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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2025-9-1 Twrr cTaThu: OpUTHHATIBHAS
VK 633.34 (470.57) Type of article: original

O100p 3pPeKTUBHBIX LITAMMOB KJIYOEHbKOBbIX OaKTEepUil
Bradyrhizobium japonicum njisi COPTOB COM CMOMPCKOM CeJIeKIIMU
B ycioBusix Pecny0iimku bamkoprocran

C<)Caraena JI.B., Auapusinosa 3.M., 'ymeposa JI.®D.
Bawxupckuii 2cocyoapcmeennvlil acpapHulii yHueepcumem
Ya, Poccus

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

Cost — BBICOKOA(QEKTUBHASI U TICPCIICKTUBHASI 36pPHOO000BAsT KylnbTypa. B HOBBIX paiioHax BO3-
JeNbIBAaHUS B MIOYBAX OTCYTCTBYIOT KiIyOeHbKOBbIe Oaktepunt Bradyrhizobium japonicum (Kirchner)
Jordan st cou, mo3aToMy Bomnpoc moadopa Hanbosee F3PGEKTUBHBIX ITAMMOB SIBJISICTCS OYCHb aK-
TyanbHbIM. B pabote uccnenoBansl Biusiaue 10 mraMMoB KIyOSHBKOBBIX OakTepuil Ha MOpQoIoTHU-
geckue M (PU3MOIOTHICCKUE ITOKa3aTe, IPOayKTUBHOCTE copToB con CuOHMMK 315 n Omckas 4.
BeoisiBienbl mraMMbl, 3¢G(EKTUBHBICE B OTHOIICHHH 000MX cOpTOB (6340, 626a, 6400), mITaMMBI,
CHIKATOIITNE TIOKA3aTeN! MPOTyKTUBHOCTH 000mX copToB (10K, b/132 u 6051). Hekotopbie mITaMMBI
(MUA10 u 711) 6b11H 3P PeKTUBHBIMU B cMOHO3e ¢ coproM Omckas 4, a Ha copre CuOHUUK 315
OHH CHIDKAIIH YPO)KaHOCTh M cOOp Oerka ¢ rexrapa. B cTaHOBIEHNN yCHeNTHOTO cuMOMO03a 3a1ei-
CTBOBaHBI 00a €ro y4acTHHKA. AHAIIN3 CTPYKTYpPhl YPOXKasi COM MOKa3all, YTo B HaUOOJbILIEH cTere-
HU TIPOAYKTUBHOCTH 3aBUCHUT OT KOIMYeCcTBa O0O0OB M CEMsIH Ha PACTEHHH, T.€. IPH3HAKOB, KOTOPHIC
(hopMHPYIOTCS O4CHB PaHO — B (pa3e BETBICHHS, KOTJIa 3aKJIa/[bIBAIOTCS TeHepaTUBHBIE MTOYKU. B 3TOT
MOMEHT CHMOMOTHYECKHIA arapar eile He MOJHOCThI0 C(hopMUpPOBAICS, TOATOMY Hed(h(HEeKTUBHBIH
HITAMM MOYKET OKa3aThCsl JIOTIOJIHUTEIBHOM HArpy3KOH Ha pacTeHHEe, KOTOPBIN 3aTpauuBacT ero dHep-
TeTHUYECKUE PECYPCHI U CHIDKAET €ro MPOAYKTUBHOCTb. J[pyrue sieMeHTsl IPOAyKTUBHOCTH — Macca
1000 cemsiH, conepxanue Oeyika — HOPMUPYIOTCS B 00Jiee MO3HUE CPOKH, BO BPEMs HAJMBa CEMsIH,
1 Ha HUX OKa3bIBACT MOJOKUTEIFHOE BIMSHUE HHOKYJISIIMS MPAKTHUECKHU JTI0OBIM mTaMmmoM. Cpenu
Bcex BapuaHTOB mTaMM 402 crmoco6cTBOBa HaMOOIBIIEMY MOBBIIICHUIO COACPKAHUS Oelika B Ce-
MeHax 00ouX copToB, a mramMm 6051 — HaumenbieMy. Copt OMckas 4 dydine pearnpoBall Ha HHO-
KYJSIUIO: OONBIIMHCTBO IITAMMOB CITOCOOCTBOBAJIH TOBBIIIEHHWIO MAaCChl M KOJMYECTBA CEMSH Ha
pacteHuH, KonuuecTBa ceMsiH B 000e u Macchl 1000 ceMsiH 1o cpaBHEHHIO C KOHTPOJIEM U BAPHAHTOM
¢ a30ToM B zo3e 60 kr/ra.
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Soy is a highly efficient and promising legume crop. In new cultivation areas, the soils do not
contain nodule bacteria Bradyrhizobium japonicum (Kirchner) Jordan for soybeans, so the issue of se-
lecting the most effective strains is very relevant. The work investigated the effect of 10 strains of no-
dule bacteria on the morphological and physiological parameters, productivity of 2 soybean varieties
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Jjaponicum for soybean varieties of Siberian selection

in the conditions of the Republic of Bashkortostan

SibNIIK 315 and Omskaya 4. The strains were identified that were effective for both cultivars (634b,
626a, 640b), while other strains reduced the productivity of both cultivars (10k, BD32 and 605d).
Some strains (MID10 and 71t) were effective in symbiosis with the cultivar Omskaya 4, but they re-
duced the yield and protein production per hectare in the cultivar SibNIIK 315. Both participants are
involved in the development of a successful symbiosis. Analysis of the soybean yield structure showed
that productivity depends most on the number of beans and seeds on the plant, i.e. the characteristics
that are formed very early in the branching phase, when generative buds are laid. At this time, the sym-
biotic apparatus has not yet fully formed, so an ineffective strain may be an additional burden on the
plant, which consumes its energy resources and reduces its productivity. Other elements of producti-
vity like the mass of 1000 seeds and the protein content are formed at a later stage, during seed filling,
and they are positively affected by inoculation with almost any strain. Among all the variants, strain
402 contributed to the greatest increase in protein content in the seeds of both varieties, and strain 605d
contributed to the least. The Omskaya 4 variety responded better to inoculation: most strains contri-
buted to an increase in the weight and number of seeds per plant, the number of seeds in the bean and
the mass of 1000 seeds compared to the control and the variant with nitrogen at a dose of 60 kg/ha.
Keywords: inoculation, symbiosis, nodule bacteria, productivity, crop structure
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INTRODUCTION

In connection with the growing demand for
vegetable protein and oil, the widespread use
of soybean crops (Glycine max (L.) Merr.) is of
great importance, which is due to the high qual-
ity of the product and the possibility of its uni-
versal use for food, feed and technical purposes.

Short-day soybean varieties, which require
heat and moisture and have a long growing
season, predominate in global production. The
development of new early-maturing varieties
has allowed soybean cultivation to expand into
more continental regions; soybeans are now
considered a promising crop for the Volga and
Ural regions. However, soybean cultivation in
Bashkortostan is limited by the lack of sufficient
research into its introduction into new northern

ecotopes. The reasons for the instability of soy-
bean yields in different years remain unclear;
many physiological aspects of the interaction of
soybeans with nodule bacteria, the influence of
legume-rhizobial symbiosis on the formation of
the yield under varying weather factors and dif-
ferent levels of mineral nutrition in new soil and
climatic conditions have not been studied.

The aim of the research is to determine the
influence of various physiological and morpho-
logical characteristics of the symbiosis of soy-
beans and nodule bacteria Br. japonicum on the
formation of soybean productivity elements in
the conditions of the Bashkir Cis-Urals.

The objectives of the work were as follows:

— to determine the responsiveness of individ-
ual elements of the soybean crop structure to in-
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oculation with various strains of nodule bacteria,
to identify the strains complementary to the soy-
bean variety SibNIIK 315, approved for use in
the Republic of Bashkortostan, and the Omska-
ya 4 variety;

— to determine the relationships between var-
ious physiological parameters in the soybean—
Br. japonicum system, their influence on energy
metabolism and the distribution of assimilates
between the plant and nodule bacteria in order
to identify the criteria for the effectiveness of
symbiosis; to evaluate the role of macro- and
microsymbionts in the implementation of sym-
biotic traits;

— to compare the effect of mineral and bacte-
rial forms of nitrogen fertilizer on the productiv-
ity of soybean variety SibNIIK 315, to evaluate
the effectiveness and feasibility of using mineral
nitrogen when inoculating soybeans on leached
chernozem of the southern forest-steppe zone of
Bashkortostan;

— to determine the contribution of various el-
ements of the crop structure to the formation of
the productivity of an early maturing soybean
variety, to determine the factors limiting the
soybean yield under varying hydrothermal con-
ditions in the soil and climatic conditions of the
Bashkir Cis-Urals.

MATERIAL AND METHODS

Soybean varieties with a good record of
growth in Bashkortostan (SibNIIK 315 and
Omskaya 4) were selected as the objects of the
study. The effectiveness of 10 strains of Br: ja-
ponicum nodule bacteria was tested on them.
Collection strains of Br. japonicum nodule bac-
teria were obtained from the All-Russian Re-
search Institute of Agricultural Microbiology
(St. Petersburg — Pushkin). These are standard
strains 626a and 634b; strains participating in
the Geographic Network of Experiments with
Nitragin 640b, 605d, 635b, 402, BD32, MID10,
10k, 71t, 645d, 607d, 611d, D2, E109, M8.

The SibNIIK 315 variety, bred at the Siberi-
an Research Institute of Fodder Crops, has been

included in the State Register since 1991 for the
Volga-Vyatka, Middle Volga, Ural, West Siberi-
an, and East Siberian regions. The growing sea-
son from germination to maturity is 92—105 days.
It has demonstrated high adaptability to various
growing conditions. Plants are of intermediate
growth type, 70-85 cm tall, with a compressed
bush shape. 1000-seed weight is 160—-180 g. The
seed protein content is 35-40%, and the oil con-
tent is 17-20% [1, 2].

The Omskaya 4 variety was developed at
the Omsk Agricultural Research Center and has
been included in the State Register for the West
Siberian region since 1993. It is a middle-early
variety. The bush form is semi-compressed, the
plant height is 65-80 cm, and the height of the
lower pod attachment is 13—16 cm. The weight
of 1000 seeds i1s 168—180 g. The protein content
in the seeds is 38.6—40.2%, and the fat content is
19,5-21,6%.

Sowing was carried out in the second ten-day
period of May manually (plot area 4 m?) in four
replicates with randomization according to the
following general scheme: Option 1 - control,
without fertilization and inoculation; Option 2 -
with the use of mineral nitrogen at a dose of 60
kg / ha (Ng) without inoculation; Option 3 - in-
oculation with the standard strain 626a; Option 4
- inoculation with the standard strain 634b; Op-
tions 5-12 - inoculation with strains of nodule
bacteria undergoing testing in the Geographic
network of experiments with nitragin.

Agrochemical analysis showed sufficient
provision of the soil with nutrients: easily hy-
drolyzed nitrogen - 14.76 mg / kg of soil (high),
mobile phosphorus P,Os - 7.49 mg / 100 g (av-
erage), potassium - 26.81 mg/ 100 g (very high),
humus - 5.07% (high) and leached chernozem.

Before sowing, the seeds were treated with
rhizotorphin obtained from the All-Russian Re-
search Institute of Agricultural Microbiology.
In the uninoculated variants, no nodules formed
because there were no spontaneous races of soy-
bean nodule bacteria in the soil.
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During the growing season, the following
were determined: the weight of leaves, stems,
roots, and nodules; the number of leaves, in-
ternodes, and nodules; the total and individu-
al chlorophyll a and b content in leaves; plant
length; and the height of attachment of the lower
pod. After harvesting, the number and weight of
pods and seeds were counted; the content of pro-
tein, oil, nitrogen, phosphorus, and potassium in
seeds was determined using an IK-4250 infrared
analyzer. The results were processed using dis-
persion and correlation analysis.

RESULTS AND DISCUSSION

Soybean in Bashkiria is an introduced crop,
and there are no spontaneous races or strains of
Br. japonicum nodule bacteria for it in the soil. A
number of studies have reported the positive im-
pact of inoculation on the productivity and qual-
ity of soybean seeds [3—6]. For soybean, as for
many other legumes, there are numerous factors
that limit successful symbiosis. These include
acidic soils, a deficiency of micronutrients, par-
ticularly molybdenum, an excess of mineral ni-
trogen, the effects of pesticides used to protect
crops, and unfavorable weather and climatic
conditions. The variety specificity of rhizobacte-
ria is also important. Numerous studies demon-
strate the need to select strains of nodule bacteria
for varieties and soils in different regions [7—12].
The results of determining the influence of the
tested strains of nodule bacteria on the yield and
chemical composition of soybean seeds are pre-
sented in Figs. 1 and 2. The variants are arranged
in descending order of protein yield per hectare,
as a more general indicator that takes into ac-
count both the amount of accumulated nitrogen
and the size of the resulting yield.

The studied varieties differed in their re-
sponse to inoculation with 10 strains of nodule
bacteria. For example, the Omskaya 4 soybean
variety, in a control variant without nodule bac-
teria, had lower yield and seed protein content
compared to the SibNIIK 315 variety. Howev-
er, inoculation with all strains of nodule bacteria
significantly increased yield and, consequently,
increased nitrogen removal by the seeds. Mean-

while, four strains inoculated with the SibNIIK
315 variety contributed to a decrease in yield
and protein yield per hectare. The application of
mineral nitrogen at a rate of 60 kg/ha also neg-
atively impacted the yield of the SibNIIK 315
variety in nitrogen-rich soil.

Two groups of strains were identified: the ef-
fective ones, which significantly increased seed
yield compared to the control and the variant
with mineral nitrogen, and the ineffective ones,
which did not increase or even reduced soybean
productivity (see Fig. 1, 2). It turned out that both
partners are responsible for the effectiveness of
the symbiosis. For example, some of the best
(634b, 640b, 626a, 402, and 635b) and worst
(10k, BD32, and 605d) strains were common to
both varieties, and some strains (MID10 and 71t)
were effective in symbiosis with the Omskaya 4
variety, while on the SibNIIK 315 variety they
reduced yield and protein yield per hectare.

Despite the ambiguous effects of different
strains of nodule bacteria on seed yield forma-
tion, provision of fixed nitrogen in any form—
mineral or symbiotic—Ied to an increase in seed
protein content. Inoculation with even the least
effective strain increased seed protein content
and 1,000-kernel weight not only with the con-
trol but also with mineral nitrogen. It should be
noted that, of all the variants, strain 402 contrib-
uted to the greatest increase in seed protein con-
tent in both varieties, while strain 605d contrib-
uted to the smallest.

As shown in the table, in the SibNIIK 315
variety, inoculation with most strains of nodule
bacteria reduced or did not increase the indica-
tors of seed weight, the number of seeds and
pods on the plants compared to the control (only
2 strains - 634b and 640b - caused a significant
increase in the weight and number of seeds), but
had a positive effect on the number of seeds in
a pod (within the experimental error) and on the
weight of 1000 seeds (a significant increase in 6
out of 10 variants).

The Omskaya 4 variety responded better to
inoculation: most strains contributed to an in-
crease in the weight and number of seeds per
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Fig. 2. Effect of different strains of nodule bacteria on the productivity, content and yield of protein in the

harvest of soybean seeds of Omskaya 4 variety

plant, with a significant increase in weight ob-
served in three variants, the number of seeds per
plant in 6 variants, the number of seeds per pod
in 7 variants, and the weight of 1000 seeds in 8
variants compared to the control.

Analysis of soybean productivity elements
shows that plants more effectively used the po-

tential of symbiosis to form the traits that are
laid down at later stages (the number of seeds
in a pod, the weight of 1000 seeds, the protein
content in them) and significantly less effective-
ly for the traits that are laid down at early stages
of development (the number of pods and seeds
per plant).
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BrnusiHue pa3zinuyHbIX IITAaMMOB Br: japonicum Ha IOKa3aTeId CTPYKTYPBl YPOKasi CO
Effect of different strains of Br. japonicum on soybean crop structure

No Option Seed weight, Number of seeds, | Number of beans, Number of Weight
' P g/plant pcs./plant pcs./plant seeds per pod, pcs. | of 1000 seeds, g
SibNIIK 315
1 Control 6,49 45,7 23,25 1,96 141,9
2 [Ny 5,82 41,82 22,10 1,90 139,2
3 626a 6,70 40,7 20,82 1,95 157,0
4 634b 7,92% 49,8%* 24,97 2,0 158,5*
5 635b 6,64 40,72 20,67 1,97 162,7*
6 640b 8,27* 51,55% 25,37 2,03 161,3*
7 605d 5,26 37,00 18,77 1,98 141,4
8 1402 7,00 4335 21,80 2,0 161,4*
9 |BD32 5,67 38,52 19,35 2,0 146,8
10 |MID10 6,50 42,20 22,10 1,97 154,3*
11 |10k 5,39 36,27 18,42 1,97 148.3
12 |71t 5,29 35,37 17,60 2,0 150,6
Average 6,42 41,92 21,27 1,98 151,9
Sd 1,47 8,75 4.5 0,11 11,86
Omskaya 4

1 Control 5,88 43,22 21,92 1,97 135,5
2 [Ny 6,30 45,10 21,70 2,07* 140,0
3 626a 7,82% 48,90* 23,57 2,06 160,5%*
4 634b 8,34%* 53,95% 25,67 2,10% 153,2
5 635b 6,87 43,40 20,47 2,13% 158,6%*
6 640b 7,71 48,25% 22,95 2,11% 160,0*
7 605d 5,64 34,95 18,60 2,03 148,2
8 1402 7,29 45,87* 21,60 2,13* 159,0*
9 |BD32 6,30 41,37 19,80 2,08* 153,8%*
10 |MID10 8,19%* 50,87* 23,77 2,14%* 161,1*
11 |10k 6,77 43,72 21,42 2,04 154.,4%*
12 |71t 7,57 47,25% 22,85 2,06 158,5*
Average 7,05 45,92 22,03 2,08 153.,6

Sd 1,90 2,02 5,61 0,1 9,65

*The differences are significant at p = 0,05.
sq — standard deviation.

As a rule, application of mineral nitrogen
at a dose of 60 kg/ha (Ngy) decreased (for the
SibNIIK 315 variety) or slightly increased (for
the Omskaya 4 variety) the yield structure pa-
rameters, which is sometimes observed in rich
chernozem soils. This indicates that, under these
conditions, inoculation with some strains was

more effective than the application of nitrogen
fertilizers at a dose of 60 kg/ha.

The correlation analysis of productivity fac-
tors revealed a close relationship between the
number of pods and seeds per plant and the seed
weight per plant (» = 0.85-0.99 at p = 0.01).
These factors directly influence the yield and
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are formed at relatively early stages of soybean
development—in May and June. For example,
the number of pods is determined at stage IV of
organogenesis and corresponds to the branching
phase, when generative buds are formed [13]. In
the early stages of root infection and nodule de-
velopment, when the symbiotic apparatus is just
beginning to form and bacteria are not yet able to
assimilate molecular nitrogen, temporary inhibi-
tion of young plants is observed. Subsequently,
the additional nitrogen provides a growth and
development advantage. If a plant is inoculated
with an ineffective strain of nodule bacteria, the
bacteria can also parasitize the host. Therefore,
inoculation with an effective strain is crucial for
the development of the key productivity factors
that determine crop yield.

High positive correlation coefficients were
found between the thousand-seed weight and
protein content (» = 0.89—0.94 at p = 0.01), and
high negative ones were found between the thou-
sand-seed weight and oil content (» = —0.89...
—0.99 at p = 0.01). These indices are formed at
later stages, during grain filling, when the sym-
biotic apparatus is well developed. There is a
high negative correlation between the protein
and oil content in seeds (» = —0.89... —0.99 at
p=0.01). Negative correlations between protein
and oil content in soybean seeds were noted in
the work of Yu.Yu. Pomorova et al. [13].

The formation of soybean crop is closely
linked to agroclimatic conditions [14, 15], espe-
cially for the continental climate of the Southern
Urals.

CONCLUSION

Thus, selecting effective strains of Br. japon-
icum nodule bacteria for soybean inoculation is
essential for its cultivation to produce high-pro-
tein yields. The most versatile and effective bac-
terial strains in the Republic of Bashkortostan are
strains 634b and 640b. From the earliest stages
of plant development, they promote the forma-
tion of the largest number of beans and seeds per
plant, which are highly correlated with produc-

tivity. Some strains (605d, BD32, 10k) can also
reduce plant productivity by inefficiently using
the resources of the phytosymbiont. Inoculation
with all strains increased seed protein content by

3.2-6.9%.
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Oco0ennocTu MopdoreHe3a COPTOB €KeBUKH CAT0BOM
HAa 3Tane cOOCTBEHHO MUKPOPAa3MHOXKECHUA in Vitro

CTyceB JI.A., Ilnakcuna T.B., bannosa I'.H.

DedepanbHulil AnmaricKutl HayYHblil YeHmp azpoouUomexHoI0ull
Anraiickuil kpaii, bapnaayn, Poccus

(<)e-mail: dmitryagus@mai.ru

E>xeBuka siBsieTCsl LIGHHOH SITOHOM Ky/BbTypoil. B HacTosiee Bpemsl ¢ MOSIBICHHEM HOBBIX COPTOB
BO3POC MHTEpPEC K HEH HE TOJIBKO y CaJIOBOAOB-JIIOOUTENEH, HO M MPOU3BOACTBEHHUKOB. Srozs! u mo-
CaJIOYHBIA MaTepHaj dTOH KyJIbTyphl B OCHOBHOM TOCTYTAJHM U MOCTYMArOT B Poccnio u3 OmmkHEro n
JIATIbHETO 3apy0exkbsi. MaccoBoe pa3MHOKEHUE KaYeCTBEHHOTO TI0CaJOYHOTO Marepraa exKeBHKN Heo0-
XOZIMMO JUTSl 3aKJIaIKK HACKICHUH M U3YUEHHUSI HOBBIX COPTOB, YTO TpeOyeT pa3paboTKH COBPEMEHHBIX
TEXHOJIOTUI pa3MHOKEHHUsI METOJIOM KyJBTYpBI TKaHel in vitro. Llenpio ncciaenoBaHuii ObUIO M3ydeHHE
Mop(oreHeTHYECKOro oTeHIra a Ha 10 cOBpeMEeHHBIX copTax €KEBUKH CaI0BOH Ha 3Tarie COOCTBEHHO
MUKpopa3MHOXxeHus. [[ist atoro ucnonp3oBamu cpexy DKW (Driver, Kuniyuki, 1984) B Hamelr mosu-
(UKanMK ¢ cofepkaHneM Pa3IMYHBIX PETYISATOPOB POCTa — IUTOKMHKUHA 6-OeH3mnamuHoyprHa (BAIT)
B KoHreHTparmu 2,5 u 3,0 MKM u aykcuHa wHI0MII-3-MacisHast kuciora (MMK) 0,25 u 0,3 MxM, u
0e3 aykcrHa. YCTaHOBJIEH ONTUMAJIBHBIN cocTaB perynasTopoB pocta (3 MkM BAII 6e3 nobaBnenus ayk-
cuna). [IpoBe/iIcHO paH)KUPOBAaHUE COPTOB TI0 OCHOBHBIM ITOKA3aTessIM: KOI(D(MUIIMEHT Pa3MHOKEHUS,
JI0JIS1 TTOOETOB, MPUTOIHBIX VISl YKOPCHEHUsI, KOPHEOOpa3oBaHHe, pa3BUTHE 0A3aIbHOIO KaJLTyca U BH-
Tpudukamu noderos. Copra e>KeBUKH ObLIM pa30UThI HA TPYIIIBI ¢ BEICOKUM, CPEAHUM U HU3KHM YPOB-
HEM I10 OCHOBHBIM IOKa3aTessiM. [lokazaH pa3HOHAIIPABICHHbIN XapaKTep OTBETHBIX PEaKLUi U3ydeH-
HBIX COPTOB €KEBUKHU Ha yCIIOBHS KYJIFTHBUPOBAHHS. YCTAHOBJICHO CTATUCTUYECKH 3HAYMMOE BIIUSIHUC
copTa 1o BceM M3y4YeHHBIM okazaressiMm MopdoreHesa. [1o HanbonbiremMy K03hGHUIHMEHTY pa3MHOKEHUST
BhIIeMIack rpymma coproB Chester, Black Satin, Brzezina u Von (12,5-9,5 mr./akcrant). [1o Beixomy
M0OETOB, TIPUTOTHBIX JIJIsl yKOPSHEHHsI, OTMEUeHbI Harmydrme copra Heaven Can Wait, Black Diamond,
Black Satin, Bestberry (69,2-49,3%). B xapakrtepe u HanpasieHHOCTH Mop(doreHesa KIIOueByrO pojb
UTPaAET COPT, a CPEAA JIMIIb ITO3BOJISIET PACKPBITH €T0 MOTEHIHAL.

KawoueBble ciioBa: eXeBHKa, KIOHABHOE MHUKPOPa3MHOKEHHE, i1 Vifro, TIMTATeNbHAs Cpeja,
perenepanusi, peryisTopsl pocrta, Rubus L.

Features of morphogenesis of garden blackberry varieties at the stage
of actual micropropagation in vitro

C<x)Gusev D.A., Plaksina T.V., Blinova G.N.

Federal Altai Scientific Centre of Agro-Biotechnologies
Barnaul, Altai Territory, Russia

(X)e-mail: dmitryagus@mai.ru

Blackberries are a valuable berry crop. Currently, with the emergence of new varieties, interest in
it has increased not only among amateur gardeners, but also among producers. Berries and planting
material of this crop have mainly come and are coming to Russia from near and far abroad. Mass re-
production of high-quality planting material of blackberries is necessary for laying out plantings and
studying new varieties, which requires the development of modern reproduction technologies using
the in vitro tissue culture method. The purpose of the research was to study the morphogenetic po-
tential of 10 modern varieties of garden blackberries at the stage of actual micropropagation. For this
purpose, the DKW medium (Driver, Kuniyuki, 1984) was used in our modification containing various
growth regulators — cytokinin 6-benzylaminopurine (BAP) in a concentration of 2.5 and 3.0 uM and
auxin indolyl-3-butyric acid (IBA) 0.25 and 0.3 uM and without auxin. The optimal composition of

14 Siberian Herald of Agricultural Science * 2025 ¢ 55 « 9 Plant growing and breeding



Ocobennoctr MOp(hOreHe3a COpTOB eXKEBUKH CaTOBOU
Ha 3Tare cOOCTBEHHO MUKPOPA3MHOXKEHUS in Vitro

T'yces [I.A., ITnakcuna T.B., bimnosa I'H.

growth regulators (3 uM BAP without adding auxin) was established. The varieties were ranked by
the main indicators: multiplication coefficient, proportion of shoots suitable for rooting, root forma-
tion, development of basal callus and vitrification of shoots. Blackberry varieties were divided into
groups with high, medium and low levels of the main indicators. The multidirectional nature of the
responses of the studied blackberry varieties to the cultivation conditions was shown. A statistically
significant effect of the variety on all the studied morphogenesis indicators was established. The group
of varieties Chester, Black Satin, Brzezina and Von stood out by the highest reproduction coefficient
(12.5-9.5 pes./explant). In terms of the yield of shoots suitable for rooting, the best varieties are Hea-
ven Can Wait, Black Diamond, Black Satin, Bestberry (69.2—49.3%). The variety plays a key role in

the nature and direction of morphogenesis, and the medium only allows its potential to be revealed.
Keywords: blackberry, micropropagation, in vitro, nutrient medium, regeneration, growth regula-

tors, Rubus L.
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INTRODUCTION

Blackberries are closely related to raspberries
and belong to the same genus, Rubus L., in the
Rosaceae family, but to the subspecies Eubatus
focke. Wild blackberries are common in Asia,
Europe, and North America and include approx-
imately 200 species. More than 50 species of
blackberries grow in Russia.

Cultivated blackberry varieties originate from
three European and 10 American species. The
first cultivated blackberry varieties appeared in the
mid-19th century in America. In our country, L.V.
Michurin was one of the first to breed this crop.
Between 1904 and 1908, he created the varieties
Izobilnaya, Krasnaya, Texas, Enorm, and Urania 1.

The recent emergence of a wide variety of new
blackberry varieties has generated significant in-
terest among amateur gardeners and agricultural
producers of various types, producing planting

stock and fresh berries. Modern blackberry vari-
eties boast excellent flavor and transportability,
with later flowering and ripening compared to
raspberries, expanding the range of fresh berry
consumption. Blackberries are more productive
than raspberries, and their berries and leaves
are no less medicinal than those of raspberries.
Based on their growth habit, blackberries are di-
vided into two groups: upright (brambleberry),
or blackberry proper, and creeping, or spread-
ing (dewberry). Upright blackberries form root
suckers, like raspberries, which can be used for
propagation. Spreading blackberries, however,
propagate only by layering apical buds. There
are also intermediate forms of semi-spreading
blackberries.

It should be noted that modern blackberry
varieties are complex hybrids, as evidenced by
scientific publications and patents'->.

\Nikitochkina T.D., Nikitochkin D.N. Raspberry, blackberry: A guide for amateur gardeners. Moscow: Niola-Press Publishing

House; UNION-public Publishing House,2007, pp. 113-117.

2Clark J.S., Moore J.N. “Natchez” Tornless Blackberry / HortScience, 2008, vol. 6, N 43, pp. 1897-1899.
3Clark J.S., Moore J.N. US Plant Patent. N 17,162 P3 (24 October 2006).
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Features of morphogenesis of garden blackberry varieties
at the stage of actual micropropagation in vitro

Gusev D.A., Plaksina T.V., Blinova G.N.

Currently, due to the sanctions imposed on
our country, access to imported seedlings is lim-
ited. According to various estimates, Russia's
dependence on imported fruit and berry seed-
lings ranges from 40 to 50% [1]. Consequently,
there is a shortage of high-quality planting ma-
terial for a number of berry crops.

Modern in vitro culture technologies for
producing planting material for various garden
plants are widely used worldwide. Leaders in
this field include Brazil, Germany, Israel, India,
Italy, the Netherlands, Poland, and the United
States [2, 3]. In our country, this trend is also
gaining popularity, as evidenced by the latest
data from the Association of Planting Material
Producers of Russia*.

In vitro micropropagation guarantees the pro-
duction of healthy planting material for horticul-
tural crops that meets the highest quality stan-
dards, which is becoming especially important
in light of the latest requirements for the plant-
ing material®. In accordance with modern trends
in blackberry breeding, the department of the
M.A. Lisavenko Scientific Research Institute
of Siberian Horticulture (NIISS) of the Federal
Altai Scientific Centre of Agro-Biotechnologies
has amassed a collection of various varieties in
recent years [4]. It is necessary to obtain a suf-
ficient quantity of the planting material to fully
study them in the conditions of southern Western
Siberia. For rapid replication, it was decided to
use the in vitro micropropagation method.

The purpose of the research is to evaluate the
regenerative potential of blackberry varieties
under in vitro culture conditions at the stage of
micropropagation itself.

The objectives of the research included:

— optimization of the hormonal composition

of the nutrient medium at the stage of micro-
propagation itself and identification of the opti-
mal nutrient medium;

— evaluation of the morphogenesis intensity
for the studied blackberry varieties using the
ranking method.

MATERIAL AND METHODS

The work was carried out over a period of two
years (2023-2024) in the laboratory of biotech-
nology and cytology of the NIISS department
using the generally accepted methods® 7 [5].

The research objects were 10 varieties of
blackberries: Bestberry, Black Diamond, Black
Satin, Brzezina, Chester, Heaven Can Wait,
Loch-Tay, Natchez, Ouachita, Von.

