MpeArpusaTUsIM — 165 rosioB. Hanbosbiliee Ux KOM4eCTBO
ormeueHo B LI®O — 81 rosioBa, B T.4. 57 T0JIOB SIBJISIFOTCSI COOCTBEHHOCTBIO CeJlb-
CKOXO3$5ICTBEHHbBIX MPeANPUITHI, B UaCTHOCTU KPYITHEMILIero Xo3s1McTa B JaHHOM
perroHe — OOO «BaeuioBo» Jlurmerkoi obnactu (Tabm. 2).

Tabnvya 2

PeecTp Bnagenbues nyieMeHHbIX KO6bl1 BATCKOW NOPOAbI N0 peruoHaMm, rosios

Konuyecteo B Tom uucne

PernoH
KoHeMaToK, ronos c/X npeanpuATUA YyacTHble Bnagenblbl
Yamyptckas Pecny6nvka 68 37 31
Kupoeckas o6nacTb 72 70 2
LieHTpanbHbI permoH 81 57 24
WUToro 221 165 57

Table 2
Register of owners of Vyatka breeding mares by region, heads
. Number of mares, Including
Region head - - -
eads agricultural enterprises private owners
Udmurt Republic 68 37 31
Kirov region 72 70 2
Central region 81 57 24
Total 221 165 57

KupoBckas o6iacts nipesicTaBsieHa 72 koHematkamu. OAO «Arpodupma «I'opau-

HO» — e/IMHCTBEHHOE Ha CerO/IHSIIHNY IeHb TeHO(OH/IHOe X035HCTBO 110 pa3Be/|eHUI0
nolazied BATCKOM moposl B Poccuiickoii @epepauyu. B Yamyprckoii Pecrybnvike
HacuuThiBaeTCs 68 KOHEMATOK, B T.U. 37 — B CeJTbCKOX035ICTBEHHBIX OpPraHr3aIiusiX.

B HacTosiiiee Bpemsi B BATCKOM Mopojie HacuuThiBaeTcst 80 MieMeHHbBIX )KepeOIioB,
TIPUHA/IeXKaIux K 10-Tv reHeaioruyeCcKuM JTUHUAM (Tabs. 3).
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Tabnmya 3
PacnpeneneHuve feicTByOLWMX XXepebLoB-NpousBoauTenen
no permoHam U NIMHNAM, rosioe

¥ - -

[3) X ' Y I s T S
el o 288 B s | 22| 5|22 & 8
< ° > 0 2 10 O Q = e ] 3]
PernoHbl a o | 00| & & :%- s 8 E X @
Yamyprckas Pecny6nuka 3 6 3 10 3 2 3 - - 34
KupoBckas o6nactb - - - - - - 6
LleHTpanbHbIV pervoH 6 8 9 3 3 2 - - 1 1 33
UTtoro 11 14 14 15 14 7 2 3 1 2 80

Table 3
Distribution of active breeding stallions by regions and lines, heads

c = = L X
Lines 2} X Lo = S S = = = —
2| 5|s8| 2| 8| 8|2 |3 |85 3| ¢
i S| 8 |88| 5| ®| 2| 8| = |58 £|¢*r

Regions 24 @ N o 2 S |Sao
Udmurt Republic 3 6 3 10 3 2 3 - 1 35
Kirov region - - - - - - - 9
Central region 8 2 - - 1 33
Total 12 14 14 15 15 2 3 1 2 85

Yamyptckast Pecriybvika vt LleHTpasibHBIN PerrioH OTIMYAr0TCs CPaBHUTETLHO 007Tb-
IIMM TI0T0JIOBLEM >Kepeb1{0B-TIPOM3BOANTE e, TeHeasI0THsl MOPO/bI B KaXKJOM U3 3THX
PEervoHOB TIpe/iCTaB/ieHa BOCeMbIO JIMHUsIMU. B KupoBckoii 061acTi HaCUMTHIBAeTCst
BCero 6 BATCKUX T/IeMeHHBIX >Kepeb1|0B, MPUHA/IeXAIIX K TPeM JTMHUSIM.

Amnanmu3 ob111ero morosioBes J0LIa/iel, BOIIeAIINX B 00pab0TKy, 1oKa3sasl, 4To HeCMO-
TPs Ha CeeKL1I0 B YC/IOBUSIX OTPAaHUUEHHOr0 reHO(OH/a, 07151 JIollazield, ToTyUeHHbIX

B pe3y/ibTaTe ayTOpuauHra, cocrasnset 43,3 % (tabs. 4).

Tabnmya 4
CpaBHMTeanaﬂ OLleHKa COCTOoAHUA reHOd)OHp,a
nomap,eﬁ BATCKOMN nopoAabli No nonynauuam
KoadduumeHT MH6pnAanHra
PerunoHbi o
passeneHms n AyT6puavHr, % | OtpaneHHblii YMepeHHblii Bnuskwii
02.155%) | (1,56.125%) | (12,6..25%)

Yamyprekas 166 30,7 43,4 24,1 1,80
Pecny6nuka
Kuposckas 74 62,1 14,9 20,3 2,70
o6nactb
LienTpantHbin 134 48,5 16,5 343 0,70
peruoH
Utoro 374 43,3 28,1 27,0 1,60

XMBOTHOBO/ACTBO
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Table 4

Comparative assessment of the state of Vyatka breed gene pool by populations

Inbreeding coefficient

Region n Outbreeding, % Remote Moderate Close
(0.2..1.55 %) (1.56..12.5 %) (12.6...25 %)
Udmurt Republic 166 30.7 43.4 241 1.80
Kirov region 74 62.1 14.9 20.3 2.70
Central region 134 48.5 16.5 34.3 0.70
Total 374 43.3 28.1 27.0 1.60

Tak B KupoBckoii obactu 62,1 % nipecTaBuTe el Opo/bl SIB/SIOTCS ayTOpe/IHbI-
MU, UTO 3HauUMTebHO OO0Jblile, YeM B CPAaBHUBAaeMbIX MOMYJISALUSIX. B ycoBusx orpa-
HUUEHHOTO0 reHo¢oH/1a 130ekaTh MHOPHAMHTa HEBO3MOKHO, OZJHAKO [IJ1s 3aKperyIeHHsI
LI€HHBIX [TPU3HAKOB, a TAK)Ke MMOBBILLIEHUS Pe3UCTEHTHOCTH OpraH13Ma, JaHHbIN MeTO/,
SIB/IsIeTCsE He0OXOMIMBIM TIPEMOM B TI/IeMeHHOM paboTte. B paBHOM COOTHOLIIEHUH TTOTY-
YeHbI TIPe/ICTABUTEJN BATCKOM MOPO/bI OTAA/IeHHBIM U YMepeHHbIM UHOpuanHTroM 28,1
u 27 % cootrBeTcTBeHHO. CrielyeT OTMETUTh, UTO MOMYJISALUS YIMYPTCKOU CeneKLUU
B OCHOBHOM COCTOUT U3 JIOLIA/IeH, TOTyYeHHBIX TPH OT/ja/IeHHOM UHOPUMHIe, Ha X
Jomo ripuxogutcs 43,4 %.

B BATCKOI NOpOZie OCHOBHBIMM CeJIEKLIMOHUPYEMbIMU TIPH3HAaKaMU SBJISFOTCS
TUTMAYHOCTB U 3KCcTepbep. CpaBHUTe/IbHAS OLIeHKa MeXXy MOMY/IALUsAMU 110 TUITAY-
HOCTH TI0Ka3aja, uTo ayTopeaHsie yomaau [{AO nmMeroT camblii BEICOKHH Oasn 8,27,
yro Oosibllle, ueM y Jommazei BATCKOM nmopoabl u3 Kuposckoii nomysnsiuy Ha 0,6 6an-
noB (P>0,99) (Tabm. 5).

Tabvua 5

CpaBHUTeNIbHaA OLLEeHKa CeJIeKLMOHHbIX NPU3HaKoB Ha (hoHe MHOpUANHTa
y nowiagen BATCKOM NopofAbl pasHbIX NONynALUi

KoadduumeHT nH6pnanHra
AyT6puanHr
PervoH OTpaneHHbIn YMepeHHbIin Bnnskun
(0,2..1,55 %) (1,56..12,5 %) (12,6..25 %)
TunuuHocTb | 3KcTepbep | TUNMYHOCTL | AkcTepbep | TUMMYHOCTL | AKcTepbep | TUNMUHOCTL | AKCTepbep
z“""y'm"a“ 7,94+ 0,17 | 8,0840,09 | 7,83£0,09 | 8,01£0,08 | 8,03+0,18 | 8,01+0,08 | 7,66+0,03 | 7,00%0,05
ecny6nuka
Kuposckas | ;67,011 | 7,8240,10 | 7,5440,15 | 8,09£0,25 | 7,50£0,19 | 8,08+0,22 |7,50£0,01%| 8,50+ 0,02
obnacTb
:‘::‘Jg:"b“"'" *48,27 +0,19|%%8,45 + 0,15(*+8,01 £ 0,02|**8,75+ 0,16| 7,91+0,28 | 8,50 £0,23 - -

*P=0,95;,**P =0,99.
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Table 5

Response to inbreeding of Vyatka breeding traits of different horse populations

Inbreeding coefficient
. Outbreeding Remote o Close
Regions (0.2..1.55%) Moderate (0.2...1.55 %) (0.2.1.55%)
Typicality Exterior Typicality Exterior Typicality Exterior Typicality Exterior

Udmurt

Republic 7.94+0.17 | 8.08+0.09 | 7.83+£0.09 | 8.01+0.08 | 8.03+0,18 | 8.01+0.08 | 7.66 +0.03 | 7.00%0.05
rKc-.:;?:),n 7.67+0.11 | 7.82+0.10 | 7.5440.15 | 8.09+0.25 | 7.50£0.19 | 8.08+0.22 | 7.50£0.01 | 8.50%0.02
Central

region *827+0.19 | *+8.45+0.15 | **8.01+0.02 | **8.75+0.16 | 7.91+0.28 | 8.50+0.23 - -

*P=>0.95**P=>0.99.

Takast ke 3aKOHOMEepPHOCTb [TPOCJ/IeKUBAETCS 110 SKCTePhePHBIM MPU3HaKaM. Jloma-
[TV [IeHTpaJIbHOTO pervoHa umeroT Ha 0,63 Gasisia BhIlle 10 cCpaBHEHHIO ¢ KMpOBCKO#
nonyasityent (P>0,99). Y nomaziedt YIMypTCKOU MOI/ISIMKM TIPOMEXyTOUHOe 3Hade-
Hue. B rpynmnax otgaseHHOro HHOPUAWHTA JTyyllie 0a/ibl OTMeUeHbI B MOMY/ISLUH
Jouaziel U3 LeHTPaIbHOIO perruoHa 1o cpaBHeHUI0 ¢ KUpOBCKKMMY NpecTaBUTeISIMU
Kak T10 TUITMYHOCTH, TaK U 110 SKCTepPbepHbIM Npu3HakaM Ha 0,47 u 0,74 6aioB coor-
BercTBeHHO (P >0,99). B rpymmax ymepeHHOT0 ¥ G/IM3KOr0 MHOPU/MHTA 10CTOBEPHBIX
pa3inumii He BBISIB/IEHO.

3ak/itoyeHue

OcHoBHast Macca IIJIeMeHHOrO s/ipa Mopo/bl paccpeZiloToueHa B TpexX permoHax
Poccun, yBesmueHre YMC/IEHHOCTHY TIOTO/IOBbS JiolaZiel iporcxofuio a0 2021 ., B Ha-
yane 2022 . COKpaTW/I0Ch MaTOUHOE TOT0JI0Bke. B HacTosiiiee Bpemsi B BATCKOM 1Opojie
HacuuThiBaeTcsi 80 TIeMeHHBIX >KepebLioB, MpuHaAIeXKamx K 10 reHeaiornueCcKum
nuHUAM. ['eHeTHUeCKast COCTaB/IAOLasl CeJIeKLIMOHHOTIO IIpoLiecca B COBEPIIEHCTBO-
BaHWU TIOPO/IbI OCTAeTCsI KOHTposiMpyeMoit nipu 43,3 % ayTOpeHOT0 coCTaBa BCEro
TMpOaHaIM3UPOBAHHOTO MOT0/I0Bbsl. Harbosiee TUMMYHBIMY C ITPaBUJIbHBIM 9KCTEPbePOM
SIBJISTIOTCST ayTOpe/IHbIe Jiolaau 13 ronyssauu LdO.
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MopdomeTpuyeckme n XuMmyecKue rnokasaTenu Tyluek
Kypo4yekK Kpocca «CMmeHa 9»
NPy pa3fM4YHbIX cnocobax BbipaliMBaHuUs

K.M. KonjpamkuHa g, A.B. Hukutuenko , B.E. HukutueHko

Poccuiickuii yHuBepcuTeT JpYy>KObI HAPOZOB, 2. Mockea, Pocculickas dedepayus
> skm9710@yahoo.com

AHHoTanms. Y Kypouek HOBoOro kpocca «CmeHa 9» B 1-, 35-, 42-, 49- 1 56-CyTOYHOM BO3pacTax Usydaau
IMHAMUKY >KUBOU MacChbl, MOPGOJIOTHIO TYIIeK 1 UX MOp(hOoMeTprUUecKHe ToKa3aTesid, a TakkKe XUMHUUeCKUA
COCTaB MBIIIIL] TIPY K/JIeTOUHOM (Tpyrma 1) ¥ Haro/bHO-BLINY/IbHOM BbIpalliiBaHuM (rpymma 2). Mcnosns3oBanu
K/IaccHuecKye MeTo/bl cciiefioBaHus. Kypouek coziepykanu B OAMHAKOBBIX YCIOBUSIX. YCTaHOBUIIH, UTO KypPOUKU
B paHHeM Bo3pacTe 00/1a/1a0T BLICOKOH CKOPOCTBIO pocTa. YKuBasi Macca KypOouKH rpymnnsl 1 K 56-CyTouHOMY
BO3pacTy coctaBu/a 3438 1, yTo MeHbllle, yeM B rpymnme 2, Ha 2,69 %, a macca Tyuek — Ha 2,89 % MeHb111e
(P<0,05). B Tymkax 6pofiiepoB rpymnibl 2 coziepykaHH|e MbllleyHoH TKaHU 6osibiie Ha 3,14 % (P> 0,05), Ho xupa
MeHblle Ha 0,22 %, kocTeli Menblile Ha 0,09 %. ITo cpaBHEHHIO C CYTOYHBIMU LbIIIATAMH Y 56-CyTOUHBIX
6poiilyiepoB MOBBICK/IACh OTHOCHTE/IbHAS Macca: MbIlIeyHoH TKaHu B rpymme 1 Ha 13,04 %, B rpymme 2 —
Ha 13,27 %, >xupa— Ha 4,02 u 3,80 % COOTBETCTBEHHO, B TO BpeMsi Kak OTHOCHUTe/IbHast Macca KoCTell CHU3M/Iach
Ha 16,25 (rpymnma 1) u 16,34 % (rpymma 2). HanosnbHO-BBITY/IBHOE COZiepyKaHue KypodeK He YCTyIIaeT I10 ToKa-
3aTesIM MPOJYKTUBHOCTU Msica KJIETOYHOMY cofepskaHuto. [Ipy 3ToM BeTeprHapHO-CaHUTapHbIe TT0Ka3aTenn
OT/IMYAIOTCS 110 KaueCTBY Msica.

KiroueBble €/10Ba: KJIETOYHOE COZiep)KaHKe, HarloJIbHO-BhITY/IBHOE COfiepKaHue, Opoiiiepsl, Mopgosorus,
MBILLIeUHbIe BOJIOKHA, XMMUYECKHI COCTaB MBIIIIL], MUKPOOHOJIOTHS MsICa, KaYeCTBO Msica

3asB/ieHHe 0 KOHQIMKTe MHTEPeCcoB: ABTODHI 3asIB/ISAIOT 06 OTCYTCTBHY KOH(IMKTA MHTEPECOB.

VicTopusi cTaTbM: MOCTYNN/IA B pefakiyio 9 sHBaps 2023 r., npuHsTa K nybnukarmu 10 despans 2023 r.
Jnsa murupoBanusa: Konopawkuna K.M., Hukumuenko [I.B., Hukumuexko B.E. MopdomeTpryeckre

Y XMUMHUUeCKHe 10Ka3aTesTu Tylek Kypouek kpocca «CMeHa 9» Mpu pa3iuuHbIX Criocobax BbIpalluBaHus //

BectHuk Poccuiickoro yHuBepcureta Apy»K0bl HapogoB. Cepusi: ATPOHOMUS U XKHUBOTHOBOZCTBO. 2023. T. 18.
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Morphometric and chemical parameters of hen carcasses
of ‘Smena 9’ cross raised under different conditions

Ksenia M. Kondrashkina g’ Dmitry V. Nikitchenko ',
Vladimir E. Nikitchenko

Peoples’ Friendship University of Russia, Moscow, Russian Federation
*skm9710@yahoo.com

Abstract. Changes in live weight, morphology of carcasses, their morphometric parameters, chemical
composition of muscles during cage rising (group 1) and ground-grazing raising (group 2) were studied in hens
(‘Smena 9’ cross) at the age of 1, 35, 42, 49 and 56 days. Generally accepted research methods were used. The
hens were raised under the same conditions. The experiments revealed that chickens had a high growth rate at an
early age. At 56-day age, live weight of hen from group 1 was 3438 g, which was 2.69 % less than in group 2,
and carcass weight was 2.89 % less (P<0.05). In carcasses of broilers from group 2, weight of muscle tissue
was 3.14 % more (P>0.05), however, fat and bones were less by 0.22 and 0.09 %, respectively. Compared to
1-day-old chickens, 56-day-old broilers had increased relative weight: muscle tissue in group 1 and group 2— by
13.04 and 13.27 %, respectively; fat— by 4.02 and 3.80 %, respectively; while relative bone weight decreased
by 16.25 and 16.34 % in group 1 and group 2, respectively. Ground-grazing raising of chickens is not inferior in
meat productivity to cage rising. At the same time, veterinary and sanitary indicators differ in the quality of meat.

Key words: cage rising, ground-grazing rising, broilers, morphology, muscle fibers, chemical composition
of muscles, meat microbiology, meat quality
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BeepeHue

B pesysnbrare cesieKI[MOHHOW pabOThI BbIBeJjeH HOBBIN Kpocc «CMeHa 9», y KOTO-
poro cpok y6osi cocraBnsieT yke 35 cyTok [1]. B HacTosiitiee BpeMsi IpOMBILIIEHHbIE
MTULIEBOAYECKHE MPEATIPUSTHSI B OCHOBHOM MPAKTUKYIOT K/IETOUHYIO U HAMOIbHYIO
TeXHOJIOTHH BbIpaiuBaHus Opoiinepos [2, 3]. Ho Kakas U3 3TUX ABYX TeXHOJIOTHIA
siBrisieTcs 6osee 3¢pekTUBHOM, OIHO3HAUHOTO OTBeTa HeT. Harpumep, B EBporietickom
COM03e KJIeTOUHOe COoZiep>KaHMe 3arpellleHo, TaK KaK CUMTaeTCsl, UYTO 3Ta TeXHOIOT U
He yJJ0B/IeTBOpsieT (PU31oIoruueCKUM NMoTpeOHOCTSIM NTHLIbL. B 3apybe)XHbIX cTpaHax
OCHOBHBIM CITI0COO0M BhIpalIBaHKs OpOiiiepoB sIB/IsIeTCs HATloIbHOe cofiepykaHue [4].
[1pu NpOMBILLZIEHHOM BbIPALLIMBAHUY B K/I€TKAX MTHULIbI COZlepKaTCsl CKyUYeHHO, UTO
BBI3BIBAET B OPraHK3Me MTHUL[bI CTPeCC, MPUBOAUT K HapyIIeHHIO TIPOLiecCoB oOMeHa
BewlecTB, guctpoduu, PSE nopokam, muonarusm [5-7].
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TexHOMOTHs BBITY/ILHOTO CO/IeP>KaHusI OpOI/IepOB BhI3bIBAeT MHTEPEC KaK CO CTO-
POHBI TIPOM3BOJUTENIEN, 3aMHTEPECOBAHHBIX B YIyUIlIeHUU KauecTBa Msica, Tak U y TI0-
TpebuTeseli, KOTOpbIe OTJAIOT MpeArouTeHre hepMepCKOU MPOAYKIIMHY, a He TIPOMBIIII-
JIeHHOM. V3y4eHHI0 3TOro BOIIPOCA MOCBSIIEeHbI paboThl Ha JepMEepPCKUX XO3SMCTBAax
Kak B Poccuy, Tak u 3a pybexkom [8, 9]. OnHako, C TOUKH 3peHUs TIPOU3BOAUTENEH,
KJIETOUHOE COfiep>KaHue OpOoiyiepOB SKOHOMUYECKH BBITO/IHEE, TaK KaK IMPHU 3TOM CIIO-
cobe BBIpAI[MBAaHUS BLIXO/ MsICA C eJUHUIIBI TIPOM3BO/[CTBEHHOM TUIOIIA U BBIITIE, UEM
TIPY Haro/IbHOM BbIpalllMBaHWK. 3a OIUH NMPOU3BO/|CTBEHHbIM LUK/ TIPU UCTIOIb30BaHUU
KJIETOYHOTO CTroco0a BhIpaIMBaHUs MOXKHO MomyunuThb 92,8...104,5 Kr msica, Torja Kak
rpu HarnojbHOM — 37,2...39,4 kr [10, 11].

LpImisiTa COBpeMEHHBIX KPOCCOB UMEIOT 00J1ee BLICOKYHO TPOAYKTUBHOCTh, HO 00/1a-
JIAIOT MEHBIIIeH TIPUCIIOCOOIEHHOCTRIO 1 MOBBIIIIEHHOW UyBCTBUTE/TbHOCTBIO K YC/IOBHSM
MUKpoOK/rMara [12]. B HacTosllee BpeMsi B Hallleld CTpaHe Yallje BCEro UCIOJIb3yHTCS
Kpocchl «Pocc 308», «Ko66 500» u oTeuecTBeHHbIe Kpocchl «CMeHa 8», «CMeHa 9»,
o0saziaroryie BLICOKOH MSICHOM MPOAYKTUBHOCTBIO. OCTaeTCst OTKPBITHIM BOTIPOC O pa-
LIMOHA/IbHOM CPOKe BbIpalllMBaHHUs M TJIOTHOCTH MOCAAKKU MPU KJIETOYHOM U HaroJbHOM
BbIpallUBaHUU. YCTAaHOBJIEHO, UTO MPOAJI€HUE CPOKOB BHIPAIIIMBAHUS B KJIE€TOUHBIX
Oarapesix HEraTUBHO B/IMSIET HA CPE/IHIOIO JKUBYIO MACCy I[BITUIAT W MPAaKTHUe CKUM
BBIXO/] MPOAYKIMY HIKEe TeOPeTUUeCKOro MPOIyKTUBHOTO MOTeHIINaNa, Kak B KJIeTKax,
TaK U Ha Mosy. 3aTpaThl KopMa Ha 1 KT IpUpOCTa XKUBOW MacChl BhILLIE TPU KJI€TOYHOM
coJiep>kaHuM ITutlbl [13].