Driver and Kuniyuki's DKW?® medium, modi-
fied in our own way [6], supplemented with iron
chelate at a double concentration and bacterio-
logical agar (0.7%), was used as the mineral base
of the nutrient medium. This medium has not yet
found widespread use in in vitro culture for fruit
and berry crops. There are some examples of its
use in clonal micropropagation of raspberries
[7, 8]. In most cases, when micropropagating
blackberries, it is customary to use a medium
according to the Murashige and Skoog formula
[9-11]. As a result of the previous studies, for
the final stage of optimizing the concentrations,
combinations, and ratios of growth regulators
(GRs) in the nutrient medium, cytokinin 6-ben-
zylaminopurine (BAP) 2.5 and 3.0 uM and aux-
in indolyl-3-butyric acid (IBA) 0.25 and 0.3 uM,
respectively, as well as the variants without the
addition of IBA were used.

A glass bottle (type II-100-2, height 105 mm,
diameter 50 mm) with 20 ml of nutrient medium
was used as a culture vessel.

4Catalogue "Nurseries of Russia" 2024. Moscow: Association of the planting material producers, 2024, 307 p.

SEgorov E.A., Shadrina Zh.A., Kuznetsova A.P., Efimova I.L., Kochyan G.A. et al. Organization of technological processes for the
production of the planting material for fruit crops / Under the general editorship of Academician of the Russian Academy of Sciences

E.A. Egorov. Krasnodar: FSBSI NCFSCHVW, 2019, 243 p.

Solovykh N.V. The use of biotechnological methods in working with berry crops: Methodological recommendations. Mich-
urinsk: Publishing House of the Michurinsk State Agrarian University, ARRIGBFP named after I.V. Michurin, 2009, 47 p.

"Plaksina T'V., Gusev D.A. Micropropagation of regular and everbearing raspberry varieties. Methodological recommendations.

Barnaul, 2023, 27 p.

8Driver J.A., Kuniyki A.H. In vitro propagation of paradox walnut rootstock // HortScience. 1984. vol. 19, N 4, pp. 507-509.
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The cultivation conditions were according
to the methods (see footnotes 6, 7). White LED
lamps were used as a light source (Jazzway
6500K).

The experimental design included three ex-
plants per replicate, five replicates per treatment.
Microshoots 10-13 mm long were used as the
explants. The passage duration was 60 days. The
results were obtained from a single subculture.
A stable, long-term in vitro blackberry culture
was used for the experiment.

The record elements characterizing the inten-
sity of morphogenesis, manifested in the form
of organogenesis (formation of new shoots,
roots) or histogenesis (formation of the callus
tissue) are the following: multiplication coeffi-
cient (number of microshoots per explant, pcs./
explant) (MC); proportion of the shoots >13
mm (%); presence of roots (%); degree of cal-
lus development (0 points — no callus, 1 point —
0-5 mm, 2 points — 5-10 mm, 3 points — 10 mm
or more); presence of vitrification (%).

Statistical processing of the data was carried
out according to generally accepted methods®.

The ranking of varieties according to the indi-
cators of the recording elements was carried out
by dividing the entire range of the variation of
values into three equal intervals (high, medium,
low).

RESULTS AND DISCUSSION

It is believed that in vitro tissue culture allows
for the propagation of virtually any plant thanks

to controlled conditions, using the balanced nu-
trient media with essential nutrients and a wide
range of different GRs. Micropropagation tech-
niques have been developed for over 2,400 plant
species to date. However, each species, and even
cultivar, requires optimization of the in vitro cul-
ture conditions [3, 8, 12]. The emergence of new
hybrids and varieties with complex genetic ori-
gins, as well as the preservation of the old vari-
eties of various agricultural crops with valuable
traits in their genomes, often lead to difficulties
in cloning them in vitro. Therefore, scientists
are constantly working to optimize the existing
methods and technologies to meet modern plant
propagation requirements.

The results of the final stage of optimization
of the composition of the nutrient medium for all
varieties are presented in Table 1.

A medium with 3.0 pM BAP without the ad-
dition of IBA was identified as optimal due to
its high MC (7.65 pcs/explant), indicating that
the balance and composition of the GR had been
achieved. Researchers working with garden
blackberry varieties reached a similar conclu-
sion that the presence of cytokinin alone in the
medium is sufficient for blackberry propagation
of the Natchez, Black Magic, Osage [13], Triple
Crown [8], Karaka Black [14], Ebony, Tupy [15]
varieties and the wild species of the Peruvian
Highlands [16].

Based on the data obtained from cultivating
blackberries on an optimal nutrient medium, the
varieties were ranked into groups according to

Taoua. 1. [lokazarenu pocta v pa3BUTHS COPTOB €KEBUKH Ha M3yUEHHBIX cperax

Table 1. Growth and development indicators of blackberry varieties on the studied mediums

Medium Reproduction Proportion of Callus
rate, pcs/ shoots >13 mm, Rooting, % . Vitrification, %
BAP, uM IBA, uM . formation, score
operation. %
2,5 0,00 6,53 39,5 32,0 1,02 4,4
2,5 0,25 5,56 38,4 28,0 1,05 11,9
3,0 0,00 7,65 38,3 27,3 1,11 9,6
3,0 0,30 6,50 42,7 27,3 1,11 14,1
LSDg;s 1,10 Fo <Ft Fo <Ft Fo< Ft 6,3

°Dospekhov B.A. Methods of field experiment. Moscow: Kolos, 1986, 502 p.
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Taoba. 2. PamkupoBaHue COPTOB €KEBUKH 11O KO-
s dunrenty pasmHoxkeHus Ha cpene ¢ 3 MKkM BATI

Table 2. Ranking of blackberry varieties by mul-
tiplication coefficient on a medium with 3 uM BAP

Ta6ua. 5. PamxupoBaHue cOpTOB €KEBUKH IO
KayurycooOpa3oBaHuto Ha cpenie ¢ 3 MKM BAITIL

Table 5. Ranking of blackberry varieties by callus
formation on a medium with 3 uM BAP

Ranking . Reproduction Ranking (range, . Callus formation,
(range, pcs/explant) Variety rate, pcs/explant score) Variety score
High Chester 12,5 High Black Diamond 2,0
(29,5-12,5) Black Satin 10,5 =1.4-20)  [von 1,9

Brzezina 10,4 Heaven Can Wait 1,8
Von 9.5 Chester 1,7
Middle Loch-Tay 8,8 Middle Bestberry 1.3
(26,5-<9.5) Black Diamond 7,3 ©0.7=<1.4) " [Loch-Tay 1,2
Low Bestberry 54 Black Satin 1,0
(3,5-<6,5) Natchez 4.9 Low Brzezina 0,1
- . (0,0-<0,7) Natchez 0,1

Heaven Can Wait 3,7 - >
Ouachita 35 Ouachita 0.0

Ta6a. 3. PamxupoBaHue COpTOB €KEBUKH 110
none mooderos > 13 mm (%) Ha cpeze ¢ 3 MkM BAII
Table 3. Ranking of blackberry varieties by the
proportion of shoots > 13 mm (%) on a medium
with 3 uM BAP

Proportion
Ranking (range, %) Variety of shoots >13
mm, %
High Heaven Can Wait 69,2
(= 48,0-69.2) Black Diamond 53,8
Black Satin 50,9
Bestberry 49,3
Middle Von 44,6
(=26,9-<48,0) Chester 43,3
Natchez 32,3
Low Loch-Tay 23,1
(5,7-<26,9) Ouachita 22,2
Brzezina 5,7

Tabxa. 4. PamkupoBaHue COPTOB €KEBUKH 10
ykopeHeHuto Ha cpene ¢ 3 MkM BAII

Table 4. Ranking of blackberry varieties by root-
ing on a medium with 3 uM BAP

Ranking (range, %) Variety Rooting, %
High Ouachita 100,0
(> 66,7-100)

Middle Chester 40,0
(=33,3-<66,7) Heaven Can Wait 40,0
Black Diamond 333
Low Brzezina 26,7
(0,0 -<33,3) Von 13,3
Natchez 13,3
Loch-Tay 6,7
Bestberry 0,0
Black Satin 0,0

high, medium and low values of the indicator
(see Tables 2-5).

Based on MC, the Chester, Black Satin,
Brzezina, and Von varieties can be distinguished
as having a high value of 9.5-12.5 shoots per
explant, while the Ouachita and Heaven Can
Wait varieties have a low value (3.5 and 3.7, re-
spectively). However, a high or low MC does
not necessarily mean that a variety will produce
a high yield of shoots suitable for rooting (>13
mm in length). The Brzezina variety, with an
MC of 10.4, had the lowest yield of shoots suit-
able for rooting (5.7%) among the studied vari-
eties. Meanwhile, the Heaven Can Wait cultivar,
with a low MC (3.7), was the leader in terms of
shoot yield suitable for rooting (69.2%). Some
cultivars had both high MC and shoot yield suit-
able for rooting (Black Satin), or low levels of
both (Ouachita). The Chester cultivar, with the
highest MC (12.5), fell into the group of culti-
vars with average values for shoot yield suitable
for rooting. The Black Diamond cultivar, with
an average MC, had a high shoot yield suitable
for rooting (53.8%) (see Tables 2 and 3).

We hypothesize that the observed high vari-
ability in blackberry cultivars in terms of MC
parameters and shoot yield suitable for rooting is
related to cultivar specificity in endogenous auxin
synthesis in apical meristems. Auxins are antago-
nists of cytokinins, so the cultivars with increased
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auxin synthesis suppress the action of exogenous
cytokinin, leading to a decrease in MC. High lev-
els of endogenous auxins can also stimulate spon-
taneous root formation. For example, the Ouachi-
ta cultivar (100%), which we previously noted as
having low MC and a low yield of shoots suitable
for rooting, emerged as the leader in spontaneous
root formation (see Table 4).

The Chester, Heaven Can Wait, and Black Di-
amond cultivars demonstrated average sponta-
neous rooting capacity (33.3-40.0%), although
we previously noted their high rooting efficiency
(Chester) and high yield of shoots suitable for
rooting (Heaven Can Wait and Black Diamond).
This response of the explants of these cultivars
indicates a balance between the synthesis of
endogenous acusins and exogenous cytokinin
(BAP), which together produce a high morpho-
genetic response. The remaining cultivars had
low rooting capacity (6.7-26.7%) or did not
form roots at all (Bestberry and Black Satin).

The study did not aim to obtain roots from
explants at the propagation stage itself, but the
data on this indicator are valuable when work-
ing with the varieties at the subsequent stage of
rhizogenesis in vitro.

Callus formation is undesirable during the
micropropagation stage itself, but even on a
nutrient medium optimized for key growth pa-
rameters, strong varietal specificity in the degree
of basal callus development is evident. A group
of varieties with low or no callus formation is
distinguished — Brzezina, Natchez and Ouachi-
ta. For the remaining varieties, basal callus for-
mation was between 1.0 and 2.0 points. The re-
sponse of the Chester, Heaven Can Wait, Von,
and Black Diamond varieties was high, ranging
from 1.7 to 2.0 points (see Table 5).

When culturing explants in vitro, undesir-
able physiological effects such as vitrification
or tissue hyperhydration may occur, possibly
due to the attracting effect of endogenous aux-
ins, which promote water absorption into tis-
sue. This reaction was not characteristic of most
blackberry varieties studied. Only two varieties
(Chester and Brzezina) showed signs of vitrifi-
cation (26.7%).

Calculation of the correlation coefficient be-
tween the data points revealed a high correlation
between MC and vitrification, the proportion of
shoots >13 mm, and callus formation. Thus, the
varieties with high MC are also characterized

Taba. 6. Cuna KOppenIIuOHHBIX CBA3EH MEXTy AIeMeHTamMu ydera Ha cpere ¢ 3 MkM BAII

(mo mkane Yemmoxa)

Table 6. The strength of correlations between the record elements on the medium with 3 uM BAP

(according to the Chaddock scale)

Strength of correlation Parameter 1 Parameter 2 Correlation coefficient +
Very high (0,90-1,00) - - -
High (0,70-0,90) Reproduction rate Vitrification 0,77

Proportion of shoots >13 mm Callus formation 0,75

Middle (0,50-0,70) B B B
Low (0,30-0,50) Proportion of shoots >13 mm Vitrification —0,38
Reproduction rate Rooting —0,38
Very low (0,00-0,30) » » Callus formation 0,23
Rooting Vitrification 0,09
Callus formation » -0,12
Proportion of shoots >13 mm Rooting —0,19
Reproduction rate Proportion of shoots 0,20

>13 mm

Rooting Callus formation —0,28

Note. «—» — absence of correlation pairs in this gradation.
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by vitrification (Chester and Brzezina), while
the varieties with a high yield of shoots suitable
for rooting are characterized by callus formation
(Black Diamond and Heaven Can Wait) (see Ta-
ble 6).

Stimulation of shoot growth by elongation
and basal callus formation may be facilitated
by high levels of endogenous auxin production
in these varieties, which also confirms our pre-
viously proposed hypothesis regarding the link
between high endogenous auxin concentrations
and the characteristics of morphogenetic pro-
cesses in blackberry varieties. The remaining
factors are linked by weak and very weak pos-
itive and negative correlations, so they are not
significant and can be ignored.

CONCLUSIONS

1. At the stage of micropropagation of garden
blackberry varieties itself, the optimal nutrient
medium is one containing cytokinin BAP at a
concentration of 3.0 uM without the addition of
auxins.

2. The highest morphogenetic response was
observed in blackberry varieties: by multiplica-
tion coefficient — Chester, Black Satin, Brzezina,
Von; by the yield of shoots suitable for rooting —
Heaven Can Wait, Black Diamond, Black Satin,
Bestberry; by spontaneous rooting — Ouachita.
Overall, the analysis showed that blackberries
in in vitro culture are characterized by a wide
variation in morphogenetic responses, which is
possibly due to the complex genetic origin of the
varieties and the different types of bush growth
in vivo, but this feature of the crop does not im-
pede the use of the in vitro culture method for
mass propagation.
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CpaBHUTeJbHBIE IKCIIEPUMEHTAJIbHbIE UCCJIeIOBAHUS
COPTOB KapTO(esisi MPH BOCIPOM3BOICTBE MUHH-KJIYOHEH
B YCJIOBHAIX KOHTPOJIMPYEMOU Cpe/bl

Cyxonapos A.A., <)Jledenes A.H., Temupos K.C., ®enoposa O.B.

Cubupcxuil ghedepanvhvlil HayyHbll YeHmp azpodbuomexnonocull Poccutickotl akademuu Hayk
Hosocubupckast oo6macts, p.im. KpacnooOck, Poccus

() e-mail: lebedevan@sfsca.ru

Bocripon3BoicTBO BEICOKOIIPOAYKTUBHOTO MTOCAI0YHOTO Marepraia KapToQels B yCIOBHUIX KOH-
TPOJMPYEMOH Cpefbl CIIOCOOCTBYET CHMIKEHHUIO 3aTpaT Ha KYJIETHBHPOBAHHWE B OTKPHITOM TPYHTE,
(hopmupyeT HEOOXOAWMBIE YCIOBHS ISl XOPOIIEH MPIKUBAEMOCTH, POCTa W Pa3BUTHA, yBeIUYe-
HUSI MACCBhI M YMclia MUHU-KITYOHEeH, npojsieHus 3gdekra nperoTBpanieHns: TOBTOPHOTO 3apaKeHUsl.
OO0bekTaMu UcceJOBaHuS SIBIISUIMCH copTa Kaprodens cenekuun Cubupckoro deaepanbHOro Hayd-
HOTO 1eHTpa arpodouorexHonoruit PAH: Jlro6aBa, Tanaii, Ky3neuanka, TyneeBckuii, KemepoBuaHuH.
B kxauecTBe CeNeKIIMOHHOTO CTaHIapTa UCIOIL30BaH copT HeBckuii. Bocmpon3BoncTBO MUHU-KITYO-
Hel kapToders MPOBOANIIN Ha CIIEHAIBHBIX arpOONOIOTHIECKIX YCTaHOBKAaX, OCHAIICHHBIX ABYXb-
SPYCHBIMU CTEJIJIAKAMM, a TAKXKE CUCTEMaMU KOHTPOJISI CBETOBOTO U TEIVIOBOTO PEXXUMOB, BpEMEHU U
o0beMa IoyinBa, COCTaBa U KOHIIEHTPAIMK MUTAaTeIbHON cpeibl. BrIABIEHO, UTO BCe n3ydaeMble copTa
KapTodenst SBISIOTCS NPUTOJHBIMH JIJIsl BOCIIPOM3BOACTBA B KOHTPOJIUPYEMBIX YCIOBUSAX M MOTyYe-
HUS Ka9Y€CTBEHHOTO MMOCAJ0YHOI0 MaTrepuaa Ajsi OTKphIToro rpyHTa. C moMomipio heHOIOTnIeCKuX
HaOIIOIEHUH YCTaHOBJIEH (DaKT MISHTHYHOCTH MPOIECca BOCIIPOU3BOICTBA KapTO(dess B YCIOBUIX
KOHTpOJMpyeMoii cpeabl. [Ipu aToM obmue mokaszareis pocTa, IPOJOKATEIBHOCTH BET€TAIIHOHHOTO
TIeproia ¥ YpOsKalHOCTH COPTOB MMENH pa3nnyHble (hakTHdecKue 3HaueHus1. Ha ocHOBaHMY SKCTIepH-
MEHTAJIBHBIX JAHHBIX OIpeJieNieHa JUTUTEIbHOCTh BETeTallOHHOTO MEpHo/ia B KOHTPOJIMPYEMBIX yC-
JIOBUSIX BOCIIPOM3BOACTBA: y copTa Jlto0aBa oHa coctaBiseT 55 cyT, y coproB KemepoBuanuH, Tanai,
Ky3neuanka, Tyneesckuii, HeBckuii — ot 60 10 65 cyT. BeicoTa pacTeHuii B 3aBUCHMOCTH OT cOpTa
noxomuna 70 30—70 cm. CraTucTUYecKre TIOKa3aTeNd KOJUIecTBa KIyOHeH B 3aBUCIMOCTH OT COpPTa
BaphUPOBAIIM B MHTEpPBaJe OT 2 10 5 MWIT., CpeaHuid (PpaKIIMOHHBIN COCTAaB MUHU-KITyOHEH COCTaBIISIT
3-5cm.

KuroueBsle ciioBa: 6e3BUpYCHBII KapTodeib, poCT U pa3BUTHE, MUHU-KITYOHH, IPOTYKTHBHOCTB,
(paKkLMOHHBIN COCTaB, arPOOHOIOTHUECKUE YCTAaHOBKH, KOHTPOJIMpYyeMas cpenia

Comparative experimental studies of potato varieties in the reproduction
of mini-tubers in controlled environment conditions
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Reproduction of highly productive potato planting material in a controlled environment creates the
necessary conditions for good survival, growth and development, increasing the mass and number of
mini-tubers, prolonging the effect of preventing re-infection, and helps reduce the costs of cultivation
in open ground. The objects of the study were potato varieties bred by the Siberian Federal Scientific
Centre of Agro-BioTechnologies of the Russian Academy of Sciences: Lyubava, Tanai, Kuznechanka,
Tuleevsky, Kemerovchanin. The Nevsky variety was taken as the breeding standard. The reproduction
of mini-potato tubers was carried out on special agrobiological installations equipped with two-tiered
racks, as well as the systems for controlling light and heat conditions, time and volume of irrigation,
composition and concentration of the nutrient medium. It was found that all the studied potato vari-
eties are suitable for reproduction under controlled conditions and obtaining high-quality planting
material for open ground. Using phenological observations, the fact of the identity of the process of
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potato reproduction under controlled environmental conditions was established. At the same time,
the overall growth rates, duration of the growing season and the yield of varieties had different actual
values. Based on experimental data, the duration of the growing season under controlled reproduc-
tion conditions was determined: for the Lyubava variety it is 55 days, for the Kemerovchanin, Tanai,
Kuznechanka, Tuleevsky, Nevsky varieties — from 60 to 65 days. The height of plants, depending on
the variety, reached 30—70 cm. Statistical indicators of the number of tubers, depending on the variety,
varied in the range from 2 to 5 pieces, the average fractional composition of mini-tubers was 3—5 cm.

Keywords: virus-free potato, growth and development, mini-tubers, productivity, fractional com-
position, agrobiological installations, controlled environment
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INTRODUCTION

One of the elements of ensuring food security
is the intensification of technological aspects of
the reproduction of highly productive varieties
of crop plants (in particular, potatoes) for culti-
vation in open ground [ 1]. To ensure a stable and
sustainable supply of high-quality planting ma-
terial to agro-industrial enterprises in the Rus-
sian Federation, the concept for the development
of the agro-industrial complex envisages an in-
crease in potato yields through the use of highly
productive varieties and the use of modern tech-
nologies for the reproduction of high-quality
seed material in a controlled environment [2].

Potatoes are a valuable food, forage, and in-
dustrial crop. Under ex vitro conditions, potatoes
reproduce vegetatively and are therefore suscep-
tible to viral, bacterial, and fungal diseases [3].
The importance of providing agro-industrial en-
terprises with high-quality potato planting ma-
terial is a pressing scientific and practical issue.
Globally, potato production is carried out using
virus-free technology. A highly productive meth-
od for reproducing high-quality potato planting
material is the apical meristem method, which
ensures the formation of plants unaffected by
pathogenic viral and bacterial flora [4].

Thus, the reproduction of potato seed mate-

rial should be carried out under controlled ex-
ternal and internal environments, allowing for
accelerated reproduction of virus-free seed ma-
terial with its subsequent inclusion in the repro-
duction process [5, 6].

The unique feature of potato seed production
under controlled in vitro conditions is the com-
plete absence of viral and bacterial flora. This is
due to the absence of infections in the original
tuber material, which ensures the production of
healthy seed material [7].

The stage of growing meristematic potato
plants under controlled conditions using biolog-
ical systems involves maintaining the necessary
external and internal environmental parameters
to ensure sustainable plant development. These
parameters include: illumination, humidity, ex-
ternal and internal temperature (specifically, air
and nutrient substrate temperature), nutrient me-
dium composition (balanced in essential nutri-
ents), and its delivery schedule [8].

Improving the methodology for reproducing
potato minitubers with the highest profitability
requires a scientifically sound approach to de-
veloping and maintaining plant reproduction
conditions. Furthermore, the quality of planting
material, among other factors, is determined by
planting density, which is not reflected in the op-
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timality of research by leading scientists [9, 10].

In global practice, to obtain a sufficient quan-
tity of high-quality potato seed material free
from viral infection, biotechnological methods
of improvement based on the elimination of vi-
ruses in in vitro culture are generally used [11,
12]. However, these methods do not result in
high potato productivity. Comparative studies
indicate that potato reproduction in agrobiolog-
ical facilities allows for several times the mul-
tiplication rate and yield compared to other re-
production methods [13]. This is a consequence
of the high biological adaptation of microplants
to the microclimate under extreme conditions,
particularly to open ground and greenhouse mi-
croclimates [14].

Thus, the purpose of the study is to evaluate
the morphological characteristics of mini-tubers
and the productivity of potatoes of different ma-
turity groups during reproduction in biological
installations with a controlled environment.

The scientific novelty is represented by the
regime and technological parameters of repro-
duction of mini-tubers in a controlled environ-
ment of biological installations, as well as their
influence on the morphological characteristics
of different potato varieties.

MATERIAL AND METHODS

The experiment was carried out within the
framework of the state assignment No. FNU-
UU-2022-0006 in the laboratory for the automa-
tion of microclonal propagation of the Siberian
Federal Scientific Centre of Agro-BioTechnolo-
gies of the Russian Academy of Sciences (SFS-
CA RAS) from 2023 to 2025.

The object of the study is the process of re-
production of potato mini-tubers in a controlled
environment in agrobiological installations.

The following varieties bred by the Siberian
Federal Scientific Centre of Agro-BioTechnolo-
gies of the Russian Academy of Sciences (SFS-
CA RAS) were used for the experiment: Lyuba-
va, Tanai, Kuznechanka, Tuleyevsky, and Kem-

erovchanin'. These varieties were selected based
on the need for seed production in the Siberian
Federal District as part of the project to establish
a potato breeding and seed center. The Nevsky
variety was chosen as the breeding standard.

The reproduction of mini-tubers was car-
ried out in special agrobiological installations
equipped with two-tiered racks, as well as the
systems for controlling the time and volume of
irrigation, the composition and concentration of
the nutrient medium, and light and heat condi-
tions (see Fig. 1).

Microplants were removed from the test tubes
10—-12 hours before planting and placed in dis-
tilled water. After the roots were cleared of the
nutrient medium, the plants were planted in an
adaptation chamber (one plant per substrate vol-
ume of at least 7 dm?). Substrate composition:
high-moor sphagnum peat of low decomposi-
tion, limestone (dolomite) flour, complex miner-
al fertilizer with the necessary set of macro- and
microelements, including Ny, — 150 mr/n, Ca —
120, Mg — 30, P,O5 — 150, K,O — 250 mr/n, pH
from 5,5 to 6,6. To form a sufficient density, the
plants were placed sequentially in two rows and
two tiers [15].

The lighting regime was provided by LED
phytolamps on a 16-hour on/8-hour off cycle.
The lamps' specific characteristics were select-
ed to provide the optimal luminous flux recom-
mended for potato propagation. The phytolamps
were positioned 65 cm above the plants, with the
option of additional adjustment. The lamps emit-
ted direct, non-polarized light with an efficiency
of 227.5 PPD. The photometric characteristics
of the phytolamps are shown in Figure 2.

In agrobiological installations, the tempera-
ture was maintained at 20 + 2 °C with a relative
air humidity of 60—65%.

The total sample size was 340 plants, which
ensures a reliable probability of the study with a
significance level of p = 0.05. During the grow-
ing season, phenological observations were car-
ried out according to the established methodol-

ogy>.

' Agricultural crop varieties bred at the SFSCA: a textbook / compiled by N. I. Kashevarov, R. I. Polyudina, N. A. Lapshinov, N.

V. Pakul, V. P. Danilov. Novosibirsk: Zolotoy Kolos, 2019, 112 p.

2Guidelines for maintaining and studying the world potato collection / compiled by S.D. Kiru, L.I. Kostina, E.V. Truskinov, N.M.
Zoteeva, E.V. Rogozina, L.V. Koroleva, V.E. Fomina, S.V. Palekha, O.S. Kosareva, D.A. Kirillov. St. Petersburg, 2010, 28 p.
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Puc. 1. O6umwmii Bu1 arpoOMOIOrHYECKON YCTAaHOBKH C KOHTPOIMPYEMOM cpeoi

Fig. 1. General view of the agrobiological installation with controlled environment

For morphological analysis using the Ber-
noulli scheme, at least 16 control potato plants
were assessed for plant height, number, weight,
and fractional composition of minitubers. Frac-
tional composition was determined using a spe-
cial technical device.

In accordance with GOST 33996-2016°,
mini-tubers of 9 to 60 mm sizes were used as
the planting material. Using a small size fraction
(less than 9 mm) during subsequent cultivation
results in significant sparse seedlings, a high in-
cidence of shoot failure, stunted growth, and re-
duced productivity. Therefore, mini-tubers were
sorted by size fraction from 10 to 50 mm with a
10 mm gradient.

The vegetation period of the plants was as-
sessed using hyperspectral analysis.

Statistical processing of the research results
was carried out in the Mathcad environment in
the following sequence:

1. Estimation of mathematical expectation:
2%

L,
n
where x; — value of a random variable;

n — number of observations.

m(x)=

L. 4R

0

0 01

02 03 04 05 06 07 08B X

Puc. 2. DoTomeTprdeckas XapaKTepPHCTHKA (PUTOJIAMIT
Fig. 2. Photometric characteristics of the grow lamps

2. Estimation of variance:

1 n
D) =——2 (= m(x)y -
— 1=
3. Estimation of the standard deviation:

o(x)=/D(x) .

3GOST 33996-2016 Seed potatoes. Specifications and methods for determining quality. Moscow: Standartinform,
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4. Asymmetry coefficient:

D - m(e)
G(x):dnin li_ 1 )
n—2 c)'()c)3
5. Excess coefficient:

3 (s, ()

n-1

o= 3| 0

6. Variation coefficient:

alx)

mlx)

7. Expected value estimation error:
Pt

In

8. Asymmetry standard error:

6n(n—1)
AG:J(n_zxn(mea)'

9. Excess standard error:

B 24(n-1¥
AE‘\/(n_sxn_z)(n+3)(n+s)'

The scattering field of a random variable was
found according to the rule + 36. The corre-
spondence of the empirical distribution to the
expected theoretical distribution was established
using the Pearson criterion:

Z,k(m,‘_”pi)
LT,

where mi — empirical frequencies by intervals;
np; — theoretical frequencies by intervals; k —
number of intervals.

Since the reproduction process in the experi-
ment was carried out in an isolated volume with
high air humidity, the collection and placement
of tubers for storage were accompanied by two-
and three-day drying at a temperature of 20 +
2 °C with the tubers placed in a single layer on
gauze or filter paper. After drying, the mini-tu-
bers were placed in a container with filter paper
placed at the top and bottom to control humidity.
The container was designed with a ventilation
system. The mini-tubers were stored at a tem-
perature of 3 to 6°C.

-3n+3].

V=

RESULTS AND DISCUSSION

Phenological observations of growth and de-
velopment revealed that plants responded differ-
ently to artificial growing conditions depending
on the variety. The early-maturing Lyubava va-
riety had a shorter flowering period (12 days)
and growing season (55 days) compared to mid-
dle-early varieties, surpassing them by an av-
erage of 3-5 and 5-7 days, respectively. Within
the group of middle-early varieties, no signifi-
cant differences were found in flowering time or
overall vegetation (60—62 days). For the remain-
ing varieties, the time from transplantation to
technical maturity was 60—65 days. Plant height
at harvest averaged between 30 (Tuleevsky) and
57 cm (Lyubava) (see Fig. 3).

Analysis of plant height distribution density
functions revealed significant differences be-
tween varieties. For example, the Kuznechan-
ka and Tanai varieties are characterized by the
shortest plant heights (distribution peaks in the
30-40 cm range), indicating their dwarfism. The
Lyubava variety occupies an intermediate posi-
tion, demonstrating a distribution peak at 50 cm.
The tallest plants are the Nevsky, Tuleevsky, and
Kemerovchanin varieties, with peaks at 60 cm.

PactreHneBoncTBO M ceneKIus
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Puc. 3. ODyHKINYU TUIOTHOCTH paclpeieIeHNs Bbl-
COTBI PACTEHUIA:
a — JIrobaBa; 6 — Heckuii; ¢ — TaHaii; e — Ky3HeuaHka;
0 — Tyneesckuii; e — KemepoB4aHun
Fig. 3. Density functions of plant height distribu-
tion:
a — Lyubava; 6 — Nevsky; 6 — Tanai; ¢ — Kuznechanka;
0 — Tuleevsky; e — Kemerovchanin
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Fig. 4. Histograms of the distribution of the fractional composition of potatoes:
a — Lyubava; 6 — Nevsky; ¢ — Tanai; 2 — Kuznechanka; 0 — Tuleevsky; e — Kemerovchanin
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However, the latter have a wider curve, reflect-
ing their high growth variability. Thus, the data
obtained allow us to distinguish varieties based
on morphological characteristics, which can be
taken into account when choosing agricultur-
al practices, such as planting pattern, watering
rates, and care requirements.

Based on the analysis of the fractional com-
position of mini-tubers, it was found that among
the studied varieties, the Tuleevsky variety pro-
duced the most non-standard tubers (5 pieces),
the Kemerovchanin variety had 4 pieces, and
the Nevsky variety had 2 mini-tubers of the 50—
60 mm fraction. Histograms of the distribution
of varieties depending on the fractional compo-
sition of tubers are presented in Fig. 4.

It was found that the largest number of
mini-tubers in all varieties falls on the 20-30
and 3040 mm fractions.

The Lyubava variety exhibits a uniform dis-
tribution, with a predominance of the 3040 mm
fraction and a significant presence of minitu-
bers of the 20-30 and 40—50 mm fractions. The
Nevsky variety exhibits high uniformity—the
majority of minitubers are in the 30-40 mm
range, making it particularly suitable for indus-
trial processing. The Tanai variety, on the oth-
er hand, has a predominance of small fractions
(20-30 mm), which may be due to the variety's
biological characteristics and makes it suitable
for seed propagation.

The Kuznechanka variety exhibited two dis-
tinct peaks—in the 20-30 and 30—40 mm frac-
tions—indicating a good level of uniformity.
Tuleevsky variety tubers exhibited a distribution
with a concentration in the 2040 mm range.
The Kemerovchanin variety is characterized by
the presence of mini-tubers in the 20-50 mm
fractions, with the main clusters in the 20-30
and 30—40 mm zones.

Thus, all the studied varieties have an accept-
able fractional composition.

Analysis of the elements of the crop structure
showed that within the framework of the study,
the weight of one mini-tuber varied on average
from 16.65 (Kemerovochanin) to 32.04 g (Ly-
ubava), while exceeding the standard by 2.11 g.
Tubers of the Tuleevsky, Tanai and Kuznechan-
ka varieties had an average weight of 22-23 g
(see Fig. 5).

According to the data in Figure 5, potato va-
rieties vary significantly in mini-tuber weight.
The Tanai, Kuznetchanka, Kemerovchanin, and
Tuleevsky varieties are characterized by the
smallest mini-tuber weights, with peaks in the
15-25 g range. The Lyubava and Nevsky variet-
ies exhibit moderate weights (30-35 g).
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Fig. 5. Density distribution functions of the mass of
one mini-tuber:

a — Lyubava; 6 — Nevsky; 6 — Tanai; ¢ — Kuznechanka;
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It was also found that the Lyubava, Tanai,
and Kuznechanka varieties produced the highest
number of minitubers per plant (4 each), indi-
cating their high generative activity. The Nevsky
and Kemerovchanin varieties yielded approxi-
mately three minitubers per plant, which can be
considered average productivity. The Tuleevsky
variety produced the lowest number—Iess than
three tubers per plant (see Fig. 6). These data
should be considered when selecting varieties
for seed and planting material production in re-
source-limited environments.

CONCLUSIONS

1. The potato varieties studied were found
to be suitable for cultivation in controlled-envi-
ronment agrobiological facilities and for produc-
ing virus-free planting material. Both early- and
mid-season varieties developed robust foliage
and a well-developed root system.

2. During the experiment, plant heights
ranged from 30.5 cm (Tuleevsky) to 56.8 cm
(Lyubava). The average number of minitubers
per plant was highest for the Tanai variety (4),
while the lowest was for the Tuleevsky variety
(2). The Lyubava variety stood out for its tuber
weight (32.04 g on average).

3. Statistical findings show homogeneity
of the fractional composition of potatoes, which
confirms the need for further research to assess
the influence of individual factors on increasing
productivity in a controlled environment.
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OuneHka KyKypy3bl Ha YCTOIYHBOCTH K BOCTOYHOMY
KYKYPY3HOMY MOTBLIbLKY Ostrinia furnacalis (Guenee, 1854)
B yciaoBusx ora laasHero Bocroka

Jlactrymkuna E.H., <) Teanuko O.H.

JlanbHegocmoyuHblll HAYYHO-UCCI008AMENbCKUL UHCIMUNMYM 3AWUMbL PACMEHUL —

Gunuan @edepanvrozo nayunoco yenmpa azpobuomexnonozuil Jaroneeo Bocmoka um. A.K. Yatixu
[Ipumopckuii kpaii, Kamenb-Pr1605108, Poccus

() e-mail: olgatelichcko@yandex.ru

B nocnennee Bpems B [IpuMopckoM Kpae 3HaUNTENBHO BO3POCIIO MPOU3BOACTBO KYKypy3bl Ha 3€p-
Ho. [Ipu ee BeIpalnBaHuM CEIbX03MPOU3BOIUTENIMI OTMEUEHA BHICOKAsl BPEIOHOCHOCTH BOCTOUHOTO
KyKypy3HOro Motbuibka Ostrinia furnacalis (Guenee, 1854). DTOT BpeUTENb SIBISIETCS MHOTOSTHBIM,
HO OOJIBIIIE BCETO BPEeIUT KyKypy3e (Zea mays L.). 'yceHHUIIbI TUTAIOTCS BHYTPH PACTEHHSI, YTO CO37a-
eT IPpoOJIeMy 3aIIUTHI KYJIBTYPhl MHCEKTHIHIAMH. B CBS3H C 3THM OAMH U3 paInKaIbHBIX Mep OOPHOBI
¢ Ostrinia furnacalis Gn. — co3nanue yCTOWIMBBIX COPTOB, IMHUN U THOPUIOB KYKYPY3bl. YCTONUH-
BbIE COPTa CIIOCOOHBI CHIEPKHUBATH YUCICHHOCTh BPEAUTEIISI U COXPAHSATH MPOAYKTUBHOCTD JIaXKe IIPU
3HAYUTEIBHOM MX MOBPEXAEHNHU. B 3a1auy TaHHOTO UCClIe0BAaHUS BXOJWIO YCTAHOBUTH HCTUHHYIO
YCTOWYHBOCTH 00pa3I0B Ha HCKYCCTBEHHOM (DOHE 3acelIeHUsI paCTeHUH KYyKypy3bl siiiliamMu putodara,
TaK KaK B CEJIEKIINH OlleHKa Zea mays L. Ha yCTOWYMBOCTD K BPEIUTEISIM OCYIIECTBIIACTCS C NCTIONb-
30BaHUEM ITPOBOKAIIMOHHBIX U MCKYCCTBEHHBIX ()oHOB. [IpoBeneHa omeHka JeBATH MepPCIeKTHBHBIX
CEJICKIIMOHHBIX 00pa310B KyKypy3bl Ha YCTOHUUBOCTE UX K Ostrinia furnacalis (Guenee, 1854): 3015,
3016, 3019, 3092, 3147, 3195, 3271, 3274, 3278. Jlanubie 00pa3iibl paHee ObUIH BBIJCICHBI U3 CEIICK-
LMOHHOTO MUTOMHUKA Zea mays L. Kak ycTOWYMBBIE HA €CTECTBEHHOM (POHE 3acesIeHHsI BPEIUTEIEM.
HccnenoBany 1Be COCTABIAIONINE YCTOHYMBOCTH KYKYPY3bl K BOCTOUHOMY KYKYPY3HOMY MOTBITIBKY:
aHTHONO03 PACTeHHUH U BBIHOCIMBOCTh X K HAHOCHMBIM MOBPEXICHUAM. [aHa XapaKkTepruCTHKa Kak-
JIOMY TIOKa3aTell0 YCTOWYMBOCTH PACTEHHH KYIBTYPHl K BpEAHWTENI0. B pesynprare MpoBeqeHHBIX
WCCIIe/IOBaHUH BBIJICIICHBI JBE JIMHUU KyKypy3bl (3147 u 3271), obnamaromiue cpeaHeil crebneBoi
ycToiunBoCThIO (2,1 1 2,9 6amia COOTBETCTBEHHO) U BBICOKOH TOJIEPAaHTHOCTHIO. Takxke 0OHAPYKEHO
ISITh BEIHOCIUBBIX 00pa3noB Zea mays L. 3yueHHbII MaTepran peKOMEHIyeTCsl JAJIsl BKIIOUCHHUS B
CEJIEKIIMOHHBIN IpolIiecC.

KuioueBble cjIoBa: KyKypy3a, yCTOHYHBOCTH, MOBPEXKIEHHOCTh, TOJIEPAHTHOCTH, BPEIUTEIND,
obpa3ert

Evaluation of corn resistance to the Asian corn borer Ostrinia furnacalis
(Guenee, 1854) in the conditions of the southern Far East

Lastushkina E.N., <) Telichko O.N.

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

Kamen-Rybolov, Primorsky Territory, Russia

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

Recently, the production of grain corn has increased significantly in the Primorsky Territory. When
growing corn, agricultural producers have noted the high harmfulness of the Asian corn borer Ostrinia
furnacalis (Guenee, 1854). This pest is polyphagous but causes the most damage to corn plants (Zea
mays L.). The caterpillars feed inside the plant, which creates the problem of protecting the crop
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Evaluation of corn resistance to the Asian corn borer
Ostrinia furnacalis (Guenee, 1854) in the conditions
of the southern Far East

Lastushkina E.N., Telichko O.N.

with insecticides. In this regard, one of the radical measures to combat Ostrinia furnacalis Gn. is the
creation of resistant varieties, lines and hybrids of corn. Resistant varieties are able to contain the
pest population and maintain productivity even when they are significantly damaged. The objective
of this study was to establish the true resistance of the specimen against an artificial background of
colonization of corn plants with phytophage eggs, since in selection the assessment of Zea mays L.
for resistance to pests is carried out using provocative and artificial backgrounds. Evaluation of nine
promising breeding samples of corn was carried out for their resistance to Ostrinia furnacalis (Gue-
nee, 1854): 3015, 3016, 3019, 3092, 3147, 3195, 3271, 3274, 3278. These samples were previously
isolated from the Zea mays L. breeding nursery as resistant to natural pest infestation. Two compo-
nents of corn resistance to the Aisian corn borer were studied: plant antibiosis and their tolerance to
damage. Each indicator of plant resistance to the pest is characterized. As a result of the studies, two
lines of corn (3147 and 3271) with average stem resistance (2.1 and 2.9 points, respectively) and high
tolerance were identified. Five hardy samples of Zea mays L. were also found. The studied material is
recommended for inclusion in the selection process.

Keywords: corn, resistance, damage, tolerance, pest, specimen
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INTRODUCTION

In the Primorsky Territory, significant acre-
age is devoted to corn (Zea mays L.). Interest
in this crop is growing, and it is cultivated for
grain and silage. Farmers have noted significant
damage from the European corn borer in corn
crops. Favorable weather conditions add to the
development and reproduction of the pest. In
the Russian Far East, including the Primorsky
Territory, the Asian corn borer Ostrinia furnaca-
lis (Guenee, 1854), a single-generation pest, is
common [, 2]. Corn borer caterpillars (with
five instars) overwinter inside the stalks of corn
plants cause damage to the plant. Pupation oc-
curs in May—June. The moths emerge in late
June or early July, and their flight can continue
until late August. The caterpillars, feeding inside
the stalk, can cause significant crop losses [3].
Broken panicles, stalks, and peduncles compli-
cate harvesting. The higher the number of corn
borer caterpillars in corn crops, the greater the
crop damage and yield losses [4].

It is also important to note that by penetrat-
ing the stalk and cob, the caterpillars of the corn
borer open the gates for fungal and bacterial in-
fections [5]. Damage to the cobs of Zea mays L.
by caterpillars can cause both direct harm in a
form of gnawing out the kernels and contribute
to the spread of mold fungi containing myco-
toxins harmful to animal and human health. In
addition, damage to corn by caterpillars can lead
to the development and spread of such danger-
ous diseases as stem rot, fusarium ear blight, and
corn smut [6]. As a result, the affected cobs be-
come unsuitable for use, and the plant itself dies.

Damage by pests is one of the main reasons
for low corn yields [3, 5, 7]. The most important
reserve for increasing yields is protection from
pests [8]. Mandatory measures for effective pro-
tection include the introduction of high-yielding,
tolerant and resistant Zea mays L. hybrids into
production [9—11]. Resistant varieties help con-
trol and even suppress the number of phytophag-
es (stem antibiosis) when they feed on plants, as
well as maintain yield (hardiness) even when se-
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OmeHka KyKypys3bl Ha yCTOHINBOCTD
K BOCTOYHOMY KYKYpY3HOMY MOTBUIbKY Ostrinia furnacalis
(Guenee, 1854) B ycnousix rora JlansHero Bocroka

Jlactymkuna E.H., Temmaxo O.H.

verely damaged by pests. The development and
introduction of pathogen- and pest-resistant va-
rieties into production is the most cost-effective
and safe method of monitoring the phytosanitary
condition of crops [12—14].

The first stage of breeding for corn resistance
to pests is the evaluation of breeding and collec-
tion material for damage by the European corn
borer under natural conditions [15—17]. Subse-
quent breeding work to develop new varieties of
Zea mays L. must be carried out using provoca-
tive and artificial backgrounds. Plant immunity
to pests consists of three factors, i.e., the reaction
that plants evoke in the insect: the attractiveness
or rejection (antixenosis) of plants by the pest,
the antibiotic effect of the host plant on the phy-
tophage, and tolerance of the damaged plants.

MATERIAL AND METHODS

Nine promising corn breeding samples were
evaluated for their resistance to Ostrinia fur-
nacalis (Guenee, 1854): 3015,3016,3019, 3092,
3147, 3195, 3271, 3274, 3278. The standard is
the Slavyanka hybrid population. The studies
were conducted in the experimental fields of the
Laboratory of Selection and Primary Seed Pro-
duction of Corn of the Federal Scientific Center

of Agricultural Biotechnology of the Far East
named after A.K. Chaiki against the background
of artificial colonization of plants with a phy-
tophage using the methods of VIR and VIZR!.

Two components of sample resistance to the
phytophage were studied: antibiosis and toler-
ance (hardiness). Antibiosis is the ability of corn
plants of a particular variety, line, or hybrid to
control pest populations. Tolerance is the ability
of the host plant to maintain its productivity de-
spite significant damage by the phytophage.

Before harvesting, the following damage was
recorded on the sample plants: the number of

tunnels in the stem, broken panicles and stems,
and damage to the ear and peduncle. Next, the
corn's stem resistance to the Asian corn borer
was assessed using a four-point scale according
to I.D. Shapiro's method (see footnote 3). The
following indicators were then determined (%):
pest infestation, average number of tunnels per
plant, number of plants with broken panicles and
stems, and damaged ears and peduncles.

To determine the resistance of the samples
to the pest, a scale of overall plant damage (in
points) was used. According to this scale, the
samples are classified as essentially resistant
(1.0-2.0 points), moderately resistant (2.1-3.5
points), insufficiently resistant (3.6-5.0 points),
and non-resistant (over 5.0 points).

RESULTS AND DISCUSSION

In 2022 and 2023, an experiment with artifi-
cial inoculation of corn samples to determine the
resistance of corn samples to Ostrinia furnacalis
(Guenee, 1854) was conducted. These samples
had previously been studied in a natural environ-
ment. To confirm their resistance, the selected
lines must be tested under artificial inoculation
conditions. In this case, the eggs of the Asian
corn borer were inoculated into a leaf funnel
during the 6th and 7th leaf stages of Zea mays
L. The hatched caterpillars feed on young leaves
and pollen, then penetrate the panicle, stem, and
ear of corn.

One of the main indicators of corn resistance
to the moth is the varying degrees of damage to
the stems and cobs of the crop by caterpillars
of different ages (antibiosis of stems and cobs)
against an artificial background of colonization.

Let's examine each indicator of stem resis-
tance. It is known that damage to corn leaves by
caterpillars delays flowering, while damage to
the panicle impairs pollination. The most dan-

'Osmolovskiy G.E. 1dentification of agricultural pests and signaling the timing of their control. Moscow: Rosselkhoz Publishing

House, 1964, pp. 102—105.

2Shapiro I.D., Pereverzev D.S., Chumakov M.A. Harmfulness of the stem borer on corn crops in the Krasnodar Territory // Bul-

letin of VIZR, 1979, N 46, pp. 45-49.

3Shapiro 1.D., Vilkova N.A., Slepyan E.I. Immunity of plants to pests and diseases. L.: Agropromizdat, 192 p.
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gerous damage is to the stem, cob, and peduncle.
Having penetrated the stem, the caterpillar chews
through the contents of the stem, disrupting the
flow of nutrients. This damage leads to signifi-
cant yield losses during harvesting (see Fig. 1).

During the study period, the tested samples
were distributed as follows. The most resistant
sample (0-2.0 points) was line 3274 (1.9 points)
(see Fig. 2). Moderately resistant (2.1-3.5 points)
included Slavyanka, 3015, 3092, 3147, 3195,
3271, and weakly resistant (3.6-5.0 points) in-
cluded lines 3016 and 3019. Sample 3278 turned
out to be unstable (over 5.0 points).

The average “tunnel length per plant” deter-
mines the ultimate survival rate of the pest and
the corn's stem resistance to Ostrinia furnacalis
Gn. The higher the value, the less resistant the
sample. Over the study period, its value ranged
from 3.2 (line 3271) to 10.4 cm (line 3092) (see
Fig. 2). For the Slavyanka standard, this value
was 7.8 cm. Almost all samples, based on aver-
age tunnel length per plant, showed greater re-
sistance than the standard.

Previous research by scientists has shown that
the most valuable varieties are those with high
antibiotic resistance, meaning they are not only

less susceptible to damage but also suppress pest
populations. One important indicator of stem re-
sistance is the average number of caterpillars per
plant. The higher the number of corn borer cater-
pillars per plant, the greater the corn damage and
yield losses. Lines 3274 and 3271 demonstrat-
ed the lowest values for this trait. The highest
number of caterpillars (0.7 specimens/plant) was
found in Slavyanka and line 3019 (see Fig. 2).

According to our data, the Slavyanka sample
exhibited minimal stem breakage (11.9%) and
no ear damage (see Fig. 3). The other samples
had higher values for this parameter than the
control. Low ear damage was also noted — 4.3%
for lines 3092 and 3147. Ear peduncle damage
was unaffected (0%) for samples 3092 and 3271.

Taking into account all the indicators of stem
resistance, it can be concluded that the maxi-
mum strength of the stem and stalk of the cob
to fracture is characterized by lines 3274, 3271
and 3147.

The research revealed that line 3274 exhib-
ited the highest stem resistance, 3147 and 3271
had intermediate resistance, and 3019 had the
lowest (see table). Of particular interest is study-
ing the tolerance of corn to damage by the Asian

Puc. 1. I'ycenuna Ostrinia furnacalis (Guenee, 1854) (a) u ee MmecTo BHeApeHUs B cTeOEIb KyKypy3Hl (0)
Fig. 1. A caterpillar of Ostrinia furnacalis (Guenee, 1854) (a) and the place where it penetrated the corn

stalk (0)
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Puc. 2. BpetoHOCHOCTb BOCTOYHOTO KyKYPY3HOT'O MOTBIJIbKA B OIIBITE C HCKYCCTBEHHBIM 3aCEJICHUEM

KyKypy3sI (2022, 2023 1)

Fig. 2. Harmfulness of the Asian corn borer in the experiment with the artificial colonization of corn plants

with the pest (2022, 2023)

corn borer, i.e., how damage by the pest affects
crop yield and what yield losses the studied gen-
otypes incur when damaged by the phytophage.
It has previously been established that tolerance
can be demonstrated even in corn plants severe-
ly damaged by pests (see table). Some genotypes

demonstrate good tolerance. No productivity re-
duction (0%) was observed in lines 3016, 3147,
and 3271. Noteworthy are samples 3015, 3092,
3195, and 3278, which experienced a yield re-
duction of less than 10%. Line 3274 stands out
for its stem resistance (1.9 points), while the
yield reduction was 17.3%.

10,4
14 :
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12
M 3015
10 7 M 3016
g - W3019
|
6- 3092
W 3147
4 —
M 3195
2 —
0.5 M 3271
0
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Puc. 3. CpenHue nokasaTeu MOBPEKIACHHOCTH 00pa3oB KYKypy3bl B OIBITE C HCKYCCTBEHHBIM 3acelie-

Huewm (2022, 2023 rt.), %

Fig. 3. Average parameters of the damage caused to the studied corn specimens in the experiment with

the artificial colonization (2022, 2023), %
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Evaluation of corn resistance to the Asian corn borer
Ostrinia furnacalis (Guenee, 1854) in the conditions

of the southern Far East

Lastushkina E.N., Telichko O.N.

[TokasaTeny yCTOMYMBOCTH KyKypy3bl B OIBITE C HICKYCCTBEHHBIM 3aCEICHUEM
Parameters of corn resistance in the experiment with the artificial colonization

Stem stability, points Production loss, %
sample 2022 2023 ﬁﬁvfgaiis 2022 2023 fétvzei/aiis
Slavyanka (standard) 1,9+ 0,64 3,0+1,02 2,5+0,85 21,9+ 7,46 16,8 £5,72 19,4+ 6,61
L‘;giS 1,740,557 | 3,8+1,29 | 2,840,95 0+0 6,12+£2,08 | 3,1+1,05
3016 4,1 +£1,39 3,1+£1,05 3,6£1,22 0+0 0+0 0+0
3019 3,7+1,26 45+1,53 4,1+1,39 0+0 32,4+ 11,04 16,2 £ 5,52
3092 20+068 | 44+15 | 32+1,09 | 12,9+439 0+0 6,5+2.21
3147 2,1+0,71 2,1£0,71 2,1+£0,71 0+0 0+0 0+0
3195 2,1+£0,71 29+0,98 2,5+0,85 19,6 £ 6,68 0+0 9,8+ 3,34
3271 29+098 | 29+098 | 2,9+0098 0+0 0+0 0+0
3274 1,6 £0,54 2,2+0,75 1,9+ 0,64 18,6 £ 9,75 159+16,67 | 17,3+£13,23
3278 40+1,36 6,5+2,.21 5,25+ 1,79 0+£0 12,5+4,26 6,3 +2,14
CONCLUSIONS BIO Web of Conferences. 2023. Vol. 71. P.01101.

1. The Asian corn borer Ostrinia furnacalis
(Guenee, 1854) causes significant damage to
corn in the Far East. The development of new
varieties and hybrids of Zea mays L. resistant
to this pest will help reduce the damage caused
by this phytophage and increase the quality and
yield of the crop.

2. During the study period, several samples
with stem resistance and tolerance emerged in
self-pollinated maize lines exposed to Ostrinia
furnacalis Gn. We believe lines 3147 and 3271
deserve special attention, as they exhibit moder-
ate stem resistance (2.1 and 2.9 points) but high
tolerance (0%). Line 3274 demonstrated stem
resistance (1.9 damage points), but suffered high
yield losses (17.3%).
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IMoanMop¢pu3mM MUKPOCATE/UIUTOB U BOCIIPOU3BOAUTEIbHbIE CIIOCOOHOCTH
NMOJIyTOHKOPYHHBIX oBell B [Ipunossipne

C<X)Marwkos B.C., Jleiituenko A.C., ’Kapukos S1.A., Kanea JI.A.

Hnemumym aepoouomexnonoeuti um. A.B. JKypasckoeo @edepanvhoco ucciedosamenbckoeo yenmpa
«Komu nayunwiii yenmp Ypanovcxoeo omoenenust Poccuiickoii akademuu Hayxy

CoikTBIBKAp, Poccus

(<) e-mail: nipti38@mail.ru

W3yueHbl MHKpOCATEIUTUTHBIC MPOQUIN M BOCIPOU3BOIUTEIbHBIC MPU3HAKH ITOIYTOHKOPYH-
HBIX OBell neyopckoil nmomynsuuu. Llens nccienoBaHus — BBISBIEHHE BO3MOYKHBIX B3aMMOCBS3EH
STR-MapkepoB ¢ reHaMH MJIM UX KOMIUICKCAMH, KOHTPOJIUPYIOIUMHI I'eHETHYECKY0 H3MEHUNBOCTD
MIPU3HAKOB TPHUCTIOCOOIEHHOCTH MOMYTOHKOPYHHBIX OBell B ycioBusax [lpumnomnspes. [enernde-
CKHE aHaJM3bl BBIIIOJHEHBI ¢ MCIOb30BaHueM Habopa pearentoB COrDIS Sheep mo 12 nokycam u
Mapkepy moma AMEL. Pesynbrarel reHOTHIIMpOBaHUS 00paboTaHBl B mporpammax Structure Ver-
sion 2.3.4 u GenAIEx 6.5. Bech MacCuB reHOTUITMPOBAHHBIX OBEIL C YYETOM IIOPOAHOCTH Pa3jieicH Ha
nBe rpynisl. K nepBoii oTHeceHsl moMecH ‘redopcekasi HIOpOoAHasi TpyIna X pOMHH-MapIil’, KO BTOPOH —
IIOMECH ‘TIeYOpCKasi MOPOIHAs TPpyIIa X POMHU-MapII X KyHObImIeBcKkas moponaa’. MaccuB JaHHBIX
B nporpamme Structure Version 2.3.4 moapa3ieiuiid Ha 4YeThIpe KjacTepa MpH MOPOre BEPOSITHO-
cti > 0,75. JKMBOTHBIX, BEpOATHOCTh UJIEHCTBA KOTOPBIX B OAHOM KJIACTEPE HE JOCTHUIIA TOPOTOBO-
T'O YPOBHS, OOBETMHUIIN B HYJIEBOH (COOpHBIN) KitacTep. [ eHeTHUeckas JUCTaHIIUA MEXIy TIEpBOi 1
BTOpO#i Tpynnamu cocrasmia 0,015. [lepBas rpymnmna npeacrasieHa MOJUIOKYCHBIMA T€HOTHITAMH,
OTHECEHHBIMHM K TPEM KJacTepam, BTOpas IpyIila — MOJMIOKYCHBIMH T'€HOTUIIAMH, Pa3lciICHHbI-
MU Ha ISTh KIacTepoB. MUHUMaNbHBIE TeHeTHUeCKne auctaHuuy 1o Paiity u Hero (HecMerienHas
OIIEHKa) yCTAaHOBUJIM MEK/y HYJIEBBIM U MEPBBIM KJlacTepaMu. BennunHa naHHbIX ToKa3aTenei s
IIepBOro M BTOporo kiactepoB cocraBuina: Fgp = 0,047, uDy = 0,354. Mexay nepBbIM U TPETHUM,
TPETBUM U YETBEPTHIM KJIaCTEpaMH I'€HETHUECKHE TUCTAaHLIMHU ObIIIM MaKCUMaJIbHBIMU. BHYTpH nep-
BOW W BTOPOH TPy JOCTOBEPHBIX PA3IMYHIA MO MOKa3aressiM (HepTUIIBHOCTH MEXy 0COOSIMU pa3-
HBIX KJIACTEPOB HE YCTaHOBJIEHO. Pa3nnuns ocobeil BTOpoii rpyIibl 4eTBEPTOTo KiacTepa ¢ 0co0sIMu
IIEPBOIl TPYHIIBI IEPBOTO KJIACTEPa IO BO3PACTY MEPBOTO OKOTA, MOJIOYHOCTH, TEMITY Pa3MHOKEHUS
U UHTCHCHUBHOCTHU POCTa STHAT 0 OTheMa ObUIM JTOCTOBEPHBIMH COOTBETCTBeHHO Tipw p < 0,001,
p<0,01,p<0,01, p <0,05. HecMOTps Ha HEBBICOKYIO T€HETUYECKYIO TUCTAHIINIO MEXKIY IEPBOU U
BTOPOH IPpyMIIaMu 110 MUKPOCATEJIIIUTaM, Pa3HULA MEXy HUIMHU 10 CPEAHEMY BO3PACTy IIEPBOTO SIT-
HEHHS, TEMITY Pa3MHOKEHHSI 1 HHTEHCHBHOCTH POCTA MPUTLIONA 10 OTOMBKH ObLIA JOCTOBEPHOH MTPH
p<0,05 p<0,01l up<0,05. BeisiBneHo, 4TO CKpeIIMBaHUE OBELl IEYOPCKON MOMYISIHU ¢ KyHOBI-
LIEBCKOM IOPOOH OKa3asio OTpULaTeNbHbIN 3((EeKT Ha HEKOTOPBIE NTOKa3aTeiIn (epTUILHOCTU OBEL]
¥ MHTEHCUBHOCTh POCTa IMPUILIONA B MOACOCHBIM mepuos. s momydenus Ooniee ompeesieHHbIX
BBIBOZIOB O B3aMMOCBSI3U MOJIUMOP(H3Ma MUKPOCATEIITUTOB C CEIEKTUBHBIMH NMPU3HAKAMH HE00XO0-
JUMO YBEIMYEHHUE YHCIEHHOCTH BBIOOPOK.

KurodueBble cioBa: OBIBI, MHKPOCATEUIUTHI, KjacTep, TeHETHYECKHE MAMCTAHLNW, TEMII
pa3sMHOXKEHUS, TPUCIIOCOOICHHOCTD
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Microsatellite profiles and some reproductive traits of semi-fine-wool sheep of the Pechora popu-
lation were studied. The purpose of the study was to identify possible relationships between STR mar-
kers and genes or their complexes that control genetic variability of adaptability traits in semi-fine-wool
sheep in the Near Arctic. Genetic analyses were performed using the COrDIS Sheep reagent kit for 12
loci and the AMEL sex marker. The genotyping results were processed in the Structure Version 2.3.4
and GenAlEx 6.5 programs. The entire array of the genotyped sheep was divided into two groups by
breed. The first group included crossbreeds of the ‘Pechora breed group x Romney Marsh’, the second
group included three-breed crossbreeds of the ‘Pechora breed group x Romney Marsh x Kuibyshev
breed’. The data array in the Structure Version 2.3.4 program was divided into four clusters with a
probability threshold of >0.75. Animals whose probability of membership in one cluster did not reach
the threshold level were combined into a "zero" (composite) cluster. The genetic distance between
groups 1 and 2 was 0.015. The first group is represented by polylocus genotypes assigned to three
clusters; the second group is represented by polylocus genotypes assigned to five clusters. The mini-
mum genetic distances according to Wright and Nei (unbiased estimate) were established between the
zero and first clusters. The value of these indicators for the first and second clusters was Fgp = 0.047,
uDy = 0.354. Between the first and third clusters, the third and fourth clusters genetic distances were
maximum. Within groups 1 and 2, no reliable differences in fertility indicators between individuals of
different clusters were found. Differences between the individuals of the second group of the fourth
cluster and the individuals of the first group of the first cluster in the age of first lambing, milk produc-
tion, reproduction rate and intensity of lamb growth before weaning were reliable at p <0.001, p <0.01,
p<0.01, p <0.05, respectively. Despite the low genetic distance between the first and second groups
by microsatellites, the difference between them in the average age of first lambing, reproduction rate
and intensity of offspring growth before weaning was reliable at p < 0.05, p <0.01 and p < 0.05, re-
spectively. Crossbreeding of the Pechora population sheep with the Kuibyshev breed had a negative
effect on some indices of sheep fertility and the intensity of offspring growth during the suckling pe-
riod. To obtain more definite conclusions on the relationship between microsatellite polymorphism
and some selective traits of sheep, it is necessary to increase the number of samples.

Keywords: sheep, microsatellites, cluster, genetic distances, reproduction rate, adaptability
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INTRODUCTION

Identification of quantitative trait loci (QTL)
and candidate genes creates the preconditions
for increasing the efficiency of selection and
successful acclimatization of animals to new en-
vironmental conditions [1]. The main methods
for searching and identifying selectively import-
ant genes are genome-wide association studies
of DNA molecular structure with target traits
(Genome Wide Association Study, GWAS) and
linkage disequilibrium analysis (Linkage Dis-
equilibrium, LD).

The successful use of these methods and SNP
polymorphism (Single Nucleotide Polymor-
phism) has allowed us to accumulate a sufficient
amount of information and create a database of
QTL and genes that control the variability of
many quantitative and binary traits in sheep! 2
[2—4]. Advances in sequencing technology and
the use of single-nucleotide polymorphisms in
DNA have essentially replaced other methods
and types of molecular markers in the study of
the mechanisms of genetic control of quantita-
tive variation. However, there remain many ar-
eas in this field where the use of other molecular
markers and genetic analysis methods remains
relevant.