7151 mosiydeHUsi TOPLMOHHBIX TYLIEK UCMOIb3YIOTCS LBIMNIATA C )KUBOW Mac-
coii 1,5...1,6 Kr, CTaH/IJapTHBIX TYIIIeK — >XUBOW Maccoi 2,0...2,2 KT, TSIKeJbIX Ty-
ek — mMaccow 2,4...2,5 kr. HopmatyBbl TIJIOTHOCTH TTOCAAKHW LBITUIAT JJ1s1 TIOYUeHHUs
MOPLIMOHHOTO THIA cocTap/saoT — 20...24 ron/m?, cTaHgapTHbIX — 14...19 ron/m?,
TSDKebIX — 9...13 M?/ ros1. TIpy KOPOTKHX CPOKaX OTKOPMA LIBITUIAT TTPOAO/IKUTE/Th-
HOCTBIO 710 32 IHEeM MOJyYaroT MOPI[MOHHBIEe TYIITKU, TTPU 00Jiee TIPO/[0/IKUTETbHOM
oTKopMe — 710 56...63 cyToK — TsKesble TyIIku [14].

3a pybekom 007bITI0e paclpOCTPaHeHHEe B YCIOBHUSX MaJIbIX (hepMEepPCKUX XO3SIMCTB
TOJTyYH/Ia TEXHOJIOTHSI CBOOOHO-BBITY/IbHO-HAMOILHOTO cojiepKanus [15]. T'aBHbIe
r3yudaembie (PaKTOPhI BIUSHYS Ha (DU3H0/I0THUECKOe U TIPOIyKTUBHOE COCTOSTHUE TITULBI:
CPOKM OTKOpPMa U TIJIOTHOCTB TOCaJKU MSICHBIX LBITIISAT TIPH BBITY/IBHOM COJ€P’KaHUU.
Pe3ynbTaThl MCC/IeJOBAaHUM B XO3SMCTBAaX C BLITY/ILHBIM COJlepKaHWeM OpoiiepoB
CBHU/IETE/ILCTBYIOT O TOM, UTO yBeJTMUE€HHe CPOKA BhIpAIMBAaHUS TITHLIbI OJ1arorpusTHO
CKa3bIBaeTCs Ha TIPOAYKTUBHBIX TTOKa3aTe/sIX NTULb], YBeTMUMBAETCS BLIXO[, TPYAHBIX
MBILIILI, KaueCTBO Msica TakyKe ToBbiiaeTcs [16—18]. ¥ upimisT kpocca «Pocc 308» npu
BBITY/TbHOM CO/I€P’KaHUU AUaMeTP MbIIIEYHBIX BOJIOKOH YBETMUMBAETCS U MSICO CTaHO-
BUTCs1 OOJiee YIIPyT¥M 0 CPAaBHEHUIO C I[bIT/ISTAMHU, BbIPAILEHHBIMHU TPAAULIMOHHBIM
MPOMBIIITIEHHBIM criocobom [19, 20]. B apyrom vccienoBaHuy U3ydasy BIUSHHE CUCTeM
BbIpAllUBaHKs Ha MSICHbIE KaueCTBa Me/l/IeHHOPACTYLUX LBITUIAT. Y LBITUISAT C ZOCTYIIOM
Ha BBITY/IbHBIE TI/IOMIAZIKK B TPYHBIX U HOXKHBIX MBIIIIAX ObI/T 6071ee BBICOKMI YPOBEHb
oMera-3 MOo/IMHeHACBIIIEHHBIX )KUPHBIX KAC/IOT U 00Jiee HU3KUI YPOBEHb HACBIIIIEHHBIX
JKUPHBIX KACJIOT I10 CPaBHEHUIO C IBITVIATaMH, COZleprKalluMucs 0e3 Beirysna [21]. O6-
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Hapy>keHO, 4TO y MeJ|/IeHHOPAaCTYLMX LIbITUISAT, BbIPAIlleHHbIX Ha OTKPBITOM BO3JyXe,
coziepkaHue Oeska B TTyOOKOH IpyiHOM Mbliie cocTaBuio 24,83 %, ab1oMUHAIBEHOTO
JKHpa MeHbIlle Ha 2 %, BBIXO/l TPYAHBIX MBI U Oeziep Oosbile Ha 3 %, uem y ITHIl,
BbIpallleHHbIX 0e3 BbIryma [22].

KauecTBeHHbIe 10Ka3aTe/ny Msica ¥ TOBapHBIM B/ TYIIIeK OpOi/iepOB 3aBUCST OT Te-
HOTHUIMA Kyp. Bpoiisiepbl Me/IeHHOPACTYIIMX KPOCCOB C LIBETHBIM OTlepeHreM Hauboree
6/1aroTNpUSITHO PacTyT B YC/IOBUSIX BBITYJILHOTO COJePKaHUSI U CTIOCOOHBI B O0sIbIIIei
CTeTIeH! peasT30BbIBATH CBOM MPOAYKTUBHBIN IMOTEHL{MA [10 CPaBHEHUIO C ObICTpOpa-
CTYLLMMU MPOMBILLIEHHBIMU Kpoccami [23].

TakuM obpa3om, B TIocsiejHee BpeMsi Oosiee TIpeIIOUTUTeTbHBIM CTaHOBUTCS
Haro/bHO-BBITY/IbHOE BhIpALlMBaHUE MTHUL{bI, TAaK KaK B MIEPBYIO OUepeib pacTeT CIpoC
rotpebuTeneli Ha Oosee KaueCTBEHHOE MSICO Y Ha MTHLI, BBIPALL[EHHBIX Ha OTKPBITOM
BO3/lyXe B (hepMepCKUX X03sHCTBaX. B 3ToM CBsI3u He0OXOZMMO TTPOBECTH CpaBHEHHE
MeXZy TPaJULIMOHHBIMU T€XHOIOTMSIMU BbIpalljUBaHUs U BBITYJILHOM CUCTEMOM CO-
JlepKaHus MTULBL, @ TAKKe U3yYUTh PO YKTUBHbIE U KaueCTBEeHHbIe TTOKa3aTeau Msica
y LBITUIAT COBPEMEHHBIX 0TeUeCTBeHHbIX ObICTPOPACTYIIMX U Me/IJIeHHOPACTYIIUX
KPOCCOB B yCJIOBUSIX BbITY/IbHOM T€XHOJIOTUX COZePKaHMUS.

Ilesb Mcce0BaHUA — U3YUYUTh JUHAMUKY )KMBOM MacChl Kypouek, MOpP(oJIoruto
Y MOp(oMeTprYeCcKue NMoKa3aTe/u TyLIeK, a TAK)Ke XMMUUeCKU COCTaB MBILIL] HOBOTO
Kpocca «CMeHa 9» Npy K/1eTOUHOM U Hallo/IbHO-BbIT'Y/IbHOM BbIpalljUBaHUMU.

MaTepMan M MeToAbl UccnefoBaHuUm

Pabora BbITNO/IHEHA B [ierapTaMeHTe BeTepHHApHOH MeulMHBI Poccuiickoro yHU-
BepcuTeTa ApyKOb1 Hapo0B (PY/IH) u B KpeCThsTHCKOM ((pepMepCKOM) XO35HCTBE
H.B. JTutBrHOBa, MockoBcKasi 06/1acTb. OMBITHI TPOBOJHM/IN Ha 2 Tpymmnax (1o 70 royios
B KaXK/|0M) Kpocca «CMeHa 9», BbIBeZIeHHbIX U3 OJHOW MapTUM siUL. LIbINAsST rpymnbl
1 BBIpAIMBA/IM B K/IeTKaX COOCTBEHHOW KOHCTPYKLMH 110 18 rosi./m? (UCIosb30Basu
MO/ CTUIKY M3 MATKUX JPeBECHBIX OIMUJIOK), LbITJIST TPYIIbI 2 BbIPALLMBAIA Ha MOy
1o 12 rosi./m? Ha BBITY/IbHOU TIOIIaAKe 3 M?/ros1. Kypouek U MeTyIIKOB BhIpalliiBa/IH
BMecTe [0 56-CyTOuHOro Bo3pacTa. [ljisi ombITa LBIIST OTOMpaIu UHAUBUYA/IbHO,
B3BeIIMBAJIK 1 pacIipeZie/isiyiv 1o TPYTIIaM MeTO[0M CTyuaiiHo BeIOOPKH. [110THOCTE
nocajku, (pOHT MOEHUs ¥ KOPMJIEHNSI, HOPMbI KOPMJIEHHs], TeMIepaTypHbIii, BIaXKHOCT-
HBIN 1 CBETOBOM Pe)KUMBI /17151 00erx TPy ObUTH OZMHAKOBBIMU M BO BCe BO3paCTHbIE
TepHo/Ibl COOTBETCTBOBAM pekoMmeHaarsim BHUTUIT [1].

I[TTuia uMesna cBOOOJHBIN AOCTYT K KOopMy (0e3 aHTHOMOTHKOB). ParjlioHbI CKapM-
muBanu 1o 3tanam: Crapt — 0-10-e cytku, Poct — 11-22-e cytku, Punniu-1-23-39-e
cyTKH, @uHUILI-2—40-56-e cyTKU. [ITULle C HAaNONBHO-BBITY/ILHBIM COZlepyKaHUueM [10-
TIOJIHUTEJILHO K PALJMOHY CKapMJIMBAJIA 3eJIeHYI0 MacCy U3 Pa3HOTPaBbsl.

JHaMUKY »KMBOW Macchl, MOp(osiornuecKue nokasareny TyLIeK ONpeZessiiv B cJie-
Jyroimx Bo3pacrtax: 1, 35, 42, 49 u 56 gHeit. 1-m1HeBHbIe HBITUISITA CYKUIA UCXOJHBIM
MarepHasoM AJisi 06paboTKM JaHHbIX.
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Kypouek Bcex BO3pacTHBIX IPYTII ToABepraay yooto 1o 3 rosioBsl. B 35-, 42-, 49-
1 56-IHEeBHBIX Bo3pacTax yOol OCyIIeCTB/IsS/IA Ha KOHBEMEePHOM JTMHUK YOOHHOTO 1iexa
CrI'L], «3aropckoe DI1X» coracHO MPUHSATOM TeXHOMOTUH. [10/TyyeHHbIe TYIIKH OMeLaId
B xo7oqubHUK (0...+4 °C) Ha 24 u. 3ateM B lab0paToOpyH JeriapTaMeHTa BeTepuHapHOH Me-
Jviunbl PY/TH ux B3BelLVBaiy U nperapyupoBaiv. Beigesism MbIULbL, JKUP, KOCTU U ApyTruye
TKaHU (K0»Ka C 0CTaTKaMU >KUpa, OCTaTKX JIETKUX U TIOUeK) U B3BELLMBA/IU Ha 3/IeKTPUYECKHX
Becax BJIKT-500M (I'OCT 241-04-2001) c Tounoctsto /10 1 1 (1-aHeBHBIX 70 0,1 T).

['vcTonornyeckye ucciaenoBanust Mbiir] mpooauy mo F'OCT 19496-2013%; xumu-
yeckue uccienoBanust: Bogbl — o F'OCT 9793-20162, sxupa — 1o T'OCT 23042-20153,
6esika— 'OCT 25011-20174; MUKpoGHoIoriueckre UCCIeI0BaHUs Msica — 110 METO/IH-
Kam, orucadHbiM B 'OCT P 50396.1-2010°, I'OCT 31468-20126, T'OCT 32031-2012".

Craructuueckasi 00paboTKa MoTyyeHHbIX JaHHBIX BBITIO/HSIACh B iporpamme Excel.
J10CTOBEPHOCTh pa3/nuuii yCTaHaBIMBAIU IO t-KpuTeprio CThIOZeHTa.

Pe3ynbraTtbl uccnefoBaHui U 06CyXaeHne

CoXpaHHOCTH IOT0JIOBBSI KypOUeK B ITePUOJ, BhIPAL[UBAaHUS [IPY KJIETOYHOM COZep-
’KaHuM cocraBuia 96,89 %, c Beirysiom — 98,10 %, 3aTpaTel KOpMa Ha 1 Kr ripupocTa
>KHUBOM Maccel — 2,191 2,17.

[laHHBIe 10 JUHaMHKe YKUBOM MacChl ¥ Macce TIOTPOLIEHbIX TYIIIeK MpHBeieHbI B TabL. 1.
CpeziHeCyTOUHBIe TPUPOCTHI XKUBOM MacChl OT CYTOYHOI'O 10 35-CyTOYHOIO BO3pacTa Kiie-
TOYHOTO cojiep>kaHusi (rpymma 1) coctaBuiu 58,17 1, HaNO/IBHO-BBITY/IBHOTO (TpyTina 2) —
55,54 1, ¢ 36-x o 42-e cytku — 70,57 u 80,14 1, ¢ 43-x o 49-e — 66,0 1 78,53 1, ¢ 50-x
o 56-e — 57,57 11 62,71 1, 3a BeCb 1eproy BbIpalliiBaHus Kypouek — 60,625 1 62,375 T
COOTBETCTBEHHO. KpaTHOCTb yBe/IMueHus1 KMBOW MacChbl y 56-CyTOUHBIX KypOU€eK 0 CpaB-
HEHMIO C CyTOUHBbIMU rpymnbl 1 coctaBuia 80,88; rpyrmrel 2 — 82,23 pa3sa.

Tabvya 1
JvHaMuKa XKMBOI Macchbl, MaccCbl TyLLEK
M OTHOCUTENIbHAsA Macca TKaHel Tywwek (Mo n = 4 B Ka)XAou rpynne)
Bospacr, cyTok
MokasaTtenu
1 35 42 49 56

KneTouHoe BblpalwyuBaHme (rpynna 1)

XXuBas macca, r 43,01+0,5 2079 + 27,2 2573+34,6 3035+ 40,4 3438 49,8
Macca noTtpolueHoi Tywku, r | 16,81+ 0,25 1500+ 21,6 1897 + 28,5 2255+37,9 2560 £ 45,7

TTOCT 19496-2013. MAco 1 MACHble MPOAYKTbl. MeTof rmMCTONOrMYECKOro UCCNEA0BaHHMS.

2[0CT 9793-2016. MAco 1 MACHble NPOAYKTbI. MeToAbl onpefeneHns Bnaru.

3TOCT 23042-2015. MAco 1 MsAcHble NpoayKTbl. MeToabl onpeaeneHmns xupa.

4TOCT 25011-2017. Msico 1 MsicHble NpoayKTbl. MeToap! onpeaeneHus 6enka.

5TOCT P 50396.1-2010. MAco NTuubl, Cy6npoayKTbl 1 nonydabprkaTel 3 Maca NTvubl. MeTon onpeaeneHus
KonmM4yecTBa Me30MUbHbIX a9POBHbIX U (haKyNbTaTUBHO-aHa3POBHBIX MUKPOOPTraHN3MOB.

6OCT 31468-2012. MAco NTuubl, Cy6npoayKTbl 1 nonydabpvkaTel 3 Msca NTuubl. MeTop BbisBIeHUS
canbMoHens.

7TOCT 32031-2012. MpoaykTbl NuLLeBble. MeToabl BbisiBNeHWs 6akTepuii Listeria Monocytogenes.

96 XVBOTHOBOZCTBO



Kondrashkina KM et al. RUDN Journal of Agronomy and Animal Industries, 2023;18(1):92-104

OKkoHYaHwe Tabr. 1

Bo3spacr, cyTok

MokasaTtenu
1 35 42 49 56
OTHocUTenbHasA Macca, % OT MacCbl TYLLKU
Macca MbiLL, TYLUKK 53,13 64,07 65,42 66,03 66,17
Macca xupa - 1,60 2,16 3,06 4,02
Macca gpyrux TKaHein TyLKu 14,22 12,27 13,18 13,35 13,40
Macca KocTel TyLKKN 32,66 22,07 19,24 17,56 16,41

HanonbHo-BbirynbHoe BblpalyuBaHue (rpynna 2)

XXuBas Macca KypouKku 43,0+0,5 1987 £ 26,4 2548 +37,6 3097 £ 46,5 3536+ 58,7
Macca noTpoLueHom TyLwKmn 16,81+0,25 1434 +17,4 1878 + 26,2 2300+ 33,6 2634 +41,7
OTHOocuTenbHas Macca, % OT MacChbl TYLLKU

Macca MbiLL, TYLWKKN 53,13 64,02 65,50 66,22 66,40
Macca xwupa - 1,32 1,97 2,68 3,80
Macca gpyrux TKaHew TyLKu 14,22 12,55 13,26 13,52 13,47
Macca kocTei TyLWKu 32,66 22,11 19,28 17,57 16,32
Table 1

Dynamics of live weight, carcass weight and relative carcass
tissue weight (n = 4 for each group)

. Age, days
Indicat
ndicator 1 [ 35 [ 42 | 49 56
Cage rising (group 1)
Live weight, g 43.0+0.5 2079 +27.2 2573+34.6 | 3035+40.4 3438+49.8

Weight of gutted carcass, g 16.8110.25 1500+ 21.6 1897 +28.5 | 2255 + 37.9 | 2560+45.7
Relative weight, % of carcass weight

Muscles 53.13 64.07 65.42 66.03 66.17

Fat - 1.60 2.16 3.06 4.02

Other tissues 14.22 12.27 13.18 13.35 13.40

Bones 32.66 22.07 19.24 17.56 16.41
Ground-grazing rising (group 2)

Live weight, g 43.0+0.5 1987 +26.4 2548 +37.6 | 3097 +46.5 3536 +58.7

Weight of gutted carcass, g 16.81+£0.25 1434+17.4 1878+26.2 | 2300+33.6 2634 +41.7
Relative weight, % of carcass weight

Muscles 53.13 64.02 65.50 66.22 66.40
Fat - 1.32 1.97 2.68 3.80
Other tissues 14.22 12.55 13.26 13.52 13.47
Bones 32.66 22.11 19.28 17.57 16.32

’KviBasi Mmacca Kypouek K/IeTOUHOIO COfiepyKaHusl 42-CyTOUHOr0 BO3pacTa COCTaBU-
na 2573, ¢ 42- no 56-cyTo4HOro Bo3pacTta — yBeauumuaach Ha 865 . Macca Kypouek
BBITYJILHOTO COZlepKaHus AOCTUI/A K 42 fHAM — 2548 T, K 56-CyTOYHOMY BO3pacTy —
yBenmuniach Ha 988 r.

Beixog Tyiuek 42- 1 56-CyTOUYHBIX KypoueK rpynrsl 1 cocrasun 73,73 v 74,46,
rpymnel 2 — 73,70 u 74,49 %.
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CpefHeCcyTOUHBIM TIPUPOCT TYIIIEK KypOUeK K/IeTOUHOTO cofiepyKaHus c 1- fio 42-
CYTOUHOI'0 BO3pacTa cocTaBui 44,77 T, ¢ 42- o 56-cytrouHoro — 47,36 1, Kypo4yeK HarobHO-
BBI'YJIBHOTO cofiepkaHusi — 44,31 v 54,0 1. 3a BeChb Ieproy, BhIpALLMBAHKMS KyPOUeK IPYIITbI
1—45,41 1, rpynmbl 2—46,74 1. K 56-CyTOYHOMY BO3pacTy Macca TylleK KypodeK IPYIIIb
1 1o cpaBHEHUIO CYTOYHBIMM YBeJTnunaach B 152,29 pasa, rpymmsl 2 — B 156,69 paza.

I[Tpu aHanu3e faHHBIX Tabs. 1 BUAHO, YTO B TYIIKaX KypoueK Ipymrbl 1 Bcex BO3-
pacToB OoJIblile BCETO COJEP>KUTCS MBIIIIEUHON TKaH|: OT 53,13 (cyTouHble) 10 66,17 %
(56-cyTounsle) u rpymrsl 2— 66,40 %. K 42-cyTouHOMY BO3pacTy y Kypouek KieTou-
HOTO COZIep>KaHHsI Macca MBILIL| TYLIKH YBeJIUYUIach 0 CPAaBHEHUIO C MACCOM MBIIIL]
cyTouHbIX B 138,97, y 56-cyTounbix — B 189,70 pa3a, KypouyeK Haro/1bHO-BbITY/IbHOTO
conepxanusi — B 137,74 u 195,86 pa3a COOTBeTCTBEHHO.

CpefHeCyTOUYHbIM PUPOCT MBILIEYHOM TKaHU KypoueK rpyIIsl 1 K 42-CyTOYHOMY
BO3pacTy coctaBui 29,34 1, B TO BpeMs Kak y rpyrisl 2—29,07, T.e. MmeHble Ha 0,27 1,
HO C 42-CyTOUHOTO BO3pacTa Mo 56-CyTouHbIM y rpynmnbl 1 npupocT paBHsacs 32,36 T,
rpyriel 2— 37,07 1, T.e. Gonblie Ha 4,71 T.

OTHOCHTe/bHAs Macca MBILLIEYHOM TKaHU C KaKZbIM BO3PACTHBIM [1epHUO/OM yBe-
JMYMBanach, 0cobeHHo ¢ 1- 10 42-cyTouHoro Bo3pacTta Ha 12,29...12,37 %.

3areM cpe/jHeCyTOYHbIe TIPUPOCTHI MBILIEYHOW TKaHU Y Kypoudek rpymnsl 1 ¢ 42-
J10 56-CyTOHOT0 BO3pacTa CHU3WIKCH [10 32,36 T, HO OTHOCUTE/IbHAsI Macca ee TOBbICH-
nack Ha 0,42 % u3-3a Gosbliieli CKOPOCTH POCTa 0 CPABHEHUIO C APYTMMH TKaHSMHU.
Y Kypouek rpynmsl 2 cpefHeCyTOUHbIe IPUPOCTHI MBILIL] B 3TOT ITEPUOJ, COCTaBUIN
43,25 1, yTO MOBJEKIIO K MOBBILLIEHUIO OTHOCUTebHOM Macchl Ha 0,9 %, wiv no pa3Hulie
C TIOKa3aresieM KypoueK KJIeTOUHOro cogeprkanus Ha 0,48 %.

Uro KacaeTcs J)KMPOBOW TKaHM KaK SHepreTU4eCcKOro 3araca B OpraHusMe NTULIb,
TO €r0 KOJIMUeCTBO (BMecTe C abJOMUHA/IEHBIM >)KMUPOM) B TYLIIKaX Kypouek 42-CyTou-
HOro Bo3pacra cocrasnset 2,16...1,97 %, 56-cyrounoro — 4,02...3,80 %. B Tymkax
KypOYeK K/IeTOUHOTO BbIPAIIMBaHUs JKUpa cofepxutcs bosbiie Ha 0,19...0,22 %, uem
B TYLLIKaX HaMoJIbHO-BLITY/IBLHOTO (110 pa3Huiie). C 61osioruyeckoi TOUKHM 3peHus HU3-
KOe COZieprKaHre XKUpa BeJleT K YMEeHbIIEHUIO KOJIMYeCTBa BUTAMUHOB, Hellpe/le/IbHbIX
JKUPHBIX KHCJIOT, TIPH 3TOM apoMar U BKYC Msica ciabee.