Of particular interest in this regard are micro-
satellites [5], which, due to their high polymor-
phism, productivity, and availability of analysis,
are widely used in the practice of genotyping
breeding animals when assessing the accuracy
of their pedigrees. To date, a vast and diverse
body of material has been accumulated that
can be used to analyze the associations of STR
markers with target traits.

Previously, using microsatellites, we con-
ducted a search for markers of the lost gene pool
of the aboriginal northern short-tailed sheep [6],

and investigated the relationship between het-
erozygosity at STR loci and fertility of sheep [7].

The purpose of this study is to further analyze
the possible association of microsatellite poly-
morphism with genetic variability of some re-
productive traits of semi-fine wool sheep in the
Subpolar zone.

MATERIAL AND METHODS

Microsatellite polymorphism was studied in
crossbred Pechora semi-fine-wool sheep of the
Romney Marsh type. The history of the herd's
creation is described in detail in [6]. The genet-
ic and population characteristics of the sheep
sample were obtained by genotyping 48 ewes
for 12 STR loci. The total number of ewes used
to characterize clusters and breed groups based
on productivity traits was 45 heads. Three ewes
characterized only by their first lambing were
excluded from the analysis. The total number of
lambings recorded, excluding the first, was 101
(Zn;). Information on the origin, age, lambing
date, fertility, and other biologically and eco-
nomically valuable traits of the animals was ob-
tained from livestock and breeding records for
2010-2020.

DNA was extracted from ear tissue removed
during animal tagging and placed in 96% rec-
tified ethyl alcohol. The tests were performed
in 2020-2022 by the OOO “GORDIZ laborato-
ry’” using the COrDIS Sheep* reagent kit, rec-
ommended by the International Society of An-
imal Genetics, by 12 loci (McMO042, INRA006,
McM527, ETHI152, CSRD247, OarFCB20,
INRA172, INRAO063, MAF065, MAF214,
INRAO0OS5, INRAO023) and the gender marker
AMEL.

The genotyped flock included crossbred
Pechora breed group sheep and their cross-

'Animal QTL Database. URL: https://www.animalgenome.org/cgi-bin/QTLdb/index.

Certificate of State Registration of Database No. 2020620869. Database for Storage and Quick Access to the Results of Ge-
nome-Wide and Regional Association Studies / Shashkova T.I., Aulchenko Yu.S.; Copyright Holder: Novosibirsk State University;
Application No. 2020620713; Submission Date: May 12, 2020; State Registration Date: May 28, 2020.

3gordiz.ru

4COrDIS Sheep. A reagent kit for multiplex analysis of 12 microsatellite markers and the ovine amelogenin locus. User manual.
URL: https://gordiz.ru/wp-content/uploads/2021/05/instrukcziya-cordis-sheep-140521.pdf.
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es of varying bloodlines with Romney Marsh
rams (first group) and Kuibyshev rams (second
group). The studied samples also included an-
imals related to the extinct northern aboriginal
short-tailed sheep. The contributions of ancestral
breeds to the phenotypes of individual animals
or the averages across groups of different breeds
(bloodlines) were expressed as percentages.

Structure Version 2.3.4° and GenAlEx 6.5¢
programs were used to process the results of
sheep genotyping by STR loci. The probabilis-
tic statistical models embedded in the Structure
Version 2.3.4 made it possible to calculate the
probabilities of individual genotypes belonging
to independent, mixed, or crossbred genetical-
ly differentiated groups of animals, to analyze
the genetic heterogeneity of the population with
weak linkage and correlation of genes of marker
loci, to analyze small samples and samples con-
taining genotypes with dominant, recessive, and
null alleles [8, 9].

Using the Structure Version 2.3.4, we cal-
culated the posterior probability of assigning
individual multi-locus STR genotypes to differ-
ent groups (clusters) without introducing prior
information on the genealogical classification
of individuals. The analysis was conducted by
dividing the ewe population genotyped for STR
loci into two (k = 2) and four (k = 4) clusters
according to the estimated number of ances-
tral breeds. To determine an individual's mem-
bership in the corresponding group (cluster), a
threshold probability value in fractions of unity
(Q) was selected, which was > (.75, as well as
the number of clusters (k). The optimal division
of the entire dataset into clusters was determined
based on the presence of the maximum number
of individuals whose membership in their own
cluster reached or exceeded the threshold proba-
bility, as well as on the correspondence between
the number of clusters and the number of ances-
tral breeds involved in the crossbreeding.

In the GenAlEx 6.5 program, the Hardy—
Weinberg genetic equilibrium was assessed for
all groups and the following parameters were
calculated: N, — average number of alleles per
locus; N, — average effective number of alleles
per locus; Ig, — Shannon index; H, — average
observed (actual) heterozygosity rate; H, — es-
timate of the average expected heterozygosity
per locus; uH, — unbiased estimate of the mean
expected heterozygosity per locus; F;g — fixation
index (inbreeding); Fgr — Wright's genetic dis-
tance; Dy — genetic distance according to Nei.

Statistical data processing and graph con-
struction were performed in Microsoft Excel.

The sheep breeds were designated by the first
letters of their names: N — northern aboriginal,
P — Pechora breed group, RM — Romney Marsh,
K — Kuibyshev. The pedigree of the crossbreeds
was expressed through the contribution of each
breed to the genotype (blood content in percent),
designated by numbers before the breed abbrevi-
ation. The number of animals recorded was indi-
cated N, number of lambings — n,. In genotyped
ewes that lambed, fertility (I1,), starting from
the second lambing, was assessed by the num-
ber of live lambs per lambing. Milk production
was calculated based on the litter size increase
during the first 20 days of the suckling period.

For each lambing, the survival rate of the off-
spring was determined using the formula

B, = /11,

where B,, — number of surviving lambs at wean-
ing (at 3 months of age), fractions of a unit; I1, —
surviving offspring to weaning, heads.

The complex indicator, designated as the “re-
production rate” (TP), was calculated using the
formula

TP =11,/B,,

where I1, — average number of lambs produced
from one ewe per lambing, at weaning; B, — age
of first lambing of an ewe, years.

SPritchard J.K., Wen X., Falush D. Documentation for structure software: Version 2.3. URL: http://pritch.bsd.uchicago.edu/

structure.html.

®Peakall R., Smouse PE. GenAlEx 6.5: genetic analysis in Excel. Population genetic software for teaching and research an up-

date // Bioinformatics, 2012, N 28 (19), pp. 2537-2539.
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The designations of statistical indicators
are given according to the textbook by P.F.
Rokitsky’.

RESULTS AND DISCUSSION

This study presents the results of genet-
ic-population characteristics and cluster analysis
of the genetic structure of a crossbred herd of
semi-fine-wool sheep of the Pechora population.

From the data presented in Fig. 1, the differ-
ence in the distribution of average probabilities
of membership of individuals in the correspond-
ing clusters for the first and second groups is ev-
ident at k = 2.

The high probability of the genetic compo-
nent of the first cluster in the first group is due
to the crossing of ewes of the Pechora breed
group with rams of the Romney Marsh breed,
and its decrease in the second group is due to the
crossing of sheep of the first group with rams of
the Kuibyshev breed. The significant proportion
of the second cluster component in the second
group is apparently explained by the similarity
(possibly kinship) of the ancestral aboriginal al-
lele pools of Pechora and Kuibyshev sheep. The
influence of Kuibyshev rams on the formation
of the first group's allele pool has been excluded
chronologically, by genealogical records, and by
examining the accuracy of the pedigrees using
microsatellites.

At k = 4, the number of individuals whose
individual probabilities of membership in their
own clusters reached or exceeded the threshold
was distributed as follows. The first cluster in-
cluded 16 individuals (11 in the first group, five
in the second), and the second cluster included
four individuals (one in the first group, three in
the second). Eight animals each were assigned
to clusters three and four. Among the eight in-
dividuals in the first group of cluster zero, the
proportion of the genetic component character-
istic of clusters three and four ranged from 22
to 44%.
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0 MPU3HAKy NOpoxHOoCTH (k = 2)

Fig. 1. Distribution of average estimates of the
probability of membership of the individuals in
clusters in groups of different breeds (k = 2)

For 12 individuals, the probability of mem-
bership in any of the clusters did not reach the
threshold values. Of these, ten animals were
in the first group and were descended from six
rams of different bloodlines of the Pechora and
Romney Marsh breed groups.

All 16 individuals from the first cluster were
descended from six rams, three of which were
purebred Kuibyshev breed sires and fathers of
individuals of the second group, and the remain-
ing three were crossbred sires of the Pechora
breed group x Romney Marsh with Romney
Marsh bloodline higher than 50% and fathers of
ewes of the first group.

Three ewes of the second group of the sec-
ond cluster are descended from two half-blood-
ed Kuibyshev rams, one ewe of the first group
of the second cluster is descended from a sec-
ond-generation Romney Marsh ram.

All ewes in the third cluster were descend-
ed from a single purebred Kuibyshev ram No.
401. The fourth cluster included ewes that were
daughters of a purebred Kuibyshev ram No. 95.

"Rokitsky P.F. Introduction to statistical genetics: textbook. Minsk, 1978, 448 p.
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Analysis of the distribution of average proba-
bilities of individuals' membership in clusters in
the first group showed that the shares of the first
and second clusters were 0.59 and 0.23, respec-
tively (a total of 0.82), the share of the third clus-
ter was 0.03, and the fourth was 0.15 (a total of
0.18) (see Fig. 2). In the structure of the second
group, the shares of the first and second clusters
were present with probabilities of 0.22 and 0.15
(a total of 0.37), and the third and fourth were
0.32 and 0.30 (a total of 0.62).

According to pedigree records, the breed
composition of the animals in the first group
was as follows: Northern Short-Tailed Coarse-
Wool Sheep — 3%, Pechora Breed Group — 37%,
Romney Marsh — 60% (see Fig. 3). The breed
composition of the second group was as follows:
Northern Aboriginal Sheep — 0.5%, Pechora
Breed Group — 23.5%, Romney Marsh —29.8%,
Kuibyshev — 46.2%.

From the data provided, it is evident that in
the first group, the average total genetic con-
tribution of the Romney Marsh breed and the
Pechora breed group calculated from the pedi-
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0 MIPU3HAKY TOPOIHOCTH (k = 4)

Fig. 2. Distribution of average estimates of the
probability of membership of the individuals in
clusters in groups of different breeds (k = 4)

grees was 97%. In the second group of ewes, the
contribution of these breeds decreased to 53.8%,
and the hereditary traits of the Kuibyshev breed
amounted to 46.2%. Comparing the average con-
tributions of different breeds to the gene pool of
the first group according to the genealogy with
the distribution of the shares of each of the four
clusters in it, it can be assumed that the allele
pool of STR loci typical for the Romney Marsh
breed is concentrated in the first cluster, and that
typical for the Pechora breed group is concen-
trated in the second.

A test of the observed genotype distribution's
compliance with the expected Hardy—Weinberg
law, with the exception of the INRAOOS locus,
did not reveal a significant imbalance in the
overall sample. For the INRA0OOS5 locus geno-
types, the imbalance was due to an excess fre-
quency of the INRAO005'2137 genotype, which
occurred in the sample with a frequency of 0.02
(in a single copy) with a theoretical probability
of 0.0002, which took the y* value beyond the
threshold value.

100,0— N o
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Fig. 3. Average bloodlines of sheep in groups of
different breeds
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Inbreeding coefficients for the null cluster
and for the genotyped array as a whole were
positive, with absolute values close to zero. Ex-
cess heterozygotes were detected within other
clusters, reaching their maximum in the third
and fourth clusters (—0.201 and —0.226, respec-
tively) (see Table 1). In terms of the number of
effective alleles and Shannon index values, indi-
viduals grouped in the third and fourth clusters
were inferior to those in other groups, including
the smallest sample in the second cluster. The
minimum genetic distances according to Wright
(Fgt) and Nei (uDy, unbiased estimator) were
found between the zero and first clusters: Fgr =
0.036, uDy = 0.166 (see Table 2). The genetic
distances between the first and second clusters
were as follows: Fgp = 0.047, uDy = 0.354. The
genetic distances between the first and third, as
well as the third and fourth clusters were maxi-

mum: respectively, Fgp=0.130 and uDy =0.539,
Fgr=10.125 and uDy = 0.473.

Based on the results of the study, it can be
concluded that cluster analysis of the sheep pop-
ulation genotyped at 12 polymorphic loci of
microsatellites made it possible to identify sub-
groups within groups of different breeds that are
more homogeneous in genealogy (at the level of
half-sibs), alleles and genotypes of microsatel-
lites, genetically differentiated from each other
at the level of interbreed differences [10]. Ge-
netic distance estimates obtained by different
methods were positively correlated with each
other when pairwise comparing clusters. The
sample and rank correlation coefficients were
highly significant, positive, and close to unity,
respectively » = 0,989 + 0,049 and rs = 0,976 +
0,077. Thus, a similar ranking of the estimates
of genetic distances between groups obtained by
different methods is shown.

Taodua. 1. XapakrepucTrka KIacTepoB U MOIMYJISIIKN B LIEJIOM [0 TEHETHYECKOMY Pa3HOO0pa3uio

Table 1. Characteristics of clusters and the population as a whole by genetic diversity

Number
Cluster of Statistics Na Ne Ish H, H, uH, Fis
heads
0 12 X 5,500 3,668 1,437 0,712 0,716 0,745 0,011
+ Sx 0,399 0,233 0,058 0,042 0,016 0,017 0,051
| 16 X 5,333 3,303 1,328 0,765 0,674 0,694 -0,134
+ Sx 0,355 0,258 0,070 0,042 0,030 0,031 0,032
) 4 X 3,417 2,768 1,055 0,708 0,599 0,685 —0,192
+ Sx 0,336 0,266 0,100 0,068 0,039 0,045 0,091
3 2 X 4,500 2,929 1,191 0,740 0,622 0,663 -0,201
+ Sx 0,469 0,291 0,097 0,039 0,037 0,040 0,037
4 3 X 4,333 2,830 1,166 0,760 0,623 0,665 -0,226
+ Sx 0,284 0,229 0,074 0,050 0,027 0,029 0,071
Population 48 X 7,000 4,279 1,607 0,742 0,754 0,762 0,019
+ Sx 0,628 0,317 0,069 0,032 0,016 0,016 0,030
Tada. 2. ['eHeTnyeckne AUCTAHITNK MEXTY KJIacTEpaMu
Table 2. Genetic distances between clusters
Cluster 0 1 2 3 4
0 0,166 0,203 0,354 0,319
1 0,036 0,335 0,539 0,388
2 0,047 0,078 | 0,346 0,382
3 0,082 0,130 0,090 0,473
4 0,074 0,094 0,097 0,125 T

Note. Above the diagonal — uDy, under the diagonal — Fgr.
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According to the selection traits, the mini-
mum average age of first lambing was observed
in individuals of the first group of the first clus-
ter (576.1 = 27.3), while the maximum was ob-
served in ewes of the second group of the fourth
cluster (807.4 £+ 11.8) (see Table 3). The differ-
ences between individuals of the second group
of the fourth cluster and individuals of the first
group of the first cluster in terms of age at first
lambing, milk production, reproduction rate, and
growth intensity of lambs before weaning were
significant, respectively, at p < 0,001, p < 0,01,
p=<0,01, p<0,05.

No significant differences were found be-
tween the individuals from different clusters
within groups in terms of fertility, milk produc-
tion, and lamb yield at weaning. However, indi-
viduals from the first cluster assigned to the first
group had the highest milk production, repro-

ductive rate, and average daily live weight gain
of lambs before weaning. In terms of selection
indicators, they were insignificantly superior to
their counterparts from the second cluster.

The lowest milk production rates, reproduc-
tion rate, and average daily growth rate of off-
spring before weaning were recorded in ewes of
the second group of the fourth cluster (see Ta-
ble 3). The difference between animals of the
first and second groups in the average age at
first lambing, reproduction rate, and intensity of
offspring growth before weaning is significant,
respectively, at p < 0,05, p < 0,01, p <0,05. The
assignment of individuals to the corresponding
clusters in the first group and the average indi-
cators characterizing their reproductive abilities
showed that individuals in cluster 0, which were
more likely to retain the genetic makeup of the
northern short-tailed sheep, were inferior to in-

Ta6a. 3. BocrpousBoauTenbHble MPU3HAKK OBLIIEMATOK PAa3HBIX IPYII U KIACTEPOB

Table 3. Reproductive characteristics of ewes of different breed groups and clusters

Number of Number of Dz}ilyh gain
Group, cluster, Age of first live lambs | Milk vield. | lambs at | Reprod in live

number of ewes (N), Statistics | lambing, 1ve 1amos tik yield, ambs a eproduc- weight of

. per lamb- kg weaning, tion rate
number of lambings (n;) years . lambs at
ing, heads heads .

weaning, g
Cluster 0 (N = 10, Y, = 23) X 677,3 1,2 20,6 1,04 0,568 173,8
+ Sx 19,5 0,1 1,9 0,08 0,047 16,1
Cluster 1 (N =11, ¥, = 22) X 576,1 1,1 22,5 1,05 0,706 182,7
+ Sx 27,3 0,1 1,4 0,08 0,066 12,5
For the first group (X, = 45) X 627,8 1,2 21,5 1,04 0,635 178,2
+ Sx 18,1 0,1 1,2 0,05 0,041 10,2
Cluster 1 (N=5, Y, = 9) X 641,1 1,0 19,5 0,89 0,556 142,1
+ Sx 56,8 0,0 3,2 0,11 0,084 34,1
Cluster 2 (N = 3, Y, = 8) X 670,6 1,0 21,0 1,06 0,545 163,9
+ Sx 5,7 0,0 1,8 0,06 0,005 15,3
Cluster 3 (N =8, ¥, = 25) X 634,0 1,1 19,3 0,92 0,573 154,4
+ Sx 31,5 0,1 1,7 0,08 0,055 14,8
Cluster 4 (N =8, Y, = 14) X 807,4 1,1 17,0 1,00 0,453 133,8
+ Sx 11,8 0,1 1,8 0,15 0,066 21,6
For the second group (X3, = 56) X 683,7 1,1 19,0 0,95 0,536 148,6
+ Sx 19,3 0,03 1,04 0,05 0,032 10,2
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dividuals in cluster 1 in terms of productive off-
spring, milk production, and reproductive rate.
No significant differences in selective traits were
found within the groups between individuals as-
signed to different clusters based on multi locus
STR genotypes.

When planning the experiment, we assumed
that using Structure Version 2.3.4 and microsat-
ellites, we would be able to divide the dataset into
clusters, each of which would group individuals
more similar in terms of STR alleles, genotypes,
and genealogy. Between clusters, differentiation
by microsatellites and genealogy was expected to
be greater than intracluster heterogeneity, which
would allow us to identify the relationship be-
tween microsatellite polymorphism, genealogy,
and quantitative trait variability. In the study, the
cluster structure of the groups of different breeds
clearly differentiated the second group into four
clusters, with a high probability of membership
in individual clusters for the progeny of pure-
bred and crossbred Kuibyshev rams. The first
cluster was common to both the first and second
groups, although the groups were formed from
individuals of different breeds. Specifically, the
animals of the first group of the first and second
clusters are descended from crossbred Pechora
rams with Romney Marsh, while the animals of
the second group of the same clusters are de-
scended from crossbreeds of Pechora x Romney
Marsh with half-bred and purebred Kuibyshev
rams.

Thus, when working with crossbred offspring
obtained from related breeds, using STR poly-
morphism at 12 loci for genetic analysis, it was
not possible to simultaneously clearly separate
the dataset into clusters based on markers, ge-
nealogy, and polygenic traits. In this regard, the
non-significant but significant differences in
milk production, reproductive rate, survival, and
offspring growth rate between ewes of the first
and second groups (of different breeds) assigned
to the same (first) cluster are indicative.

We have previously suggested that the level
of heterozygosity at STR loci may be associated

with the fertility of ewes [7]. One of the prob-
able versions of the mechanisms determining
such relationships is the correlation of the lev-
el of heterozygosity at a number of marker loci
with polymorphic genetic systems that control
the variability of quantitative traits. At the same
time, the "neutrality" of markers does not theo-
retically exclude their connection with the ge-
netic variability of selective traits by the type of
true genetic linkage disequilibrium in the case
of localization of the marker and the candidate
gene in the same linkage group.

The effect of such linkage depends on its
tightness, the balance of the gene complex or
chromosome, and interallelic and/or interlo-
cus gene interactions. Even in purebred breed-
ing, the contributions of individual genes, their
complexes, and various chromosomes to the
variability of selective traits vary widely across
different breeds. In crossbred populations, such
variability is apparently easier to detect, analyze,
and utilize in practical marker-associated selec-
tion. However, in the study, the use of microsat-
ellite polymorphism to group animals into clus-
ters failed to establish any association between
markers and selective traits.

CONCLUSION

1. Microsatellite genotyping of a controlled
sheep sample and data processing in Structure
Version 2.3.4 at k = 4 allowed us to detail the
genetic structure of the crossbred sheep flock.
Cluster analysis revealed a higher level of con-
solidation in the first group compared to the sec-
ond, which was expected, as the formation of the
STR allele pool in the second group was addi-
tionally influenced by crossbreeding with Kuib-
yshev rams.

2. Unlike the first group, represented by mul-
tilocus genotypes of clusters zero and one, and a
single individual of the second cluster, the sec-
ond group additionally included multilocus gen-
otypes assigned to clusters three and four. The
descendants of two purebred Kuibyshev rams,
No. 401 and 95, respectively, were grouped into
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these clusters using Structure Version 2.3.4 and
microsatellite analysis. Pairwise comparison
of these clusters revealed maximum genetic
distances. Thus, Fgp and uDy between the first
and third clusters were 0.130 and 0.539, respec-
tively, and between the third and fourth — 0.125
and 0.473. The minimum genetic distances for
FST and DN values were established between
the zero and first clusters (0.036 and 0.166), as
well as between the first and second (0.047 and
0.203). The range of Fgy values from minimum
to maximum exceeded the limits of variation of
interbreed genetic distances [13], while the ge-
netic distance between the first and second breed
groups was 0.015, i.e., it was significantly lower
than the minimum genetic distances established
between individual clusters.

3. Within groups of different breeds, no sig-
nificant differences in productivity indicators
were found between individuals belonging to
different clusters. No correlations were found
between genetic distances between individuals
assigned to different clusters and their differen-
tiation in indicators characterizing certain selec-
tive traits.

4. With a minimum genetic distance, the first
group, compared with the second, had better in-
dicators for the age of the first lambing of ewes
(627.8 £ 18.1 and 683.7 £ 19.3), the number of
lambs obtained in one lambing (1.2 = 0.10 and
1.1 £ 0.03), milk yield (21.5 £ 1.18 and 19.0 +
1.39), the yield of lambs at weaning (1.04 +
0.05 and 0.95 + 0.05), the rate of reproduction
(0.635 £ 0.041 and 0.536 + 0.032), the increase
in live weight of lambs up to 3 months of age
(178.2 = 10.2 and 148.6 £ 10.2). The differ-
ence between the animals of the first and sec-
ond groups in the average age of first lambing,
the rate of reproduction and the intensity of the
offspring growth before weaning is reliable at
p < 0.05, p <0.01 and p < 0.05, respectively.
From the data presented, it is clear that crossing
the Pechora population of sheep with the Kuiby-
shev breed did not have a positive effect on pro-
ductivity indicators.

5. In terms of age at first lambing, milk pro-
duction, reproduction rate and growth intensity
of lambs before weaning, the best indicators
were shown by the animals of the first cluster
of the first group (576.1 + 27.3; 22.5 + 1.43;
0.706 £+ 0.066; 182.7 = 12.5, respectively). The
worst indicators for these traits were shown by
the animals assigned to the fourth cluster of the
second group (807.4+11.8;17.0£1.77;0.453 £
0.066; 133.8 + 21.6, respectively). The differ-
ences between the individuals of the second
group of the fourth cluster and the individuals
of the first group of the first cluster for the speci-
fied characteristics were significant at p < 0.001,
p < 0.01, p < 0.01, p < 0.05, respectively. The
animals of these clusters did not differ signifi-
cantly in terms of average fertility and the yield
of lambs per lambing at weaning.

6. Apparently, the statistically insufficient
number of surviving herds of the formally ex-
tinct Pechora population of semi-fine-wool
Romney Marsh sheep prevented the collection
of objective data on the presence or absence of
associations between microsatellite polymor-
phism and genetic variability of some selective-
ly significant traits. Therefore, future research
requires the use of new bioinformatics methods,
expansion of the breed composition, and an in-
crease in the reference population size, which
will provide more reliable data on the relation-
ship between the level of genetic diversity at
STR markers and selectively significant traits.
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PeryiupoBaHue OKHCJIUTEIBHOIO CTPecca KaK 0CHOBA 3/10POBbSI
1 MPOAYKTHBHOCTH KMBOTHBIX

<) bexkenén B.A., 3axapenko A.M.

Cubupckui ghedepanvhubviti Hayunbll Yyenmp azpobuomexnonocuti Poccutickou akademuu nayk
HoBocubupckast o6macts, p.im. Kpacnoobck, Poccus

(<)e-mail: bekenev39@yandex.ru

W3noxeHsl pe3yabpTaThl COOCTBEHHBIX UCCIICOBAHUHN U 0030p JINTEPaTYPHBIX UCTOYHUKOB TI0 TIPO-
OyeMaM afanTaIliy KUBOTHBIX K (pakTopaM BHEITHEH cpeipl, 0COOEHHO K MHTCHCHUBHBIM METOIaM
pa3BecHHS )KUBOTHBIX, C MO3UIUI Pa0OThl MUTOXOHAPUH, CBOOOJHOPAIMKAIBHOTO OKUCIICHUS TKa-
HeH 1 SHepreTHyeckoro ooMeHa. basupysce Ha GyHIaMEeHTaIbHBIX UCCIIEIOBAHIIX O COCTOSIHIH OMO-
(hM3UYECKOTO MOTEHIMAA )KUBOH CUCTEMBI, TOKa3aHO BIIMSHUE IEPEKUCHOTO OKUCIICHUS JTUIHUIOB Ha
COCTOSIHHE 3JI0POBBSI, IPOTYKTHBHOCTD, YKH3HECTIOCOOHOCTh JKMBOTHBIX M POJIb AHTHOKCHIAHTOB B
ux nposieann. CHIDKEHNE TPUPOCTA, BO3HUKAIOIIEE Y MTOPOCAT IIPH OThEME OT MaTepeid, CBI3aHHOE
C MEPEKUCHBIM OKHUCIICHHUEM JIUMUJ0B, MOKHO YCTPaHITh C MOMOIIBIO PA3IUYHBIX BUJIOB AHTHOK-
cunanToB. Pa3zpaboTaHbl 10361 YIABTPa(HOIETOBOTO OOIYICHHS CBUHEH B YCIOBUSIX TMPOMBIIIIICHHON
TEXHOJIOTUH, MO3BOJISIONINE PETYIHPOBAaTh YPOBEHb CBOOOMIHOPAIVKAILHOTO OKHCICHHUS TKaHEH W
YCUIIMBATh WX aHTUOKCHIAHTHYIO aKTHBHOCTb, YJIY4INAaTh TUIOMOBHUTOCTH CBHHOMATOK, JKH3HECITO-
COOHOCTh ¥ MHTECHCHUBHOCTBH POCTa MpHUIUIOAa. BriepBeie 0OHApYyXEHBI pe3Kue pa3nuuus Haubolee
pacnpocTpaHeHHBIX TIOPOJ CBUHEH TI0 YPOBHIO CBOOOTHOPAINKAIEHOTO OKHCIICHHS X TKaHEH, CBs-
3aHHBIC C PA3IMYHBIM COJIEPIKAHUEM SKHPHBIX KHUCJIOT U XOJIECTEPHHA BO BHYTPHUMBIIIICUHOM KHUPE U
cane. [loka3aHa 3aBUCHMOCTb KaueCTBa MSCHBIX MPOAYKTOB OT COCTaBa MX >KHPHBIX KHUCIOT. Takue
AHTUOKCHIAHTHI, KaK KaTaja3a ¥ THOJIOBBIC COSAMHCHIS, COMEPIKAIIUECs] B KPOBH XPSKOB U CBUHO-
MAaTOK, CIIOCOOHBI IPOTHBOICHCTBOBAThH Pa3pyIIAIONIEMy BO3ICHCTBUIO aKTUBHEIX (POPM KHCIOPOAA
MIPH OTUIOMOTBOPEHUH, BIUSAIOT Ha INIOIOBUTOCTh, MacCy THE3/1a TIPH OIopoce. BriepBrie B TPOTHBO-
MOJIOKHOCTD CIHOXUBIIEMYycsl cTepeotuity o Bpennoctu HXXK, B wacTHocTH cana cBUHEH, dKCIepu-
MEHTAJBHBIM ITyTeM JI0Ka3aHo, 4To XHp, conepxkammuii 6ompine HXXK, vo merpime [THXK, ocobenno
JUHOJIEBOM KUPHOU KUCIOTHI M XOJIECTEPHHA, MIPH BKIIOUEHHU B KOPM KUBOTHBIX IOJIOKUTEIHHO
BJIMSIET HA MPOJYKTUBHOCTH U CEPJIETHO-COCYIUCTYIO CHCTEMY, CHI)KAeT aTeporeHHbIH nHaekc. [Ipen-
JI0’)KEHO BBECTH CIICIUATBLHBIN pa3ziell )KUBOTHOBOJICTBA « DHEPTOOHOTECTY, H3YUAIONTHH COOTHOIIIE-
HUE OKHCIUTEIbHBIX U aHTHOKCUJIAHTHBIX PEaKIMil B OpraHu3Me, MPOBOISAIINN Pa3pa0d0TKy TEXHO-
JIOTUH TapMOHU3AIINHN KU3HEHHBIX MTPOIECCOB U YIYUIIEHUS KaueCTBa MPOTYKITHH YKHBOTHOBOJICTBA.

KuroueBble ¢JI0Ba: CBUHBY, )KUP, MUTOXOHJIPHSI, OKHUCIUTEIbHBIN cTpecc, YD-o0myueHue, kata-
7a3a, )KUPHBIE KACIOThI, aHTHOKCUAAHTHI, THOJIOBBIC COCTUHEHUS

Regulation of oxidative stress as the foundation for animal health
and productivity
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Krasnoobsk, Novosibirsk region, Russia
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The article presents the results of the authors' own research and a review of literature sources on the
issues of animal adaptation to environmental factors, particularly intensive animal farming methods,
from the perspective of mitochondrial function, tissue free-radical oxidation, and energy metabolism.
Based on fundamental studies of the biophysical potential state of living systems, the influence of lipid
peroxidation on health status, productivity, and viability of animals is demonstrated, along with the
role of antioxidants in their manifestation. The decrease in growth that occurs in piglets at weaning,
associated with lipid peroxidation, can be eliminated with the help of various types of antioxidants.
Doses of ultraviolet irradiation of pigs under the conditions of industrial technology have been devel-
oped, which make it possible to regulate the level of free-radical oxidation of tissues and enhance their
antioxidant activity, allowing to improve the fertility of sows, the viability and intensity of growth of
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the offspring. For the first time, sharp differences in the most common breeds of pigs in the level of
free-radical oxidation of their tissues have been found, associated with different content of fatty acids
and cholesterol in intramuscular fat and lard. The dependence of the quality of meat products on the
composition of their fatty acids has been shown. Antioxidants such as catalase and thiol compounds
contained in the blood of boars and sows are able to counteract the destructive effect of reactive oxy-
gen species during fertilization, affect fertility and the litter weight during farrowing. For the first time,
in contrast to the stereotype about the harmfulness of EFAs and, in particular, pork lard, it has been
experimentally proven that fat containing more EFAs, but less PUFAs, especially linoleic fatty acid
and cholesterol, when included in animal feed, has a positive effect on productivity and the cardiovas-
cular system, and reduces the atherogenic index. It has been proposed to introduce a special section of
animal husbandry, "Energobiotest", which studies the ratio of oxidative and antioxidant reactions in
the body, develops technologies for harmonizing life processes and improving the quality of livestock

products.