CoryiacHo Tabs1. 1 cpeiHeCYTOYHBINM MTPUPOCT KOCTeM KypoueK KJIeTOYHOTO COfiep-
JKaHUSA C CyTOYHOIO 710 42-CyTOUHOro Bo3pacTa cocrasun 8,56 1, ¢ 42- 1o 56-CyTouHO-
ro— 3,93 1, 3a BeCb nepuog, BoipawyBanus — 7,40 I, y KypoueK HaroJIbHO-BBITY/IbHOTO
copepxkanusa — 8,49, 4,86 u 7,58 r coorBeTcTBeHHO. OZfHAKO OTHOCHUTEIbHAS Macca
KOCTel C KaXKZbIM BO3paCTHBLIM MepPHUO/IOM yMeHbIIIanach, 0COOEHHO 3HAYMTEeTHHO
y Kypouek obeux rpym ¢ 1- g0 35-cytouHoro Bo3pacta— Ha 10,59...10,55 % u ¢ 35
Z1o 56 cyToK — Ha 5,66...5,79 %.

CHIKeHMe OTHOCHUTeTbHOM MacChl KOCTel Y KypodeK B I0CTIMOPUOHA/IbHBIN Meprof
CBSI3aHO C Té€M, YTO CKOPOCTb MX POCTa 10 CPABHEHUIO C APYTUMU TKaHSIMU B 3MOpH0-
HaJIbHBIN 1epuo/, Oblsla 0ueHb BbIcOKast (70 32,66 % B TyIlIKaX, Tak Kak (JOPMUPOBAJICS
KapKac opraHusma), B TO BpeMsi Kak C 1- 710 56-CyTOuHOro Bo3pacta NpOUCXOAUT OTHO-
CUTeJIbHOe CHIDKeHHe Macchl KocTed Ha 16,25...16,34 %.
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KonuecTBo abCOMOTHOM MacChl KOCTeH B TYIIKaX KypoUeK rpyrimbl 1 ¢ 42-CyTOYHOTO
BO3pacTa 10 CpaBHEHUIO C CYTOUHBIMU YBeIUUYUI0Ch B 66,48 pasa, y 56-CyTOUHBIX —
B 76,50 pasa, y rpynmsl 2 —B 65,93 u 78,32 pa3a coorBeTcTBeHHO. COOTHOIIIEHUE
MBIIILBL: KOCTU B TYLLUKaX Kypouek rpynmnsl 1 B 42 nHs paBHsoch 3,40, B 56 gHel —
4,07, rpymnsl 2 — 3,41 1 4,01 COOTBETCTBEHHO.

AHanu3 MHaMUKY pOCTa Jpyryux TKaHel (Kojka C 0CTaTKaMU )KUpa, OCTaTKU JIETKUX
Y TI0YeK) TI0Ka3bIBaeT, UYTO UX abCOMIOTHAsE Macca C KaXX/IbIM BO3PaCTHBIM M1€PUO0M
yBesnumnBaeTcs ¢ 2,39 go 355...390 r, a oTHOCHTe/IbHag Macca CHUKaeTcs ¢ 14,22
Zo 13,47...13,23 %.

I'uctonorynyeckue yccief0BaHUS MBILLL] TIPOBOJWIIN C L|e/IbI0 yCTaHOBJIEHUS U3Me-
HEHUI [uamMeTpa MbILIeYHbIX BOJIOKOH KaK MOKa3aressi HapacTaHuUsl MbILLIEYHOW MacChl
OpoiiniepoB. YCTaHOB/IEHO, UTO YBeJMUeHNe JHaMeTpa MbIILIEeUHbIX BOJIOKOH B pa3Hble
BO3paCTHBIe MMePUOAbI NITULILI OUeHb BaprabesibHbI. [1py BBITYTIZIEHNH L{bITI/IEHKA [J1-
aMeTp MBbIIIeYHbIX BOJIOKOH ITIOBEPXHOCTHOM I'PYAHOM MBILILBI cocTa/aseT 8,41 MKM,
K 35-CyTOYHOMY BO3pacTy AUAaMeTP Y KypOueK KJIeTOUHOIO COZep>KaHUs yBe/InurBa-
ercd Ha 40,04 MKM, HaroIbHO-BBITY/IBHOTO — Ha 39,13 MKM, WK exxeCcyTouHo Ha 1,11
u 1,12 MKM COOTBETCTBEHHO. B fanbHeltiiemM ¢ 35-CyTouHOro 10 42-CyTOYHOTO BO3pacTa
CpeJHeCyTOUHBIN NMPUPOCT AUaMeTpa MbILLIeYHbIX BOJIOKOH Y KypOUeK rpyIIsl 1 CHU-
»xaetcs 10 0,91 mxMm, B TO BpeMs Kak y rpymnsl 2 0 0,95 MeMm. C 42- 1o 49-cyTouHOoro
Bo3pacrta rpupoct nazaet 10 0,76 u 0,79 MkM, a K 56-cyrounomy — 10 0,57 1 0,58 MKM
COOTBETCTBEHHO. 3a epuof oT 42- 10 56-CyTOUHOr0 BO3pacTa y KypoueK KJIeTOUHOIO
CoZlepyKaHus1 AaMeTp MBILLEYHOr0 BOJIOKHA YBe/IMurBaeTcs Ha 7,97 MKM, y Haro/IbHO-
BBITYJIbBHOTO — Ha 9,59 MKM.

3a BeCh [epuo/ BbIpalliiBaHUs KypoueK IpyIibl 1 IpUpoCT fuameTpa MbILLIeYHOro
BOJIOKHA COCTaBU/ 54,34 MKM, rpynmbl 2— 55,37 MKM. [1o cpaBHEeHMIO C CYyTOUHBIMU
KypPOUYKaMHU Yy 56-CyTOUYHBIX K/IETOUHOI'O COZepyKaHUs JuaMeTp MbILLIEeYHbIX BOJIOKOH
yBenmuuwiIcs B 7,46 pa3a, HaroJIbHO-BBITYJIbBHOTO — B 7,58 pasa, B TO BpeMs Kak JKUBast
macca— B 80,88 u 83,40 pa3a cooTrBeTcTBeHHO. CiejoBaTe/IbHO, Macca MbILLIEUHOH
TKaHU YBeJIMUMBAETCS He TOJIBKO 3a CYET yBeTMUYeHUs AraMeTpa MbIIIeYHbIX BOJIOKOH,
HO U 3a CYeT UX y[JIMHeHUs.

AHaToMNYecKy1o pasziesiKy TyLIeK Kypouek P KJIETOYHOM BbIpALBaHWY He TMPO-
BOZIW/TH, TaK Kak IO Macce OHU OJIM3KM C 1OKa3aTe/siIMU Haro/IbHO-BITY/IBHOTO Coziep-
>kaHus (B 42-CyTOYHOM pa3HMLa cocTasnsia 19 1, 56-cyrounom — 74 ). Pa3nuuus npu
pa3pyOKke TyIIIeK 10 aHaTOMUUeCKUM YacCTsM MOJTyYUTUCh HeI0CTOBEPHBIMHU.

Pe3ynbraThbl MCCeJOBaHUM 1TOKA3bIBAOT, YTO HAUOOJBIINI BBIXO/ B TYIIKaxX 42-Cy-
TOYHOI'0 BO3pacTa CoCTas/geT rpyaka 35,62 %, 56-cyrounom — 36,20 %. K 56-cy-
TOYHOMY BO3pacTy y KypodeK 10 CPaBHEHHIO C 42-CyTOYHBIMH TYLIKaMH abCOMIOTHAast
Macca yBenruuiack Ha 285 1, uiu Ha 29,87 %. [lasiee 1o OTHOCUTE/IbHOU Macce ceflyeT
Kapkac (20,13...19,97 %), 6eapo (17,20...16,67 %), ronens (14,22...13,55 %), Kpb10o
(10,86...9,91 %). C Bo3pacTtoMm Kypouek (c 42 1o 56 CyTOK) U yBeJMueHUeM MacChl
TyLIEeK yYBeInunBaeTcs BbIxo[ rpyaky Ha 0,58 %, B TO BpeMs Kak BbIXOJ, OCTa/IbHBIX
yacTeli TyLIKU yMeHbliaeTcs: 6epa— Ha 0,55 %, ronenn — Ha 0,68, kpbiia— 0,93 %,
kapkaca— 0,16 %.

ANIMAL BREEDING 99



Konopawikuna K.M. u dp. Bectauk PY/TH. Cepusi: ArpoHOMUSE 1 )KMBOTHOBOZCTBO. 2023. T. 18. Ne 1. C. 92-104

[Mpu aHa/M3e aHaTOMUYEeCKUX YacTel TyllleK BUHO, UTO OOJibliie BCETO MbIILIEUHOM
TKaHU COJIEP>KUTCS B IPY/IKe, ee OTHOCUTe/IbHAst Macca (0T MacChl TYIIKH) y 42-CyTOUHBIX
Kypouek coctasssieT 30,30 %, 56-cyrounbix — 31,03 %, T.e. yBemuuuBaetcs Ha 0,07 %,
B TO BpeMsl Kak OTHOCHUTeJIbHasi Macca Kocteli ymeHblaetcs Ha 0,20 % (1o pa3Hulie).
OTHOCHUTeTbHAs Macca MBI Oe[peHHOM YaCTH OCTAeTCsI Ha TIPe)KHEM YPOBHE, KOXKH
C ocTaTKamH >kupa yBenuurBaeTcs Ha 0,23 %, kocteit ymenbluaetcss — 0,60 %; oTHoCH-
TeJIbHasi Macca Mblii] rofieHy ymeHbitiaetrcs Ha 0,30 %, kocteii — 0,51 %, kpbiia— 0,16
u 0,85 %, Koxku ¢ ocrtatkamu kupa yBeanuriBaeTcs Ha 0,14 1 0,05 % cOOTBeTCTBEHHO.
AHanu3 KapKaca TYIIIKU TTOKa3bIBaeT, UTO ero OTHOCUTe/TbHAs MacCa MBIIIIL] C YBeTMYeHHeM
MAcCChI TYIIKW YBEJTUUMBAETCS (3@ CUET MBILIIL] [/IEYEBOTO T05ICa, OTXO/SIIX ITPH pa3pyoke
Ha yactH) Ha 0,61 %, Toryia Kak OTHOCHTe/IbHasi Macca Kocteid ymeHbItaetcs Ha 0,59 %.

PesynbTaThl uccienoBaHWi MOKa3aau, UTO TYIIKWA U OTJle/IbHble aHaTOMUUeCKUe
YacTH COofiep>KaT pa3Hoe COOTHOIIIeHre TKaHel, UyTo U orpe/ie/isieT X KaueCTBO, II03TOMY
notpebuTeIbCKast IjeHa UX pasHasi.

ViccnemoBanusi XMMHUYECKOTO COCTaBa MsICa MITHUIIbI pa3HBIX KPOCCOB U CIIOCOOOB
BbIpALL[MBaHUsi, BO3pPACTa, 10/1a, KOTOPhIe AAHOT BO3SMOXKHOCTD TIOJTYUUTh Mpe/iCTaBIeHue
0 KauecTBe Msica. B saHHOM paboTe XMMHUUYeCKOMY aHa U3y TO[BEPI/I TTIOBEPXHOCTHYHO
TPYJHYIO MBIIILY KaK HauboJsiee KPYITHYIO MBILILTY B TYILKe, Peasi3yeMyI0 yailie B BH/e
nonycabpuikara (tabm. 2).

Tabnmya 2
XumMmunyeckune nokasartenm NOBEPXHOCTHDbIX NPYAHbIX MbILUL}
6polinepHbIX Kypoyek Kpocca «CMmeHa 9»
CopepxkaHue, % o
Bospacr, Cnoco6 BblpaliuBaHus O6uywit )K;'p
AHu Bopa Xup Benok Ty, 7%
1 Bbinynuelumecs 80,51 0,56 17,10 -
42 KneTouHbiu 74,96 1,12 22,74 2,16
42 HanonbHO-BbIryNbHbIN 75,12 1,15 22,85 1,97
49 KneTouHbli 74,50 1,20 23,23 3,06
49 HanonbHO-BbIrynbHbIN 74,57 1,23 23,30 2,68
56 KneTouHblit 73,75 1,24 23,84 4,02
56 HanonbHo-BbIrynbHbIN 73,84 1,26 23,97 3,80
Table 2
Chemical parameters of superficial pectoral muscles of broiler hens (‘Smena 9’ cross)
. Content, % Total carcass
Age, d R thod o
ge, days aising metho Water Fat Protein fat, %
1 Hatched 80.51 0.56 17.10 -
42 Cage raising 74.96 1.12 22.74 2.16
42 Ground-grazing raising 75.12 1.15 22.85 1.97
49 Cage raising 74.50 1.20 23.23 3.06
49 Ground-grazing raising 74.57 1.23 23.30 2.68
56 Cage raising 73.75 1.24 23.84 4.02
56 Ground-grazing raising 73.84 1.26 23.97 3.80
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Pe3ynbTaThl XMMUUeCKUX UCC/Ie/J0BaHKH MTOKA3bIBAOT, UTO B MBIILILIAX OOJIbLIIe BCEro
COePKUTCS BOABL. B MbIIII[aX CyTOYHBIX LIBIIVIAT COZlepyKaHue Biaru cocrasisieT 8,51 %,
y OpoiiniepoB K/IeTOYHOTO BhIpallyBaHus B 42 qast — 74,96 %, B koHLje oTKopMa (56 cy-
TOK) — 73,75 %, y KypoueK HaroJibHO-BBITY/IbHOTO BbIpalliiBanus — 75,12 u 73,75 %.
C BO3pacToM Kypouek KOJIMueCTBO BOJBI B MbILILIaX YMeHbLIaeTcst Ha 7,76 u 6,67 %.

Ecmm ¢ Bo3pacToM Ko/IMueCTBO BO/bI B MBIIIIIAX KypOUeK K/Ie€TOUHOI'O BbIpalljuBaHUs
YMEHBIITUIOCh, TO CO/iep>KaHre BHYTPUMBIITIEUHOTO >KUpa yBeauunioch ¢ 0,56 % (cy-
TouHble) 710 1,12 % (42 cyTok) u 1,24 % (56 CyTOK), Y Kypo4yeK HarobHOrO-BbII'Y/IbHOTO
¢ 0,56 mo 1,15 u 1,26 % cootBetcTBeHHO (P < 0,01). Cozep>kaHue 6e/lKa B MBIIIIAaX
3a 3TOT ’Ke TIepuo/], TIOBBICKIOCH B Tpyriie 1 6potinepos ¢ 17,10 go 22,74 u 23,84 %,
BO rpynmne 2 — 10 22,85 u 23,97 % COOTBETCTBEHHO.

CrneznyeT OTMETUTb, UTO pe3y/IbTaTbl XUMUYeCKUX UCC/Ie[Jl0BAaHUI MBILLL| KypOueK
KJIETOYHOTO BBIPAI[MBAaHU OT/INYA/IMCh 10 MI0KA3aTesIsIM OT MBILLL] KypOUeK HaroJbHO-
BBITY/IBHOTO T10 Bjare v xkupy Ha 0,14...0,13 %, pa3nuuus oka3aanch CTaTUCTUYECKU
HelocToBepHbIMU. TakuM 00pa3om, U3 aHa/mu3a JaHHBIX XUMHUYeCKOr0 COCTaBa MBbILIL]
C/leflyeT, UTo C yBeJMueHreM Bo3pacTa KypoueK KOMM4ecTBO KUpa U 6e/ka yBearuu-
BaeTCs, B TO BPeMs KakK COZlepKaHue BO/Jbl YMEHBIIIAeTCsl.

3aknoyeHue

B pesynbrare nccaefoBaHU yCTaHOBIEHO, UTO MPOAJIEHHBIA CPOK BbIPALL{MBAHUS
OpoiisiepoB C UCMOJ/Ib30BaHEM HaIoIbHO-BLINY/IBHOTO BhIpallBaHus (Tpymra 2) 10 56
CYTOK TI03BOJISIET TI0JTyUaTh KypoueK »KuBou maccoii 3536 1, uto 6osbie Ha 2,69 %,
Maccoi Tyiiek — Ha 2,89 %, ueM npu KJ1eTOYHOM BhIpaiuBanuu (rpymnma 1) (P<0,05).
CpefHeCyTOUHbIV MPUPOCT XKUBOM MacChl Kypouek /10 42-CyTOUHOrO BO3pacTa MpH Kiie-
TOUHOM BbIpallJUBaHUU BbIllle, YeM TIPU HAIOIbHO-BLITY/IbHOU (60,24 ipoTuB 59,64T1),
HO 10 56-cyTouHOTr0, Ha0b0pOT, CHIKaeTcs 70 61,78 mpotus 70,57 1. B Tymikax 6poii-
JIepOB IPyTIbl 1 cofiep>kaHye MBIIIIeYHOM TKaH| Gostbine Ha 3,14 % (P > 0,05), Ho »kupa
Menbiiie Ha 0,22 % u Kocteii Menbiiie Ha 0,09 % (P < 0,05).

[To cpaBHEHHIO C CyTOYHBIMU LIBIIIISTAMH Y 56-CyTOUHBIX OpoiiiepoB rpymmbl 1
OTHOCHTe/IbHAsl Macca MbILLIEYHOM TKaHU NoBbIcuaach Ha 13,04 %, y rpynmsl 2 —
Ha 13,27 %, »xupa — Ha 4,02 u 3,80 %, B To BpeMsi KaK KOCTell CHU3WIach Ha 16,25
1 16,34 % coOTBeTCTBEHHO. [JuaMeTp MbIIIeYHbIX BOJIOKOH TTOBEPXHOCTHOM TPYZAHOMI
MBILILBI Y 56-CYyTOYHBIX KypOUeK 0 CPaBHEHHIO CYTOYHBIMH B Cpe/JHEM B 00eUX rpyTirax
yBenmuuics 5,28 pasa, B TO BpeMsI Kak JKMBasi Macca Kypouek yBenuuuaach B 81,09 pas.
ITO NoATBEPIKAaeT TO, YTO YBe/IMUeHHe )KMBOM MacChl [IPOUCXOLUT He TOJIBKO 3a CYeT
yBeMUeHus AraMeTpa MBILIEUHbIX BOJIOKOH, HO U 3a CUeT X pocTa B AyiuHy. C Bo3pac-
TOM KypOu€eK B [T0BePXHOCTHOM I'PyJHOM MBbILILe XMMUUYeCKHe TT0Ka3aTe/Iu B Iipejesax
OZIHOY BO3PAaCTHOM TPYMITHI TIPH Pa3HBIX CIOCO0aX BhIPAIMBaHUS KOJIEO/TIOTCS TI0 Bjiare
B mipezienax 0,16...0,10 %, o 6enky — 0,10...0,13 %. Pa3Hu1ia MeXx1y ToKa3aTe/isiMu
y Kypo4eK OZHOTO Bo3pacTa pa3HbIX Ipynn HeZilocToBepHa. C BO3pacToM NTULIBI (C 42-
10 56-CyTOYHOr0) KOIMUeCTBO BOJbI CHWXKaeTcsi ¢ 75,12 no 73,84 %, a BHyTpUMBILIey-
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HOTO >kMpa noBbimaetcs ¢ 1,12 go 1,26 %, 6enka — c 22,74 no 23,97 %, T.e. KaueCTBO
MsiCa yyyYlllaeTcsl.

Heo6x0o1M0 OTMETHTB, UTO TIPU THCTOIOTHYECKOM MCC/Ie/JOBAHHUM TTOBEPXHOCTHOM
TPYAHOM MBIIILIBI Y HEKOTOPBIX KYpOUeK Pa3HbIX BO3PacTOB ObL/IM 0OHApY»KeHbI I1C-
TpoduM pa3HOU cTerneHH TsbkecT, PSE-Mopoku 1 Myuonatuu, uto OyzeT rpeMeToM
ceyrorel myomMKarum.
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CTpyKkTypa reHoMmHon [1HK B nonynauusax Kyp, BbisiBnsieMas
MyNnbTUNOKYCHbIM [IHK-30HAOM

B.I1. Tepaenkui g’ B.A. TeineHko

Bcepoccuiickuii HayuHO-MCC/Ie[0BaTe/IbCKUI UHCTUTYT TeHEeTUKU U pa3BefleHust
CeJIbCKOXO3SIMCTBEHHBIX )KUBOTHBIX — (prnan defepasbHOTo roCy1apCTBEHHOTO OHO/IXKeTHOTO
Hay4HOTo yupexjaeHus «DeepanbHblii UCCIe0BaTeTbCKHUI LIEHTP )KUBOTHOBOZCTBAa — BIK

uMeHu akaziemuika JI.K. OpHctar, e. Cavkm-Ilemep6ype, Pocculickas ®edepayus
X valeriter@mail.ru

AnHoTanusa. MoneKy/sipHO-TeHeTHUeCKHe TeXHOJIOTMHU 3aHUMAIOT BCe Oosiblilee MeCTO B CeJIeKLIMOHHON
paboTe Mo COBEPILIEHCTBOBAHMIO CYIIeCTBYIOIMX TIOPOZ, U MOMYJISILIMK KYP, a TAK)Ke B TIPOrpaMMax COXPaHeHHst
LieHHOro reHo(oH/a. Masounc/ieHHble JI0Ka/IbHbIe TIOPO/bI SIB/ISFOTCS. HCTOUHUKOM L{eHHBIX FeHOB, KOTOPbIe MOX-
HO HCTI0/Ib30BaTh B cesieKUuy. Llesb uccieoBaHyst — MoJIydeHre HOBBIX 3HAaHUH 0 CTPyKType reHoMHoM JJHK
I1eCTH MOMYJISILIKI Kyp C NOMOILBI0 MY/IETUIOKYCHOTO aHa/Iu3a C MedeHbIM MOJIeKy/sipHbeIM 30H40M (I'TT") 5.
MynbTUIOKYCHBIM aHa/Iu3 C UCTI0/Ib30BaHUeM MeueHbIX JJHK-30H/0B 1103B0JIsIeT OAHOBPEMEHHO YUUTHIBATh
00JIbILIOe YMCIIO TeHeTHYeCKUX JIOKYCOB M PaCCUMTaTh MOMY/ALMOHHO-TeHeTHYeCKIe apaMeTphl Kak BHYTPU
TIOMY/ISILIMH, TaK ¥ MeXXAy HUMU. [IpyBe/ieHb! JaHHbIe M0 UCTI0/Ib30BAHHUIO MY/IBTUIOKYCHOTO 30H/a B PeakLui
MOJIEKY/ISIDHOM TMOPHAM3aLMHY Ha LIIeCTH TI0PO/ax U MOMY/SALMIX Kyp Pas3/IMyHOro poUcXoxjeHus. I1oka3aHo,
4To 6OJIBLIOE FreHeTHYeCKOe PacCTOsIHUE HAO/I0a/I0Ch MEXX/Y UePHO-TIECTPBIM aBCTPAIOPIIOM U TO/IOIIeHHOM
(D =0,155). ITo xpuTeputo cpefHell reTepO3UTOTHOCTH TOMYJISILIUS TOJIOIIEHHBIX Kyp MPeBOCXO/M/IA FOPIOBCKUX
FOJIOCHCTBIX U UepPHO-TIeCTPBIX aBCTPA/IOPIoB. OueBH/IHO, 3TO CBSI3aHO C MHTEHCHUBHOM CeJIeKIIMOHHOW paboToi,
MPOBOZIMMOI B MOCJIeIHUX /IBYX MOMYJISILIHSIX, UTO CHI)KAeT X reHeTHueckoe pa3Hoobpasue. BhisiBieHbl MapKep-
Hble (parmenTs! [JHK, crierjucuunsle A5 oTenbHBIX 10poA. [ToaTBepskeHa 3¢ deKTUBHOCTb MY/IBTUIOKYCHOTO
aHasIM3a Kak MHCTPYMeHTa BbIsIB/IeHHs] 0COOEHHOCTel OpraHy3aly reHoMa B MOpOZiaX U MOMy/SALUIX Kyp.
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Structure of genomic DNA in chicken populations revealed
by multilocus DNA probe

Valeriy P. Terletskiy > Valentina I. Tyshchenko

Russian Research Institute of Farm Animal Genetics and Breeding,
St. Petersburg, Russian Federation
> valeriter@mail.ru

Abstract. Molecular genetic technologies are taking an increasing place in breeding work to improve existing
breeds and populations of chickens, as well as in programs to preserve a valuable gene pool. Small local breeds
are a source of valuable genes that can be used in breeding. The aim of this work was to obtain new knowledge
about the structure of genomic DNA of six chicken populations using multilocus analysis with a labeled molecular
probe (GTG)5. Multilocus analysis using labeled DNA probes provides working simultaneously with a large
number of genetic loci and calculating population genetic parameters both within populations and between
them. The data on use of the multilocus probe (GTG)5 in molecular hybridization reaction in six breeds and
populations of chickens were analyzed. The results revealed a large genetic distance between Black-and-White
Australorp and the Bald-necked chickens (D = 0.155). Bald-necked chickens are bred in isolation from other
breeds to maintain the unique trait of ‘naked necks’. According to the criterion of average heterozygosity, the
population of Bald-necked chickens surpassed the Yurlov Crowers and Black-and-White Australorps. Obviously,
this is due to the intensive breeding work carried out in the last two populations, which reduces genetic diversity.
Marker DNA fragments specific for individual breeds were identified. The effectiveness of multilocus analysis
as a tool for identifying the features of genome organization in chicken breeds and populations was confirmed.