Keywords: pigs, fat, mitochondria, oxidative stress, UV- irradiation, catalase, fatty acids, antiox-

idants, thiol compounds
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The viability of all living organisms, includ-
ing the productivity of animals, depends on mito-
chondria, the main function of which is the break-
down of glucose and fatty acids in food with the
help of oxygen and the production of energy by
synthesizing adenosine triphosphate (ATP).

Under normal conditions, mitochondria pro-
duce enough energy to support the health of the
entire body. However, their mechanisms are
tuned to respond to the environment. Free radi-
cals, depending on conditions, can either stimu-
late or suppress cell division, genomic activity,
and stimulate the expression of various genes
[1]. Without suitable conditions, mitochondria
do not generate ATP in quantities sufficient for
cellular function. These factors include dietary
factors, particularly overeating, nutrient defi-
ciencies, altered microbiomes, lack of exercise,
chronic stress, toxins, environmental changes,
circadian rhythm disruptions, inconsistency in

temperature and light conditions, and others. In
many cases, this leads to a destructive imbalance
called oxidative stress, during which mitochon-
dria produce and release large quantities of free
radicals that cannot be neutralized by antioxi-
dants, triggering a chain reaction of damage. It
is believed that almost all diseases are caused by
energy-related metabolic disturbances [2].

Free radicals, also known as reactive oxy-
gen species (ROS), cause lipid peroxidation
[3]. They normally act as signaling molecules.
When free radical levels get out of control, oxi-
dative stress occurs, triggering a chain reaction
of damage. Free radicals are implicated in the
aging process, as well as cancer, heart disease,
stroke, arthritis, and possibly allergies, among
many other diseases. They also play a key role
in mammalian reproductive function, including
follicle development and the maturation of 0o-
cytes and sperm’.

!Barron Jon. All Rights Reserved // A Step-by-Step Guide to Optimum Health and Relief from Catastrophic Illness. www. jon-

barron.org. 2002.
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The formation of free radicals depends on
many factors, including feed composition, liv-
ing conditions, and the genetic characteristics
of animals [4]. Oxidative stress, which occurs
in the blood serum, ovaries, and eggs, is caused
by animal stress and causes significant harm to
oocyte development [5]. Sperm cells, which are
characterized by an extremely high metabolic
rate, produce especially large quantities of free
radicals [6].

Thus, oxidative stress is a product of mito-
chondria and affects the production of energy
for all vital functions, the biophysical potential
of the body, health, its adaptation to various en-
vironmental factors, reproductive function, and
the quality of livestock products.

The purpose of this work is to review our own
research and published materials of other scien-
tists on these issues in order to create a general
theory of oxidative stress regulation by various
factors and, on this basis, further technological
development of specific methods for increas-
ing animal productivity and improving product
quality.

The objectives of the work are to consider:

— general problems and the role of oxidative
stress in the reproduction of farm animals;

— the influence of thiol compounds and cat-
alase on the reproductive function of sows and
boars;

— the effects of ultraviolet irradiation on lipid
peroxidation, antioxidant activity of blood and
productivity of sows;

— COCTOSIHUE JIMITUIHOTO OOMEHA, NHTCHCHUB-
HOCTB POCTa M )KU3HECIIOCOOHOCTH MOPOCST IO
BJIMSTHAEM aHTHOKCHIAHTOB;

— the influence of fatty acid composition and
oxidative properties of meat and fat of pigs of
different breeds, fats with different levels of SFA
and PUFA in feed rations on biochemical param-
eters and the atherogenic index of consumers of
products.

In the creation of new selective forms of ani-
mals with high productivity, improved quality of
livestock products, and enhanced reproductive

qualities, it is proposed to develop and use the
methods for regulating the functioning of mito-
chondria aimed at normalizing oxidative stress,
creating the biophysical potential for high pro-
ductivity of animals, improving reproduction
and the quality of livestock products, taking into
account environmental factors and animal hus-
bandry technology. It is proposed to introduce a
special section of animal husbandry that studies
the above phenomena in different species and
breeds of animals, aimed at developing technol-
ogies for harmonizing their life processes.

General issues of the role of mitochondria
and oxidative stress in the reproduction
of farm animals

With the intensification of livestock farming,
especially with industrial farming, all vital ener-
gy is focused on achieving maximum productiv-
ity. At the same time, animals are deprived of a
close connection with their natural environment.
They experience stress from physical inactiv-
ity, overcrowding, the operation of machinery,
and other factors. As a result, the lifespan and
economic use of particularly highly productive
animals are declining. Extending the productive
lifespan of animals has become a critical task for
increasing the economic efficiency of livestock
farming by creating optimal conditions for re-
alizing the already-developed genetic potential.

Highly productive animals experience meta-
bolic (oxidative) stress, which is characterized
by increased production of free radicals, ac-
companied by a number of disturbances in the
functioning of biological membranes and cells
and the redox balance [7, 8]. Damage and dys-
function of the antioxidant system occur, includ-
ing chronic pain and lameness. Researchers [9]
noted increased levels of free radicals—reactive
oxygen species (ROS) and malondialdehyde
(MDA)—in the spinal cord of dairy cows with
chronic inflammatory lameness. Lame cows had
higher ROS (350.5 + 75.22 fluorescence/mg pro-
tein) compared to non-lame cows (152.5 +28.62
fluorescence/mg protein) (p < 0,05). Increased
animal productivity is accompanied by a decline
in their reproductive function. In many farms in
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the Russian Federation, the productive life of
dairy cows has been reduced to 2—3 lactations,
calving periods for beef cows to 2.7 [10, 11], and
sows to 3—4 farrowings? [12]. As a result, there is
a temporary extinction of sexual dominance, the
effectiveness of artificial insemination decreas-
es, the duration of the service period increases,
and the duration of productive use decreases.

Moving away from animal husbandry to so-
ciology, it turns out that similar problems are
being identified. Despite the world's population
being over 8 billion, birth rates are declining in
most countries. Interestingly, the most fertile
countries are poor ones, especially in Africa,
but even there, population growth is slowing. As
family income is increasing, the number of chil-
dren is decreasing, and life expectancy is also in-
creasing. In high-income countries, people have
become less physically active, have become
heavier, and have fewer children. It is known
that 10—15% of married couples in modern eco-
nomically developed countries are infertile.

Studies® [13] have shown that mitochondria
produce an important 24-amino acid peptide,
humanin, which is encoded by the 16S rRNA
gene in the mitochondrial genome. It circulates
throughout the body and is directly connected
to the hypothalamus, the center for controlling
energy metabolism, which influences sexual and
reproductive behavior, and protects cells from
oxidative stress.

In metabolic syndrome, the number of mito-
chondria in cells increases. These mitochondria,
which contain their own genetic material, trans-
mit a signal to the brain's pituitary gland indicat-
ing that the body is either overloaded or under-
loaded with energy. When there is an excess of
nutrients, this signal forces the body to activate
endocrine organs, including sex hormones, to
reduce their functions for the sake of the organ-
ism's survival. When there is a deficiency, the

signal forces the organism to increase activity
and reproduce faster for the sake of the species'
survival. It can be assumed that humanin is the
link that ensures the constant viability of a living
system, depending on environmental conditions.

Neutralization of free radicals in the body
is carried out by enzymatic and non-enzymatic
mechanisms, collectively referred to as antioxi-
dant protection.

There are specific enzymatic scavengers of
reactive oxygen species — antioxidants such as
glutathione peroxidase (GPx), catalase (CAT),
superoxide dismutase, glutathione peroxidase
(GPx1) and others, which convert them into
harmless molecules and are of great importance
in the development of follicles and the process
of oocyte maturation [4, 14].

The role of thiol compounds
and catalase in reproduction

Thiol compounds, which contain sulfhydryl
groups (SH groups) characterized by high reac-
tivity, play a leading role in the molecular mech-
anisms of antioxidant protection and in bringing
the concentration of free radicals to a physiolog-
ically necessary level [15, 16]. Certain relation-
ships between CAT and SH groups in the blood
lead to improved sperm capacitation and, thus,
to better fertilization of eggs [17]. Excessive ox-
idative stress, which is a key sign of poor energy,
damages the sensitive membranes of sperm, dis-
rupts their development, and leads to a decrease
in sperm quality [2].

Based on this, in the 90s of the 20th century
we studied the oxidative status of the blood of
sows, blood and sperm of boars for antioxidant
activity (thiol compounds - SH-groups, cata-
lase activity)*. Table 1 shows that in the blood
of sows there is a clear negative correlation (» =
—0.55) between the activity of CAT and lipid
peroxidation (MDA) and an insignificant one
between the MDA and SH groups, i.e. catalase

2Bekenev V.A. Technology for pig breeding and keeping: a tutorial. St. Petersburg: Lan, 2012, pp. 184-205.
3Barzilai Nir, Cohen Pinchas. Mitochondrial Booster for Longer Healthspans and Longer Life. A Special Report by the Transfor-
mational Technology AlertTeam. Mauldin economics / BULL or BUST, 2016, Navigating the High-Speed Train Wreck.

“Patent AO1K 67/02 (Russian Federation). 2137363 C 1. Method for increasing the fertility of pigs based on a biochemical indi-
cator / Bekenev V.A., Nikiforova N.G., Kharchenko P.G.; published 09.20.1999.
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is more active than thiol compounds in neutral-
1zing free radicals.

A significant increase in multiple pregnancy
and litter weight at farrowing was revealed in
paired combinations where the sows had a high
level of SH groups and the boars had a high cat-
alase activity in the blood, especially when these
indicators were combined in the sow and the
boar (see Table 2, Fig. 1).

There is also a high correlation between the
intensity of peroxidation processes and the an-

tioxidant activity (AOA) of sperm. Since SH
groups affect the penetration of sperm into the
glycoprotein membrane of the egg plasma mem-
brane [16], it can be assumed that a sufficient
amount of SH groups in the blood of sows fa-
cilitates the penetration of sperm into it. As a
result, fertility and the number of piglets born
increase. However, during the formation of the
zygote, free radicals in the female reproductive
tract are believed to be neutralized [6], and AOA
maintains its high status, achieved as a result of

enhanced metabolism.

Taoa. 1. B3aumocBs3b 1IoKka3areiiell aHTHOKHUCIIMTEIILHOIO cTaryca KpoOBU U pCIIpPpOAYKIIUN CBUHEH

(23 xpsika, 48 ruesn)

Table 1. Relationship between blood antioxidant status parameters and reproductive performance in pigs

(23 boars, 48 litters)

Indicator MDA DA SH CAT Tot{a(islip : Proii}f/ica— vl;éitgeﬁ t p\?t;elzlt(s igﬂ;
Boar blood
MDA -
DA 0,34 —
SH 0,29 0,09 —
CAT -0,72 -0,34 0,05 -
Total lipids -0,52 0,19 -0,41 0,43 -
Prolificacy -0,17* 0,08 0,17* 0,29%* 0,04 -
Litter weigh -0,11 0,17* 0,21* 0,24* —0,03 | 0,93%** -
Weak piglets —0,19* —-0,03 -0,14 0,15 0,14 | 0,40%** | 0,14
Stillborn 0,13 0,27%%* -0,01 -0,14 0,07 -0,15 0,10 | 0,03 -
Blood of sows
MDA —
DA 0,61%** -
SH -0,15 0,02 -
CAT —0,55%** 0,06 0,13 -
Total lipids 0,19 0,08 0,13 —-0,03 -
Prolificacy 0,05 -0,04 0,11 0,07 0,04 -
Litter weigh -0,04 0,14 0,17* 0,12 0,07 0,92%**
TWeak piglets 0,07 0,21%* 0,11 0,02 -0,14 | 0,40*** | 0,14 -
Stillborn 0,01 —-0,03 0,21* —-0,02 -0,14 0,15 0,10 | 0,03
The degree of reliability of the correlation coefficients:
*p <0,05.
**p <0,01.
**%p <0,001.
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The effect of ultraviolet irradiation
on lipid peroxidation, blood antioxidant
activity and productivity of sows
Lipid metabolism parameters and productivi-
ty of sows were studied in the OOO “Kudryash-
ovskoye”, Novosibirsk Region, from 1977 to
1980. They were irradiated with ultraviolet rays
from LE-30-1 lamps from the 32nd to the 110th

day of gestation during two reproductive cycles.
Irradiation doses were as follows for each group:
Group 1 — 70-80 mEhr/m?, Group 2 — 95-105
mEhr/m?, and Group 3 — 120-130 mEhr/m? per
day. Pigs in Group 4 were not irradiated and
served as a control.

It was found that UV irradiation of sows and
piglets, depending on its dose, promotes an in-

Ta6a. 2. MHoromioane CBUHEH B 3aBUCUMOCTH OT YPOBHS KaTajia3bl B KPOBHU XPSAKOB U SH-TpyrI

B KPpOBH MAaTOK

Table 2. Fecundity in pigs depending on the level of catalase in boars' blood and SH-groups in sows'

blood
Catalase levels Level of Number of far- Live piglets Nest weight at
in boar blood SH groups rowings born, heads p farrowing, k p
in the blood of ewes g ’ & Ke
High (H) High (H) 15 10,9 £0,52 - 14,6 + 0,59 -
High (H) Low (L) 13 9,9+0,72 Unreliable 12,9+ 1,06 Unreliable
Low (L) High (H) 4 9,5+2,53 » 12,7+ 3,09 »
Low (L) Low (L) 16 8,1+0,79 <0,01 11,1 £0,92 <0,01
100 12,0
80
I 11,0
60 260 o
40 J
©w /f_ 10,0
2
5 20 0.5
&b
I =<
% 0 i 9,0 §
g 201 [ S
= 8.1 | 260 | -8,0 &
O —401 il -3 1,0
—45.0
-60 2
- 7.0
80 _6J5_ 0
-100 6,0
I i} I
[ 1 Catalase, boars
B SH-females

Puc. 1. 3aBUCHUMOCTb MHOTOITJIOANS CBUHEN OT ypOBHS Karanasbl 1 SH-Tpynn B KpOBU XPSIKOB U MATOK,

% ot cpengHero

Fig. 1. Dependence of pig fecundity on the level of catalase and SH-groups in the blood of boars and sows,

% of the average
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crease in the antioxidant activity of cell mem-
brane lipids by 36-51% in pregnant sows, by
14-29% in lactating sows, and a decrease in the
concentration of total lipids by 3.8—-15.1% (see
Table 3).

The greatest increase in antioxidant activity
was observed in animals that received a high-
er radiation dose®’. At the same time, vitamin
D levels in the blood of lactating sows, a pow-
erful modulator of mitochondrial function and
oxidative stress, increased to 6.8-7.5 IU com-
pared to 6.0 IU in the control group, or a 17-
25% increase. Vitamin D is better absorbed and
more freely penetrates the cell's mitochondria
when it is obtained by the body not from food,
but through UV irradiation of the body's surface,
causing an electronically excited state of the
body's cells, "in which portions of energy are re-
leased, equivalent to quanta of a part of the elec-

tromagnetic spectrum from the UV to the near
IR range" [18].

These changes in blood under the influence of
irradiation were accompanied by an increase in
the productivity of sows (see footnote 7). Thus,
in the 2nd and 3rd groups, 0.7—1.0 more viable
piglets were born from each sow than in the
control group. The yield of piglets at weaning
was also higher by 0.5-1.8 heads, and the live
weight of each piglet was greater by 0.2-0.3 kg.
It should be noted that the culling rate among
sows that were irradiated was 7-27% lower than
in the control group, and their conception rate
after weaning was 10—15% higher.

Thus, in the animals exposed to ultraviolet
radiation in industrial conditions, the antioxi-
dant activity of cell membrane lipids increases,
the AOA/LPO index increases, and at the same
time, the productivity and adaptive properties

Taoxa. 3. Jlunuanelii 0OMEH B 3pUTPOLUTAPHBIX MEMOpaHax Y CBHHOMAaTOK

Table 3. Lipid metabolism in erythrocyte membranes of sows

Antioxidant activi- A Total lipids Total e Cholesterol es-
Group ty, h-ml/g Peroxidation, c.u. cholesterol cholesterol terification, %
mg%
In pregnant sows in the first irradiation cycle
Ist 323,2+30,7 0,195+ 0,087 247 £ 20 81,0+3,7 472+19 418+ 1,7
2nd 307,2+42,9 0,134 +0,034 280+ 7 74,0+5,5 41,8 +£3,1 435+ 1,1
3rd 340,0 £37,9 0,156 + 0,036 275+5 77,0+5.,0 41,8 +2,1 457+ 1,7
4th 2250+ 72,6 0,127 £ 0,056 291 +£27 73,0+4,5 45,0+1,9 384+29
In lactating sows after the first cycle of irradiation
Ist 170,0 + 4,7 0,085 +0,016 207 +£4 77,5+2,4 49,7+ 1,5 35,9+0,2
2nd 174,0 £ 11,6 0,134 £ 0,049 210+ 4 62,0+ 1,2 36,0+ 0,0 42,0+1,0
3rd 193,0 £7,9* 0,151 +0,031 207 £ 4 66,6 + 3,6 35,0+ 1,8 475+28
4th 149,0 + 16,2 0,142 + 0,032 240 £ 13 76,3+ 1,3 46,2 + 3.8 39,5+2,0
In pregnant sows in the second cycle of irradiation
2nd 246,2 + 2,8%* 0,182 £ 0,039 203+£3 61,7+9.,6 35,5+3,5 425+1,3
4th 209,6 + 6,4 0,194 + 0,038 21 6+8 81,0+7,7 39,5+3,0 46,5+ 1,6

*Bekenev V.A., Khasnulin V1. Lipid peroxidation and antioxidant activity in pigs under the influence of ultraviolet irradiation //
Siberian Herald of Agricultural Science, 1981, N 1, pp. 82—-86.

%Bekenev V.A., Khasnulin V.I. Biological mechanisms of adaptation of piglets to industrial technology conditions // Agricultural
Biology, 1982, vol. 17, N 1, pp. 113-116.

"Bekenev V.A., Chastikin A.G. Ultraviolet irradiation of pigs at a pig farm // Pig breeding, 1978, N 8, pp. 22-23.
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of pigs improve. The experimentally obtained
optimal doses of UV irradiation are included in
the information and technical reference book on
the best available technologies “Intensive pig
breeding” ITS 41-2023, which is a standardiza-
tion document approved by Order No. 533 of the
Ministry of Industry and Trade of the Russian
Federation dated February 17, 2023.

Lipid metabolism, growth rate and viability
of piglets under the influence of antioxidants

One of the factors that has a significant neg-
ative impact on mitochondrial function and
ATP generation in modern pig farming is stress,
which reduces animal viability and productivi-
ty, disrupts reproductive function, and reduc-
es product quality. In weaned piglets, stress is
caused by weaning, mixing different litters, the
process of transporting piglets to another loca-
tion, changing habitat and living conditions, and
partial changes in feeding quality.

In 1980-1982, we studied viability, growth
rate, antioxidant activity (AOA), and lipid per-
oxidation (LPO) in the blood and liver of piglets
after weaning under the influence of feed addi-
tives: vitamin E, ascorbic acid, chlorpromazine,
as well as an insufficiently studied but promising
adaptogen — Eleutherococcus extract, including
against the background of ultraviolet (UV) irra-
diation.

Significant differences in the activity of en-
dogenous antioxidants of erythrocyte membrane
lipids were observed in piglets of different groups.
Thus, AOA increased under the influence of all
studied factors, especially with the addition of
Eleutherococcus alone to the feed and in combi-
nation with chlorpromazine and UV irradiation
(p <0,001). Moreover, in animals supplemented
with eleutherococcus and chlorpromazine, lipid
peroxidation increased (p < 0.001), while expo-
sure to UV irradiation decreased it (p < 0.001).
The AOA/LPO ratio was higher than the control

in almost all experimental groups of piglets, but
was highest in the groups treated with UV irra-
diation. Eleutherococcus increased the total lipid
content in erythrocyte membranes (p < 0.05).

Eleutherococcus extract, combined with vita-
min E as supplements, as well as in combina-
tion with ascorbic acid, induced an even greater
increase in the antioxidant activity of red blood
cell lipids (p < 0.001). Despite the increase in
lipid peroxidation, antioxidant accumulation
processes prevailed over free-radical reactions,
as evidenced by the increase in the AOA/LPO
index under the influence of the combination of
preparations (see Table 4).

Thus, the use of preventive anti-stress and
tranquilizing drugs during weaning of piglets
allows, due to the normalization of antioxidant
activity and erythrocyte lipid peroxidation, to
improve their growth during the growing peri-
od by 4.8-24.6%, and to increase survival by
5.0-5.1%".

At the same time, a number of studies have
shown that increased peroxidation (free radical)
oxidation of lipids is necessary for the body to
switch metabolic processes to a new, higher en-
ergy level® !°. In this case, endogenous antiox-
idants, acting as "traps" for lipid peroxidation
products, prevent the damaging effects of in-
creased free-radical oxidation. As a result of the
superiority of enzymatic oxidation over free-rad-
ical oxidation, energy products (fats, carbohy-
drates) are used for their intended purpose—for
animal growth and development, which contrib-
utes to increased adaptive resilience and viabil-
ity in piglets.

Fatty acid composition
and oxidative properties of meat
and fat of pigs of different breeds

To substantiate the positive and negative
qualities of saturated and polyunsaturated fatty
acids, their impact on the health of consumers of

8A.c. Ne 1239918, A 61 K 31/00 Method for preventing stress in piglets/ Bekenev V.A. DSP. No. 2825611/30-15; applied

28.09.79; published 28.09.80.

Voskresensky O.N. The importance of the systematic nature of biological inhibition of lipid peroxidation in atherogenesis //

Bioantioxidants, Moscow, 1975, pp. 121-125.

10 Kaznacheev V.P., Khasnulin V.I. The state of adaptive mechanisms and metabolic processes in the builders of the Baikal-Amur

Mainline // Man on the BAM. Novosibirsk,1979, pp. 3-8.
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Taoa. 4. CocTossHUEC JIUITUIHOIO O6M€Ha, HWHTCHCUBHOCTL POCTAa U JKA3HECIIOCOOHOCTh opocAT
o1 BIIMAAHUEM aHTUCTPECCOBBIX ;[06a1301<

Table 4. Lipid metabolism status, growth rate, and viability of piglets under the influence

of anti-stress supplements

Group
Indicator Ist (Eleutherococcus | 2nd (Eleutherococcus 3 ml + | 3rd (Eleuthero-
6 ml + vitamin E 20 | vitamin E 20 mg + vitamin C coccus 4th (control)
mg) 500 mg) 6 ml)
Number of animals 26 26 26 26
Live weight, kg:
at the beginning of the ex-
periment 5,7+0,10 5,71+ 0,11 5,72+ 0,10 5,71 £0,08
34,6 +
at the end of the experiment 36,1 £ 0,10%** 37,5+ 0,56%** 0,57* 32,6 +£0,80
Average daily gain, g 395 412 375 349
Viability, % 100 100 88,5 96,1
AOA blood, h.ml/g 156,3 + 27,5%** 97,7+ 16,3%** 79,0 + 26,6* 8,3+8,3
LPO, c.u. 280 + 120 390 + 70* 2204220 200 + 50
0,36 +
AOA/ LPO Index 0,56 + 0,03%** 0,25 + 0,02%** 0,03%** 0,04 +0,01
Total lipids, mg % 263,3 + 26,1 266,7+31,8 285,0 £ 15,0 218,0 + 30,6
Piglet growth, %
to the control 113,2 118,0 107,4 100,0
Viability, % 100 100 88,5 96,1

The difference with the control is significant at
*p <0,05.

w3k < 0,01.

*Hkp <0,001.

products with a certain ratio of these fatty acids
in the diet, pigs and quails were taken as model
objects, which, according to a number of scien-
tists, are closer to humans in their anatomical
and physiological characteristics [19].

The studies were conducted at the OOO
“Chistogorsky” in the Kemerovo Region from
2018 to 2023. The longissimus dorsi muscle of
the Kemerovo pigs contained slightly higher lev-
els of SFAs and MUFAs, but significantly lower
(almost 2 times) PUFAs, at 6.92% and 12.84%,
respectively, than that of the Pietrain animals. The
subcutaneous fat of the Kemerovo pigs contained
significantly more SFAs (41.56%) and slightly
more monounsaturated fatty acids (MUFAs), but
significantly lower levels of PUFAs (15.18%)
than that of the Pietrain animals (see Table 5).

High levels of PUFAs, especially linoleic
acid, contribute to rapid oxidation of products
due to high metabolic activity (high productiv-

ity) in animals, posing a risk of cardiovascular,
oncological, and other diseases in consumers
and negatively impacting the health of the an-
imals themselves. Polyunsaturated fatty acids,
found in cell membranes, are particularly vul-
nerable to lipid hydroperoxides due to the mul-
tiple unsaturated points found in their structure
[20, 21].

The fat of these two pig breeds, which differ
significantly in fatty acid composition and cho-
lesterol levels, was taken for introduction into
the diet of quails, which serve as a model object.

Three groups of 60 randomly selected quail
chicks were formed immediately after hatching.
The quail were fed fat at a rate of 3.0-3.5% of
their dietary weight: sunflower oil in the first
control group, subcutaneous fat from the Ke-
merovo pigs in the second experimental group,
and the Pietrain pig fat in the third experimental

group.
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The live weight of quails in the 1st control
group at 60 days of age was 204.3 g, in the 2nd
experimental group —213.5 g, in the 3rd experi-
mental group — 208.7 g. In the 2nd experimental
group, whose diet included fat of the Kemerovo
breed, it was 4.5% higher (p <0,1).

Birds in the 2nd experimental group at
60 days of age tended to outperform those in the
first control group in terms of live weight and
body weight gain. Feed consumption per unit
of gain was 8.2, 7.53, and 7.99 kg, respectively,
with feed consumption in the 2nd experimental
group being 8.2% lower.

In our studies, quails from the 3rd experimen-
tal group received pork fat with a high concen-
tration of PUFAs, especially linoleic fatty acid,
which are the main source of lipid peroxidation.
Feed costs per 10 eggs were 0.525; 0.412 and
0.507 kg, respectively. The average egg weight
was highest in hens from the 2nd experimental
group — 11.38 £ 0.16 g versus 11.23 £ 0.18 g
(» <0.01) in the control and 10.65 +0.09 g in the
3rd experimental group.

In 10 birds from each group, slaughtered at 8
and 23 weeks of age, blood serum was tested for

the content of total cholesterol, HDL and LDL,
triglycerides, total protein, albumin, glucose,
antioxidants, aspartate aminotransferase (AST),
the initial level of lipid peroxidation products
(LPO) in low-density lipoproteins (LDL) and
oxidative resistance of LDL.

It is known that when consuming PUFAs, a
high concentration of lipid peroxidation prod-
ucts appears in the blood and tissues, in partic-
ular malondialdehyde, which destabilizes cell
membranes, causing atherosclerotic changes
that deepen under stressful conditions, when the
balance between the formation and capture of
free radicals is disrupted [22-24] (see Table 6).

The LDL level at 23 weeks of age was high-
est in quails fed with fat from the Pietrain pigs,
which is characterized by an increased con-
tent of PUFA and cholesterol (44.9 mg/l versus
29.0 mg/dl in the control group and 28.6 mg/dl
in the 2nd experimental group).

It is important to note that the atherogenic
index (AI) (the ratio (TC-HDL)/HDL), which
characterizes the risk of developing coronary
heart disease, was correspondingly the highest
(p < 0.01) in quails with elevated LDL levels

Ta6ua. 5. )KupHble KUCIOTHI MOIKOXKHOTO JKHpa CBHHEHN pa3HBIX opox, %
Table 5. Fatty acid composition of subcutaneous fat in different pig breeds, %

Pig breed
Fatty acid Kemerovo Pietrain Kemerovo Pietrain
Longissimus dorsi muscle Subcutaneous fat
Palmitic C16: 0 27,02 + 0,90 23,54 +£1,12 25,62+ 1,96 23 +£0,59
Stearic C18: 0 12,82 £0,24 12,50 £ 0,46 13,72 + 0,67 13,34 £ 0,95
EFA sum 39,84 36,04 41,56 38,28
Palmitoleic C16 : 1 4,26 +0,21 2,86+ 0,27 2,36 £ 0,32 2,08 +0,2
Oleic C18: 1 36,22 £ 0,56 31,82+ 1,17 34,78 £ 1,42 33+0,91
Gondoinic C20 : 1 0,74 £ 0,07 1,0£0,22 0,3 0,3
Total MUFA 41,22 35,68 43,1 41,7
Linoleic C18 : 2 (®-6) 6,74 + 0,69 12,42 £ 0,95 15,08 £ 1,61 19,22 £ 1,6
a-Linolenic C18 : 3n3 0 0 0 0
Eicosapentaenoic C20 : 5 0,08 +£0,03 0,2 +£0,06 0 0
Docosahexaenic C22 : 6 0,10+ 0,05 0,22 +£0,04 0 0
Total PUFA 6,92 12,84 15,18 19,42
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receiving the Pietrain pig fat as a feed additive
(0.93 versus 0.57 and 0.69 in other groups) (see
Table 6, Fig. 2).

For the first time, experimental evidence has
been obtained that fats containing more SFAs but
less cholesterol and linoleic fatty acid, the main
structural unit of omega-6 PUFAs, are more ben-
eficial in animal nutrition. The importance of the
presence of certain metals, such as magnesium,
which exists in a complex with ATP, should also
be considered [25].

Contrary to the prevailing international con-
cept of Ancel Keys [26, 27], based on limiting
the consumption of fats, especially those con-
taining a lot of saturated fatty acids, we have
experimentally proven that fat rich in saturated
fatty acids, but containing less PUFA, especially
linoleic fatty acid and cholesterol, is not only not
harmful when included in animal feed, but also
has a positive effect on their productivity, reduc-
es the atherogenic index, and likely reduces the
risk of cardiovascular diseases. This changes the
established scientific concepts in medicine and
animal husbandry, explains scientific facts and

experimental data that previously found no sci-
entific explanation.

This is confirmed by a recent study conduct-
ed by American scientists from various univer-
sities, which showed that mortality in humans is
associated with high blood levels of linoleic fat-
ty acid, the main component of PUFAs. A high
omega-6/omega-3 ratio in the blood increases
the overall risk of death by 26%, cancer by 14%,
and the risk of death from cardiovascular disease
by 31% [28].