Keywords: chicken breeds, genetic variability, heterozygosity, similarity coefficient, genetic distances
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BeepneHue

lenetnueckuii aHanu3 JJHK Kyp pasiuuHbIX [1OPOJ, MTO3BOJISIET YCTAHOBUTh UX
HWCTOpUYeCKre B3aMMOOTHOLLIEHNS, HallpaB/IeHUs CeleKL[MH, YTOUHUTb IPOMCXOXKIeHHe
ropog, 6uonoruueckoe pasHooOpasyre U BBIIBUTh aCCOLMALUN OTAebHBIX YUaCTKOB
reHOMa C MPOAYKTUBHBIMH npu3Hakamu [1-3]. OcobeHHO aKTya/lbHbI TaKue UCCIefo-
BaHUs B OTHOLLIEHUY MaJIOUMC/IeHHbIX TeHOQOH/IHBIX TIOPOJ, U Nomnysisiuuii [4, 5]. B psge
C/ly4yaeB BbIBe/IeHUEe HOBBIX TIOPOJ, TPOMCXOAW/IO IyTeM CKPeLMBaHUI pa3TMYHbIX [PYIIT
NTULBI C TTOC/IeAYIOLIMM 3aKperyieHreM HY>KHbIX (peHOTHNOB. [1py 5TOM «ciefibl» caMbIxX
Pa3/IMYHBIX [TOPOJ, MOT'YT BBISIBISTHCS IIPY aHa/IM3€e pacIipefesieHus] OHOHYK/IEOTHIHBIX
nosiumMop@u3mMoB (SNP) Ha urriax BICOKOU MJIOTHOCTH [6, 7]. Hy>)KHO OTMeTUTB, UTO
WHTEeHCHUBHAs CeJIeKL[Hsi Ha MPOAyKTUBHbIE TIPU3HAKH MOKeT CHU3WUTh BaprabeTbHOCTh
TeHOB, OTIpe/leJISIFOIINX Pe3UCTEeHTHOCTh Y NTULBI [8, 9].

B nporpamMmax cKpelBaHusi TIPU CO3aHUK THOPUHBIX (HOPM MOYKHO HCIIONB30BaTh
reHO(OH/HbIE TIOPO/IbI C YHUKa/IbHbIMU reHam [10]. C rnpakThueckoi TOUKU 3peHust
Ba)XKHO MOHATH BK/a/| K&K0M MOPOAbI B KOHEUHbIM pe3ynbTar. OnvcaHbl CIydyar UHTPO-
rpeccuy TeHOB OT MPOMBIIIIEHHBIX BbICOKOIIPOAYKTUBHBIX TOPOJ, reHOGOHAHbIM [11].
[MopeprkaHre HeOOXOUMOT0 YPOBHS pa3HOOOpa3sus B MOMYIALIUSAX — HeOOXOAUMBIiA
3/IeMeHT B CeleKLIMOHHOMW paboTe. MI3BeCTHO, UTO CHI)KEHMEe TeHeTHYeCKOro pa3Hoo-
Opa3usi BbIpa)kaeTcsl B BU/le UHOpeJHOM [lelpeCCHH C TIPOsIB/IEHUEM LIeJIOr0 KOMILIeKCa
HeraTUBHbIX TIocaeACTBUM [12, 13]. [IpuurHOM 3TOr0 CUUTAETCs Tepexo/ BpeAHbIX
peLieCCUBHBIX asljiesield, He SKCIPeCCHUPYIOLUXCSl B TeTEPO3UTOTHOM COCTOSIHUM, B TO-
MO3UTOTHOE COCTOsIHYE. B rocreiHee BpeMsi JOKa3bIBalOT TAKXKe, UTO MPU UHOPUUHTe
BO3MOJKHBI M3MeHeHus1 B MeTuMpoBaHuu [IHK, uto BeipakaeTcs B fienpeccuu [14].

Ilenb nccepoBaHUs — BBISIBUTH [TOMY/ISALIMOHHO-TeHeTHYeCKre TlapaMeTphl, Ta-
KHe KaK MeKITOMy/IIIUOHHOe pa3Hoobpa3ue (K03 GUIMeHT CXOACTBAa U TeHeTHUECKOe
paccTosiHKe), BHYTPUIIOMY/ISLIMOHHOe pa3HooOpasue (reTepo3uroTHOCTh), B LIECTH
MOPOAAX Y MONY/IALMIX KYP.

MaTepuanbl U MeToabl UccnefoBaHuUM

B ucciepoBanny rcnonb3oBanu 6romarepuran (KpOBb M3 TIOAKPBUIBI[OBOM BEHBI),
TOTyYeHHbIH U3 ocobeii (n = 10-15) Kyp IiecTu nomyssiiui briopecypcHOM KOIeKLH
Bcepoccuiickoro HayyHO-UCC/IeA0BaTe/IbCKOr0 MHCTUTYTA TeHeTUKU U pa3Be/leHUs Cellb-
CKOXO03s1CTBeHHBIX >KUBOTHBIX (BHUUWT'PIK). 15151 ipeoTBpalLieHysi CBOpauMBaHusi KDOBU
B 1po6upKy momertiamu 1 karumo 0,5 M pacTBopa 3TH/IeHANaMHUHOTETPAYKCy CHOM KUC/IOTBI
(BOTA). Knetku u3upoBam B 6ydepe TES (50 MM tpuc, 20 MM DITA, 10 MM NaCL,
pH 8,0), cogepskarium 0,5 % pacTtBop Aopericynbdara. [TapaiiensHo B paCTBOP BHOCUIU
npoterHasy K 110 KoHeuHo koHreHTparpy 100 MKr/mi1, obecrieunBaroliieli paciierieHye
6enkoB cMecw. TTocse mpoBeaenyst MHKyOatmu ripu 60 °C B MpoOMPKY BHOCUIA PaBHBIM
00BeM BOJ[OHACHIIIEHHOTO (heHOsIa, BCTPSIXUBA/IM U LIeHTPH(YTUPOBaIH /7SI [TOJTHOTO
paznenenus da3. Bepxtioro da3y c /IHK orbupanu B HoByt0 nipobupky, IHK ocaxkmamm
3TaHo/IOM M pacTtBopsiv B Oydepe TE (10 MM tpuc, 1 MM JTA).
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l'enomuyto JHK pacwennsnu sHgoHykaeasou pectpukuuu Haelll, nony-
yeHHble ¢pparmMenTsl JHK pa3zensnu rno AnvHe B arapo3HOM reje, repeHoCUIn
Ha HeWJIOHOBBIN (PUILTP, GUKCUPOBAIU B yAbTPa(r0JIeTOBOM CBETE, MPOBOAUIN
peaxiuio MOJIeKYISIPHOM rubpuAN3aii C MeUeHbIM OJIMTOHYK/IeOTHJHBIM 30HZ,0M
(I'TT) 5, kak omrcaHo paHee [5]. AHa/MU3 KOJWUeCTBa U pacripe/iesieHus ¢gparMeH-
toB [JHK Ha ¢uabTpe mo3Boinsa pacCUnTaTh MomnapHoe CX04CTBO MEX/Y 0COOSIMU
KaK BHYTPH Ka)K[0M TOMY/ISILUU, TaK U MeXAy nonyasuusmu. Joss obmux ¢dpar-
MeHTOB JJHK Bbipa)kanach koadduimenTom cxogctsa (BS). I'eTepo3uroTHoCTh
paccuuThiBanu o gopmyse [15, c. 732] c ucnons3oBaHuem nporpammel Gelstats™.
dusioreHeTUYeCKUe JpeBa CTPOUIU C UCIO0JIb30BaHUEM TMPOrpaMMel Statistica 6.0™
(moamyns mporpammbl Cluster analysis). OCHOBHBIe 3Tallbl 9KCIIEPUMEHTATBLHON
paboThI IprBe/ieHbI Ha pucC. 1.

7y

Haelll

> e >

Kposs JTHK

T'ubpunu3anus ¢ ME4eHBIM Hepernoc IHK

JAHK-30H10M; HeTekuus
JI€30KCUTCHHHA

< P

Heiinonosast

MeMOpaHa
Puc. 1. CxemaTtunyeckoe l/|306pa>+<eHV|e OCHOBHbIX 9TanoB NpoBeAeHNA MYIbTUJTOKYCHOIO aHannsa

g

Haelll

—> >
Blood DNA
Hybridisation with labeled @ DNA transfer
DNA probe, digoxigenin

detection

Nylon
membrane

Fig. 1. Outline of main experimental stages of multilocus analysis
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P83y11bTaTbI ncenepoBaHnAa n 06cy)|(p,eHV|e

B nepBoM 3KcriepuMeHTe ObUIH OTIpeZiesieHbl MOMY/ISIMOHHO-TeHeTHYe CKHe Tapa-
MeTpBI B TPeX MOMYJISALUSIX Kyp C/Ie[yIOLIUX MOPOZ;: FOP/I0BCKAas r0JI0CUCTast, YepPHO-
MeCTpbIi aBCTPaJIOPM U rosiomieiiHas (tabmn. 1). Haubosbiiiee reHeTHUECKOE PACCTOSIHUE
HabJTI0/1a/10Ch MKy UepPHO-TIeCTPBIM aBCTPaoOpnoM U rosioiieiiHou (D =0,155),
a TakXke MeXX/ly FOpJIOBCKOW royiocMcTou U rosoieiHou (D =0,145), us vero cieny-
€T, YTO JJaHHbIe TIOPO/bl UMEIOT pa3Hble KOPHU B TIPOUCXOXKAEeHUH. OTHOCUTENbHYIO
6/TM30CTh TI0Ka3a/IM Kyphl FOPJIOBCKOU T0OJIOCUCTON M YepHO-TIeCTPOro aBCTpasopia.
Bosnee pa3Hoobpa3Hol TPYTITION SIB/ISIETCS TOJIOIIeHHast, B 0COOSX KOTOPOU Z0JIst 001X
¢dparmenToB JTHK mpu mornapHoM cpaBHeHWU Obuia Haubosiee HU3kou (BS =0,32).

Tabvya 1
|-|0I1y119|LI,VIOHHO-FeHeTVI‘-IeCKVIe napamMeTpbl B 3 nonynaynax Kyp
(ropnoBckas ronocucTas, YepHo-necTpblit aBCTPanopn, rofiolwenHas),
nonyyeHHbie metogomM AHK-puHrepnpmHTuHra

MonynsAuun Kyp n Monoc Ha AopoxKy, P BS' BS? D
X+tm
lOpnoBckas ronocucras 10 27,709 9,2x10" 0,37 029 0090
YepHo-necTpblit aBcTpanopn 11 27,4+05 6,9%x 1072 0,39 ! !
lOpnoBckas ronocuctas 10 27,709 9,2x107" 0,37 020 0145
FonoweiiHas 1 227%1,6 4,6x1072 0,32 ! !
YepHo-necTpbli aBcTpanopn 11 27,4+0,5 6,9x 1072 0,39 020 0155
FonoweiiHas 11 22,7+1,6 4,6 x1072 0,32 ! !

[MpumeydaHme. P — BEPOATHOCTb BCTPEYAEMOCTH [IBYX OCOBel C MAEHTUYHBbIM HabopoM Beex dhparmerToB JHK;
BS' — koahduUMEHT cxoacTBa BHYTPU rpynm; BS? — koaddOULMEHT CXOACTBa Mexy rpynnamu; D — reHeTuyeckoe
paccTosiHue.

Table 1

Population and genetic parameters in 3 chicken populations (Yurlov Crowers,
Black-and-White Australorp and Bald-necked chickens) generated by DNA fingerprinting

Chicken population n Bands per lane, P BS' BS? D
Xtm
Yurlov Crowers 10 27.7+09 9.2x107" 0.37 029 | 0.090
Black-and-White Australorp 11 27.4+0.5 6.9x107"2 0.39 ’ :
Yurlov Crowers 10 27.7+0.9 9.2x107" 0.37 020 | 0.145
Bald-necked chickens 11 22.7+1.6 4.6x107"2 0.32 ’ :
Black-and-White Australorp 11 27.4+0.5 6.9x107"2 0.39 020 | 0.155
Bald-necked chickens 11 22.7+1.6 4.6 xx107"2 0.32 ’ :

Note. P — the probability of occurrence of two individuals with an identical set of all DNA fragments; BS' — coefficient
of similarity within groups; BS? — coefficient of similarity between groups; D — genetic distance.

[Mouck cneuuduruecknx pparmentoB [THK B nepBbIX Tpex n3ydaeMbIX MOMY/ISLIASX
(tabs. 2) npues K BoisiBieHHI0 GparmeHToB JJHK Ne 108 1 112 — mMapkepHbie ¢par-
MEHTHI /111 UePHO-TIeCTPOT0 aBCTPAJIOPIIa, BCTpevaroTcs ¢ yactoroi (0,91), Ho y ocobeit
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TOJIOIIeHHOM M I0P/IOBCKOM TOI0CUCTOM TIOPO/] OHU He BCTPEUAr0TCst BOOOITe THO0 UMEIOT
HU3KYHO0 YaCTOTy BCTPEYaeMOCTH.

Tabnvya 2

Cneuunduueckue pparmeHTbl JHK 1 annenu, umetowime pasHyto 4acToTy
BCTpeyaeMocTyu B 3 nonynsaumsax Kyp (HopaoBcKas rofocucTas, YepHo-necTpbii
aBCTpanopn u rosiolleiHas), paccymTaHHble MeToaom [HK-buHrepnpuHTUHra

Yacrora dparmenTos [AHK YacTtoTa BZTE?HE?;T:;M annenen
®parmeHT [HK
| Il 1] | ] 1]
85 0,80 0,27 0,18 0,55 0,15 0,09
106 0,10 0,00 0,73 0,05 0,00 0,48
108 0,60 0,91 0,00 0,37 0,68 0,00
112 0,00 0,91 0,18 0,00 0,05 0,09
lMpumevaHme. | — ropnoBckas ronocuctas; || — yepHo-necTpbii aBcTpanopn; Il — ronowenHas; p — yactoTta

BCTpeyaemocTn hparmeHTa AHK B nonynaumm.

Table 2

Specific DNA fragments and alleles with different frequency of occurrence in 3 chicken
populations (Yurlov Crower, Black-and-White Australorp and Bald-necked chicken)
calculated by DNA fingerprinting

DNA fragment frequency Frequency=o1f a_llj!le fccurrence
DNA fragment d P
| I 1 | Il 1
85 0.80 0.27 0.18 0.55 0.15 0.09
106 0.10 0.00 0.73 0.05 0.00 0.48
108 0.60 0.91 0.00 0.37 0.68 0.00
112 0.00 0.91 0.18 0.00 0.05 0.09

Note. | — Yurlov Crower; Il — Black-and-White Australorp; Ill — Bald-necked chicken; p — frequency of DNA fragment
in population.

PacueTsl, TpoBe/ieHHbIE Ha BhISIBJIEHUE BHYTPUITOMY/ISILIMOHHOTO TeHETUUECKOTO
pa3HO00Opa3us B 3TUX MONYJSALUSAX Kyp (Tabsm. 3), MoATBepANIN MPE/TION0KEHHE O TOM,
yTO Hanbosee pa3HOOOpPa3HON TTOMY/AIEN SIBISIFOTCS 0COOM TOMOIIEeHHOM TTOPO/IbI,
MoKa3aBliie HanboJibIyto rerepo3urotHocts (H=0,76). TeM He MeHee 10CTaTOUHO
BBICOKasi TeTePO3UTrOTHOCTh Hab/moanack u'y apyrux nopox (H=0,71).
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Tabnmya 3
reTep03VII'OTHOCTb He3 nonynauuax Kyp: opsioBCKas royiocucras,
YepHO-NecTpbIit aBCTpanopn, ronoLlenHas

Yucno Yucno Yucno nonumopdHbIx
Monynsauun Kyp n o H
noKycoB annenei NoKycoB
lOpnoBckas ronocucras 10 16,16 5,88 1,00 0,71
YepHo-necTpbi aBcTpanopn 11 16,05 5,48 1,00 0,71
FonoweiHasn 11 12,91 6,50 1,00 0,76
Table 3
Heterozygosity (H) in three chicken populations: Yurlov Crower,
Black-and-White Australorp and Bald-necked chicken
. . Number Number Number
Chicken population n of loci of alleles of polymorphic loci H
Yurlov Crower 10 16.16 5.88 1.00 0.71
Black-and-White Australorp 11 16.05 5.48 1.00 0.71
Bald-necked chicken 11 12.91 6.50 1.00 0.76

V3BecTHO, UTO ronoleiiHble Kypbl — pefikasi TeHO()OH/Hast TIOpo/ia HapOHOM cesek-
L[V, pa3BOJMMasi B YCIOBUSIX KOJITEKIIMOHAPYEB U Y /irobuTeseit. [Ipu3Hak rosomeiHoCTH
VMeeT TeHeTUYeCKYI0 [IPUPOAY, Hac/leZlyeTcsl KaK JOMUHAHTHbBIN, CTOWKO IepeaeTcst
noromcTBy. Iloposia He CKpelyBaeTcsi C JPyroi NTULEN U COIEPKUTCS B M30/IMPOBAHHOM
COCTOSIHMU Ha MPOTSHKEHWH JJTUTeIbHOTO BpeMeHHU, UTo 00y C/IOB/IMBaeT reHeTUYeCKYto
YAa/IeHHOCTb. OTH Mpe/iCTaBAeHUs] HalvIsiHO TTPOMJ/LTFOCTPUPOBAHBI TOCTPOeHUeM (u-
JIOTeHeTUYeCKOro /ipeBa Kak C MCI0/b30BaHKeM 3HaueHui Ko3¢uijueHTa Cxo/CTBa,
TaK ¥ reHeTUYeCKUX PacCTOsTHUM (puc. 2).

AnHanoruynas pabora Oblsia TpoBe/jeHa Ha TpeX MOMYJSALUAX Kyp MMaBJI0BCKOM
ropobl: ocobu 3 buopecypcHoii konneknuu BHUUTPIK, Kypbl 13 MoCKOBCKOM
obsacTu, Kypsl U3 ¢pepMepckoro xo3siictea bapHayna (tabs. 4). Haubonbimm
K03(h(PULIMEeHTOM CXOZCTBAa BHYTPHU MOPOAbI OTIMYAIUCh MaBAOBCKUE Kyphl U3 Mo-
CKOBCKoM obsactu (BS!'=0,58), a HauMeHbIINM — KypbI U3 bropecypcHo# KoJi-
nekuuu BHUUTPXK (BS'=0,39), HOo TeM He MeHee 110 TeHeTUUe CKUM PaCCTOSTHUSIM
onu oueHb 6mm3ku (D =0,055). Hanbonee BbIpa’keHHasi TeHeTHUeCKast AUCTaHI[US
ompeJensiziach MeX/1y MaB/JI0OBCKUMU Kypamu 13 bapHaysna u MockoBcko obmactu
(D=0,105), a Takxxe MexxAy KypaMu U3 bapHaysna v sKCriepuMeHTaabHOTO X03MCTBa
BHUUI'PX (D=0,100).
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Puc. 2. dunoreHeTnyeckoe ApeBO, NOKa3bIBAKOLLEE FEHETUYECKNE B3AUMOOTHOLLEHNS B MOPOAax
Kyp Mo AaHHbIM NporpamMmbl Statistica 6.0™ (Moaynb Cluster analysis): Varl — topiosckas
ronocuctag; Var2 — yepHo-nectpbii aBctpanopn; Var3 — ronowlerHas. [1o ocu opavHaT — yCnoBHble

€AVNHNLbl TEHETNYECKOI 0 PaCcCToAHNA

Fig. 2. Phylogenetic tree showing genetic relationships in chicken breeds according to the
Statistica 6.0™ program (Cluster analysis module): Var1 — Yurlov Crowers, Var2 — Black-and-White
Australorp, Var3 — Bald-necked chicken. On the y-axis — conventional units of genetic distance

Tabna 4
n0I'IyJ1HL|,VIOHHO-FeHeTquCKMe napamMeTpbl B 3 nonynaynax Kyp
naenoeckoi nopoabl (BHUUMPXK, MockoBckas 06:., bapHayn),

nonyyeHHbie metogomM AHK-puHrepnpmHTHHra
KonuuecTtBo nonoc
Mpynnbi Kyp n Ha JOPOXKY P BS' BS? D
X+m
Masnoeckass BHUUTPXX 15 10,6+0,9 4,7x10°° 0,39 043 0055
MaBnoeckasa Mock. 06:. 12 13,6+0,9 55x10™ 0,58 ! !
MaenoBckas BHUUTPXX 15 10,6 +0,9 4,7x107° 0,39 036 0100
MaBnosckas bapHayn 13 15014 7,5%x10°° 0,53 ! !
MaBnoBckasa Mock. 06:. 12 13,6 10,9 55x10™* 0,58 045 0105
MaBnosckasa bapHayn 13 150+1,4 7,5x10° 0,53 ! !
Table 4

Population and genetic parameters in 3 groups of Pavlov chickens
(RRIFAGB, Moscow region, Barnaul), as revealed by DNA fingerprinting

Chiken group n Bands per lane, X+ m P BS' BS? D
Pavlov RRIFAGB 15 10.6 0.9 47x107° 0.39 0.43 0.055
Pavlov Moscow region 12 13.6+0.9 5.5x10* 0.58 ) )
Pavlov RRIFAGB 15 10.6+0.9 4.7x10°5 0.39
Pavlov Barnaul 13 15.0+1.4 7.5%x107° 0.53 0.36 0.100
Pavlov Moscow region 12 13.6+0.9 5.5x10™ 0.58 0.45 0.105
Pavlov Barnaul 13 15.0£1.4 7.5%x10°° 0.53 ) ’
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3ak/itoyeHue

IOHK-30H7 (I'TT)5 MoxkeT 3 deKTUBHO UCTIONMb30BaThCsl TIPH BBIICHEHUH 0CO0eH-
HOCTel OpraHu3aliy reHoMa y Kyp pa3/IMuyHbIX opoZ ¥ nonynsuui. C ero nomouibo
MOJKHO pacCuMTaTh OCHOBHBIE NTONY/ISALMOHHO-TeHeTHYeCKHe rapaMeTphl, TaKKe Kak
KO3(D(QULIMEHT CXOACTBA, CPeHsIs TeTePO3UTOTHOCTh U FeHeTHYeCKHe PacCTOSHUS.
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HayyHasi cTaTbsl / Research article

MccnepoBaHnA reMaTonormyecKux nokasartenemn
Npuv NOAKOXXHOM BBeAEeHUN UHDbEKLUOHHOMK (hopMbl npenapara
L-KapHUTUH

JL.W. Ca6up3suosa! - = I.B. Konosanosa® -, B.B. Tokaps?