Thus, mitochondrial function is a vital com-
ponent influencing a wide variety of aspects of
life, the health of organisms, and the productiv-
ity of farm animals, as it supplies energy for the
creation and expression of the body's biophysi-
cal potential. Regulating oxidative stress can be
used to enhance the reproductive performance
of animals through the use of thiol compounds
and catalase. Exposure of animals to ultraviolet
radiation increases the antioxidant activity of
cell membrane lipids. It should be used in spe-
cific doses to improve animal productivity, es-
pecially on industrial farms. Antioxidants such

Taoa. 6. buoxumuyeckue nokasareiau KPOBHU IICPCIICIIOK

Table 6. Blood biochemical parameters of quails

Test Group

Ist control 2nd experimental 3rd experimental
Triglycerides, mg/dL 90,0 £9,23 123,7 £ 11,39* 107,8 £12,02
Total cholesterol, mg/dL 128,7 + 12,97 130,4 + 10,22 137,7 + 15,38
Antioxidant activity, mmol/l 2,3+0,07 2,2+0,09 2,2+0,06
Lipid peroxidation (0 min), nmol MDA/mg
protein 1,1+0,2 1,7+0,31 1,9 +0,23*
Lipid peroxidation (30 min), nmol MDA/mg
protein 3,8+0,39 4,5+0,53 3,8+ 0,45
High-density lipoproteins, mg/dL 81,7+7.42 77,1 £4,81 71,2 +6,7
Low-density lipoproteins, mg/dL 29,0 £ 5,51 28,6 £4,81 44,9 +£9,01
Atherogenic index, y.ex. 0,57 £ 0,06 0,69 + 0,69 0,93 £ 0,10%*
Total protein, g/l 243 +3,01 25,3+231 254 +2,12
Albumins, g/l 9,2+0,95 9,7+0,48 9,8 £0,76
Aspartate aminotransferase, U/L 147,3 +£29,37 221,9 + 14,96* 205,8 £31,93
Glucose, mmol/l 10,0 + 1,32 9,2+0,88 10,5 +0,93

*The difference compared to the control is significant at p < 0,05; **at p <0,01.
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Fig. 2. Atherogenic index in quails of different
groups by age

as vitamin E, ascorbic acid, chlorpromazine, and
eleutherococcus extract, including those used in
conjunction with ultraviolet radiation, increase
antioxidant activity and lipid peroxidation in the
blood and liver of piglets, thereby promoting
their vitality and growth. The health of agricul-
tural consumers depends significantly on the ra-
tio of saturated and polyunsaturated fatty acids
in meat and lard, as well as their oxidative prop-
erties. This should be taken into account when
developing new animal breeds, feeding condi-
tions, and housing. Fat, including lard from pigs,
which contains more SFAs but less cholesterol
and linoleic acid, is more beneficial in animal
nutrition, reduces the atherogenic index, and
lowers the risk of cardiovascular disease, which
is likely applicable to human nutrition as well.
Based on this, we propose, along with the
selection and feeding of farm animals, to intro-
duce a special section of animal husbandry, “En-
ergobiotest,” which studies the aforementioned
phenomena in different species and breeds of
animals from theoretical and applied positions,
including the composition of fatty acids in body
tissues and consumed feed, the amount of ATP
obtained from food, the ratio of oxidative and
antioxidant reactions in the body, the atherogen-
ic index, behavioral reactions and stresses that
affect the antioxidant activity of body tissues, the
development of technologies for the harmoniza-

tion of life processes and improving the quality
of the resulting products.
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Accouuanum ;KMBOM MACChI M TEHOTHIIMYECKOr0 Pa3HO00pa3us
MONMYJISINMH OJICHEeH YYKOTCKOM U 3BEHCKOM MOPOoJ
Kpaiinero Cesepo-BocToka Poccun

Bpozraaos 4., <) ButomckoBa E.A., 'uatep E.B.

Mazaoanckuii nayuHo-uccie008amenbCKull UHCIMUMym CelbCKo20 X03AUCmea —
Gunuan Dedepanvroeo ucciedosamensbckoeo yenmpa «Becepoccutickuii
UHCMUMym 2eHemuyeckux pecypcog pacmenuu um. H.-1. Basunosay

Maranan, Poccust

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

[IpencraBnensl pe3yiabTaThl UCCIIEAOBAHUS aCCOIUAIMA KUBOM MacChl M T€HOTUITMYECKHUX MpPH-
3HAKOB B CEJIHCKOXO3SICTBEHHBIX MOIYJISAIMSIX JOMAIIHAX CEBEPHBIX OJieHel Maramganckon obiactu
1 UyKOTCKOTO aBTOHOMHOTO OKpyra. Mcciemosanus mpoBeneHsl B 20202022 rr. Ha 06a3e deThIpex
CeBhCKOXO3IMCTBEHHBIX TpeanpusaTuii UykoTtkn n Maraganckoit obnactu. B pabore mcnonp3oBana
300TeXHHYECKass WHPOPMALHA U3 TOJOBBIX OTYETOB CENbXO3MPeanpusaTuii UyKOTCKOTO aBTOHOMHO-
ro okpyra u CeBepo-OBeHCKOTO paiioHa Marananckoid oonactu. s n3ydeHus B3siTa )KuBas Macca
peann30BaHHBIX Ha MSCO JKUBOTHBIX, pacCUMTaHHAs Kak cpeaHeapudmernyeckas 3a 10 et mo kax-
JIOH TTOJIOBO3PACTHOM TpymIie. MarepraioM sl TeHeTHISCKUX HCCIICIOBAHHUMN CITY>KUIH OOpa3Ilhl
TKaHU (YUIHBIE BBIIIUIIBI) OJIEHEHW Pa3HBIX MOJOBO3PACTHHIX TPYMIL. B MONEKYISIpHO-TEHETUIECKUX
WCCIIEZIOBAaHUSIX UCIIOIB30BaHO 925 mpo6. UHauBHIyasHOE TeHOTHITUPOBAHUE JKUBOTHBIX OCYIIIECT-
Bisun ¢ nnpuMmenenneM ISSR-PCR-metona. 3aBucumocts Mexay nomumopduszmom ISSR-mapkepos
U NPOJYKTUBHBIMHU IIPU3HAKAMY OJICHEH YYKOTCKOW M 3BEHCKOW MOpOJ paHee He m3ydaynd. Uykot-
CKHE TOMYJISIIUN OJICHEH YCTyHal YBEHCKUM TI0 CPEIHEMY YHCITy aJieei Ha Tokyc Ha 12%, gyucity
neiicTByrommx 3QQeKTHBHBIX ayuteneil Ha Jokyc Ha 11,0%. 3HaueHust kodppurenTa Koppessium
MEXTy TOKa3aTeIsIMH )KHBOH MAacChl M TEHETHYECKOTO Pa3HOO0Opasvs B MOMYISIUSIX IYKOTCKOH U
HBEHCKOH IMOPOJT TI0 BCEM ITOJIOBO3PACTHBIM TPYIITIIAM OJIEHEH OKa3aliCh COOTBETCTBEHHO PaBHBI: JJIS
cpemHero uncia ayieneit Ha iokyc » = 0,347 u 0,336, yucina 3¢ dexruBHbx ameneit » = 0,534 u 0,546,
Teopernueckoit rerepozurornoctu 0,570 u 0,538 coorBeTcTBeHHO. [loNMyUueHHBIC JaHHBIE TTO3BOJIIIOT
KOHCTAaTHPOBAaTh 3aBUCHMOCTb KHBOM MacChl OJICHEH OT TE€HOTHITMYECKOTO Pa3HOOOpasus B IMOIMYJIs-
LUSIX YyKOTCKOW U IBEHCKOUW MOpOI.

KuroueBbie cjioBa: ceBepHOE OJIEHEBOACTBO, YYKOTCKAs MTOPO/a, YBEHCKAs MTOPO/Ia, )KUBask Macca,
TeHEeTUYeCKOe pa3HooOpasne

Associations of live weight and genotypic diversity of deer populations
of the Chukchi and Even breeds of the Far North-East of Russia

Bryzgalov G.Ya., <) Vitomskova E.A., Ginter E.V.

Magadan Scientific Research Institute of Agriculture — Branch of the Federal Research Center N. I.
Vavilov All-Russian Institute of Plant Genetic Resources

Magadan, Russia

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

The results of the study of associations of live weight and genotypic traits in agricultural popula-
tions of domestic reindeer in the Magadan region and the Chukotka Autonomous District are present-
ed. The studies were conducted between 2020 and 2022 at four agricultural enterprises in Chukotka
and the Magadan region. The study utilized zootechnical data from the annual reports of agricultural
enterprises in the Chukotka Autonomous District and the Severo-Evensky District of the Magadan
region. The study utilized the live weight of animals sold for meat, calculated as the 10-year arith-
metic mean for each sex and age group. The material for genetic studies consisted of tissue samples
(ear notches) from reindeer of different sex and age groups. A total of 925 samples were used in the
molecular genetic studies. Individual genotyping of the animals was performed using the ISSR-PCR
method. The relationship between ISSR marker polymorphism and productive traits in the Chukchi
and Even reindeer breeds had not been studied prior to this research. Chukotka reindeer populations
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exhibited 12% lower average number of alleles per locus and 11.0% lower number of effective alleles
per locus compared to Even breeds. The values of the correlation coefficient between the live weight
and genetic diversity indicators in the populations of the Chukotka and Even breeds for all age and sex
groups of reindeer were respectively equal to: for the average number of alleles per locus »=0.347 and
336, the number of effective alleles » = 0.534 and 0.546; theoretical heterozygosity 0.570 and 0.538,
respectively. The obtained data allow us to state the dependence of the live weight of reindeer on the
genotypic diversity in the populations of the Chukchi and Even breeds.
Keywords: reindeer husbandry, Chukchi breed, Even breed, live weight, genetic diversity
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INTRODUCTION

In the far northeast of the Russian Federation,
the Chukchi and Even breeds of reindeer retain
their economic importance as a breeding spe-
cies. The Chukchi breed is the most numerous
one. Due to the restructuring of reindeer herding
farms engaged in breeding the Even breed in the
post-Soviet period, the population of these ani-
mals has significantly decreased.

Reindeer herding farms are taking the neces-
sary measures to increase their herd size, but it is
nevertheless declining. Selective breeding work
with domestic reindeer on farms is carried out
using traditional methods based on mass selec-
tion by phenotype [1-5].

To accelerate selection and breeding efforts,
it 1s necessary to create herds with the desired
productivity level, adapted to specific breeding
regions and industrial technologies. Traditional-
ly, such work takes a long time and is sometimes
ineffective. The effectiveness of this approach is
complicated by the fact that the predicted pro-
ductivity of highly specialized breeds is realized
under specific housing and feeding conditions.
The development of molecular genetics, partic-
ularly the advent of the polymerase chain reac-
tion (PCR), which allows for the amplification
of large numbers of specific DNA regions and
subsequent analysis of polymorphisms within

these regions in different individuals, has fun-
damentally changed the possibilities for geno-
typing animals and identifying key genes whose
polymorphisms significantly contribute to the
development of economically valuable traits. It
is necessary to conduct research aimed at devel-
oping more effective methods that incorporate
advances in molecular genetics in order to im-
prove the breeding methods [6—13].

The purpose of the work is to study the as-
sociations of live weight and genotypic traits in
agricultural populations of domestic reindeer in
the Magadan Region and the Chukotka Autono-
mous Okrug.

MATERIAL AND METHODS

The research was conducted in 2020-2022 at
four agricultural enterprises in Chukotka and the
Magadan Region: AE “Vozrozhdenie”, “Amgue-
ma”, “Ostrovnoye”, and the MUAE “Irbychan”
(see the figure).

The study utilized zootechnical information
from annual reports of agricultural enterprises in
the Chukotka Autonomous Okrug and the Seve-
ro-Evensky District of the Magadan Region. The
live weight of animals sold for meat was calculat-
ed as the arithmetic mean over 10 years for each
age and sex group. On average, approximately
3,500 animals were sold per farm annually. All
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UYykorckas nopoaa oneHeit CIIX «Amrysamay
Chukchi breed of deer of the AE "Amguema"

carcasses were weighed, and farms maintained
individual records. To compensate for seasonal
and annual fluctuations in live weight, data on
reindeer sales in the fourth quarter of each year
during periods of stable industry development
were used.

The nomenclature of age and sex groups ad-
opted in reindeer herding: does — females over
two years old, calves — males and females 5-6
months old, bull calves — males from one to two
years old, bulls — males over three years old.

The genetic studies were conducted using tis-
sue samples (ear notches) from reindeer of dif-
ferent age and sex groups. A total of 925 samples
were used in the molecular genetic studies. In-
dividual genotyping of animals was performed
using the ISSR-PCR method. The relationship
between the ISSR marker polymorphism and
performance traits in reindeer of the Chukotka
and Even breeds has not been previously stud-
ied.

The existing nomenclature of age and sex
groups of animals in northern reindeer herding
was adopted. Data processing was performed
using the generally accepted methods of varia-
tion statistics™.

RESULTS AND DISCUSSION

To study associations between genetic di-
versity and live weight, data from Table 1 were
used. Individuals belonging to the Chukotka

*Biganova S.G. Biometrics. St. Petersburg: Lan, 2024, 132 p.

breed from the “Vozrozhdenie” and “Amguema”
farms were classified as highly productive pop-
ulations meeting the requirements of the Elite
quality class. Animals from the “Ostrovnoye”
farm population were classified as having an av-
erage live weight across all age and sex groups.
Live weight differences in favor of deer from the
“Vozrozhdenie” and “Amguema” farms com-
pared to deer from the “Ostrovnoye” farm were
32.0% for does, 27.4% for calves, 17.6% for bull
calves, and 16.5% for bulls, with an average of
23.2% across all age and sex groups. High-yield-
ing deer populations surpassed less productive
ones in the average number of alleles per locus
by 2.0% and the number of active effective al-
leles per locus by 17.6%.

The heterozygosity rate in the deer popula-
tions from the “Vozrozhdenie” and “Amguema”
farms exceeds that of the “Ostrovnoye” popu-
lation by 2.1 and 3.2%, respectively. The most
significant difference between the populations,
which differ in live weight, was determined by
the polymorphic information content (P/G) in-
dex at 64.2%.

The homozygosity coefficient, reflecting the
genetic uniformity of populations, in the “Voz-
rozhdenie” and “Amguema” farms was 18.2 and
26.8% lower, respectively, than the population
from the “Ostrovnoye” (p < 0,01).

In populations with the highest live weight
of age-sex groups of deer from the “Vozrozh-
denie” and “Amguema” farms, the most signif-
icant indicators of genetic diversity were also
found: the average number of alleles per locus
is 8.57/8.71, the number of effective alleles per
locus is 7.57/8.15, the expected heterozygosity
is 0.868/0.877, the PIG index is 0.248/0.374,
respectively. In the population from the “Ostro-
vnoye” farm with low live weight of deer, less
significant indicators were found: the average
number of alleles per locus is 8.47, the number
of effective alleles per locus is 6.68, the expected
heterozygosity is 0.850, the PIG index is 0.151.
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Taoa. 1. IToka3arenu >kMBOM MacChl 1 TEHOTUITMYCCKOTO pa3Hoo6pa31/1;1 B IOIMYJISINUAX OJICHEH

YYKOTCKOM 1 3BEHCKOM MOpOoJT

Table 1. Live weight and genotypic diversity indicators in deer populations of the Chukchi

and Even breeds

Populations of the Chukchi Populations of the
breed Even breed Differ-
Age and gender group Average Average
Vozrozh- | Amgue- Pa- Gizhi- ence
. Ostrovnoe .
denie ma renskaya | ginskaya
Live weight, kg
Does 105,1 101,6 77,8 94,8 89,5 91,4 90,4 4,4
Calves 60,4 53,1 445 52,6 50,8 52,3 51,5 1,1
Bull calves 85,4 87,6 73,5 82,2 75,9 76,1 76,0 0,1
Bulls 131,7 1323 111,3 125,1 112,7 113,6 113,2 0,5
Genetic diversity
Average number of alleles per 857 | 871 | 847 | 858 | 995 | 956 | 975 | 1.17
Effective alleles per locus 7,57 8,15 6,68 7,46 8,49 8,28 8,38 0,92
Homozygosity coefficient 0,132 0,123 0,156 0,135 0,120 0,110 0,115 0,020
Heterozygosity 0,868 | 0,877 0,850 0,865 0,880 0,880 0,880 | 0,015
PIG (proportion of heterozygotes) | 0,248 | 0,374 0,151 0,257 - - - -

Even reindeer from the Parenskaya and Gizh-
iginskaya populations differ insignificantly in
live weight: does by 2.1%, calves by 2.9%, bull
calves by 0.3%, and bulls by 0.8% (an average
of 1.4% across all age and sex groups) in favor
of the Gizhiginskaya population. In terms of
genetic diversity, both Even breed populations
also differ insignificantly: the number of effec-
tive alleles per locus is 2.5%, and the expected
heterozygosity value is the same in both popula-
tions — 0,880.

The homozygosity coefficient, reflecting the
genetic uniformity of populations, in the Pa-
renskaya and Gizhiginskaya populations was
approximately at the same level — 0.120 and
0.110, respectively (see Table 1).

The correlation coefficient between live
weight and genetic diversity in the Chukchi
breed populations across all age and sex groups
of reindeer was found to be equal: for the aver-
age number of alleles per locus, » = 0.347, the
number of effective alleles — » = 0.534, and the-
oretical heterozygosity — 0.570. The most signif-
icant correlation was found between live weight

and the proportion of heterozygous variants in
the population — » = 0.646. In the age and sex
groups of reindeer, the highest correlation coef-
ficient between live weight and genetic diversity
indicators of the Chukotka breed is found in the
group of bull calves (»=0.597-0.809) (see Table
2). Live weight in Chukotka bull calves is the
most stable indicator in comparison with other
age and sex groups, since the does are lactating,
the bulls are after the estrus, and the calves are
growing, and therefore more dependent on envi-
ronmental conditions.

The values of the correlation coefficient be-
tween the live weight and genetic diversity indi-
cators in the Even breed populations for all age
and sex groups of deer were equal, respectively:
for the average number of alleles per locus r =
0.336, the number of effective alleles —»=0.546,
theoretical heterozygosity — 0.538. In the age
and sex groups of deer, the highest correlation
coefficient between live weight and the genetic
diversity indicators of the Even breed was found
in the group of bull calves (= 0.534—0.812) (see
Table 2).
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Taoa. 2. KoaduuenTs! Koppessinyuy moka3aresieil TeHOTUITHYECKOTO pPa3HoO0pasusl v )KUBOH MacChl

B MOMYJISAUAX OJIEHEW YYKOTCKOW M 3BEHCKOW MOPOJ]

Table 2. Correlation coefficients of genotypic diversity and live weight in deer populations of the

Chukchi and Even breeds
An indicator of genetic diversity that cor- Chukehi breed Even breed
relates with live weight of deer Does Calves c}:ll\]/lels Bulls Does Calves clsll\lflels Bulls
éc,’gage number of alleles per locus 0301 | 0298 | 0,597 | 0,193 | 0325 | 0275 | 0,534 | 0211
Effective alleles per locus (Ne) 0,522 | 0,478 | 0,780 | 0,358 | 0,487 | 0,469 | 0,882 | 0,349
Homozygosity coefficient (Ca) -0,556 | -0,521 | -0,809 | -0,396 | —0,498 | 0,436 | 0,831 | -0,376
Expected heterozygosity (He) 0,556 | 0,521 | 0,809 | 0,396 | 0,508 | 0,502 | 0,812 | 0,332
Proportion of heterozygotes (PI/G) 0,731 0,511 | 0,741 | 0,602 _ _ _ _
CONCLUSIONS CIINCOK JIUTEPATYPBI
1. The most significant differences in live 1. Ilesenesa O.M., I'adxcues H.b. llokazarenn
weight were between the most highly produc- BECOBOIO M JIMHEHHOTO pOCTa OJICHEH HEHEll-
tive populations (“Vozrozhdenie” and “Amgue- KOMH TIOPOJIbI B JIECOTYHIPOBOH 30He ‘fMarna //
ma”) and the less productive (“Ostrovnoye”) for Becthuk Kypranckoit ICXA. 2023. Ne 4 (48).
the Chukotka breed of deer, which amounted to €. 50-55.
2. Hoyes A.B., Pomanenxo T.M., Xap3unosa B.P,,
32.0% for females, 27.4% for calves, 17.6% for .

; Conosvesa A/, Jlatiwmes K.A., bpem I, 3uno-
bull calves, and 16.5% for males, with an aver- I T —
age of 23.2% for all age and sex groups. CKHMe 0COOEHHOCTHU MOMYJISLMI CEBEPHOTO OJle-

2. The homozygosity coefficient in the more HsI HeHe1Koi nopopl // CenbcKoX0o3sSiCTBeHHAS
productive populations from the “Vozrozhdenie” ouonorusa. 2017. Ne 52 (6). C. 1175-1183.
and “Amguema” farms was 18.2% and 26.8% DOI: 10.15389/agrobiology.2017.6.1175rus.
lower, respectively, than in the low-productivity 3. bpeisearos [ 4., Bumomckosa E.A., [un-
population from the “Ostrovnoye” farm. In the mep E.B. )KuBas Macca I0j10BO3PACTHBIX IPYIII
Even breed populations, where productivity was CCBCPHbIX Oﬂerﬁ HYKOTCKOH H 9BEHCKOH fiopoa
virtually identical, the homozygosity indices B CENBCKOXO3AMCTBEHHBIX momymamuax Kpaid-
were approximately the same. Hero CeBepo-BOCTqKa Poccun // Journal of

3. The correlation coefficients between live Agriculture and Environment. 2024. Ne 11 (51).

. L. o . DOI: 10.60797/JAE.2024.51.18.
weight and genetic diversity in the populations 4 ;9 .06 4. A, Jlaiues K.A. OcobenrocTH po-
of the Chukotka and Even breeds for all age and cTa ¥ hOPMUPOBAHMS TENOCTOKEHHUS CEBEPHBIX
sex groups of reindeer were equal: for the aver- oneHeii HeHewKoil opossl // MeskyHapOIHBbIit
age number of alleles per locus » = 0.347/0.336, BecTHHK BeTepunapuu. 2022, Ne 2. C. 104-111.
the number of effective alleles » = 0.534/0.546, DOI: 10.52419/issn2072-2419.2022.2.1045.
and the expected heterozygosity »=0.570/0.538, 5. [Oowcakos A.A., Jlaiiwes K.A. Ouenxa sddek-
respectively. Our data are consistent with the THBHOCTH OTOOpa CEBEPHBIX ONCHEH HCHELKOi
data of other researchers [15]. MOpOABl TIO0 (PEHOTHIMHUYECKUM TpHU3HAKaM //

4. The data obtained allow us to establish a AIIK: nnHoBanmonusle TexHoiaoruu. 2022, No 1.
relationship between live weight and genotypic €. 25-33.

6. Cemuna M.T., Kawumanoe C.H., babasu O.B.,

diversity in the Chukchi and Even breed pop-
ulations. It is necessary to monitor the genetic
structure of Chukchi and Even breed reindeer
populations in the Far Northeast of the Russian
Federation.

Jlatiwes K. A., FOxcakos A.A., Boponxosa B.H.,
Huxonaesa 2.A4., Ceuwésa I'P. Ananu3 reHe-
TUYECKOTO pa3HoOOpa3us W TOMYIISIIHOHHOMN
CTPYKTYPbI HeHEI[KOW a0OpUTEHHOM TTOPOJIBI Ce-
BEpHBIX OJICHEH Ha OCHOBE MHUKPOCATEITUTHBIX
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OnTumusanus 0eJIKOBOro NUTAHUA KOPOB HA pa3jioe

<) Ky3neunos /I.B.

000 «Mycmane-Cubupo»

Anraiickuii kpaii, bapnayi, Poccus
(<)e-mail: d.kuznecov.amp@gmail.com

33I[a‘-ICI71 KOpMJICHUS KBAaYHBIX JKUBOTHBIX ABJIACTCA CO3AaHNUC OIITUMAJIbHBIX yCHOBI/Iﬁ JJIsL pa6OTI)I
PyOI110BOIT MUKPO(IIOPBI, PE3EPBOM IMOBBIIICHHS MPOAYKTUBHBIX KAYeCTB — MPUMEHCHHE 3allUINCH-
HOTO (TPaH3UTHOTO) Oeka, YT0 MUHUMHU3HUPYET Harpy3Ky Ha medeHb. C 1eIbl0 ONTUMHU3AINN OCITKO-
BOTO IMHUTAHUS MOJIOYHBIX KOPOB OPTaHMU30BAH OTIBIT IO TPUMEHEHHUIO OEITKOBBIX KOPMOBBIX JOOABOK.
B nepunon pa3mnost Ha KOpoBax KpacHOH CTETHOHN MOPO/Ibl CPOPMHUPOBAHBI TPU TPYHITBI (KOHTPOIBHAS H
nBe onblTHBIC) 10 50 ron. B Kaxkaoi. Ha done xozsaiicTBeHHOTrO pannona (KOHTPOJIb) AOTOIHUTEIBHO
MIPUMEHEHBI B 1-# OMBITHOW — IPOKKH KOPMOBBIE B KONWYeCTBE | KI/TOJ. B CYyTKH, BO 2-H OTIBITHOM —
BbICOKOOENKOBBIH KoHIleHTpar Kaypur 60 B xomuuectBe 850 r/ron. B cytku. JlobaBka Kaypur 60
MIPEJICTABIIIET COO0I CMeCh pPaCTUTEIBHBIX, )KUBOTHBIX I CHHTETUYECKUX KOMIIOHEHTOB C COJepKa-
HUEM cbiporo nporenHa 60%. B xone npoBeaeHHBIX UCCAEA0BAHUN YCTaHOBIEHO: AOMOIHUTEIBHOE
MIPUMEHEHHUE JPOXIKEN CIIOCOOCTBOBAJIO YBEIHMUSHHUIO B PAIlIOHE CHIPOTO MpoTenHa Ha 7%, mepesa-
pumoro — Ha 5%, cooTHOLIEHHE PyOLOBOH W KulIedHoW (pakuuii coctaBuio 65/35. Ilpumenenne
OenxoBolt no6aBku Kaygur 60 cnocoOCTBOBaJIO YBEIWYEHUIO CHIPOTO MpoTenHa Ha 13%, nepeBapu-
Moro — Ha 15%, yBeJIM4YeHHe KOJIMYECTBAa TPAH3UTHOTO OeJika B parroHe coctaBuio 40%, cOOTHOIIE-
aue PII/HPII cocraBmo 60/40. OTMedeHO YBETUUICHIE BAJIOBOTO HAMOS 1O OMBITHBIM TPYIIIaM OT 6
1o 13%. bamaHc sHeprum U MPOTENHA B KOpMax B rpyrie ¢ npumenenrneM Kaydur 60 cnocobcTBoBat
JIOCTOBEPHOMY ITOBBIIICHHIO KUPHOCTH U ypoBHs Oenka Ha 0,1 u 0,2% cOOTBETCTBEHHO, YPOBEHH MO-
YEeBHHBI B MOJIOKE ObUI B mpejenax (PU3M0I0rn4eckoro HopMarusa. lIpuMeHnenne OeIKoBBIX KOPMO-
BBIX I[O63BOK B ONBITHBIX I'pyIIax IMPpUBEJIO K YBCIIMUYCHUIO KOPMOBBIX 3aTPaT, IIPpKU 3TOM YBCJIIMUCHUEC
BBIPYUYKH OT peajTu3aIiii MOJIOKa cocTaBmilo oT 6 10 13%, npudbutn — ot 2 10 8%.

KuioueBble ci10Ba: KOPOBEI, pa3ioii, OenkoBas q100aBKa, Y01, Ka4ECTBO MOJIOKA, 3aTPaThl KOpMa

Optimization of protein nutrition while increasing
the milking capacity of cows

(<) Kuznetsov D.V.

00O "Mustang-Siberia"

Barnaul, Altai Territory, Russia
(<x)e-mail: d.kuznecov.amp@gmail.com

The task of feeding ruminants is to create optimal conditions for the work of rumen mi-
croflora, a reserve for increasing productive qualities is the use of protected (transit) protein,
which minimizes the load on the liver. In order to optimize protein nutrition of dairy cows, an
experiment was organized on the use of protein feed additives. During the period of increa-
sing the milking capacity of cows, three groups (control and two experimental) of 50 heads
each were formed from the cows of the Red Steppe breed. Against the background of the farm
diet (control), in the 1st experimental group, feed yeast was additionally used in the amount
of 1 kg/head/day, and in the 2nd experimental group, high-protein concentrate Kaufit 60 was
used in the amount of 850 g/head/day. The supplement Kaufit 60 is a mixture of plant, ani-
mal and synthetic components with a crude protein content of 60%. The studies showed that
additional use of yeast contributed to an increase in crude protein in the diet by 7%, diges-
tible protein by 5%, and the ratio of rumen and intestinal fractions was 65/35. The use of the
protein supplement Kaufit 60 contributed to an increase in crude protein by 13%, digestible
protein by 15%, the increase in the amount of transit protein in the diet was 40%, the SP/NSP
ratio was 60/40. An increase in gross milk yield in experimental groups from 6 to 13% was
noted. The balance of energy and protein in the feed in the group using Kaufit 60 contributed
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to a reliable increase in fat content and protein levels by 0.1 and 0.2%, respectively, the level
of urea in milk was within the physiological norm. The use of protein feed additives in experimental
groups led to an increase in feed costs, while the increase in revenue from milk sales amounted to 6 to

13%, and profit from 2 to 8%.

Keywords: cows, increasing the milking capacity of cows, protein supplement, milk yield, milk

quality, feed costs
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INTRODUCTION

Protein metabolism in ruminants is unique, due
to the physiological structure of their digestive
tract. The amount of protein reaching the small
intestine is not equal to the amount found in the
feed. This is because the forestomach microflora
(bacteria and protozoa), acting on the feed with
their enzymes, breaks down the feed proteins,
and in doing so, rapidly multiplies. Intensive
reproduction produces a significant amount of
high-quality bacterial protein, which is absorbed
by the cow's body in the small intestine. The bac-
teria feed not only on feed protein but also on ni-
trogen compounds (non-protein nitrogen), which
require sufficient energy to digest [1-3].

An important nutritional goal is to create op-
timal conditions for the functioning of rumen
microflora, and a reserve for improving pro-
ductivity is the use of protected (transit) protein
[4—6], which minimizes the load on the liver.
High-yielding cows often lack microbial pro-
tein; in this case, transit protein compensates for
the animal's protein requirement.

The purpose of the research is to optimize
protein nutrition and its impact on the perfor-
mance of lactating dairy cows. To achieve this
goal, the following objectives were set:

— assessment of nutritional value and provi-
sion of the diet with complete protein;

—record of milk productivity and milk quality
composition;

— economic efficiency of the research con-
ducted.

MATERIAL AND METHODS

The research was conducted in 2023 on the
Red Steppe dairy cows at a livestock complex in
the Altai Territory. We would like to express our
sincere gratitude to A.I. Tokarev, Director of the
000 “Mustang-Siberia”, and A.M. Bulgakov,
Scientific Consultant, Doctor of Science in Ag-
riculture, for their assistance in conducting the
research.

During the milking period, three groups of
50 cows were formed using the analog method.
The control group received a basic diet (BD),
consisting of succulent and bulky roughage. De-
ficiencies were balanced using a concentrated
feed (a grain mixture). The feed included the en-
ergy supplement Laktoneo, the vitamin and min-
eral premix Kaufit Immunofertil, and the buffer
mixture Rumenbuffer. In addition to the main
diet, the first experimental group received feed
yeast at a daily rate of 1,000 g/head. Cows in the
second group received the protein feed supple-
ment Kaufit 60 at a daily rate of 850 g/head. The
high-protein supplement Kaufit 60 is a blend of
plant (rapeseed, sunflower, and soybean meal,
corn gluten, and distillers grains), animal (poul-
try blood and meat), and synthetic (lysine and
methionine) components. The supplement con-
tains 60% crude protein and increased amounts
of essential amino acids (lysine — 1.8%, methi-
onine — 0.3%).

The duration of the record period was 30 days
(see Table 1). Cows were selected into groups
based on the day of lactation and lactation num-
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ber. The average day of lactation by group at the
beginning of the record period was 60—62 days,
the proportion of cows in lactations 1-3 was
80—-82%, 46 lactations — 14—15%, 7 and older —
4-5%.

A comparative analysis of the diets was con-
ducted based on the content of key nutrients and
the qualitative composition of protein. To assess
milk productivity, gross milk yield over the ex-
perimental period and average daily milk yield
per head were taken into account. At the end of
the experiment, milk was analyzed for protein,
fat, and urea content in each group of 10 heads.
An economic assessment was conducted taking
into account gross milk yield for basic fat con-
tent, feed costs, and revenue from milk sales.
Based on the data obtained, profit margins were
determined by group. Data analysis was pro-
cessed using the method of variation statistics*.

RESULTS AND DISCUSSION

A mixed feed was used to feed the cows
during the milking period. The composition and
nutritional value of the rations by group are pre-
sented in Table 2.

The control group diet contained 218 MJ of
FE, 1 kg of dry matter contained 138 g of crude
protein, including 97 g of digestible protein, 42
g of crude fat, 199 g of crude fiber, and 884 g of
transit protein. The energy-protein ratio was 8.9,
with 1.1 EFU per kg of dry matter. The ratio of
rumen (RP) to intestinal protein was 68/32.

Taoa. 1. Cxema onbiTa
Table 1. Experimental scheme

Num-
Record ber of
Group period, cows Feeding conditions
days heads
Control 30 50 BD
1st experi- 30 50 BD + feeding yeast
mental 1000 g/head
2nd experi- 30 50 BD + Kaufit 60
mental 850 g/head

The dry matter content in the experimental
groups' diets was 4—5% higher due to the addition
of protein feed additives. The main differences
were in the levels of protein and its fractions.
For example, the diet in the first experimental
group had 7% more crude protein per 1 kg of
dry matter, 5% more digestible protein, and 20%
more transit protein compared to the control.
The rumen-to-intestinal protein ratio was 65/35.
In the diet of the 2nd experimental group, crude
protein was 13% higher, digestible protein was
15% higher, and transit protein was 40%. The
RP/NRP ratio was 60/40. The ratio of the sum
of sugars and starch to digestible protein in the
experimental groups was within 2.0-2.1/1, the
crude fat content was 4043 g per 1 kg of DM,
and crude fiber was at the level of 192201 g/kg
of DM.

The daily milk yield during the experimental
period (see Table 3) in the control group was 26.8
kg, in the 1st and 2nd experimental groups this
indicator was higher by 6 and 10%, respectively.
The fat content of milk in the control and the
Ist experimental groups was 3.90 + 0.04%, in
the 2nd experimental group it was significantly
higher —4.0 + 0.02%, p < 0.05. The protein level
in milk in the control group was 3.1 £+ 0.04%, in
the 1st experimental group — 3.2 + 0.06% (the
result is not statistically significant), in the 2nd
experimental group — 3.3 + 0.05%, p < 0.05.
The urea level in the control group was 20 +
1.9 mg%, in the Ist experimental group — 37 +
4.7 mg%, p < 0.01, in the 2nd — 25 + 1.3 mg%,
p < 0.05 (standard value 20-25 mg%).

A significant excess of urea in the milk of
cows in the first experimental group indicates an
excess of urea in the body, which is confirmed
by the results of other researchers [7-10]. Op-
timal energy concentration and an increase in
transit protein in the diet of the second experi-
mental group create favorable conditions for the
functioning of rumen microflora, promote the
intensive production of volatile fatty acids, in
particular acetic acid [11-15], thereby increas-
ing the fat content of milk.

*Korosteleva N.I., Kondrashkova I.S., Rudishina N.M., Kamardina 1.A. Biometrics in animal husbandry. Textbook, Barnaul,

2009, 210 p.
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Taoa. 2. CocraB u nurareiabHas HCHHOCTL PAllMOHOB KOPMJICHUS 11O I'pyIiIiamM

Table 2. Composition and nutritional value of feeding rations by groups

Indicator Group
Control | 1st experimental 2nd experimental
Diet composition
Corn silage, kg 26 26 26
Alfalfa haylage, kg 13 13 13
Hay, kg 2 2 2
Mixture of grains, kg 8 8 8
Feeding yeast, kg 1,00
Kaufit 60, xr 0,85
Lactoneo, kg 0,25 0,25 0,25
Rumenbuffer, kg 0,1 0,1 0,1
Premix Kaufit Immunofertil, kg 0,1 0,1 0,1
Nutritional value of feeding rations

ME.MJ 218 221 226
EFU 21,8 22,1 22,6
Dry matter (DM), kg 19,8 20,68 21,72
Crude protein, g 2734 3062 3245
Digestible protein, g 1930 2122 2321
RP g 1850 2000 1960
NRP, g 884 1062 1285
Crude fat, g 827 830 890
Crude fiber, g 3950 3971 4170
Sugar, g 648 651 725
Starch, g 3730 3732 3894
Ratios:

EFU /in 1 kg DM 1,1 1,1 1,1

EPR 8,9 9,6 10,3

Crude protein, g in 1 kg DM 138 148 157

Digestible protein, g in | kg DM 97 103 112

RP/ NRP 68/32 65/35 60/40

Sugars + starch, g / digestible protein, g 2,3/1 2,1/1 2,0/1

Crude fat, g/ in 1 kg DM 42 40 43

Crude fiber, g/ in 1 kg DM 199 192 201

The level of milk productivity, the amount of
milk fat and protein content by groups are pre-
sented in Table 4.

The gross milk yield during the experimental
period in the control group was 804 kg/head, in
the 1st experimental group it was 45 kg higher,
in the 2nd — 81 kg. The amount of milk fat in the
control was 31.4 kg, in the 1st and 2nd experi-
mental groups as a result of increased milk yield
and increased milk fat content it was recorded to
be higher by 6 and 13%, respectively, and milk
protein — by 9 and 17%.

The economic evaluation of the studies con-
ducted is reflected in Table 5.

Gross milk yield in the control group, when
converted to basic fat content, was 922 kg, while
in the 1st and 2nd experimental groups it was 6
and 13% higher. Feed costs per 1 kg of milk in
the control group were 7.84 rubles, while in the
experimental groups they were higher by 0.76
and 0.95 rubles. The revenue from milk sales in
the Ist and 2nd experimental groups increased
by 6 and 13%, respectively, and the profit (the
difference between feed costs and revenue from
milk sales) by 2 and 8%, respectively.
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Ta6a. 3. BennunHa ynost 1 KaueCTBEHHBIN COCTaB
MOJIOKa

Table 3. Milk yield and quality composition of milk

Group
Indicator - -
Ist experi- 2nd experi-
Control mental mental
Average daily
milk yield
per head, kg 26,8 28,3 29,5
Fat, % 3,90£0,04 | 3,90+ 0,09 | 4,00 +0,02*
Protein, % 3,10+ 0,04 | 3,20+0,06 | 3,3+0,05*%
Urea, mg% 20+1,9 37+4,7%% | 25+1,3*%
—Ep=0:05—
**p <0,01.

Tab6a. 4. YpoBeHb MOJTOYHOU MTPOTYKTUBHOCTH
Table 4. Milk productivity level

Group
Indicator 2nd ex-
Control | 1St exper- perimen-
imental
tal
Milk yield during the
experimental period,
kg/head 804 849 885
Amount of
milk fat, kg 31,4 33,1 35,4
Milk protein content,
kg 24,9 27,6 29,2

Tada. 5. DxoHOMUYECKHE [TOKA3aTEU POBEICH-
HBIX HCCIICIOBAHUH, 3aTPAThl KOPMa HA CIUHUILY
NPOAYKIUH

Table 5. Economic indicators of the conducted
research, feed costs per unit of production

Group
Indicator Ist 2nd
Control | experi- | experi-
mental | mental
Gross milk yield of basic fat
content is 3.4% per 1 head/kg 922 974 | 1041
Feed costs per head, roubles 7230 | 8370|9150
Feed costs per 1 kg of milk of
basic fat content, rubles 7,84 8,59 | 8,79
Revenue from milk sales per
head, rubles 29512 |31 163|133 318
Profit per head, rubles 22282 |22 793|124 168

CONCLUSIONS

1. The additional use of protein feed additives
(feed yeast and the high-protein feed additive
Kaufit 60) during the milking period contributed
to an increase in the crude protein content of the
diet by 7 and 13%, respectively, and digestible
protein by 5 and 15%. The increase in the in-
testinal protein fraction ranged from 20 to 45%.
The ratio of rumen and transit protein (RP/NRP)
fractions in the experimental groups changed
towards an increase in the proportion of transit
protein (35-40%, compared to 32% in the con-
trol group).

2. Gross milk yield increased by 6% and 13%
in the first and second experimental groups, re-
spectively. In the second experimental group, a
significant increase in milk fat content of 0.1%
and milk protein content of 0.2% was observed.

3. The additional use of protein feed additives
resulted in an increase in feed costs per kg of
milk from 0.76 to 0.95 rubles. Meanwhile, the
milk sales revenue in the experimental groups
increased by 6% and 13%, respectively, while
the profit (the difference between feed costs and
milk sales revenue) was higher by 2% and 8%.
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ITapa3uTodayHa MOHI0JIbCKOM CTENMHOW AHTUJIONBI (13epeH)
Ha TeppuTOpPUHU 3a0alKAIBCKOI0 Kpast

<) TperbsikoB A.M., bosiposa JI.U., lammmuumaen b.11.

Hayuno-uccneoosamenvckuti uncmumym eemepunapuu Bocmournoti Cubupu — ¢punuan Cubupcrkoeo
Gedepanvroco nayunozo yenmpa acpoouomexnonocuti Poccuiickoi axademuu Hayx

Ywura, Poccus

(X)e-mail: chita@sfsca.ru

B crarbe u3105KeHbI pe3ybTarhl 1apa3uTOIOTHYECKUX HCCIIEI0BAaHUN MOHTOJIBCKOM CTEITHOM aH-
THJIOTIBI, WK 3epeHa (Procapra gutturosa), Ha TEpPUTOPUHN 3a0alKaIIBCKOTO Kpasi ¢ TEIbI0 Ompe/e-
JICHUs1 KAYE€CTBEHHOTO U KOJMYECTBEHHOTO COCTaBa IMapa3hTOB KaK OJJHOTO M3 CHEPKUBAIOMINX (hak-
TOPOB YBEJIMUYEHUS MOMYISINN 3THX >KMBOTHBIX. KpyrmHOMacITaGHBIX MCCIEI0BAHNN Mapa3uTO30B
Y TMapa3uTOLEHO30B Y J3€PEHOB, 0OUTAIOIMX B 3a0aiikadbCKOM Kpae, 10 HACTOSIIETO BPEMEHU HE
MPOBOAMIIOCH. B Xoze nccienoBanusi ycTaHOBICHA 3apaykeHHOCTD A3epeHa 20 BUIaMH Napa3uToB —
reJbMUHTBI, APAa3UTHUECKUE MIPOCTEHIINE, HACCKOMbIE. AHAIN3 NMapa3uTodayHbl MOMYJISILIUA MOH-
TOJICKOH CTEITHOM aHTUJIONbI Ha TePPUTOPHH 3a0alikalbCKOTO Kpasi I0Ka3all, YTO Y KMBOTHBIX HAU-
Oosee IMHUPOKO MPEACTABJICHBI I'€JIBMUHTLI KCITYJOYHO-KHUIICYHOI'O TpaKTa — HEMaTOAbl ceMencTBa
Trichostrongylidae u niecronst cemerictsa Anoplocephalidae. YcranosieHo yyactue Ja3epeHa B poiu
MPOMEKYTOUHOTO X035MHA B )KU3HEHHOM IIUKJIC JICHTOYHBIX TeIbMUHTOB Echinococcus granulosus u
Taenia hydatigena, a Taxke IPOCTEHIINX poja Sarcocystis, AIMEIOIUX HE TOJIBKO BETEPUHAPHOE, HO U
SMHUIEMUOJIOTMYECKOE 3HAYEHUE U NPEACTABISIOIINX yrpo3y AJISl 370POBbs YEJIOBEKA. 3aperucTpu-
POBaHO Mapa3UTUPOBAHUE B JKEITUHBIX IPOTOKAX MEYEHU OIHOTO J3epeHa Tpematonsl Dicrocoelium
lanceatum B xonuvectBe 7 3k3. HEOOBIMHOCTH TAHHOTO (hakTa 3aKIF0YaeTCsl B TOM, 4TO 3abaiikaib-
CKUIl Kpall cuuTaercsi OIaromolydyHbIM TI0 AMKPOLIEINO3Y, H CIydaeB 3a00JIeBaHMsI ITOM MHBA3UEH
CPeAH CeNbCKOXO3HCTBEHHBIX KMBOTHBIX 3[€Ch HE 3aUKCUPOBaHO. Y onHOH ocobu (DU = 3,8%)
B HOCOBOM IMOJIOCTH HAMJICHBI IMYMHKNA HOCOIIOTOYHOTO oBoaa Oestrus ovis, KOTOPBIH TakXke mopa-
’kaeT oell. Ha numieBone u ropranu y AByX A3€peHOB 00OHApPYKEHBI LIUCTHI CAPKOLMCT (8 3K3./T011.),
BHJIOBYTO IPUHAJIC)KHOCTH KOTOPBIX YCTaHOBHUTH HE yaanock. Y 18 xuBoTHBIX (DU =21,4%) ormMeue-
HbI OOLIUCTHI S3MEpHUIl. YCTAaHOBIEHO OJTHOBPEMEHHOE 3apa)KCHHUE KUBOTHBIX HECKOJIBKUMH BUIAMHU
Mapa3uToB, B TOM YHCIE Pa3HBIX TAKCOHOMHUYECKHUX T'PYMI (T€IbMUHTBI, POCTEUIIINE, HACEKOMBIE),
YTO yKa3bIBacT Ha CYIIECTBOBAHUE MApa3UTOLICHO30B B MOMYJISIIHN A3€pEHA.

KioueBble c10Ba: MOHTONbCKasl CTEMHAs aHTHIIONA, Mapa3uThl, Mapa3UTOLEHO3bI, 3abaiKaib-
CKHI Kpaii

Parasite fauna of the Mongolian steppe antelope (dzeren) in the
Transbaikal Territory

<) Tretyakov A.M., Boyarova L.I., Dashinimaev B.Ts.

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

Chita, Russia

(X)e-mail: chita@sfsca.ru

The article presents the results of parasitological studies of the Mongolian steppe antelope, or dze-
ren (Procapra gutturosa), in the Trans-Baikal Territory with the aim of determining the qualitative
and quantitative composition of parasites as one of the factors limiting the increase in the popula-
tion of these animals. Large-scale studies of parasitoses and parasitocenoses in dzerens living in the
Trans-Baikal Territory have not been conducted to date. During the study, the dzeren was found to be
infected with 20 types of parasites in the specified area — helminths, parasitic protozoa, insects. Ana-
lysis of the parasite fauna of the Mongolian steppe antelope population in the Trans-Baikal Territory
showed that the animals are most widely represented by gastrointestinal tract helminths — nematodes
of the Trichostrongylidae family and cestodes of the Anoplocephalidae family. The participation of
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TpetbsixoB A.M., bosiposa JL.U., Nammuunmaes b.11.

Ha TeppuTopuu 3abalikaabCKoro Kpas

the dzeren as an intermediate host in the life cycle of tapeworms Echinococcus granulosus and Taenia
hydatigena, as well as protozoa of the genus Sarcocystis, which have not only veterinary but also epi-
demiological significance and pose a threat to human health, has been established. Parasitism of the
trematode Dicrocoelium lanceatum in the bile ducts of the liver of one dzeren in the amount of 7 spe-
cimens was recorded. The unusual thing about this fact is that the Transbaikal Territory is considered
to be free of dicrocoeliosis, and no cases of this invasion among farm animals have been recorded
here. In one dzeren (EI = 3.8%), larvae of the nasopharyngeal gadfly Oestrus ovis, which also attacks
sheep, were found in the nasal cavity. Sarcocyst cysts (8 specimens/head) were found on the eso-
phagus and larynx of two dzerens, the species of which could not be determined. Eimeria oocysts were
detected in 18 animals (EI =21.4%). Simultaneous infection of the dzeren with several types of para-
sites, including different taxonomic groups (helminths, protozoa, insects) has been established, which
indicates the existence of parasitocenoses in the dzeren population.
Keywords: Mongolian steppe antelope, parasites, parasitocenoses, Trans-Baikal Territory
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INTRODUCTION

The Mongolian steppe antelope, or dzeren
(Procapra gutturosa), is an even-toed ungulate
of the family Bovidae. This species was first
described to European science in 1777 by P.S.
Pallas, based on a specimen collected near the
village of Mangut (now part of the Kyrinsky
District of the Trans-Baikal Territory), where
dzerens were then permanent residents. In the
Chita region, they were exterminated in the
1970s, resulting in the species being listed in
the Red Data Book of the Russian Federation. In
1992, a small group of antelopes appeared in the
Daursky State Nature Biosphere Reserve (near
Lake Barun-Torey, Ononsky District, Trans-Bai-
kal Territory).

The first modern mass migration of Mongo-
lian gazelles from Mongolia to the Trans-Baikal
Territory occurred in the winter of 2000/01. This
was caused by deep snow cover and unusually
low temperatures (down to —47°C) in the ani-

mals' habitat in Mongolia. To ensure more reli-
able protection and conservation of the dzeren,
the "Dzeren Valley" state nature reserve was
established as a subdivision of the Daursky Na-
ture Reserve in 2011 by a Russian Government
decree. In the winter of 2023/2024, the dzeren
population in the Trans-Baikal Territory exceed-
ed 450,000 individuals. Within the Daursky Na-
ture Reserve, it was approximately 30,000' [1].
Thus, a large concentration of animals is ob-
served in a limited area, which can lead to an in-
creased incidence and spread of various diseas-
es, including parasitic ones. As animal numbers
increase, so does their parasite infestation [2—5].
According to several authors, many species of
parasitic pathogens are highly virulent and often
cause severe illnesses, sometimes fatal. For ex-
ample, in the Belovezhskaya Pushcha (Belarus),
bison die-offs were reported due to monieziasis
and dictyocaulosis. The mortality rate of bison
in the Oksky State Nature Biosphere Reserve

'Kirilyuk V.E. and Lushchekina A.A. Current status of gazelle (Procapra gutturosa: Bovidae) in Russia // Nature Conservation

Research Reserved science, 2017, vol. 2, Appendix 1, pp. 81-99.
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nursery (Ryazan Oblast) from parasitic infesta-
tions ranged from 2.0 to 10.2% of the total pop-
ulation from 1960 to 2013, averaging 5.9% per
year. The mortality rate of calves under one year
old reached 53.9%, including helminthiasis —
8,2%? [6, 7].

In natural biocenoses, wild ruminants can
act as reservoirs for helminths, facilitating their
spread among domestic ungulates. In anthropo-
genic agrobiocenoses bordering natural forest
and steppe zones, reverse circulation of para-
sites is observed?® [2, 8—12]. For example, in the
Kaliningrad region, the circulation of helminths
of domestic and wild ruminants in mixed diffuse
natural foci has been recorded*.

Mongolian steppe antelopes, the main pop-
ulation of which is located in the Daursky Na-
ture Reserve, are characterized by two genera
of helminths belonging to the class of nema-
todes — Nematodirus spp. and Trichostrongylus
spp., which can be transmitted to farm and wild
ruminants [11].

Given the similar susceptibility of domestic
and wild ruminants to various parasite species
and significant differences in their immunity at
the population level, a detailed study of the char-
acteristics of parasitic systems and the likelihood
of their phase changes due to environmental and
anthropogenic factors is necessary. Unexplained
cases of mass mortality of wild fauna, and some-
times even domestic animals, up to date, may be
due to variability in parasitic systems (increased
helminth virulence, decreased population immu-
nity) (see footnote 3) [4, 11].

Detailed studies of parasitoses and parasito-
cenoses in dzerens living in the Trans-Baikal Ter-
ritory have not been conducted to date, which was
the reason for carrying out work on this topic.

The purpose of the study is to examine the
parasite fauna of the Mongolian steppe antelope
in the Trans-Baikal Territory.

The research objectives are:

1) to study the species composition of zoo-
parasites of the Mongolian steppe antelope liv-
ing in the Trans-Baikal Territory;

2) to determine the extent of infestation of the
dzeren population by different taxonomic groups
of parasites;

3) formulate the basic principles of preven-
tion of parasitic diseases.

MATERIAL AND METHODS

The study was conducted from 2020 to 2025
in the Trans-Baikal Territory. The research sam-
ple consisted of the carcasses of Mongolian ga-
zelles that died from hypothermia, malnutrition,
or were killed by predators and were found in the
Borzinsky, Ononsky, Akshinsky, and Dul'durgin-
sky municipal districts (n = 26). Laboratory stud-
ies were conducted at the Research Institute of
Veterinary Science of Eastern Siberia.

Animal carcasses were subjected to a com-
plete necropsy for helminthological examina-
tion’. Pathological material was examined using
conventional ovo- and larvoscopic, as well as
compression methods. Fecal samples were an-
alyzed using the Darling method and sequential
fecal washing. Infection prevalence was as-
sessed using the following parameters such as
prevalence of infestation (PE, %) and infection
intensity (II). Microscopy and photography of
the slides were performed using a Zeiss Axio
Imager M2 microscope (Carl Zeiss Microscopy
GmbH, Germany).

RESULTS AND DISCUSSION

As shown in the table, 20 species of parasites
were found in the Mongolian steppe antelope

2Tsibizova E.L., Aksenova P.V., Ermakov A.M. Dynamics and mortality reasons Bison Bonasus in the Oka State Biosphere Re-

serve Bison Nursery // Veterinary Medicine, 2015, N 6, pp. 13—17.

3Lunitsyn V.G., Mikhailov VI, Tishkov M. Yu., Shmakova O.N., Anchin A.V. Helminth fauna of wild and domestic artiodactyls of
the Saylyugemsky National Park // Bulletin of Altai State Agricultural University, 2017, N 4, pp. 131-134.

4Efremov A.Yu. Ecological and biocenological aspects of helminths of ruminants in the Kaliningrad region // International Bulle-

tin of Veterinary Medicine, 2016, N 2, pp. 25-30.

3Skryabin K.1I. Method of complete helminthological dissections of vertebrates, including humans. Moscow, 1928, 46 p.
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living in the Trans-Baikal Territory, including
17 species of helminths, 2 species of protozoa
and 1 species of parasitic insects.

The highest prevalence of invasion (from
73.0 to 53.8%) was recorded for nematodirosis
caused by N. spathiger, N. helvetianus, N. oira-
tianus, N. abnormalis, N. longissimespiculata.
Nematodirus were found throughout the entire
length of the small intestine, with infestation
rates ranging from 1 to 141 specimens per head.
In addition to nematodirus, representatives of
the suborder Rhabditata were also found in the
small intestine — S. papillosus (see Fig. 1). All
ruminant farm animals are susceptible to nem-
atodirosis and strongyloidiasis. In this case, the
Mongolian gazelle's infection likely originated

from these parasites, as the Mongolian steppe
antelope's habitat overlaps with the grazing ar-
eas of farm animals (cattle, sheep, and goats).

In the large intestine, the whipworm 7. ovis
(PE = 7.7%) and two species of cestodes —
M. benedeni (PE = 7.7%) and S. globipunct ata
(PE = 3.8%) — were noted (see Fig. 2, 3). Poten-
tial exchange of these helminths between dzer-
ens and wild ungulates (elk, roe deer, red deer)
is possible.

S. labiato-papillosa was detected in the ab-
dominal and thoracic cavities of 16 dzerens
(PE = 61.5%, II = 5-23 specimens/head). This
species of helminth also infects cattle. E. granu-
losus larvae were detected in the lung and liver
parenchyma of26.9% of the examined antelopes,

[TapasutodayHa MOHTOJIBCKOH CTEITHOW aHTHJIIONEI (12 = 26)
Parasite fauna of the Mongolian steppe antelope (n = 26)

Infected
Variety animals, PE, % | II, specimens/head
heads
Moniezia benedeni Moniez, 1879 2 7,7 1-5
Stilezia globipunctata Rivolta, 1874 1 3,8 2
Cysticercus tenuicollis Rudolphi, 1810 12 46,2 2-10
Echinococcus granulosus larva Batsch, 1786 7 26,9 1-3
Setaria labiato-papillosa Alessandrini, 1839 16 61,5 5-23
Strogyloides papillosus Wedl, 1856 5 19,2 7-19
Teladorsagia circumcincta Stadelman, 1894; Andreeva & Satubaldin, 1954 7 26,9 7-32
Marchallagia marchalli Ransom, 1907 10 38,5 11-20
Nematodirus spathiger Railliet, 1896 19 73,1 1-137
Nematodirus helvetianus May, 1920 14 53,8 2-86
Nematodirus abnormalis May, 1920 15 57,7 3-31
Nematodirus oiratianus Rajevskaja, 1929 17 65,4 1-117
Nematodirella longissimespiculata Romanovitsch, 1915 16 61,5 11-141
Trichostrongylus axei Cobbord, 1879 3 11,5 1046
Trichostrongylus colubriformis Giles, 1892 4 15,4 7-19
Trichocephalus ovis Abildgaard, 1755 2 7,7 3-82
Dicrocoelium lanceatum Stileset Hassall, 1896 1 39 7
Sarcocystis spp. 2 7,6 8 cysts
Oestrus ovis Linnaeus, 1758 1 3,8 16
<50 oocysts

Eimeria spp. 18 21,4 sicr:)}t)}é?srgieclfioc_) ¢

view
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indicating that dzerens participate in the biolog-
ical life cycle of echinococci. Thin-walled, clear
fluid-filled blisters the size of a chicken egg were
found on the serous membranes of the abdomi-
nal organs and the mesentery of 12 individuals
(PE = 46.2%). These blisters were subsequent-
ly identified as C. tenuicollis. The number of
blisters in one animal ranged from two to ten.
Sources of dzeren infection with larval echin-
occosis and cysticercosis are carnivores (foxes,
wolves, dogs), whose intestines harbor the adult
stage of these helminths.

Visual examination of the abomasum mucus
Puc. 1. Sliina S. papillosus. Yse. 400 membrane revealed small white-yellow nema-
Fig. 1. S. papillosus eggs. Magn. 400 todes identified as T circumcincta (PE =26,9%),
M. marchalli (PE =38,5%), T. colubriformis (PE
=15,4%), T. axei (PE =11,5%).

The study revealed an interesting finding:
seven D. lanceatum trematodes were found par-
asitizing the liver bile ducts of a single dseren.
This is unusual because the Transbaikal Territo-
ry is free of dicrocoeliosis, and no cases of this
infection have been recorded among farm ani-
mals. The animal most likely became infected
in Mongolia, where this infection is widespread.

One individual (PE = 3.8%) was found to
have larvae of the nasopharyngeal botfly O. ovis
in its nasal cavity, which also infects sheep.

Puc. 2. Slitna M. benedeni. Ysen. 400 Eight cysts of the genus Sarcocystis were
Fig. 2. M. senedeni eggs. Magn. 400 found on the esophagus and larynx of two dz-
erens, the species of which could not be deter-

mined.

Eimeria oocysts (more than 50 oocysts per
microscopic field) were found in the feces of 18
animals (PE =21.4%). The oocysts are elliptical,
colorless, and have a polar cap measuring 25 x
17 um at the pole.

The study established that parasitoses are
widespread in the Mongolian steppe antelope
population in the Trans-Baikal Territory, which
is consistent with the data of L.I. Tsepilova et al.
[11]. 17 species of parasitic helminths, 2 species
of protozoa, and 1 species of insects were found
in the Mongolian gazelle. Domestic ruminants
Puc. 3. Cxonexc S. globipunctata. Ysen. 400 can also be infected with most of these species
Fig. 3. Scolex of S. globipunctata. Magn. 400
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when grazing in the same area (see Fig. 4). In
addition, the results obtained coincide with the
conclusions of O.D. Kirillova [1] that most par-
asitic diseases of wild animals can affect many
species of farm animals.

The highest prevalence of infestation in Mon-
golian steppe antelope was recorded for nema-
todirosis. Of the 26 animals examined, nemato-
dirosis was detected in 19 individuals. Most of
the animals examined had mixed infestations.
Simultaneous parasitism in the gastrointestinal
tract by nematodes, cestodes, and parasitic pro-
tozoa (associative disease or parasitocenosis)
was observed, as well as the simultaneous para-
sitism of several taxonomic groups of parasites,
which aggravates the pathological process and
can cause mass mortality.

Puc. 4. Oburanue A3epeHa Ha TEPPUTOPHHU BbITIaca
KPYITHOTO POraToro cKoTa

Fig. 4. Habitat of the dzeren in the territory of cattle
grazing

CONCLUSION

Analysis of the parasite fauna of the Mongo-
lian steppe antelope population in the Trans-Bai-
kal Territory showed that these animals have
the most widely represented fauna of helminths
of the gastrointestinal tract (nematodes of the
Trichostrongylidae family and cestodes of the
Anoplocephalidae family). Research results
have demonstrated the role of the Mongolian
gazelle as an intermediate host in the life cycle
of the tapeworms Echinococcus granulosus and
Taenia hydatigena, as well as protozoans of the
genus Sarcocystis, which are of not only veter-
inary but also epidemiological significance and
pose a threat to human health. There is a poten-
tial for helminth exchange between Mongolian
gazelles and wild ungulates (elk, roe deer, red
deer), as well as cattle, sheep, and goats.

Simultaneous infection of the Mongolian
gazelle with several types of parasites, includ-
ing those from different taxonomic groups (hel-
minths, protozoa, insects), has been established,
which indicates the existence of parasitocenoses
in the population.

Thus, given the high level of parasite infesta-
tion of the Mongolian steppe antelope, there is a
need to develop and implement preventive vet-
erinary measures, including general economic,
biotechnical and special measures, taking into
account all components of the parasitocenoses
that have formed in the population of these an-
imals.
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AHAJIM3 OCHALLEHHOCTH CeJIbCKOX03MCTBEHHBIX OPraHU3aNMH
OmMckoii 00;12CTH 3¢pHOYOOPOYHBIMHM KOMOATHAMH

<) ITomoraer B.M., Pepsikun I1.H.