!Cankr-ITeTepOyprckuii rocylapCTBeHHbIM YHUBEPCUTET BETEPUHAPHOM MeJULIUHBI,
2. Cankm-ITemep6ype, Pocculickas ®edepayus
’BcepoCCHICKUH ToCyjapCTBeHHbIN LIEHTpP KaueCTBa M CTaHAApTU3aliH JIeKapCTBEHHBIX CPe/ICTB
[J151 J)KUBOTHBIX U KOPMOB, 2. Mockea, Poccutickass Pedepayus
Dl 1-sabirzyanova@list.ru

Amnnoranus. Ha Teppuropun Poccuiickoit defiepaliy HeT 3aperriCTpHPOBAaHHOM MHBEKI[IOHHOM J1eKap-
CTBeHHOM (hOPMBI JIeBOKApHUTHHA /|15 BeTepUHapHOro IprMeHeHust. [IpoBefieHb! JOK/IMHUYeCKHe UCC/Ie/|0BaHUs
L-KapHUTHHa /|51 BeTePHHAPHOTO NPUMeHeHHSs], B YUaCTHOCTH CyOXPOHUUECKOM TOKCMYHOCTH, Ha 1ab0paTopHBIX
JKUBOTHBIX. VICC/IeI0BaHYs TOKCHYHOCTH ObI/IM TIPOBE/IeHbI Ha ayTOpeIHbIX KpbICax B OkTsa0pe 2021 r. B BUBapun
CaHkT-ITeTepOyprckoro rocyjapcTBeHHOrO yHUBEPCHUTETa BeTePUHAPHOM MeIMLIMHBL. B HcciefoBaHuy yua-
cTBoBa/M caMKu BecoM 190...210 1, 3akyruieHHble B DefiepalbHOM FOCYAapCTBEHHOM YHUTApHOM MPeAIPUATAN
«[TuTOMHUK 71abopaTOpHBIX KUBOTHBIX « PATITIOJIOBO»». 115 u3yueHusi CyOXpOHUUYECKOM TOKCUUHOCTH TIPU
TMOZIKO’)KHOM BBeJleHUH L-KapHUTHH BBOJWIM B 2 YPOBHSIX H03. [l03bI OMpe/e/siich Ha OCHOBAaHUM pe3y/bTa-
TOB OIIBITA M0 OCTPOU TOKCUYHOCTHU: 1/5 1 1/10 0T MaKCUMabHOM TiepeHOCUMBIH [103b1. [100TBITHBIE TPYTITIBI
T0JTyYajIy JieKapCTBEeHHBIH TperapaT MoJKoKHO B go3e: nepsas (n=10) — 0,08 mr/kr (1/5 ot 2000 mr/kr),
BTOpas (n=10) — 0,04 mr/xr (1/10 ot 2000 mr/kr). KoHTposbsHas rpymnmna (n= 10) nomyuasa ogKoXKHO HaTpUs
xnopup 0,09 % B gose 1/5 ot 2000 mr/kr. [Tperniapat BBOAWIM €>KeJHEBHO B TeueHue 42 aHeit. Y60ii u oT60p
npob OT BTOPO¥i MOI0BUHBI )KUBOTHBIX ITPOBOZMIIH MOC/IE OLIEHKH IepHo/ia BocCTaHoB/eHus (uepe3 10 gHeit
Toc/ie OTMeHBI TIperapara). B pesynerare ucciiejoBaHUH yCTaHOBJIEHO, UTO JO3MPOBKA 1/5 OT MakCUMasbHON
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IepeHOCUMOM, Kak U 103upoBKa 1/10 oT MakcuMa/bHON NepeHOCUMOM, He BbI3bIBalOT BHEIIIHUX [IPU3HAKOB
TOKCHKO3a ¥ T'M0e/TH KpbIC. 3HAUMMBbIX U3MEHEHHH B FeMaTo/I0THUeCKHX MOKA3aTesIsIX KPOBH KUBOTHbIX OMBITHBIX
Y KOHTPO/BHBIX IPYIIT He 06HapY>KeHO.

KiroueBsle c/10Ba: J0K/IMHAUECKHE UCC/Ie[I0BaHus], KTMHUUECKUI aHa/i3 KPOBH, 1ab0paTopHbIe )KUBOT-
Hble, CyOXpOHHUECKasi TOKCMYHOCTb, JIeKapCTBEHHBIH Mperapar
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Effect of L-carnitine administered via subcutaneous injection
on hematological parameters of laboratory animals

Lilia I. Sabirzyanova' 8, Gella V. Konovalova? ', Valentina V. Tokar?

1St. Petersburg State University of Veterinary Medicine, St. Petersburg, Russian Federation
*The Russian State Center for Animal Feed and Drug Standardization and Quality,
Moscow, Russian Federation
< l-sabirzyanova@list.ru

Abstract. To date, there is no registered injectable dosage form of levocarnitine for veterinary use on the
territory of the Russian Federation. Based on the above, the purpose of our work was to conduct preclinical studies
of L-carnitine of subchronic toxicity for veterinary use in laboratory animals. Experiments to test the toxicity
were performed on outbred rats in October 2021 at the vivarium of St. Petersburg State University of Veterinary
Medicine. The study involved females weighing 190...210 grams, purchased from RAPPOLOVO Laboratory
Animal Nursery. To study subchronic toxicity via subcutaneous injection, L-carnitine was administered in 2
dose levels. The doses were determined based on the results of the acute toxicity experiment: 1/5 and 1/10 of
the maximum tolerated dose. The first experimental group (n=10) received the drug subcutaneously at a dose
of 0.08 mg/kg (1/5 of 2000 mg/kg). The second experimental group (n = 10) received the drug subcutaneously
at a dose of 0.04 mg/kg (1/10 of 2000 mg/kg). The control group (n = 10) received sodium chloride 0.09 %
subcutaneously at a dose of 1/5 of 2000 mg/kg. The drug was administered subcutaneously daily for 42 days.
Killing and blood sampling from the second half of the animals was carried out after assessing the recovery period
(10 days after drug cancellation). As a result of studies of subchronic toxicity of subcutaneously administered
L-carnitine for veterinary use in laboratory animals, it was found that the dosage of 1/5 of the maximum tolerated,
and the dosage of 1/10 of the maximum tolerated, do not cause external signs of toxicosis and death of rats.
No significant changes in the hematological parameters of blood of animals from the experimental and control
groups were found.

Key words: preclinical studies, clinical blood test, laboratory animals, subchronic toxicity, medicinal product
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BeeneHue

KapHUTUH — 3TO coe/iliHeHHe MPHUPOAHOT0 MPOUCXOXK/IeHHSI, KOTOPOe MOCTYTaeT
B OpraHM3M B OCHOBHOM C THILel MOCPe/[CTBOM KaK aKTUBHOTO, TaK M MTaCCUBHOTO
TPAHCIIOpPTa uepe3 MeMOpaHbl SHTEPOIUTOB (KUIIIEUHBIX K/I€TOK). L.-KapHUTHH SIBJISIETCS
CTepeou30MepHOH (hOpPMOi1 KApHWUTHHA, PU 3TOM UMeHHO L-hopMa KapHUTHHA SIBJISI-
eTcst pu3roiornueck akTUBHOU. HanboJiee BHICOKasi €r0 KOHLIEHTPAL[Usl OTMeYaeTCst
B KpPaCHOM MsICe ¥ MOJIOYHBIX MPOAYKTaX. B opraHusme cUHTe3UpyeTCs B MOUKax, Ie-
YeHU ¥ TOJIOBHOM MO3Te K3 [IByX OCHOBHBIX aMUHOKUC/IOT — JIM3MHA U MeTHOHKHa [1].

O6nacTb ipuMeHeHust L-KapHUTHHA B KTMHAYECKOU TPAKTHKE [JOCTaTOUHO LIMPOKa:
€r0 WCIT0JIb3YIOT MPU KapAUOMHOIIAaTHUH, HeJJoeJaH|H, [UPpO3e MevyeHu, Auaderte, H-
JIOKPHMHHBIX paCCTPOMCTBAX, CEeNcrce, CTapeHrH, HelponaTuyeCKUX pacCTpoOMCTBax [2,
3]. Pe3ynbTaThl paHee MPOBeJ@HHbIX SKCTIePUMEHTA/IbHBIX U 3THeMUOIOTHYe CKUX
WCCIeOBaHUI HUCI0/Ib30BaHus L-KapHHUTHHA B KaueCTBe TepareBTUYeCKOro CpefCcTBa
TIOZITBEPXK/JAFOT 11e/1eCO00Pa3HOCTD ero MPUMeHeHUs B jieueOHOM MPaKTHKe B BeTepUHA-
puu [4-7]. KapHuTHH 6/1ar0TBOPHO B/IUSIET HA MPOAYKTUBHOCTH )KUBOTHBIX, TIOBBILIAs
YCTOMUUBOCTD K 3a00/ieBaHUSIM 0OMeHa BellleCTB, TpeoTBpalliaeT psij 3a00meBaHUH,
yKperuisieT IMMYHHYH0 CUCTeMbI U UTPaeT B)KHYIO POJib B MeTabomueCcKux u pusmo-
Joruyeckux mporeccax [8—-16].

Ha teppuropuu Poccutickoii ®@efepaiiyivi HeT 3aperucTpUpPOBAaHHON NHBEKI[MOHHOMN
NeKapCTBeHHOU (hOpMbI JIeBOKAPHUTHUHA [I/isi BETePUHAPHOTO TIPUMeHeHUsI.

Vicxopst 3 BbIIIeCKAa3aHHOTO, I{e/IbI0 HAIIero UCC/Ie0BaHUA ObL/IO TIPOBe/IeHHe
JIOKJIMHUUeCKUX MCC/Ie/oBaHuM L-KapHUTHHA /IJisl BeTePUHAPHOTO TIPUMeHeHUs], B uacT-
HOCTH CyOXpOHHUEeCKOW TOKCUYHOCTH, Ha JJabOpaTOPHBIX KUBOTHBIX.

Matepuanbi 1 MeToAbl UCCllef0BaHUS

M3yyeHne mapameTpoB CyOXpOHUYECKON TOKCUYHOCTH WHBbEKI[MIOHHOM JIeKapCTBeH-
HOU (popMbI L-KapHUTHHA TPOBOJMIIN COIVIAaCHO «PYKOBOZCTBY I10 SKCIIepUMEHTa/Ib-
HOMY ([JOK/IMHUYeCKOMY) U3y4eHHI0 HOBBIX (papMaKosiornyeckux BerecTs» (2005)1,

' Xa6pues PY, PyKOBOACTBO MO 9KCMEPUMEHTANIbHOMY (OKTMHUYECKOMY) M3YYEHMIO HOBbIX (hapMaKOorMyecKmx
NEKAPCTBEHHbIX CPEACTB. 2-134., nepepab. 1 gon. M.: MeauumHa, 2005. 832 c.
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['OCT 33215-2014% u ¢ yuetom TpeboBanwmii [1prka3a MUHHUCTEPCTBA CeTbCKOTO X0351H-
ctBa P® ot 6 mapta 2018 . Ne 1013, Bce 3KcriepUMeHTHI POBEZIEHBI C COO/TIOIeHEeM
npaBuJI, ornpefieneHHbIX EBponetickoli KoHBeHLMel Mo 3amiyTe M03BOHOYHBIX )KUBOTHBIX,
VICII0/Ib3yeMBbIX [IJIs1 UCC/Ie[i0BaTe/IbCKUX U UHBIX HAyYHBIX L{e/Iel.

VccnemoBaHusi TOKCHYHOCTY ObUTH TTPOBe/IeHbI Ha ayTOPeIHBIX KPhICax B OKTsIOpe
2021 r. B BuBapuu CaHKT-ITeTepOyprckoro rocyapCTBeHHOTO YHUBEPCUTETA BeTePUHAP-
HOU MeqMIMHLIL. B rccnenoBanyy yuactBoBanu caMku Becom 190...210 1, 3aKyTyieHHbIe
B ®eiepaibHOM rOCyIapCTBEHHOM YHUTAPHOM TIPeANPUATHN «[ IMTOMHHUK 1abopaTopHBIX
>kuBOTHBIX "PATITIOJIOBO».

[Tepen uccienoBaHreM BCe XKUBOTHBIE OBbLIH MOABEPTHYThI IPO(UIAKTHIE CKOMY
KapaHTWUHHUPOBaHHIO 14 nHel. B TeueHre KapaHTHHA MPOBOAW/IN €)KeIHEBHBII 0CMOTP
Ka>KJI0T0 >)KUBOTHOTO (TI0Be/ieHNe U 00lIjee COCTOsIHUE), ABAXK/bI B IeHb KUBOTHBIX Ha-
Omrofany B KeTkax (3ab0/eBaeMOCTb U CMEPTHOCTB). [lepesi HauaioM HUCCIe0BaHUS
JKUBOTHBIE, OTBEUAIOLI[ie KPUTePHUsIM BK/IFOUEHHS B SKCTIePUMEHT, ObLTH pacripeZiesieHbl
B IPYyMIIbI [0 IPUHLMITY aHAJIOTOB.

B xope vccefoBanyst ObIIM UCTIOBb30BaIU KII€TKHU JJIs COZlepKaHus 1abopaTopHBIX
MbILel 1 Kpbic M-5 (475 % 350 X 200 mm) 3W co cbeMHBbIM NOALOHOM. []71s1 KOpM/IeHUSsI
YKUBOTHBIX HCIT0/I30BaJICSI KOMOMKOPM TOTHOPALMIOHHBIH 17151 1a00PaTOPHBIX YKUBOTHBIX
JIBK-120 (TocHeHCKHI KOMOMKOPMOBBIH 3aB0fT), cooTBeTcTByOIMM ['OCT 34566-2019.
[TpodunsTpoBaHHast BOLONPOBO/HAS BOJA /laBasiach B CTaH/apTHBIX aBTOK/IaBUPOBaHHBIX
nouskax. /1711 moAKOXXHbIX BBE/I€HUI UCI0/Ib30Ba/IU LUMNPULbI MHCY/IMHOBBIE BD Micro-
Fine Plus 0,5mM1/U-100 30G (0,30 MM X 8 MMm).

[nist n3yuenusi cyOXpoHHUYECKOW TOKCUYHOCTH TIPU TIOIKOYKHOM BBeZleHuH L-Kap-
HUTHH BBOJW/IY B 2 YPOBHAX /103. [103bI ONpe/ie/isii Ha OCHOBAHWY pe3y/bTaToB OIbITa
0 OCTPOM TOKCUYHOCTH: 1/5 1 1/10 0T MakCHMa/IbHOM NepeHOoCHMBIN 103bl. [lepBast
nogoneiTHas rpymnmna (n = 10) nmosyyasa eKapCTBeHHbIH Mpernapar MoJKOXHO B [j03e
0,08 mr/kr (1/5 ot 2000 mr/kr), BTOpas (n = 10) — B fo3e 0,04 mr/kr (1/10 ot 2000 mr/kr).
KonTpospHas rpyrmma (n = 10) mosyuasa noakoxHo Hatpus xiaopug 0,09 % B oObeme,
9KBUBAJIEHTHOM CpeHeMy 00beMy BBOJMMOTO Tperapara Ha rojioBy 1/5 ot 2000 mr/kr.
ITperapat BBOAW/IMN e)Xe[IHEBHO B TeueHue 42 nHel (Tlepyoj, TpeXKpaTHO IpeBbIlIato-
LM MakCMMasbHbIN Neproj, MPUMEeHEHUs] B COOTBETCTBHU C MMPOEKTOM UHCTPYKLIUN).
Y60ii 1 oT60p TIp06 OGHOIOrMYeCKOro MaTepurasa OT 5 )KUBOTHBIX U3 KayKJ Ol TPYTIIIEI
TPOBOJM/IA Ha CJIeAYIOIIUI JleHb TT0C/ie OKOHYaHUS BBeJieHus Tiperniapara (43-i1 ieHs),
y60ii 1 0T60p GHOIOrMYeCcKOro MaTeprasa OT OCTABIIMXCS KUBOTHBIX — depe3 10 cyTok
rocsie oKoHYaHus BBesieHust (53-11 feHb). [1pu orjeHKe CyOXpOHUUYECKOH TOKCUYHOCTH
oT J1abopaTOPHBIX KUBOTHBIX OTOWPAU 1ie/IbHYI0 KPOBb METOZIOM JleKalrTalliH B Of-
HOpa30BbIe TIIACTUKOBBIe MPOOUPKU. [171s5 OMOXMMUYeCKOTO aHaIM3a UCI0/Ib30Baji
MPOOUPKHU C aKTUBAaTOPOM CBepThiBaHUs (00beM 3 M), AJist KITMHHUUeCKOTO aHaIn3a

2[OCT 33215—2074. PyKoBOACTBO MO COAEPXKaHWIO 1 yxofy 3a NabopaTopHbIMU XXUBOTHbIMK. [MpaBuna o6opyaoBaHus
NOMELLIEHUIA 1 opraHu3aLmm npoLieayp (Mepensfanune): Mexroc. CTaHaapT: uag. odul,.: faTa BBeaeHns 2016—07-01.
M. : CtaHpaapTnHdopm, 2019. 13 ¢.

3 Mpukas MCX P® o1 06.03.2018 1. N2 107 «O6 yTBEPXKAEHUN NPaBWU NPOBEAEHUS AOKIMHUYECKOrO UCCe0oBaHus
NeKapCTBEHHOro CpeacTBa A1 BETEePUHAPHOIO MPUMEHEHNS, KITMHUYECKOrO MCCNeA0BaHNSA eKapCTBEHHOIO
npenapaTa A519 BETEPUHAPHOIO NPUMEHEHWS, NCCEN0OBaHNA BUOIKBNBANEHTHOCTY IEKAPCTBEHHOIO Npenapara
0719 BETEPUHAPHOMO MPUMEHEHWS.
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KpoBu Opasnu nipobupku ¢ ATA (obvem 2 M), A71si TPOTPOMOMHOBOTO WHEKCA —
npoOupKy ¢ LuTparoM Hatpus (06bem 1,8 mit), KOTOpble MapKHUPOBAIX M OTIIPAB/ISIIH

B J'Ia60paTOpI/II-O Ha ruccjiegoBaHue.

Pe3ynbraTtbl uccnefpoBaHui U 06CyXaeHne

Pe3ynbTaThl cpaBHEHUSI OJOMBITHBIX FPYyMIl 1 ¥ 2 ¢ KOHTPOIBHOM PYyMIoi Ha 43-i1
Y 53-11 ieHb 3KCIIepUMeHTa Moc/ie TIOAKOKHBIX MHbeKIUU L-KapHuTrHa B o3ax 0,08 mr/kr

u 0,04 mr/xr (1/5 u 1/10 ot 2000 mr/kr) nipuBefeHs (Tabmn. 1, 2).

Tabnmya 1

FemaTonornyeckue nokasarenu KPOBM NOAONDbITHbIX U KOHTpOHbHOVI rpynn

Ha 43-1 feHb 3KCnepuMeHTa

Ipynna 1 Ipynna 2 KoHTponbHas rpynna
MokasaTtenu

M + SEM M 1+ SEM M + SEM
FemaTokpuT, n/n 532%1,6 52,6 +1,2 51,8120
FeMorno6wuH, r/n 121,8 £+ 3,1 117,8+3,5 117,0+ 3,6
JNenkouuTbl, 10-9/n 18,1+1,3 18,0+23 13,0+£1,6
NumdouuTbl, % 67,8129 68,6 £ 3,2 61,8143
MoHouuTbl, % 46+09 40+1,1 52+0,6
HeiiTpodunbl nanoukosgepHbie, % 24105 28+0,6 24+05
HeviTpodunbl cermeHTossAepHbIe, % 24,6 £2,0 22,4+3,0 254148
MpoTpoM6UHOBDI UHAEKC, % 155,5+6,9 160,2 + 15,1 223,8+14,4
CO93, MM/\. 1,604 1,2+0,5 0,7+0,1
TpombouuTbl, 10-9/n 153,0+ 11,2 183,0 + 25,3 159,4 +13,7
303uHodunbl, % 04+0,2 0,2+0,2 1,0£0,5
Sputpouutbl, 10-12/n 75102 76102 76102

Table 1

Hematological blood parameters in experimental and control groups
on the 43rd day of the experiment

120

Group 1 Group 2 Control group
Parameters

M + SEM M + SEM M + SEM
Hematocrit, I/1 53.2+1.6 52.6+1.2 51.8+2.0
Hemoglobin, g/I 121.8 +3.1 117.8+3.5 117.0+ 3.6
Leukocytes, 10-9/I 18.1+1.3 18.0+2.3 13.0t1.6
Lymphocytes, % 67.8+29 68.6 + 3.2 61.8+4.3
Monocytes, % 4609 40+1.1 52+0.6
Neutrophils Stab, % 24105 2.8+0.6 2.4%0.5
Neutrophils Segmented, % 246+2.0 22.4+3.0 254+438
Prothrombin index, % 155.5%6.9 160.2 £ 15.1 223.8+14.4
ESR, mm/h 1.6+0.4 1.2+0.5 0.7%0.1
Platelets, 10-9/1 153.0+11.2 183.0+25.3 159.4+13.7
Eosinophils, % 0.4%0.2 0.2+0.2 1.0£0.5
Erythrocytes, 10-12/1 7.5+0.2 7.6+0.2 7.6%0.2
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Tabnmya 2

FemaTonormyeckne nokasaTteny KpoBU NOAOMNbITHbIX U KOHTPOJNIbHOM rpynn
Ha 53-1i JeHb aKcnepuMeHTa

Ipynna 1 Ipynna 2 KoHTponbHas rpynna
fokazatenu M  SEM M £ SEM M  SEM
FemaTokpuT, n/n 53,2+1,1 50,6 +1,3 50,8 1,1
Femorno6uH, r/n 121,6+1,8 121,2+1,6 112,6 £5,6
NenkouuTbl, 10-9/n 17,8+1,6 15,6 +2,1 16,9+2,5
NumdouunTbl, % 66,6 £ 2,5 650+1,3 71,2+2,1
MorouuTbl, % 1,8+0,7 1,2+0,2 34+1,1
HeliTpodunbl nanoukosigepHbie, % 1,2+0,4 1,0£0,3 1,6+0,5
HeliTpodunbi cermeHTossAepHbIe, % 29,0£3,5 224+1,6 21,6124
MpoTpoM6UHOBBIN UHAEKC, % 132,7£12,2 132,7+2,8 135,3+6,5
CO3, MM/y 0,1+0,0 0,1+0,0 0,1+0,0
Tpom6ouuTbl, 10-9/n 129,8 +10,7 169,6 + 8,1 146,2 £ 6,5
do3uHodunbl, % 04+0,2 04+0,2 0,6+0,2
Aputpouutbl, 10-12/n 76+0,3 75+04 74+0,4
Table 2

Hematological blood parameters in experimental and control groups
on the 53rd day of the experiment

Parameters Group 1 Group 2 Control group
M + SEM M + SEM M + SEM
Hematocrit I/1 53.2+1.1 50.6+1.3 50.8 +1.1
Hemoglobin, g/I 121.6+1.8 121.2+1.6 112.6 £5.6
Leukocytes, 10-9/I 17.8+1.6 15.6 £ 2.1 16925
Lymphocytes, % 66.6 + 2.5 65.0+1.3 71.2+2.1
Mogocytes, % 1.8+0.7 1.2+0.2 3.4+1.1
Neutrophils Stab, % 1.2+04 1.0+£0.3 1.6+0.5
Neutrophils Segmented, % 29.0+3.5 22.4+1.6 21.6+2.4
Prothrombin index, % 132.7+12.2 1327128 135.316.5
ESR, mm/h 0.1+0.0 0.1+0.0 0.1+0.0
Platelets, 10-9/1 129.8+10.7 169.6 £ 8.1 146.2 £ 6.5
Eosinophils, % 0.4+0.2 0.4+0.2 0.6+0.2
Erythrocytes, 10-12/I 7.6+0.3 7.5+0.4 7.410.4
3aknio4yeHue

B pe3ysnbraTe npoBefjeHNs MCC/IeI0BaHK Ha 1ab0paTOPHBIX )KUBOTHBIX CyOXpo-
HUYeCKOM TOKCUYHOCTHU JIeKapCTBEHHOTO Mpernapara L-KapHUTHH /17151 BeTepUHAPHOTO
TpUMeHeHUs NP MOJJKO)KHOM BBeJIeHMM YCTaHOBJIEHO, UTO 03UpOBKa 1/5 oT Mak-
CHMMaJIbHOM NepeHOoCHMMOM, KakK 1 Zj03upoBKa 1/10 oT MakCcMMabHOU NepeHO0CUMO,
He BbI3bIBAIOT BHEIIIHMX MPU3HAKOB TOKCHKO3a U THOeH KPbIC. 3HAUMMbIX U3MeHEeHHH
B reMaro/I0TM4YeCKUX MoKa3aTe/isiX KPOBU KMBOTHBIX OMbITHBIX U KOHTPOJIbHOM TPYII

He ObL10 0OHApY>KeHO.
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AHanus naToreHeTUYeCcKo MaHudecTauum
AEKOMIMEHCUPOBAHHOIo AucHaKTeprmosa KULWEeYHMUKa Y KoLeK

E.B. Kyinkos' ', H.B. Babuues' ', A.U. TenexxeHKoBa',

H.C. Byrpos! ', IL.A. Pygenko®? =

'Poccuiickuii yHUBepCUTET APY>KObI HapoAoB, 2. Mockea, Poccutickas ®edepayus
2MHCTUTYT OMOXUMUM U (H3U0I0rHY MUKpoopranu3moB uM. [ K. CkpsiovHa PAH,
2. ITywjuHo, Mockosckas 064., Poccutickas ®edepayus
D pavelrudenko76@yandex.ru

AmnnoTanus. HecMOTpsi Ha o3/jaHYe HOBBIX TTOKO/IEHNH aHTHOAKTepHaIbHBIX CPeJICTB, KOPPeKLys qucorosa
KHILIIEYHHUKA Y )KUBOTHBIX OCTAeTCsl OHOM M3 CaMbIX CJIOKHBIX M aKTyasIbHBIX MPO0JIEM B K/IMHUUYECKOH BeTepu-
HapHOW Me/iLMHBL. IIpuBe/ieH aHa/Iu3 raToreHeTHYecKoi MaHHdecTaimu (MUKpoOHBIH (oH, reMaTonoruueckye
aHaJIUThI) MPH [eKOMITEHCHPOBaHHOM [IMCOAKTepro3e KMILIEUHHKA Y JOMALIHNX KOLLIEK B JUHAMUKE ero KOPPeKLH.
Lenb nccnenoBaHus — U3YUUTh CPABHUTEIBHYIO 3((eKTUBHOCTb Pa3/IMYHbIX CXeM (hapMaKoTepariuu JeKoM-
TMeHCUPOBAHHOTO ArcOakTepro3a KUIIeuHHKa y Kollek. IToka3aHo, UTo IpY KOPPeKLUH [eKOMITEHCHPOBAHHOTO
JrcbakTepro3a KHILIEYHVKA Y JOMALIHUX KOLLIeK HauboJiee PaLMoHaIbHOW CXeMOH Tepariy SB/sSeTCs KOMIUIEKCHOe
nprMeHeHMe pobroTrKa «JlakTobudanon» (melicTByrolpe BelecTsa: takrtobakrepuu Lactobacillus acidophilus
u 6ucugobaxrepuy Bifidobacterium adolescentis), mpe6roTrKa «BeTesakT» (COLEPIKUT JIaKTy/I03y — He MeHee
50 %), tMMyHOMOZY/ISITOpa «A30KCHBeT» (A30KcrMep Opomuz), a TakKe HHY3HOHHOM Teparuy (HaTpysi XJI0puza
0,9 % pacTBop, B/B, KamnenbHO, B jo3e 10 Mi/Kr; 5 % pacTBOp IVIHOKO3bl, B/B, Kare/bHO, B 103e 10 M//KT; pacTBOp
peocopbenakTa, B/B, Kalle/IbHO, B /103€ 5 MJI/KT; pacTBOp pe)opTaHa, B/B, KarieJbHO, B f03e 2,5 MJI/KT KUBOW MacChl
Teja). OTO MOATBEPIKEHO pe3y/ibTaTaMK MaTOreHeTHUeCKOM KapTHHbI (aHamM3 MUKPOOHOTO (pOoHA U OT/e/bHBIX
reMaToJIOrMUeCcKrX aHa/IMTOB) B IMHaMKKe (hapMaKkoTeparuy: 0 Hauasia KoppeKLyH, Ha 7-e 1 14-e cytku. CoBep-
IIEHCTBOBaHHE AUAarHOCTUYECKHX TIO/IX0J0B ¥ METOJJ0B KOPPEKLIMK HauboJlee TsSOKeNIoH creneHy Aucbakreprosa
KHILIeYHHKA (CTa st IEKOMITeHCALMN) CO3[Al0T NPEeAOChIIKY it Oy/yIero u3yueHust AUCOMOTHUECKUX HAPYLIEHHH
KUILIEYHOTr0 TpakTa y APYTyX BU/IOB KMUBOTHBIX C yUeTOM CTa[MHHOCTY TSDKECTH ero MpOsIBIeHNs].

KiroueBble coBa: 11uc6103, MeJKKe OMallIHIe )XUBOTHbIE, Teparus, JeKoMIIeHCcalys, MpoO1OTHKHY,
NpeOHOTHKY, IMMYHOCTHMY/ISTODPEI

3asB/IeHHe 0 KOHQIMKTe HHTepecoB. ABTOPHI 3asB/IAIOT 00 OTCYTCTBMM KOHGIMKTA MHTepecoB. [Tpenapars!
npuobpeTankch B BeTePUHAPHBIX alTeKax BjafenbLiaMH XKUBOTHBIX TIOC/Ie X Ha3HAYEHUs] BeTePUHAPHBIMU
Bpayamy B BeTepUHapHbIX K/IMHHUKaX.

© Kynukos E.B., Babuuer H.B., TenexxenkoBa A.U., Byrpos H.C., Pyzenko I1.A., 2023

This work is licensed under a Creative Commons Attribution 4.0 International License
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Analysis of pathogenetic manifestation of decompensated
intestinal dysbacteriosis in cats

Evgeny V. Kulikov' ', Nikolai V. Babichev'
Alena I. Telezhenkova!, Nikolai S. Bugrov' ', Pavel A. Rudenko®? >

'RUDN University, Moscow, Russian Federation
2Skryabin Institute of Biochemistry and Physiology of Microorganisms
of the Russian Academy of Sciences, Pushchino, Moscow Region, Russian Federation
D pavelrudenko76@yandex.ru

Abstract. Despite the creation of more and more new generations of antibacterial agents, the correction
of intestinal dysbiosis in animals currently remains one of the most complex and urgent problems in clinical
veterinary medicine. The article presents an analysis of the pathogenetic manifestation (microbial background,
hematological analytes) in decompensated intestinal dysbacteriosis in domestic cats in the dynamics of its
correction. The aim of the study was to study the comparative effectiveness of various pharmacotherapy regimens
for decompensated intestinal dysbacteriosis in cats. The data shows that when correcting decompensated intestinal
dysbacteriosis in domestic cats, the most rational treatment regimen is the complex use of Lactobifadol probiotic
(contains at least 1.0 x 108 CFU/g of lactic acid bacteria Lactobacillus acidophilus LG1-DEP-VGIKI and
8.0x 107 CFU/g of bifidobacteria Bifidobacterium adolescentis B-1-DEP-VGNKI), Vetelact prebiotic (contains
lactulose — not less than 50 %), Azoksivet immunomodulator (contains 1.5 mg of azoximer bromide in 1 ml),
as well as infusion therapy (intravenous drip injection of 10 ml/kg of 0.9 % sodium chloride solution; 10 ml/kg
of 5 % glucose solution; 5 ml/kg of rheosorbelact and 2.5 ml/kg of refortan). This was confirmed by the results
of pathogenetic picture (analysis of the microbial background and individual hematological analytes), in the
dynamics of pharmacotherapy, namely before the start of correction, as well as on days 7 and 14. The improvement
of diagnostic approaches and methods for correcting the most severe degree of intestinal dysbacteriosis (the
stage of decompensation) creates prerequisites for the future study of dysbiotic disorders of the intestinal tract
in other animal species, considering the severity of its manifestation.

Keywords: dysbiosis, small pets, therapy, decompensation, probiotics, prebiotics, immunostimulants

Conflicts of Interest. The drugs were purchased in veterinary pharmacies by the owners of the animals, after
they were prescribed by veterinarians in veterinary clinics.
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BeepneHue

KimmHMUe cKuit OTBIT MTOKa3bIBAET, UTO TTPU BO3/I€HCTBUY KOMILIEKCa HeOIaronpusT-
HBIX (DAKTOPOB BHEIIIHEH Cpe/ibl, HeTIOJTHOLIEHHOTO TIMTaHKs1, HapyllleH!I BeTepuHapHO-
CaHWTAPHBIX HOPM COZIepP>KaHUs, HeCoO/TIoIeH|H TIPOU/IaKTHUe CKUX KapT BaKI[MHALIAH
WHOEKI[UOHHBIX 00/1e3HeN U SMIMUPUUECKON aHTUOMOTUKOTEPAITUH MOXKET CHHXKAThCS
MMMYHOPEeaKTUBHOCTb OpraHU3Ma, U, KaK CJie/[CTBHe, MOXKET BO3HUKATh PsiJi UMMYHO/Ie-
(bULUTHBIX cocTosiHUM [ 1-4]. B pesynbTare NpuBejeHHOTO KOMIUIEKCa IMPUUKWH, a TaKKe
Ha (oHe CHIKeHHS KOJIMUeCTBa UHAUTeHHON MUKPOOMOTHI B pa3/IMUHBIX OMOTOTAX
OopraHv3Ma aKTUBHU3UPYeTCs POCT U pa3BUTHE yCJOBHO MAaTOTeHHOW MUKDPOQJIOPHI,
MOT'YT MOSIBUTHCS IIITaMMBbI C TIaTOTeHHBIMHU CBOWCTBaMH [2, 5-9]. MI3MeHeHHe 3K0J10-
ruyeckoro 6asaHca B MUKpOOUOLEHO3e MOXKET U3MEHHUTDb 3aKOHbI ()OpMaTUPOBAHUS
MUKPOIKOJIOTUUECKUX CUCTEM, UTO TIPUBOAUT K BO3MO>KHOCTH POCTa M Pa3BUTHS He-
CTaH/IapTHBIX COUETaHUM MUKPOOPTaHW3MOB B OMOTOIAX OpraHu3Ma, KOTOpble TIPUBEAYT
K BO3HMKHOBEHUIO HOBBIX CJIOXKHOKOMIIOHEHTHBIX M, 3aUacCTyr0, HeZIoOpoKaueCTBEHHBIX
MUKpoOuoLieHo30B [7, 10—13]. OcobeHHOCTH TeueHHUs AUCOAKTEPHO3a KUIIIeUHUKA
Y ’)KUBOTHBIX, CTEPThIe IPAHUIIbI KTUHUUECKOM KapTHUHBI, HEOJHOPOJHOCTh CUMITTOMOB,
IIMPOKUH CTIEKTP 3THOOrMUeCKUX (haKTOPOB CO3/at0T 3HaUMTe/IbHbIe TPYAHOCTH MPU
JTMarHOCTHKeE, TIPU 3TOM 3a4acTyI0 BeTepUHAPHBIMU CITeI[Ma/IMCTaMU YITyCKaeTCsl U3 BUJY
pa3BUTHE 3TOTO CUHZApOMa [3, 6, 14]. B 3T0# CBA3M KOpPpeKI|s JUCOH030B KUILIeUHHKA
y )KUBOTHBIX, B T.U. M Y KOIIIEK, OCTAeTCs OIHOM U3 HauboJiee CJI0XKHBIX U aKTyaTbHBIX
npo0/ieM NpaKTHUUeCKOW BeTePUHAPHOU JIesITe/TbHOCTH.

B nocnegnue gecatusieTHs: y MeKUX AOMAITHUX )KUBOTHBIX PETUCTPUPYETCS He-
YKJIOHHBIM POCT TaTOJIOTMiA, COMPOBOXKAAFOIIUXCS HAPYILIEHUSIMUA PabOThI JKeJTy10uHO-
KMILIEUHOI0 TPAaKTa pa3au4Hou sTrosioruu [9, 15]. OgHako HeCMOTPS Ha CO3/laHue
HOBBIX TTOKOJIEHWI aHTHOAKTepHa/IbHBIX TTPeraparoB, MpoOHOTHKOB, (pUTOOHOTHKOB,
1peOHOTHKOB, BC/IE/ICTBHE TIPOCYETOB IPU CBOEBPEMEHHOH MOCTaHOBKE UarHo3a, ua-
CTOTa BO3HUKHOBEHUsI JUCOAKTEPUO30B MPH Pa3/TMUHBIX MAaTOOTMUeCKUX MPOoLieccax
He TOMBbKO He CHIWKaeTcs, a, Hao00poT, MOCTOSTHHO pacteT [2, 16, 17]. [Toatomy ontu-
MU3alYsl U COBEPIIEHCTBOBaHKE JUAarHOCTUYECKUX TOX0Z0B, a TaKKe Tpe/iJIoyKeHre
HOBBIX 3((eKTUBHBIX CXeM KOPPeKIUY IMCOaKTepro3a KUIIeYHUKA HanboJiee TsHKemoi
JleKOMIIeHCHPOBaHHOM CTeTeHM y KOLLEK, Ha Halll B3IJIsi[, SIB/SIeTCsl aKTya/lbHbIM Harpas-
JIeHVeM Hay4HbIX M3bICKaHWI B BETePUHAPHOW raCTPOSHTEPOIOTUH.

126 BETEPVHAPKA



Kulikov EV et al. RUDN Journal of Agronomy and Animal Industries, 2023;18(1):124-134

Henp uccnefoBaHusl — M3yvyeHre CPaBHUTEIbHOU 3(PPEeKTUBHOCTH Pa3TMUHbIX
cxeM (papMaKoTepanuy 1eKOMIIeHCHPOBAaHHOTO AWCOaKTepro3a KUIIIeYHHKA Y KOIIIeK.

MaTepMaﬂbI n MeToabl nccnepgosaHusa

VccnenoBanus rpoBesieHbl Ha Oase JjerapTaMeHTa BeTepUHAPHON MeULMHbI
Poccuiickoro yHUBepCUTeTa JIpy>KObI HapozioB Ha npoTspkeHnn 2018-2022 rr. Kiunu-
yeckasi YaCTb paboThI BbINO/THEeHA Ha 6a3e YaCTHBIX KIMHUK BeTepUHAPHOW MeJULIHbI:
«ABeTTypa», «nuoHa» U «B MHUpe ¢ )KUBOTHBIMI».

[viarHo3 rpu 1noj03peHru Ha JucbaKkTepro3 KUIIeYHUKA CTaBUIA KOMITIIEKCHO,
C y4eTOM JaHHBIX aHaMHe3a, KJIMHUUeCKOr0 0CMOTPA, a TAK)Ke MUKPOOHOIOrue CKUX
ucciaenoBaHuid. OL[eHKY CTeTleHH TsDKeCTH ArcOakTepro3a KUIIeuHHKa (KOMITeHCHUPO-
BaHHas1, CyOKOMITIeHCUPOBaHHasl, IeKOMIIeHCUPOBAHHAsT) OCYIL[eCTB/ISIA HA OCHOBAHUH
MPOBeJIeHHBIX K/IMHUKO-1ab0paTOpHBIX UCC/ejoBaHUA. KoHTponeM Cy»Kumm KJIuHH-
YyeCKH 3/10poBbIie 0cobu (n=6) B Bo3pacTe OT 2 /10 6 JIeT, CMeIIaHHOTO 110J1a, KOTOPBIX
o0crieoBaM C MMCbMEHHOTO COTVIACHSI MX BraZie/ibLieB Tiepe/ TVIaHOBOM BaKLIMHAL[MeH.

Mukpoburonoruueckre UCCIeJ0BaHUs TIPOBOWUIIN OOIeNPUHSATLIMA MeToZa-
mu. O6pa3iiel KpoBu B D/ITA aHanM3MpOBaIM HAa aBTOMaTH3UPOBAHHOM reMaToJ10-
rudeckoM aHanmsarope Mythic 18 ¢ BeTeprHapHBIM porpaMMHbLIM 00ecrieueHrnemM
(C2 DIAGNOSTICS S.A., France). PaccunTbiBanyu (pyHKI[MOHA/IbHbBIN MTOKa3aTe/lb
reMOoIi033a 1 KJIeTOUHbBIX 37IeMEHTOB — Harpy304YHbIM SPUTPOLUTAPHBINA KO3 (ULIMEeHT
(H3K), KoTOpbIit oripeesisiiv o ¢hopmysie

H3K=CO03-10+Hb,
rae COD —noKa3are/ib CKOPOCTH OCe/laHus 3pUTPOLIMTOB; 10— paivKabHbIN 3/1€MEHT,
TIPOSIB/ISIFOIINY aHa/mM3upyemyto ¢yHkuuyio; Hb — mokasaresns remornobvna.

Kotku ¢ ieKoMIieHCHPOBaHHBIM JUCOAKTePH030M KHUILIEYHHKA, TIOCTYTMBIIIME B BeTe-
pYIHApHbIE KITMHUKH «MeTO/[0M KOHBEPTOB», ObUTH PaHZOMHO pa3/ie/ieHbl Ha TPH OTTBbITHBIE
rpynnel: C, (n=5); C, (n=5) u C, (n=5). [lu3aiiH UCC/Ie[0BaHKSA IPUBE/IEH Ha PUCYHKE.

JKUBOTHBIM BCEX OMNBITHBIX IPYII NPOBOJW/IM 110 IOKa3aHUsIM [TaTOreHEeTUUECKYH0
Teparvio ¥ Ha3Havaau nMpobroTrk «Jlakrobudanon» (CopepKUT B OAHOM rpamMMe Ipe-
napara He MeHee 1,0 x 10° KOE >KuBBIX K/IETOK MOJIOYHOKUCIIBIX OakTepuii Lactobacillus
acidophilus JIT'1-AETT-BTMKU u 8,0 x 107 KOE >kuBbIX K1eTOK 6udumobakTepuii
Bifidobacterium adolescentis B-1-IEIT-BI'HKI) B fno3e 0,2...0,4 r/Kr MacChl )KKBOTHOTO
OfIVH pa3 B CyTKU B TeueHue 14 nHeii. JKUBOTHBIM BTOPOH OIBITHOM IPYIIIbI, KPOME 3TOrO,
NPUMeHSI/IY ITepopasibHO NPeOHOTHK «BeTenakT» CofiepsKUT nakTy03y — He MeHee 50 %)
n3 pacyera 0,1 M1 Ha 1 KT Macchl )KUBOTHOTO eXXeJHEBHO B TeueHue 14 gHeli. Koiikam
TpeTbel OIBITHOM IPyIIbl TOMUMO TpebroTHKa «BeTenakT» Ha3Hauaau UMMYHOMO-
nynarop «A30kcuBeT» (cogepXuT B 1 Myt mperniapara A3okcumepa 6pomug — 1,5 mr),
KOTOPBI BBOAW/IM I/K UK B/B 1 pa3 B CyTKU Ha NPOTsHKEHUU 7 fHel, B fo3e 0.3 Mr/Kr
XKUBOH MacChl. Y KUBOTHBIX C,— C, OMBITHBIX TPYIII 10 TOKA3aHUSAM UH(]Y3HOHHAsT
Tepanus 3aK/4yaaack BO BHyTPUBEHHOM KarleJIbHOM BBeZIeHUHM paCcTBOPA HAaTpUS XJI0-
puzga 0,9 % B go3e 10 mu/kr; 5 % pacTBopa IIt0K03bI B 103e 10 MI/Kr; peocopbesiakTa
B J103e 5 MUI/KT U pedhopTaHa B /103e 2,5 MJI/KT XKUBOW MacChl.
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CXxeMbl JIeYCHUS JCKOMIICHCUPOBAHHOTO Z[I/IC6aKTepI/IO3a Y KOLIEK

/ v \

OmbITHAs TpymIa OrnbITHAs OmnebITHas rpynmna
Cy, rpyrmmna Ca, G,
n=>5 n=>5 n=>5

l l

WHby3noHHas Tepanus
N

HpeOHOTHK OUOTHUK + HMMYHOMO-
JyJSTOP

J

Cxema KoppeKLmmn

CrartucTuyeckuii aHa/Iu3 U UHTePIIPeTaLydio TTOTyUYeHHbIX JaHHbIX TTPOBOU/IN
¢ oMo1[pr0 KoMrbroTepHO# rporpammbl STATISTICA 7.0 (StatSoft, USA). I1pu sTom
orpeiesisiyivi CpefiHIo0 aprudmeTrueckyto (Mean) U cpeJHEKBapaTUUYeCKYHO OLINO-
Ky (SE), a Takke pacCUMThIBa/IM CTaHAapTHOe oTKIoHeHUe (SD). [Tocsie cTaTucTYeCckoro
aHaJIv3a orpe/ie/isiii J0CTOBEPHOCTh Pa3HULIbl MEXK/Y TI0Ka3aTe/IsIMU OTbITHBIX TPYTITT
[10 ¥ nocse (hapMakKOKOpPPEeKLMY, KOTOPYH0 paCCUMThIBa/IX M0 MeToLy MaHHa — YUTHU.

Pe3ynbraTtbl uccnefoBaHui U 06CyXaeHne

ITogxo/ K KOppPeKIUHU JUCcOr03a KAIIIeUHHKA 10/DKEeH ObITh KOMIIEKCHBIM, YUUThI-
BaIOL[UM MIPUYWHBI €T0 BOSHUKHOBEHHS], BOCCTAHAB/TMBAIOIIUM TTOJTyYeHHYI0 Opellib
B MUKPOOHOM OHOTOTIEe, CO3/1aTh O/1arONPUSITHBIE YC/IOBUS /1Sl pa3MHOXKEHUsI U 3ace-
JIeHUst UHAUTeHHOM MUKPOQJIOPHI, @ TaK)Ke CTUMY/IMPOBaTh UMMYHOIOTUUeCKUN OTBET
00/IbHOTO >)KUBOTHOTO. B 3TO¥ CBSI3U NpY KOPPEKIMYA MUKPOOHOTHI KUAITIEYHUKA Y KOIIIeK
MbI MICC/IeZioBa/T 3 GEKTUBHOCTb MPOOHMOTHUKA, COUeTAHHOTO B/IUSHUS MPOOUOTHKA
1 TIpeOMOTHKA, a TAK)Ke KOMIUJIEKCHOTO [IeHCTBUs MPOOHOTHKA, TIPeOHOTHKA U UMMY-
HoMogy/siTopa. O (EeKTUBHOCTh Teparuy AeKOMITEHCUPOBAHHOTO JucbOakTepro3a
KUIIIeYHHKA Y KOIIIEeK OTIpeiesisiiv 110 U3MeHeHHUsIM KJTHHIUe CKOW KapTHHBI B IMHAMUKE
KOPPEKLIUH, Pe3y/IbTaTbl KOTOPOW OTpakeHbI B Tab. 1.

Bce Tpu TepaneBTHUeCKHE CXeMbl, KOTOPbIe TIPUMEHSITH KOIIIKaM C JIeKOMIIEHCHPO-
BaHHBIM JICOAKTEPHO30M KHIIIEUHHKA, TOKa3a/id CBOKO 3 PEeKTUBHOCTD, UTO HATJISHO
TIOATBEP KIAeT 0b1Ilee KIMHUYECKOe yiydlleHHe Y )XMBOTHbIX C,—C, ONBITHBIX FPyTIIT
Ha 10,00£0,31, 9,20£0,20 u 7,80+ 0,20 cyTku cooTBeTCcTBeHHO. Heobxoaumo oTme-
THTb, UTO Haubosee 3(pheKTUBHOM CXeMO KOPPeKIUU Hanboiee TSHKeIoU TpeThei
CTereHu JUCOaKTepro3a KUIIIeYHUKA Y KOIIIEK SIB/ISIETCS CXeMa, KOTOPYHO0 Ha3Haualu
KUBOTHBIM Ipyrnbl C . Tak, y )KUBOTHBIX TPeThbell ONBITHOM IPYTIIbl HOPMaIU3arus
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anreTHTa, Ta/IMTO3a, PakTyphl hekauii 1 obIIee KTMHAYECKOe YiTyullleHre HacTyTIau
B 1,18 pa3a (p<0,05); 1,27 pa3a (p<0,01); 1,34 pa3a (p<0,01) u 1,28 pa3a (p<0,001)
COOTBETCTBEHHO ObICTpee NpH CPABHEHHH C TI0Ka3are/IsiMu rpymsl C,.

Tabnmya 1

3d)d)eKTI/IBHOCTb Tepannn geKoOMneHCMpoBaHHOro p,uc6aKTepM03a KULIeYHUKa y KolleK

OnbITHbIE FPynNbl
KnuHuyeckas maHudecTayms
C1 C2 C3
Crabunusauus anneTuTa, cyT. 8,8010,37 8,20+ 0,37 7,40 £ 0,24*
Hopmanusauumsa ranutosa, cyT. 7,40+0,24 6,60+ 0,24 5,80+ 0,20**
Hopmanu3sauus dpekanui, cyT. 7,00+0,31 6,20+ 0,20 5,20 £ 0,20**
ObLuee KNMHUYECKOE YryyLleHue, CyT. 10,00 £ 0,31 9,20+0,20 7,80 £ 0,20%***

[pumeyvarme. *p < 0,05; **p < 0,01; ***p < 0,001.

OpraHu13M >KMBOTHOTO M HacCessolasi ero MUKpoduiopa, B T.4. U MUKpPOOHOTa Ku-
IIeYHUKA, SB/ISIOTCS COa/TaHCUPOBAHHOM 9KOJIOTHYECKOM cucTeMoi. [ToaToMy JiroOble
KaueCTBEHHbIE W/IM KO/TMUeCTBEHHbIE 3MeHeHUss MUKPOOHOTo 6roiieHo3a OyyT, Heco-
MHEHHO, OKa3bIBaTh CYIL[eCTBEHHOE B/IMsSHUE Ha BCIO CUCTeMY roOMeoCTa3a B 1ie/ioM. B aToit
CBSI3U JI/1S PAaCKPBITHSI IPUUMH BO3HUKHOBEHHS PACCTPONCTB pabOThI KUIIIEYHOTO TPAaKTa
pelarolee 3HauYeH1e UMEIOT, TTPEX/e BCET0, Pe3y/IbTaThbl OaKTepHOIOriyeCKOro UCCIe1o-
BaHus [3, 4]. Hamu fy1s1 Hanbosiee 06beKTUBHOTO KOHTPOIS 3(h(heKTUBHOCTH KOPPEKLIH
mcOr03a KUILIeUYHWKA Y KOIIIeK TIPOBeZeHbl MUKPOOHOIOrHUeCKHe UCC/IeJOBaHUs TIPOO
(hekanmMii >KUBOTHBIX [I0 TeParvy, a Takke Ha 7-e U 14-e CyTKU B IMHAMUKE WX JIeUueHHsl.

Pe3ybTaThl MUKPOOMO/IOrHUeCKUX UCC/IEIOBAHHH B TIPOLIECCE TEPAITX KOILIEK C JIeKOMITeH-
CMPOBaHHBIM /1COaKTepro30M KuieuHrKa C —C, OIBITHBIX IPYIIN IIPUBE/EHbI B Ta0. 2—4.

Tabnmya 2
ConocTtaBneHue MI/IKpOGI/IOTbI KULIEeYHUKa OT KOoLueK rpynnbil C1
C AeKOMNeHCUpoBaHHbIM AMCﬁaKTepI/IO3OM, Ig
Pop MuKkpoopraHuama Lo koppekuun B AuHamuke koppekuuy
7-e CyTKMN 14-e cyTKun
Lactobacillus sp. p. 4,47 £0,49 7,37 £ 0,25%** 9,11 £ 0,20%**
Bifidobacterium sp. p. 4,05+0,54 6,96 + 0,50** 9,26 + 0,24***
Staphylococcus sp. p. 7,71+0,53 5,66 + 0,38* 3,57 £ 0,25%**
Streptococcus sp. p. 7,31+£0,74 515%0,63 3,60 £ 0,49**
Escherichia sp. p. 8,391+ 0,50 7,83+0,32 7,54 0,27
Pseudomonas sp. p. 4,30+1,05 1,72+0,55 0,89 +0,42*
Klebsiella sp. p. 7,63 0,81 4,44 1 0,55*% 2,29 + 0,39%**
Citrobacter sp. p. 6,93+0,60 4,51 £ 0,37** 3,15+ 0,17***
Enterobacter sp. p. 7,21 +£0,59 4,69 + 0,45** 3,27 £ 0,39***
Bacillus sp. p. 6,35+ 0,46 4,65+0,31* 2,68 + 0,32%**
Proteus sp. p. 4,96 £ 0,97 2,50 £ 0,64 1,09 £ 0,48**
Candida sp. p. 6,28 £ 0,26 2,99 + 0,30*** 1,20 £ 0,36***

[pumeyarme. *p < 0,05; **p < 0,01; ***p < 0,001.

VETERINARY SCIENCE

129



Kynuxos E.B. u dp. Bectruk PY/TH. Cepusi: ArpoHOMYst U )KMBOTHOBOACTBO. 2023. T. 18. Ne 1. C. 124-134

Tabnmya 3
ConocTtaBneHue MVIKpO6I/IOTbI KULIEeYHUKa OT KOoLUeK rpynnbl C2
C AeKOMNeHCUpoBaHHbIM AmcéaKTepmosoM, |g
B AMHaMuUKe KoppeKLuu
Pop, MukpoopraHuama [lo Koppekuun
7 CcyTKMu 14 cyTkun

Lactobacillus sp. p. 281+1,15 7,75 £ 0,44** 9,19 £ 0,25%**
Bifidobacterium sp. p. 1,702 0,73 7,93 £0,37*** 9,85+ 0,32%**
Staphylococcus sp. p. 585+1,54 3,97 £1,06 2,36+ 0,84
Streptococcus sp. p. 6,031+1,54 4,18+ 1,06 2,41+0,63
Escherichia sp. p. 8,03+0,43 7,71+0,31 7,55%0,21
Pseudomonas sp. p. 2,65+1,65 0 0

Klebsiella sp. p. 4,97 +2,03 2,24 +0,95 0*
Citrobacter sp. p. 5,79 +1,54 3,23+0,98 2,02+0,63
Enterobacter sp. p. 4,00+1,66 2,75+1,16 3,12+0,45
Bacillus sp. p. 420%1,75 2,56 1,06 2,3910,99
Proteus sp. p. 3,74+1,55 1,19+0,52 0*

Candida sp. p. 3,90%1,67 1,94+0,81 0,9210,41

lpumedarme. *p < 0,05; **p < 0,01; ***p < 0,001.
Tabnmya 4

ConocTtaBneHue MVIKpOéI/IOTbI KULIEeYHUKa OT KOoLueK rpynnbl C3

C AeKOMNeHCUpoBaHHbIM AMCGaKTepI/IO3OM, |g

B AMHamuke Koppekuum
Pop, MukpoopraHuama [o Koppekuum
7 CcyTKMu 14 cyTkun
Lactobacillus sp. p. 1,84x1,17 8,1910,46** 8,67+0,35%**
Bifidobacterium sp. p. 0,47+0,47 9,15+0,39%** 9,91+0,39%**
Staphylococcus sp. p. 1,3611,36 2,03+0,89 1,9010,80
Streptococcus sp. p. 7,68+0,52 4,1710,23%** 3,27+0,33***
Escherichia sp. p. 8,19+0,50 6,95+0,49 6,84+0,23*
Pseudomonas sp. p. 6,58+0,30 Q*** Q***
Klebsiella sp. p. 6,2240,55 2,2010,40%** O+
Citrobacter sp. p. 3,2612,00 1,53%0,71 1,42+0,65
Enterobacter sp. p. 2,98+1,85 1,79+0,89 1,57+0,76
Bacillus sp. p. 1,73%1,73 1,53+0,68 1,480,60
Proteus sp. p. 0 0 0
Candida sp. p. 3,57+2,19 0 0
Mpumeyvarme. *p < 0,05; **p < 0,01; ***p < 0,001.
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Pe3ynbTathl conoctasnienus (Tabmn. 1-4) yKa3bIBarOT Ha TO, UTO TP Teparnuy JoMarli-
HUX KOILEK C TPETheH CTerneHbI0 JeKoMIleHCalun aucbakTepruosa Kuieunnka C,—C,
OTBITHBIX TPYMIT B Npo0ax (heKambHBIX Macc, OTOOpaHHBIX /17151 OaKTepUoIoTrhyeCcKUX
WCC/Ie[lOBaHUM, Y)Ke Ha ceflbMble CYTKH KOPPEeKLIMOHHOI'O ITepro/a perucTpupoBain
JIOCTOBEPHOE yBe/TMUeHre KoIMuecCTBa rpeictaBuTesneii poja Lactobacillus sp. p. B 1,64
(p<0,001), 2,75 (p<0,01) u 4,45 pa3a (p <0,01) cOOTBeTCTBEHHO MPY CPaBHEHUU C BbI-
XO/IHBIMU TTOKasare/siMi. Ha 14-e cyTku teparnuu y )uBOTHbIX C,, C, 1 C, OMBITHBIX
rpymn B pobax dekanuii Habmroganu BeicokogoctoBepHoe (p < 0,001) yBesnnueHue
KOJTMUeCTBa jakTobakTepuii B 2,03; 3,27 u 4,71 pa3a COOTBETCTBEHHO TTPH CPaBHEHUH
C UCXOJHBIMU [JaHHBIMU. AHAJIOTUUHYIO TIO3UTHBHYIO JUHAMUKY Habsiofanu rpy aHa-
n3e KomruecTBa oudumobakTepuii B Ipobax hekasmii KOIeK € IeKOMIeHCHPOBaHHBIM
JrcbaKkTepro30M KHIIIeYHHKa, B TIpoliecce Ux Tepanui. Tak, Ha 14-e cyTKu dapmako-
Tepanuu B 1pobax ¢ekanuii Habmogam BeicokogocToBepHOe (p <0,001) yBesnnueHue
npezicrautesieii Bifidobacterium sp. p. y kowek C , C, v C, onbITHBIX Tpymi B 2,28 pasa,
€ 4,05+0,54 10 9,26 +0,24 Ig; B 5,79 pa3a, c 1,70+0,73 10 9,85+0,32 1g u B 21,08 pa3a,
¢ 0,47+0,47 10 9,91+0,39 Ig cooTBeTCcTBeHHO. KpOMe 3TOr0, yrKe Ha 7-e CyTKU Tepariiu
Y KUBOTHBIX rpyrmel C, HaO/IFOaIM OCTOBEPHOE yMEHbIIeHHe KOJIMYeCTBa CTPErTo-
KOKKOB B 1,84 pa3za (p<0,001), knebcuenn B 2,82 pa3a (p <0,001), mojHOe OTCyTCTBHE
W30JISILUM TICeBIOMOHaZ ¥ rpruboB pozaa Kanauga. [1o3uTHBHYIO JUHAMUKY HaO/roqamm
y ’KUBOTHBIX 3TOU I'PYNIIbI U Ha 14-e CyTKU Teparnuy, YTo CONPOBOX/ATI0Ch OTCYTCTBHEM
W30JTS1IUY Kiebcuert.

ITpu mocTaHOBKe JHarHo3a IOMHUMO JleTaabHOTO aHaM3a MUKpoOHoLieHo3a Ku-
[IIeYHWKa HeoOX0IUMO TaKKe YUMTHIBaTh U MaToreHeTHYeCcKre 0COOEHHOCTH TeueHUst
nucbro3a, 4To 1o3BOMUT Harbosiee TOYHO IMOCTABUTH AUArHO3, ONPeZeTUTh CTeleHb
TSDKeCTH TIaTOJIOTHH, CIIPOTHO3MPOBaTh JjajbHelIllee ee TeueHHe, a TAaKKe ToAo0paTh
ONTUMaJIbHYHO TaKTHKY TeparneBTHueckol koppeKiyy [16]. luHamMyKa U3MeHeHus reMa-
TOJIOTMYECKHX aHA/IUTOB KOILIEK MPH IeKOMITEHCUPOBAaHHOM /icOaKTepro3e KUIIeUHHKa,
B TIPOL{eCCe UX Teparyy, Halljla CBOM OTIeuaTok B Tabs. 5-7.

Tabvua 5
AlMHaMunKa reMaTonorMyeckux aHananMToB Kolek rpynnbi C,
C AEeKOMMNEHCUPOBaHHbIM AMcHaKTepMo30M Ha hoHe Tepanuu
B puHaMuKe KoppeKkuum
MokasaTtenu Jlo KoppeKLun
7 cyTKMn 14 cyTkmn
FeMorno6wmH, r/n 101,80 + 5,04 115,20 + 3,89 128,80 + 1,90**
CO3, MM/y 26,40+2,52 13,60  1,02** 6,00 + 0,44%**
HIK, ycn. ep,. 2,61+0,27 1,17 £ 0,07** 0,46 + 0,02%**
NeitkounTbl, [/n 16,42+1,02 10,94 % 0,57** 9,16 £ 0,30%**

Mpumeyvarme. *p < 0,05; **p < 0,01; ***p < 0,001.
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Tabnua 6
I,D,I/IHaMVIKa remMaTosiorn4eCKmnx aHaJimToB KoweK rpynnbl C2
C AeKOMMNeHCUpoBaHHbIM ,D,VIC6aKTepMO3OM Ha d)OHe Tepanuu
B auHamMuke Koppekuum
MokasaTtenu [0 KoppeKuumn
7-e CyTKMN 14-e cyTKun
Femorno6uH, r/n 100,40 + 3,95 123,00 * 4,32** 136,40 1 2,94***

CO9J, MM/u 22,60 1 4,00 10,20 + 0,86* 4,80+ 0,66**

H3K, ycn. ep. 2,27 +0,40 0,82+ 0,06** 0,34 £ 0,04**

Nevikouutbl, I'/n 20,30+1,23 11,38 + 0,50*** 8,48 £ 0,29***

Mpumeyvarme. *p < 0,05; ** p < 0,07; *** p < 0,001.
Tabnmya 7
ﬂVIHaMVIKa reMaTonorM4eCKux aHasIMToB KoLwleK rpynnbl C3
C AeKOMMNeHCUpoBaHHbIM p,MC6aKTepVIO3OM Ha d)0|-|e Tepanuu
B auHamMuke Koppekuumn
MokasaTtenu Jl0 KoppeKuuu
7-e cyTKM 14-e cyTKun
Femorno6uH, r/n 102,20+ 4,59 137,20 +2,63*** 145,20 1 2,35%**

CO09J, MM/u 23,80+2,59 6,00 £ 0,70%** 3,80 £ 0,37***

H3K, ycn. ep. 2,34+0,27 0,43 £ 0,04*** 0,25 + 0,02%**

Nevikouutbl, I'/n 17,64 +0,53 9,82 + 0,44%*** 8,40 £ 0,29***

[pumeyanme. *p < 0,05; ** p < 0,01; *** p < 0,001.

YcTaHoBeHO, UTO Harbosiee TIO3UTHBHBIE CIBUT'M TeMaTo/IOTHUeCKHX MoKa3aresiei
perucTpupoBasu y Kouek C, ONMbITHOW TPymnbl. Tak, y JOMaIIHUX KOLIEK TPeThel
ONBITHOU IPYIIILI y>Ke Ha CeJjbMble CYTKM KOPPeKLHW pernCTPUPOBalInd BBICOKO/O-
CTOBEPHOE yBeJMueHre KoarudecTBa reMorsiobnsa B 1,34 pasa (p<0,001), Ha done
JIOCTOBEpHOT0 yMeHbleHUs Tioka3aresiss CO3 B 3,96 pa3a (p <0,001), nokasareniss HOK
B 5,44 pa3a (p<0,001) u ypoBHs JsieiikouuToB B 1,79 pasa (p <0,001), npu cpaBHeHUA
reMaroJIorMueCKMMHU TTOKa3aTessIMU /10 Ha3HaueHUs Tepanuu. [lambHeliee Habmoze-
HYe 3a ONbITHBIMHU >)KMUBOTHBIMU MOATBEPKAaeT 3(h(heKTHUBHOCTh KOPPEKLIMU KUBOTHBIX
C, rpynnbl. Tak, Ha 14-e CyTKU KOMIIIEKCHOM (papMakOKOPPEKLUH JIOMALIIHKUX KOLLIEK
MPOOUOTUKOM, TTPeOMOTHKOM U UIMMYHOMOZY/ISITOPOM TIPMBeJIO K Ja/ibHelIIeMy yBe-
JTMYEHUI0 YPOBHs remoryiobuHa B 1,42 pasa (p <0,001), ymeHbineHuto noka3aresss COD
B 6,26 paza (p<0,001), c 23,80+ 2,59 a0 3,80+ 0,37 mm/u; noka3arenss HOK B 9,36 pasa
(p<0,001), ¢ 2,34+0,27 go 0,25+ 0,02 ycu. esi. U YpOBHS JieHKOL[MTOB B 2,10 pa3a
(p<0,001), c 17,64+0,53 10 8,40+ 0,29 I'/n, Ipy CPaBHEHUU C TIOKA3aTeIsIMHU OTIBITHBIX
KOLLIeK [I0 Ha3HaueHUs JIeYeHNUs.

B pesynbrare ucciieoBaHUsl HAMH PaCKpbIThl MeXaHK3Mbl (POPMHPOBaHUSI MUKDO-
OroLieHO3a KHIIIeYHHKa MPYU Harboriee TshKenol eKOMIIeHCPOBaHHOM CTereH! Y J10-
MaIIHUX KOIIEeK, YCOBEpPIIeHCTBOBAHbI AUarHOCTUYECKKE TIOAXOAbI IyTeM J1eTaabHOro
K/IMHUYEeCKOTO aHa/i3a U KOppeKLWH Jucbr030B. YCTaHOB/IEHO, UTO MPU MTOCTAHOBKE
[IMarHo3a orpeZiesieHre TsHKeCTH TeueHHs ArucOro3a KUIlIeuHrKa y KOIIeK UMeeT Oripe-
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JlefleHHOe TPOrHOCTUYecKoe 3HaueHne, KOTOpoe B UTOre MOXKeT B/IMATh Ha Hanbonee
OTITHUMA/bHBIN BBIOOP TepareBTHUeCKOM KOppeKLy. BBeieHre K TeparieBTHYe CKUM
cxeMaM KOppeKLMH JeKOMITeHCUPOBAHHOTO AVCOaKTepro3a KUIIIeUHUKa y KOLIeK Ipobuo-
THKa «JIakTobudanomn», mpedbroTrka «BeTenakT» U UMMYHOMOZY/ISITOPa «A30KCHBET»
OKa3sasoch NaroreHeTHueCckKyu 060CHOBaHHBIM.

3aknoyeHue

HayuHo 060CHOBaHbI KJTMHUKO-/[UarHOCTHUYECKHE TTO/IX0/IbI, a TAK)Ke YCOBEePIIIeH-
CTBOBaHbI METO/Ibl KOPPEKIIUH JIeKOMITEHCUPOBAHHOTO MCOAKTEPHO3a KUIIIEUHUKA Y KO-
mek. Tak, Tpy IeKOMIIeHCHPOBAaHHOM ICcOaKTepro3e KUIIEYHHKA Y KOIIIeK Ha3HaueHre
«JTakTobudamona» (0,2...0,4 r/kr macchl) B komruiekce ¢ «Betemakrom» (0,1 M Ha 1 kr
Macchl), «A3okcuBeToM» (0,3 MI/KT MacChl) U MHPY3MOHHOW Tepanuu (HaTpus XJ0puzja
0,9 % pactBop, B/B, KariejibHO, B f03e 10 Mi/Kr; 5 % pacTBOp I/IHOKO3bI, B/B, KarlebHo,
B f03e 10 My1/KT; pacTBOp peocopOesakTa, B/B, KareJbHO, B 103€ 5 MJI/KT; pacTBOp pe-
(dopraHa, B/B, KarenbHO, B j03e 2,5 MJI/KT YKMBOW MacChl TeJla) Ha MPOTsHKeHUU 7 JHel
siByisieTcst Harbostee 3ddekTrBHBIM. O0 3TOM CBUZETE/ILCTBYET PErrCTpaliys 0011ero
K/IMHWYECKOTO y/yulieHus B 1,28 pa3a ObICTpee, a Tak)ke HOpMa/IM3aliysl anreTyTa, rajuj-
TO3a, (PaKTyphl (heKamii y Kollek TpeTbeli onbITHOM rpynmsl Ha 1,40; 1,60 u 1,80 cyTok
paHbIlle, B CDaBHEHUH C O0/IbHBIMHU KOIIIKaMU TTEPBOM OIBITHOM TPYTIIIbI.
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Treatment for cholangiohepatitis in cats
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Abstract. Acute bacterial cholangiohepatitis of cats is a common disease associated with the inflammation
of bile ducts and liver parenchyma, characterized by development of a pronounced hepatodepressive syndrome
(hypoalbuminemia), cytolysis (increase in serum activity of alanine and asparagine transaminase), cholestasis
(increase in serum concentration of bilirubin, cholesterol, activity of alkaline phosphatase and gamma-
glutamyltranspeptidase), intoxication, dehydration, mesenchymal-inflammatory and pain syndromes. The aim of
the research was to study the effectiveness of treatment for acute bacterial cholangiohepatitis in cats with average
severity of the pathology course. According to inclusion and exclusion criteria, the study included a cohort of cats
(n = 12) with acute bacterial cholangiohepatitis. Clinical, hematological, ultrasonographic, statistical methods
of investigation were used in this work. For sick cats with medium severity form of cholangiohepatitis, when
administered as a complex therapy the combination of marbofloxacin, metronidazole, ursodeoxycholic acid,
cyancobolamine, tocopherol acetate, infusion therapy also had a good therapeutic effect, which was accompanied
by improved clinical and laboratory performance. In the blood of cats with cholangiohepatitis, in the background
of intensive therapy, there was a significant decrease in white blood cell count, erythrocyte sedimentation rate,
and in serum, there was an increase in albumin concentration, reduction of creatinine, aminotransferase activity,
alkaline phosphatase, gamma-glutamyltranspeptidase, lipase.

Key words: cholangitis, hepatitis, effectiveness of treatment, analgesia, marbofloxacin, metrogyl,
urodeoxycholic acid, lidocaine, maropitant, gabapentin
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Introduction

Pathology of small domestic animals with inflammatory and immune development
mechanism is an urgent problem of veterinary medicine [1-3]. One of such diseases of cats
is acute bacterial cholangiohepatitis [4-11]. This disease is characterized by development
of inflammatory process in liver parenchyma and bile ducts, intoxication of organism,
secondary changes in metabolism, formation of multimorbid pathology [12-16].

The treatment of sick cats with purulent cholangiohepatitis is based on antibiotics [17,
18]. It is necessary to isolate and identify pure culture of microorganisms of cholangitis
pathogens and determine their sensitivity to antimicrobial agents. Various low-toxicity
broad-spectrum antibiotics are used for effective treatment of sick cats, which provide
sufficient concentrations in hepatobiliary system, in particular ampicillin, amoxicillin
clavulanate, cephalexin, metronidazole, cephasolin, vancomycin, marbofloxacin and
enrofloxacin.

The aim of the research was to study the effectiveness of complex treatment of cats
with acute bacterial cholangiohepatitis, with average severity of the pathology course.

Materials and methods

The diagnosis for cholangiohepatitis of cats was made in a complex way taking into
account the data of clinical examination, anamnesis, biochemical and morphological
analysis of blood and ultrasonography [5, 7]. The following clinical criteria were used to
assess the severity of the pathology: mild form — cats have clear consciousness, normal
or subfebrile fever, reduced appetite, they actively and voluntarily change their posture
and move around in space, vomiting is rare or absent, body dehydration syndrome is
not pronounced; medium form — mental depression, marked weakness, subfebrile or
pyretic fever, anorexia, rare vomiting, marked dehydration of the body; severe form —
marked disorder of consciousness (severe oppression, stupor, sopor or coma), forced
lying position, hypothermia, persistent anorexia, frequent vomiting, dehydration of the
body is possible. Pain syndrome levels in animals were also assessed using a modified
assessment scale [8].

General clinical blood analysis was performed using the URIT-2900 Vet Plus
veterinary automatic hematology analyzer.

The BioChem SA semi-automatic biochemical analyzer (High Tecnology Inc., USA)
was used to perform the above mentioned studies.

Ultrasound examination of abdominal organs was carried out on Aloka ProSound
Alpha 6 (Japan) using a multi-frequency microconvection sensor with a scanning
frequency of 6-9 MHz.

Cholecystocentesis for sick cholangiohepatitis cats was carried out under short-term
multimodal anesthesia. The puncture of abdominal wall was performed on the right.
Under aseptic conditions, cholecystocentesis was performed under ultrasound control
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using a needle (22G, 0.7 x 40.0 mm) and 5 cm? syringe. The method of access was
chipped [9]. As much bile as possible was aspirated into the syringe. The puncture site
was treated three times with 70 % ethanol as an antiseptic and an operating field was
used. At the end of the procedure, control ultrasonography of hepatobiliary system in
experimental cats was performed to evaluate potential damage of gallbladder.

Cats with medium severity of cholangitis were also treated in two ways:

 group B1 marbofloxacin (Marfloxin®) in a dose of 2 mg/kg intramuscularly once
a day for 14 days, metronidazole (Metrogyl®) in a dose of 15 mg/kg intravenously drops
two times a day for 10 days with subsequent oral conversion to 15 mg/kg for another
20 days, ursodeoxycholic acid (Ursofalk®) orally in a dose of 15 mg/kg once a day for
30 days, Cyancobolamine (vitamin B ,) 500 pg subcutaneously once every 7 days for
30 days, alpha-tocopherol acetate (vitamin E) orally in a dose of 15 mg/kg two times
daily for 6 weeks, infusion therapy with isotonic crystalloid solutions in a daily volume
of 100 ml (0.9 % sodium chloride solution — 40 ml, 5 % glucose solution — 30 ml and
yonosteryl — 30 ml);

» group B2 —animals to whom therapy of similar group B1 was carried out, but
with an additional prescription for 5 days of multimodal analgesia (lidocaine infusion
with a constant rate of 50 pg/kg/hour, maropitante (Cerenia®) intravenously drops in
a dose of 1 mg/kg once a day and gabapentin in a dose of 20 mg/kg two times a day
orally. Treatment of cats with cholangiohepatitis should be comprehensive considering
severity of the pathology, using pharmacological means of etiotropic, pathogenetic,
symptomatic and substitution therapy.

For comparison of two or more groups, whose digital indicators did not correspond
to the normal distribution of features, we used the non-parametric Mann — Whitney
U-criterion for independent samples or the Wilcoxon test for dependent groups,
respectively. To calculate the reliability of the difference in groups by the frequency
of occurrence of features, criterion x* was used, and if necessary, with the correction
of Yates. The difference between numerical indicators was considered reliable at p <
0.05. All calculations were made on a personal computer using a statistical program
STATISTICA 7.0 (StatSoft, USA).

Results

Bacteriological retrospect studies in five cats suffering from cholangiohepatitis with
medium severity of pathology. The monoculture of Escherichia coli was isolated from
bile; for seven cats it was associated with Pseudomonas aeruginosa, Proteus vulgaris,
Proteus mirabilis, Staphylococcus aureus, Pseudomonas aeruginosa, Staphylococcus
epidermidis or Streptococcus faecalis. All selected cultures have a high sensitivity to
marbofloxacin.

The effectiveness of treatment measures was assessed on 12 cats with medium severity
of cholangiohepatitis. Experienced cats were divided into two groups, in particular:
B1 (n=5) — animals who were treated with marbofloxacin (Marfloxin®) in a dose of
2 mg/kg intramuscularly once a day for 14 days and with metronidazole (Metrogyl®)
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in a dose of 15 mg/kg intravenously two times a day for 10 days, followed by oral
conversion to a similar dose for another 20 days, ursodeoxycholic acid (Ursofalk®) orally
in a dose of 15 mg/kg once daily for 30 days, cyancobolamine 500 pg subcutaneously
once every 7 days for 30 days, alpha-tocopherol acetate orally in a dose of 15 mg/kg two
times daily for 6 weeks, infusion therapy was also prescribed with isotonic crystalloid
solutions in daily volume of 100 ml (0.9 % sodium chloride solution — 40 ml, 5 %
glucose solution — 30 ml and yonosteryl — 30 ml); and B2 (n=7) — animals, which
were treated with similar group B1, but with an additional prescription for 5 days
of multimodal analgesia (lidocaine infusion with a constant rate of 50 pg/kg/hour,
maropitanate (Cerenia®) intravenously drops in a dose of 1 mg/kg once a day and
gabapentin in a dose of 20 mg/kg two times a day orally).

The results of treatment of cats with medium severity of cholangiohepatitis are
given in Table 1.

Table 1
Results of treatment for medium severity cholangiohepatitis in cats
Groups of animals
Results of treatment B1 B2 Confldence of the
Number o, | Number of . difference p
Percentage, % Percentage, %

of cases cases
Full recovery 2 40.0 4 57.1 <
Clinical recovery 1 20.0 1 14.3 <
Enhancement 1 20.0 1 14.3 <
Recidivism 0 0 1 14.3 <0.5
Lethal 1 20.0 0 0 <0.5
Total 5 100 7 100 -

Full recovery in cats with medium severity cholangiohepatitis was observed in B2
group by 17.1 % more frequently than in B1 group. In group B2, one case of recurrence
of the pathology was registered, while in group B1, no such cases were found. At the
same time, one lethal case was registered in group B1 and made up 20.0 %. It should be
emphasized that the specified intergroup variability of outcomes at the medium severity of
cholangiohepatitis in cats was found to be unreliable due to low number of observations.

Reduction of oppression in animals from group B1 was observed on 7...12 days
of treatment, in group B2 —on 5...10 days; cessation of vomiting and full recovery
of appetite was observed in group B1 on 7...12 days of therapeutic measures, in group
B2 —on 6...9 days. During the repeated examination of sick cats in the veterinary
clinic, an increase in general activity of animals, absence of painfulness at palpation
of abdominal cavity was stated. The hiccups of visible mucous membranes in animals
of groups B1 and B2 gradually decreased and became almost invisible on the 6th day.

In cats of B1 group on the 5th day of therapy, the index of the modified scale of pain
syndrome estimation was on the average 15.0+1.22 points, and in cats of B2 group this index
was 5.1+0.51 points, that was revealed to be reliable (Mann —Whitney criterion, p<0.01).

Rectal body temperature in cats at the end of the therapy period ranged from 38.1
to 39.1 °C. Thus, according to the results of the clinical study of cats at the end of the
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therapy, improvement of the clinical condition in most cats with cholangiohepatitis was
found. Persistent improvement in cats of B1 group occurred on 10.0+ 1.05 days, and in
cats of B2 group — 6.3+ 0.56 days. The above mentioned difference was revealed to be
reliable (p <0.05) at Mann — Whitney test.

The indices of erythrocytopoiesis during the period of cats’ therapy at
cholangiohepatitis of medium severity showed the normalization of hemopoiesis processes
and elimination of hemoconcentration phenomena (Table 2).

Table 2
General clinical indicators of blood in cats with medium severity
of cholangiohepatitis during the treatment
Indicator CIinicaII_y healthy Scheme Before treatment After treatment
(n=11) n Mim n Mim
B1 5 11.8£1.72 4 8.6+0.71
9 9+0.
Leukocytes, 10%/L 7:9+0.63 B2 7 18.0 £ 5.42 7 8.840.53
B1 5 | 1552:14.23 | 4 150.8 £ 9.64
i +
Hemoglobin, g/L 13542663 B2 7 | 117.0£1400 | 7 140.9 £ 4.91*
B1 5 10.0£0.55 4 7.4+0.44%
Eryth 102/L 8.640.22
rythrocytes, 107/ 0 B2 7 7.2£0.52 7 7.80.42
Hematoorit % 40,0155 B1 5 46.5%4.02 4 40.9+2.84
" SE L B2 7 35.2%4.00 7 52.3+1.69*
B1 5 46.8+2.58 4 56.3%5.20
3 8x2.
MCV, pm 46.8+2.53 B2 7 48.9+3.45 7 52.9+2.82
B1 5 15.240.98 4 20.7£1.90*
+
MCH, pg 15.821.05 B2 7 16.41.23 7 18.4+1.14
B1 5 | 33344839 | 4 349.3+8.83
MCHC, g/L 337.546.11
9/ B2 7 | 3320:489 | 7 334.0£9.84
B1 5 15.4+0.47 4 16.0£1.05
RDW, % 16.040.48
B2 7 14.440.81 7 15.3£0.70
B1 5 | 184.8t13.98 | 4 | 337.8:34.26
Thrombocytes, 250.9+17.5
10°/L B2 7 | 32547928 | 7 | 304.0%24.96
B1 5 8.3:0.28 4 8.5:0.23
MPV, pm? 9.740.23
LHm B2 7 9.9%0.50 7 8.840.25
B1 5 17.843.50 4 9.0£1.29
ESR, mm/h 431052
» mm/hour B2 7 23.4£3.90 7 6.6%1.02%

Note. The difference between the digital indicators was considered significant at p < 0.05 (*).

The number of erythrocytes in the blood of cats treated according to B1 circuit
decreased significantly (by 1.35 times; p<0.05), the MCH index increased (by 1.2 times;
p<0.05), there was a tendency for the reduction of COE. In peripheral blood of cats of
B2 group at the end of therapy, there was a reliable increase of hemoglobin concentration
(by 1.2 times; p<0,05), decrease of MPV (in 1.13 times; p<0.05) and ESR (by 3.55 times;
p<0.05), a tendency of MCH increase close to reliability. In the blood of animals of
both groups, a decrease in the number of leukocytes was observed close to reliability.

Dynamics of changes in the course of treatment of serum biochemical parameters
in cats with cholangiohepatitis of medium severity is given in Table 3.
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Table 3
Biochemical indicators of cat blood serum at medium severity
of cholangiohepatitis during the treatment
. Clinically Before treatment After treatment
Indicator Scheme
healthy (n=11) n M+m n M+m
B1 5 8.4+1.09 4 7.1+0.49
Urea, mmole/ L 7.8+£0.37
B2 7 9.1+0.95 7 6.8+0.30
B1 5 131.8+6.14 4 85.8 +£8.24*
Creatinine, pmol/L 122.5+8.18
B2 7 140.1£10.04 7 86.3 + 3.94*
ilirubi B1 5 12.4+10.30 4 2.4+0.54
Total bilirubin, 3.5+0.41
pmol/L B2 7 23.1+9.00 7 3.3+0.39
B1 5 97.3+22.13 4 45.5+6.30
AST, U/L 35.9+3.33
B2 7 44.8+5.82 7 47.4+3.39
B1 5 89.6 +18.45 4 47.0+6.98
ALT, U/L 42.7+3.32
B2 7 88.8+19.46 7 52.1+5.03
B1 5 39.0+7.13 4 21.0+£1.73
SF, U/L 21.3+25
B2 7 59.3+18.40 7 21.7 +1.78*
B1 5 4.2+1.80 4 2.3+1.31
GGT, U/L 0.4+0.15
B2 7 49+1.16 7 2.4+0.75
B1 5 5.8+1.13 4 4.6 +0.23
Glucose, mmole/ L 4.7+0.16
B2 7 6.3+1.24 7 3.9+0.23
X B1 5 77.0+4.82 4 72.1+2.89
Total protein, g/ L 72.1+1.58
B2 7 74.1+6.28 7 68.3+1.50
. B1 5 20.9+1.89 4 26.8 +0.75*%
Albumins, g/ L 25.7+0.78
B2 7 22.2+1.51 7 28.0+0.87*
B1 5 4.4+0.38 4 2.8+0.13*
Cholesterol, mmole/I. 2.8+0.16
B2 7 3.9+0.44 7 2.9+0.16%
B1 5 846 +87 4 658 +74
Amylase, U/L 736.3+48.7
B2 7 781 +53 7 724+ 64
. B1 5 79.6 £19.21 4 32.3+10.62
Lipase, U/ L 38.0+4.64
B2 7 66.1+10.99 7 35.0£5.38*
Note. The difference between the digital indicators was considered significant at p < 0.05 (¥).

In serum of cats of B1 group the concentration of creatinine (1.53 times; p <0.05)
and cholesterol (1.57 times; p<0.05) was significantly reduced, albumin concentration
was increased (1.28 times; p <0.05). In animals of B1 group a trend of decrease in
serum activity of ALT, AST, alkaline phosphate, amylase and lipase, which is close to
reliability, was also revealed. In serum of cats of B2 group the concentration of creatinine
(by 1.62 times; p <0.05) and cholesterol (by 1.34 times; p <0.05) was significantly
reduced, albumin concentration increased (by 1.26 times; p <0.05), lipase activity
decreased (by 1.88 times; p<0.05) and alkaline phosphorus (by 2.73 times; p<0.05).
In animals of B2 group there was also revealed a close to reliable downward trend in
serum activity of ALT, AST, GGT and amylase. Additional prescription of multimodal
analgesia to cats with medium cholangiohepatitis leads to a reliable (p <0.01) decrease
of the modified pain scale indicator by 2.9 times.
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Discussion

Sick cats with medium severity form of cholangiohepatitis, when administered as
a complex therapy the combination of marbofloxacin, metronidazole, ursodeoxycholic acid,
cyancobolamine, tocopherol acetate, infusion therapy had a good therapeutic effect, which
was accompanied by improved clinical and laboratory performance. However, additional
prescription of means of multimodal analgesia (gabapentin, lidocaine, maroapitan) was
accompanied by increase of frequency of full recovery of animals, reliable decrease of
signs of pain syndrome.

Gabapentin is an analogue of the inhibitory neurotransmitter of gamma-aminobutyric
acid in the central nervous system. This preparation has a blocking effect on chronic
pain impulse [4, 6]. Intravenous lidocaine injection in the form of infusion at a constant
rate has a pronounced analgesic effect in cats [5]. Maropitant is a powerful and selective
antagonist of neurokinin-1 receptor antagonists, influences the production of substance P,
has a powerful anti-emetic, moderate sedative and analgesic effect. The experiment also
shows some anti-inflammatory effect of this medicinal substance [10, 18].

In the blood of cats with acute bacterial cholangiohepatitis in the background of
intensive care, there was a significant decrease in SER, the number of white blood cells;
and in the serum, there was an increase in the concentration of albumin, a decrease in the
concentration of creatinine, albumin, the activity of aminotransferases, schF, GGT, lipase.
Relatively low lethality rates of cats in our study can be explained by the exception of
chronic (lymphocytic-plasmocytic) forms of cholangiohepatitis. According to literature
data, chronic lymphocytic cholangiohepatitis in cats is a rather severe pathology, which has
a long latent period and almost always ends with biliary cirrhosis development [12, 15].

Conclusion

Sick cats with medium severity form of cholangiohepatitis, when administered as
a complex therapy the combination of marbofloxacin, metronidazole, ursodeoxycholic
acid, cyancobolamine, tocopherol acetate, infusion therapy had a good therapeutic effect,
which was accompanied by improved clinical and laboratory performance. However, the
additional prescription of multimodal analgesia was accompanied by an increase in the
frequency of complete recovery of animals and a reliable decrease in the signs of pain
syndrome. In the blood of cats with acute bacterial cholangiohepatitis in the background
of intensive therapy, there was a significant decrease in SEE, white blood cell count;
and in serum, there was an increase in albumin concentration, reduction of creatinine,
albumin, activity of aminotransferases, alkaline phosphate, GGT, lipase. Additional
prescription of multimodal analgesia (gabapentin, lidocaine, maroapitan) for sick cats
leads to a significant decrease in the modified pain scale.
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AnHotanus. OcTpriii 6aKTepUanbHBIN X0/IaHTHOTENaTUT KOLIeK IMpeAcTaB/seT co60il upe3BbIyaiiHO
pacrpoCTpaHeHHY0 MAaTOMIOTHI0, CBA3aHHYIO C BOCIIa/IeHHeM NapeHXHMMBbI TTIeUeHH U JKeTUHBIX IPOTOKOB, Xapak-
TEepPU3YIOILYIOCs Pa3BUTHEM relaToJelpecCUBHOTO CUH/POMa (THUI0aIb0yMUHEMHH ), LIUTOIN3a (TIOBBILLIEHVe
aKTUBHOCTH acTlapariHOBOM M alaHMHOBOM TpaHCaMKHA3bl B CHIBOPOTKE KPOBH), X0jiecTa3a (MOBBIIeHe
CBHIBOPOTOYHOM KOHLIeHTpaluu 6UIpyOuHa, Xo/ecTepuHa, aKkTHBHOCTH raMMa-I/Iy TaMUITPaHCIIeNTH a3kl
U 11es0uHOM docdaraser), MHTOKCUKALIWM, JeTUPATALUH, Me3eHXUMaIbHO-BOCIIATUTEILHOTO U 60/1eBOro
CUHZAPOMOB. Lenb MccnefoBaHus — U3yunTh 3 (HEKTHBHOCTD JIeYeHHsI KOLIeK C OCTPbIM OakTepraabHBIM
XOJIaHTMOTeNaTUTOM MPH CpeJjHel CTeNeHH TsHKeCTH TeueHHs aTo/oruu. CoryiaCHO KpUTepHUsiM BK/IIOUeHHs
Y WCKJTIOYeHHMs B MCC/IeloBaHKe MTPOBOAMIIN Ha Ipyre Kolek (n = 12) c ocTpeIM 6akTeprasbHbIM X0JIaHTH-
orernaTturoM. Vicnonb3oBanu KIMHUUECKHe, TeMaTo/I0ruueckye, yIbTPa3ByKOBbIe, CTaTUCTUUECKIe MeTOZbI
nccsiefioBaHust. Y GOJIBHBIX KOILEK MpU cpefHel opMe XOJaHIHOrenaTyura Ipyu Ha3HaueHWH B COCTaBe
KOMILJIEKCHOH Tepanyy KOMOWHAL[Us MeTPOHH/|a30/1a, MapOodyioKcaliiHa, YPCoAe30KCHX0IeBOW KUCIIOTHI,
ToKOo(epora ailerara, LiHaHKoOo/1laMyHa Mpy MH(Y3MOHHOM BBe/IeHUH OKa3biBasla XOPOLIMH TepareBTHye-
CKU 3¢ deKT, UTO CONPOBOXKAAIOCH YIyUllleHHeM KIMHUKO-1abopaTOpHBIX M0Ka3areield. B KpoBU Kollek
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