Omckutl 2ocyoapemeennulil azpapHulii yrusepcumem um. I1.A. Cmonvinuna
Owmck, Poccus

(X)e-mail: vm.pomogaev(@omgau.org

JIns OIeHKM KadeCTBEHHOTO W KOJMYECTBEHHOTO COCTaBa MapKa 3epHOYyOOpPOYHBIX KOMOAiHOB
B OMCKoOi1 00macTé MpOBEACHBI MCCIEAOBAHMS, TTO3BOJSIONINE YCTAHOBUTH KOJUYECTBO 3€pHOY0O-
pounbix koMOaitHOB (3YK), uX MapouHBI COCTaB, YJHEPTETUUECKHE XaPAKTEPUCTHUKU. AHAIHN3 ITUX
JaHHBIX TO3BOJMJ YCTaHOBHUTH OOECHEYEHHOCTh CEIbCKOXO3SHCTBEHHBIX TOBApOIPOU3BOAMTENICH
KoMOaifHaMu, BO3PAacTHOM COCTaB MapKa MalliH, SHEProodecrneyeHHOCTh TOCEBHBIX TUToaei, dax-
TOPBI, BIMSIONINE HA TEMITBI OOHOBJIEHUS MapKa MaIlWH. YCTAHOBJIEHO, YTO CHU3UJIOCH KOJIMYECTBO
OCHOBHBIX CEIHCKOXO3MCTBEHHBIM MAIIMH, KPOME 3€pHOYyOOpOUHBIX KoMOaiHoB (+1,0%). B mapke
JIOMUHUPYIOT 3epHOYyOOpOYHBIe KoMOaitHbI 3aBof0B «PocTtcensmammy (42,9%) u «Enuceit» (26,8%).
Bonee 60% 3epHOYyOOpOUHBIX KOMOAHOB UMEIOT rofl Beimycka crapuie 10 siet. Harpyska noceBHbIX
TIoIIa el Ha oguH koMOaitH B OMckoi oOnactu Ha 64% Oonbliie, yeM B cpenHeM 1o Poccun, sHep-
roo0ecIeueHHOCTh SIBIISAETCSl caMoll HU3KoM B CubupckoM ¢enepanbHoM okpyre. CHIKEHUE YPOB-
HS MEXaHU3AIHNH CEIhCKOXO3IHCTBEHHOTO MPOM3BOJICTBA BeleT K moTepe He MeHee 10-20% ypokas
CeTbCKOXO3SIMCTBEHHBIX KYNIBTyp. [IOBBITIICHHAs HAarpy3ka Ha KOMOAWHBI B OTIEIBHBIX XO3SHCTBaX
MIPEBOCXOTUT HOPMATHB B 5—7 pas. [l moBBIIIIEHNS TEMIIOB OOHOBJIICHHS TTapKa MaIllnH Tpedyercs
peanu3anus CUCTEMHBIX MEp, B TOM YHCJIe: pa3BUTHE PHIHKA ayTCOPCHHTA YCIYT IO BBITIOJHEHUIO
TEXHOJIOTHYECKUX ONEpaluii, pa3BUTHE PhIHKA apEH/Ibl CENbCKOX03AHCTBEHHON TEXHUKH, COBEPILICH-
CTBOBaHHE MIPOTPAMM T'OCYIapCTBEHHON MOMJICPKKH CEIBCKUX TOBApONpon3BoauTenei. Jist oOHOB-
JIeHus1 mapka KomOaitHOB B OMCKOW 001acTH U JIOBE/ICHHsI YPOBHS HArPy3KH JI0 00IIEPOCCHICKUX TIO-
Kazaresneil TpeOyeTcs MOTOoTHeHHE IMapka He MeHee, 9eM Ha 1,5 Teic. MammH. CTOMMOCTH TPOTPaMMBI
MOJIEPHU3AIIMHU COCTABUT mopsijika 30 Miapa p.

KuaroueBbie ci1oBa: 3epHOyOOpOUHBI KOMOAIH, MAPOYHBIN COCTaB, MApK MAIllWH, YHEProodecte-
YEHHOCTh, PBIHOK CEJIbCKOXO35HCTBEHHBIX MaIlINH

Analysis of the availability of grain harvesters in the agricultural
organizations of the Omsk region

C<)Pomogaev V.M., Revyakin P.I.

Omsk State Agrarian University named after P.A. Stolypin
Omsk, Russia

(X)e-mail: vm.pomogaev(@omgau.org

To assess the qualitative and quantitative composition of the fleet of grain harvesters in the Omsk
region, studies were conducted to determine the number of grain harvesters, their grade composition
and energy characteristics. Analysis of these data allowed determining the provision of agricultural
producers with combines, the age composition of the machine fleet, energy supply of the sown areas,
and the factors affecting the rate of renewal of the machine fleet. It was established that the number
of main agricultural machines, except for grain harvesters, decreased (+1.0%). The fleet is dominated
by grain harvesters from the “Rostselmash” (42.9%) and “Yenisei” plants (26.8%). More than 60%
of grain harvesters are older than 10 years. The crop area load per combine harvester in the Omsk re-
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gion is 64% higher than the Russian average, and energy supply is the lowest in the Siberian Federal
District. A decrease in the level of mechanization of agricultural production leads to a loss of at least
10-20% of agricultural crop yields. The increased load on combines in some farms exceeds the stan-
dard by 57 times. To increase the rate of renewal of the machinery fleet, it is necessary to implement
systemic measures, including: developing a market for outsourcing services for the performance of
technological operations, developing a market for the rental of agricultural machinery, and improving
state support programs for rural producers. To upgrade the combine harvester fleet in the Omsk region
and bring its utilization rate up to national standards, at least 1,500 additional machines are needed.
The modernization program will cost approximately 30 billion rubles.

Keywords: grain harvester, grade composition, equipment fleet, energy supply, agricultural ma-

chinery market
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INTRODUCTION

Agriculture is a strategic sector of the econ-
omy, ensuring Russia's food security. Crop
production in general, and grain cultivation in
particular, form the raw material base for many
sub-sectors and provide the basic food products
for humanity. Availability of agricultural ma-
chinery plays a key role in the development of
the grain products sub-complex of the agro-in-
dustrial complex [1]. The most complex and
expensive type of agricultural machinery is the
combine harvester. Traditionally, in Russia, the
load per combine harvester exceeds established
international standards by at least four times [2].

The Omsk region is considered a high-risk
agricultural zone, and the problem of agricultur-
al machinery availability is exacerbated by fluc-
tuations in the timing of agricultural work due
to adverse weather conditions [3]. An analysis
of the availability of tractors and combines at
agricultural organizations allows for the timely
identification of negative trends and the devel-
opment of measures aimed at accelerating the
pace of replenishment of the machinery fleet and
the introduction of new maintenance and repair
technologies.

The purpose of the study is to analyze and
evaluate the availability of grain harvesters to
agricultural producers in the Omsk region and
to identify the factors influencing changes in the
rate of replenishment of the machine fleet.

MATERIAL AND METHODS

This article was prepared using data from the
Federal State Statistics Service and the Omsk re-
gional office of Rosstat, scientific research mate-
rials, and data from agricultural machinery man-
ufacturers and dealers. The data was analyzed
using statistical methods, patterns and trends
were identified analytically, and the research re-
sults were visualized graphically.

RESULTS AND DISCUSSION

In the 2020s, the agricultural machinery mar-
ket in Russia showed positive dynamics, grow-
ing at an average annual rate of at least 7% [4].
In 2023, sales of grain harvesters increased by
8.9% compared to 2022, reaching almost 6,000
units. The AO “Rostselmash” holds a domi-
nant position in the market. “John Deere Rus”,
“CLAAS”, “Bryanskselmash”, and “Gomsel-
mash” are also considered key manufacturers.
However, the share of grain harvesters older
than 10 years is 45.95% [5].

MexaHu3a1wst, aBTOMATH3ALsl, MOZIC/IMPOBAHHE
1 nHOPMALMOHHOE OOecHeueHIEe
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Data from the Federal State Statistics Service
indicate that the Omsk Region is seeing a de-
cline in the number of agricultural machinery!
(see Fig. 1).

At the same time, the number of grain har-
vesters has increased by 1.0% over the past five
years.

The brand composition of grain harvesters in
farms of the Omsk region is as follows (see Fig. 2).

“Rostselmash” combine harvesters account
for the largest share of the grain harvesting fleet,
accounting for 2,071 units (42.9%). “Yenise1”
combines (“Krasnoyarsk Combine Plant”) rate
the second accounting for 1,294 units (26.8%).
“GS Polesie” combines (“Gomselmash” hold-
ing) account for a significant share of the
fleet's brand structure, accounting for 564 units
(11.7%). Foreign brands such as “John Deere
Rus”, “CLAAS”, “New Holland”, “Case”, and
others are present in significantly smaller num-
bers, and their combined share does not exceed
10%.

Analysis of the years of production of grain
harvesters shows that the fleet of these machines
is quite old (see Fig. 3).

Analyzing the presented data, we can con-
clude that more than 60% of grain harvesters are
older than 10 years. This figure is almost 14%
higher than the Russian average. The largest
number of machines (1,607 units, or 32%) were
manufactured between 2010 and 2019. More
than 1,400 combine harvesters (28.2%) were
manufactured between 2000 and 2009, while
743 units (14.9%) were manufactured between
1990 and 1999. This fleet of machines is signifi-
cantly outdated and requires substantial mainte-
nance and repair (M&R) expenses.

Over the past five years, the peak of grain
harvester fleet renewal occurred in 2021 (see
Fig. 4).

The growth dynamics of the end of the last
decade ended in 2021, after which there was a
sharp decline in fleet renewal, and in 2023 it
amounted to only 69 units.

The largest number of combines are equipped
with the engines ranging from 200 to 299 hp
(2,087 units, or 41.8%) and the engines ranging
from 100 to 199 hp (1,897 units, or 38.0%). In
the former case, these are typically combines no
older than 5-10 years with a throughput of 7 to

30 000
T s 4}_
25000 = - \I
= 20 000
=
= 15 000
§ 10 000
<
5000 I— - -
0 : - —!
2008 2013 2018 2023
=== (Crawler tractors 6057 4272 3233 1880
== Wheel tractors 25779 26 474 26 990 21 899
Forage combines 526 383 461 237
== (rain harvesters 6281 4898 4775 4823

Puc. 1. JluHaMuKa YUCICHHOCTH MapKa CEIbCKOXO3IHCTBEHHBIX MAIIUH

Fig. 1. Dynamics of the agricultural machinery fleet number

'URL: https://rosstat.gov.ru/enterprise_economy
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Fig. 2. Brand composition of the fleet of grain
harvesting combines in the Omsk region as of 2023,
units (*the group includes brands of combines, the
total number of which does not exceed 30 units)
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Fig. 3. The number of combine harvesters in the

Omsk region broken down by production year inter-
vals as of 2023
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Puc. 4. O6HOBICHNE TTApKA 36PHOYOOPOIHBIX KOMOAHOB, €.

Fig. 4. Updating the fleet of grain harvesters, units

12 kg/s (classes 7—11), which fully corresponds
to the productivity of agricultural crops in the
Omsk region [6]. In the second case, these are
typically the combines over 10 years old with a
throughput of 5-7 kg/s (classes 5—7) for harvest-
ing grain crops with a potential yield of 20-25
c/ha. Fifteen percent of combines have a pow-
er rating of 300 to 399 hp. This group primarily
includes early-model foreign-brand combines,
RSM combines (“Akros” and “Don”), and com-
bines from the “Bryanskselmash” plant.

The fleet of combine harvesters in the Omsk
region is equipped mainly with SMD engines
(1,458 units, or 36%) and YaMZ engines (1,934
units, or 48%).

Combines manufactured before 2010 are
equipped with SMD engines, further high-
lighting the age distribution of the fleet. For-
eign-made engines, such as “Cummins” (80
units), “RG60**” (61 units), “QSL8.9-C360”
(36 units), “OM473” (4 units), and “OM460” (9
units), are present in small quantities.

An important indicator is the level of avail-
ability of grain harvesting combines at agricul-
tural enterprises (see Fig. 5). The harvesting
load per combine varies by year both across
Russia as a whole and in the Omsk Region, but
the trend line indicates that the number of crops
per combine will increase over the years. At the
same time, the energy supply of agricultural or-
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ganizations in the Omsk Region tends to remain
in the range of 133—135 hp per 100 hectares of
crops. This indicates that, despite the increase in
harvesting load per combine, there has been no
qualitative change in the fleet (the appearance of
more productive machines).

The data also shows that the crop area utiliza-
tion per combine harvester in the Omsk Region
is 64% higher than the Russian average. Further-
more, the energy supply to agricultural organi-
zations in the Omsk Region is the lowest in the
Siberian Federal District?.

Thus, on average in Russia in 2023 this indi-
cator was 203 hp per 100 hectares of sown area,
on average in the Siberian Federal District — 172
hp per 100 hectares of sown area, in the Omsk
Region — 135 hp per 100 hectares of sown area.

The presence and condition of headers signifi-
cantly impacts combine harvester performance.
Research has shown that in the Omsk Region,
there are over 11,000 mounted headers for grain,
legume, and grass crops, and approximately 300
trailed headers. The percentage of headers that
have reached their depreciation period is 49%
and 30%, respectively.

It is clear that the problem of ensuring the
reliability of grain harvesters remains extreme-
ly acute for the Omsk Region [7]. A decrease in
the level of mechanization of agricultural pro-
duction leads to a loss of 30% of agricultural
crop yields [8]. Particularly significant losses are
caused by the failure to comply with agronom-
ic deadlines for spring sowing and harvesting,
as well as violations of cultivation technology
[9]. The extension of harvesting periods due to
a shortage of grain harvesters leads to the fact
that in addition to significant losses during har-
vesting, the grown crop is not harvested before
snowfall and autumn inclement weather.

The Omsk Region, like many regions of
Russia, 1s experiencing increased load on grain
harvesters due to a shortage of equipment. On
some farms, this figure exceeds the standard
by 5-7 times. This results in rapid wear and
tear and frequent failures. According to var-
ious sources, on average, over 15% of grain
harvesters nationwide are idle during the au-
tumn fieldwork period, with yield losses due to
downtime in the Siberian region alone reach-
ing 15 million tons?.

800 651 659 715 685 695 705 XXX ERRRE RS R RS
000 424 437 451 449 160 454
400 %u""
200 133 132 135 135 136 135
[ ——-— — P —= P
0
2018 2019 2020 2021 2022 2023 Year

e==@== Average grain crops per combine harvester in Russia, ha

e=={=== Average grain crops per combine harvester in the Omsk region, ha

=== Energy supply of agricultural organizations, hp per 100 ha of arable land

eeescesee Lingar (Average grain crops per combine harvester in Russia, ha)

ceeecesee JILinear (Average grain crops per combine harvester in the Omsk region, ha)
«e»ee200o Linear (Energy supply of agricultural organizations, hp per 100 ha of arable land)

Puc. 5. OGecrieueHHOCTh CEbCKOXO3IHCTBEHHBIX TOBAPOIPOU3BOIUTEIICH 3e6pPHOYOOPOUHBIMH KOMOaiHAMH

Fig. 5. Provision of agricultural producers with grain harvesting combines

2Omckuit 001acTHOM cTatucTHIeCKuit exeroqHuk «2024». Omck: Omckerat, 20246 163 p.

3Subochev S.V. Evaluation of the efficiency of grain harvesters based on the main reliability indicators in Siberian conditions:
Candidate’s thesis in Engineering: 05.20.03 / S.V. Subochev, Novosibirsk, 2015, 130 p.
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Rational selection of combine harvester fleets
is crucial for the efficient organization of agri-
cultural production. The Omsk Agricultural Re-
search Center has developed recommendations
for the Omsk Region on selecting combine har-
vester classes and brands based on average long-
term yields and natural and climatic conditions
[3] (see the table).

Compliance with scientifically based recom-
mendations will help reduce the load on com-
bines, reduce the number of machine operators
and increase cost recovery.

The condition of the grain harvester fleet and
the quality of service indicate that the workload
will only increase in the foreseeable future, the
fleet will age, and the quality of maintenance and
repairs will decline. At the same time, the grain
harvester fleet has been replenished with mod-
ern, high-tech machines over the past 10 years,
allowing us to consider implementing modern
methods of monitoring the technical condition
of the machines using digital, intelligent tech-
nologies [10].

Analysis of scientific research and the con-
ditions for modernizing the material and tech-
nical base of agricultural producers in the Omsk
region made it possible to identify a number of
factors influencing the process of updating the
fleet of grain harvesters (see Fig. 6) [11]. Eco-
nomic, cost, natural, climatic and management
factors were identified.

Economic factors are related to the payback
period of the machines and the specific nature
of their use. Sixty percent of the grain harvester
fleet in the Omsk Region is beyond its depre-
ciation period, with some units having around
3,000 operating hours. The remaining service
life of the machines largely explains this age
distribution.

Cost is also a limiting factor. It is noted that
in 2023, compared to 2022, prices for agricultur-
al machinery increased by 30-50%; a combine
harvester that cost 12 million rubles now costs
19 million rubles*.

The natural and climatic conditions of farm-
ing in the Omsk region are a slowing factor.
The quality and quantity of harvested produce,
as well as pricing, fluctuate greatly from year
to year. Temperatures during the harvest peri-
od range from 10-15°C, with humidity reach-
ing 65-75%. Prolonged autumn precipitation
significantly slows the harvesting process, with
grain moisture levels varying from 14 to 28%,
and straw moisture levels from 8 to 36%. For
example, on average, over the past 10 years, ev-
ery third day in the south of Western Siberia has
been rainy®. In the fall of 2021, the cost of one
ton of wheat in the Siberian Federal District was
about 14,000 rubles, while in the fall of 2024 it
was approximately 11,800 rubles®. Such condi-
tions create significant risks in the fleet renewal
program.

PexomeHnnanmu no popMHPOBaHUIO PALIMOHAIBHOTO MTapKa 36pHOYOOPOYHBIX KOMOaHOB
Recommendations for the formation of a rational park of grain harvesting combines

Indicator

Natural climatic zone

Steppe zone

Southern
forest-steppe
zone

Northern
forest-steppe
zone

Northern zone

Grain and leguminous crop yields (average for the period

2020-2025), ¢/ha 15,1 17,9 15,6 15,7
Combine class:

5-7kg/s, % 50 60 60 70
7-10 kg/s, % 30 25 30 30
10 and more kg/s, % 20 15 10 —

“URL.: https://www.rbc.ru/business/10/04/2023/6432867b9a7947d31bb90d6f

> Report on climate features in the Russian Federation for 2022. Moscow: Roshydromet, 2023, 104 p.

SURL: https://agro-bursa.ru/prices/wheat/
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Scale factor

A large number of peasant houscholds (PE)
and personal subsidiary plot (PSP) are
involved in crop production, which does
not allow for a significant scale-up

of investments in upgrading

the machinery flect

...........

Natural and climatic factor

In risky farming zones, financial results
don't always allow for long-term ;
investment planning. Market conditions, /
which aren't always favorable for ’
the Omsk Region, also play

a significant role

Factors
influencing
the composition
of the grain
harvester

flect

Economic factor

~-y QGrain harvesters arc used

for no more than two months

ayear and have a long payback period

Cost factor of grain harvesters

Grain harvesters are expensive,

kY which requires significant investment
™ to upgrade the fleet, support programs,

and subsidies on favorable terms

for agricultural producers

Puc. 6. Daxropsl, BIUSIONIE HA OOHOBJICHUE MapKa 36pHOYOOPOUHBIX KOMOAHOB

Fig. 6. Factors influencing the renewal of the grain harvesting combines fleet

In the Omsk region, there are approximately
400 agricultural enterprises of various owner-
ship types, including 1,850 peasant farms, and
over 234,000 private household plots. Each en-
terprise has an average land area of 6,000 hect-
ares, while each peasant farm has approximately
1,000 hectares’. Clearly, such a scale of oper-
ation, especially for peasant farms and private
household plots, is not conducive to the system-
atic renewal of machinery.

CONCLUSION

The conducted research allowed us to assess
the condition of the grain harvester fleet in the
Omsk Region. The data shows that the number
of wheeled tractors has decreased by 17.3%,
forage harvesters by 38.1%, and grain harvest-
ers by 1.5%. Rostselmash brand grain harvest-
ers dominate the fleet (42.9%). More than 60%
of grain harvesters are older than 10 years, and
the renewal rate is negative. The largest number
of combine harvesters are equipped with YaMZ
(48%) and SMD (36%) engines, with power rat-

ings ranging from 200 to 299 hp (41.8%) and
100 to 199 hp (38%). The crop area load per
combine harvester in the Omsk Region is 64%
higher than the Russian average, while ener-
gy supply is the lowest in the Siberian Federal
District. The load on grain harvesters exceeds
the standard by 5-7 times. This results in rapid
wear, frequent failures, and crop yield losses of
at least 10-20%.

Analysis of the modernization conditions for
the material and technical base of agricultural
enterprises in the Omsk Region revealed several
factors influencing the renewal of grain harvester
fleets. The most important factors hindering the
renewal of grain harvester fleets are economic,
cost, natural and climatic, and management fac-
tors. These factors can be mitigated by the fol-
lowing measures: development of the outsourc-
ing market for services for the implementation
of technological operations in agriculture (such
as machine and tractor stations), development
of the agricultural machinery rental market, im-
provement of state support programs for rural

"URL: https://omsk.aif.ru/celhoz/omskaya oblast voshla v _top regionov_po razmeru_selhozugodiy
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AHaJN3 OCHAIIEHHOCTH CEIbCKOXO35HCTBEHHBIX OpraHH3aIHit
OMcKoii 0051acTH 3epHOYOOPOUHBIME KOMOaitHaMK

IlomoraeB B.M., PeBskun I1.1.

producers in terms of purchasing agricultural
machinery and reducing the risks of late loan
and lease payments (for example, in the event
of an emergency, the introduction of credit holi-
days or reimbursement of part of the payments).

To upgrade the grain harvester fleet in the
Omsk Region and bring its utilization rate up
to national standards, the fleet will need to be
replenished with at least 1,500 machines. The
cost of such a modernization program will be
approximately 30 billion rubles.
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Pexyneparop Tensiorsl 0Tpa00TABIINX I'a30B
asuraresisa tpakropa MT3-82

Cx)UBannukoB A.b., Koaynes B.JI., [lycantaes A.U., 3aiinajos 3.K.

Cubupckuii ¢hedepanvhviil HayuHblil YyeHmp azpoduomexnono2utl Poccutickoll akademuu Hayk
HoBocubupckas obnacts, p.i. KpacHooock, Poccust
(<)e-mail: ivannikovab@sfsca.ru

N3noxeHsl KpaTKue pe3ylIbTaThl UCCIEIOBAHUS MO Pa3padOTKe ra30’KUIKOCTHOTO TETIO0OMEH-
HOTO anmapara, Wi peKyneparopa TEIUIOThl OTpadOTaBIIMX Ta30B JABHUraTelIsi BHYTPEHHETO Cro-
paHus, Ha npuMepe au3enbHoro asurarens [[-242 tpakropa MT3-82. Jlng peanuszanuu 1enu u
3aJa4 UCCIIEIOBAHMUS CO3/IaHa YKCIIEPHMEHTANIbHAS YCTAaHOBKA, I7I€ B KAY€CTBE CHIIOBOTO arperara
WCTIOJIb30BaH yKa3aHHBIA IBUTaTeNb. [IpoBeneH (akTOpHBIA SKCIEPUMEHT 110 U3YUYSHHIO TEIUIO-
BOTO COCTOSIHUSI JABHTATENsl HA PA3JIMYHBIX PEKUMAX paOOTHI, KOTOPBIA BBISIBHII HEKOTOPHIE MPO-
THUBOpEYMsI B TEIUIOBOM OaylaHce pabOoTaIONIero JBUTATENs. B 3aBUCHMOCTH OT peskuma padoThl U
TEMIIEPATYpbl OKPY>KaOIIel cpe/ibl B TeueHue 15 MUH paboThI IBUraTessl Macio B MOJJJOHE Harpe-
Basioch 110 62 °C, Temmeparypa OXJaxJAaronen KUJKOCTH JOCTHTalla MaKCUMaJIbHOTO 3HAYCHUSI
B 86 °C, Temneparypa orpaboraBimux razoB — 330 °C. @opmasibHO 10 TEMIIEpaType OXJIaXKaaro-
el JKUKOCTH JIBUTATENh TOCTUTANl ONTHMAJIBHOTO AKCIUTYyaTallMOHHOTO JHAala30Ha TeMIIEpaTyp
(8590 °C), ognako mpu Oojee EeTaTbHOM PACCMOTPEHHH CTAHOBUTCS MOHSTHO, YTO MAcjio HE
JOCTUTAJIO0 ONTHMAJIBHON TEMIIepaTyphl. DTO CBUACTEILCTBYET, UTO B y3JIaX TPEHUS TEMIIeparyp-
HBII (DOH MO-TIPEKHEMY O0CTaBaJICS TIOHMKEHHBIM, CIIEIOBATEIBHO, COXPAHSIINCH IIOTEPH Ha TPEHUE
Y BBICOKAsi BEPOATHOCTD 33 UpOB. Pa3paboTaHHbIi peKyriepaTop npeaHazHadeH uist 0T0opa YacTh
OpOCOBOI TEITOTHI IBUTATEIS, PACCEUBAEMOM B aTMOC(EPY C OTPadOTaBIITUMU ra3amMH, C IENIbIO €€
JaTbHEHIIET0 NCTIOIB30BaHUS B y3J1aX M arperaTax MamluHbl I MOIAep KaHus 3a[aHHOTO TeMITe-
paTypHOTO peXrMa, BKITIOYast M IBUTATENh MAIIMHEIL. B TIepcrieKTHBe peKynepupOBaHHYO TEIUIOTY
BO3MOYKHO HCIIONTB30BATH JIJIST BRIPAOOTKH XO0JI0a M AJIEKTPHUYECTBA C LENbI0 00ecieueH sl TaHHbI-
MU pecypcaMu HeOOXOTUMBIX TEXHOJIOTHYECKHUX OTICPAIIi, BBITIOTHICMBIX MAIIMHHO-TPAKTOPHBIM
arperaToM.

KiroueBble cjioBa: pexyneparop, IBUTaTeNlb BHYTPEHHETO CTOpaHMs, POTpeB, OpocoBas Te-
IJI0Ta, OTPAOOTABIITUE Ta3bI

Exhaust gas heat recuperator for the MTZ-82 tractor engine

(<)Ivannikov A.B., Zholudev V. L., Dusantaev A.lL., Zainalov Z.K.

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

(<)e-mail: ivannikovab@sfsca.ru

Brief results of the study on the development of a gas-liquid heat exchange apparatus or exhaust
gas heat recuperator for the D-242 diesel engine of the MTZ-82 tractor are presented. To achieve the
goals and objectives of the study, an experimental setup was created, utilizing the specified engine as
the power unit. A factorial experiment was conducted to study the thermal state of the engine under
various operating modes, which revealed certain contradictions in the heat balance of the operating
engine. Depending on the operating mode and ambient temperature, within 15 minutes of engine ope-
ration, the oil in the sump heated up to 62°C, while the coolant temperature reached a maximum value
of 86°C, and the exhaust gas temperature reached 330°C. Formally, based on the coolant tempera-
ture, the engine reached the optimal operational temperature range (85-90°C). However, upon closer
examination, it becomes clear that the oil had not yet reached its optimal temperature. This indicates
that the temperature conditions in the friction units remained low, consequently, friction losses persis-
ted, along with a high risk of scuffing. The developed recuperator is designed to capture a portion of
the waste heat from the engine, which is dissipated into the atmosphere with the exhaust gases, for its
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Exhaust gas heat recuperator for Ivannikov A.B., Zholudev V. L., Dusantaev A.l., Zainalov Z.K.
the MTZ-82 tractor engine

subsequent use in the components and assemblies of the machine to maintain the specified tempera-
ture regime, including the machine's engine. Looking ahead, the recuperated heat could potentially be
utilized for generating cooling and electricity to provide these resources for necessary technological
operations performed by the machine-tractor unit.

Keywords: recuperator, internal combustion engine, heating, waste heat, exhaust gases
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INTRODUCTION sociated with the development of technical solu-
tions for the thermal preparation of an internal
combustion engine (ICE) for start-up [4-7] and
with the development of systems for the utili-
zation of waste heat from ICEs, which make it
possible to use the utilized heat to maintain an
optimal temperature regime in the main units
and assemblies of the MTF [8-10]. Recovered
heat can also be used to support various tech-
nological operations in the machine-tractor unit
[11]. Recycling waste heat will make it possible
to partially solve one of the serious problems —
the low efficiency of heat released from combus-
tion of fuel in the internal combustion engine.
Recycling of waste heat means directing the
heat dissipated into the atmosphere with exhaust
gases (EG), the cooling system and the lubrica-
tion system of the internal combustion engine to
ensure specified temperature conditions in the

Operating the machinery and tractor fleet
(MTF) in the agro-industrial complex in to-
day's environment requires new approaches
from business entities that not only enable effi-
cient use of available resources but also create
working conditions that prioritize resource-sav-
ing technologies. Implementing such a policy
in business management can yield significant
economic benefits and increase labor productiv-
ity. One area for implementing resource-saving
approaches and technologies in MTF use may
be the climatic conditions of the Russian Fed-
eration, particularly in the Northwestern, Ural,
Siberian, and Far Eastern Federal Districts. The
climate features primarily include lower ambient
temperatures throughout the year. For example,
the average annual temperature in the Novosi-

birsk region is 0.2°C', And the only month with-  its and assemblies of the self-propelled vehi-

out frost is July. Low temperatures negatively e jtself or supplying this heat to a trailer unit to
impact technical systems, which in turn leads to  opgyre any technological processes.

a decrease in the reliability and durability of the The purpose of the study is to justify and de-
MTF? [1-3]. Work in this direction is largely as-  yelop an exhaust gas heat recuperator for the

'FSBI "West Siberian Administration for Hydrometeorology and Environmental Monitoring" Official observation data. Official
forecasts.URL: http://www.meteo-nso.ru /pages/46

2Koch PI. Climate and reliability of machines. Moscow: Mechanical Engineering, 1981, 175 p.
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waste heat recovery system of internal combus-
tion engines.

The research objectives are:

— to study the thermal state of the D-242 en-
gine in various operating modes;

— to justify the technical solution for the ex-
haust gas heat recuperator of the D-242 engine
of the MTZ-82 tractor and to manufacture a pro-
totype of the recuperator.

MATERIAL AND METHODS

Experimental studies were conducted in 2023
and 2024. The study of the thermal state of the
D-242 engine was carried out on an experimen-
tal setup (see Fig. 1), including a KI-1363V
GOSNITI run-in and brake stand, a D-242 die-
sel engine, control and measuring instruments
(CMI) and the recording equipment.

The KI-1363V GOSNITI test rig was installed
indoors, and the engine was installed outdoors.
The engine and the rig were connected via a car-
dan shaft through a hole in the wall. A control
panel, including the CMI and equipment, as well
as controls for the rig and engine, was created to
manage the experimental setup. A computer was
used to record the test parameters.

Temperature measurements were taken at the
intake manifold (air temperature), exhaust man-
ifold (exhaust gas temperature), cylinder head
(coolant temperature), and crankcase (oil tem-
perature). The experiments were conducted on
days when the ambient temperature matched the
experimental design.

When planning the factorial experiment and
processing its results, we were guided by the
standard methods?®. A second-degree polynomial
was used as a mathematical model.

The ambient temperature at the engine muf-
fler inlet was selected as the response. The a pri-
ori ranking was used as the primary method for
determining the significance of the determining
factors. Information on the determining factors
and their levels of variation is summarized in the
table.

When substantiating the technical solution
for the exhaust gas heat recuperator of internal
combustion engines, standard methods for per-
forming thermal calculations of heat exchangers
were used as initial methods*. However, standard
methods were not fully suitable for the study's
purposes, as they are primarily used for calcu-
lating stationary devices with pre-determined

\

i//'//’/' /'///, y 7/"//‘////,/;///'//"/'/'/ S

R

Puc. 1. DxcriepuMeHTaNbHas YCTaHOBKA: / — ITyJBT YIPaBICHHUS YCTAaHOBKOH; 2 — 0OKaTOYHO-TOPMO3HOM

creHp; 3 — TOIIUBHBIN 0ak; 4 — qu3ens J[-242

Fig. 1. Experimental installation: / — control panel of the installation; 2 — running-in and braking stand; 3 —

fuel tank; 4 — diesel engine D-242

3Berikashvili, V.Sh., Oskin S.P. Statistical data processing, experimental design and random processes: textbook for universities;

2nd ed., corrected and enlarged. Moscow: Yurait,2022, 164 p.

*Bazhan P1I., Kanevets G.E., Seliverstov V.M. Handbook of heat exchangers. Moscow: Mechanical Engineering,1989, 368 p.
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Onpenensroniye GakTOpoB U YPOBHU UX BapbUPOBaHHUS

Determining factors and the levels of their variation

Level of variation
The determining factor Factor
low null high
Engine load level NV, % (kW) X, 50 (22,8) 65 (29,8) 80 (36,4)
Operating time t, min X 15 22,5 30
Ambient temperature fo¢, °C X; -30 -15 0

physical parameters of the coolants. Some of the
most important parameters are the coolant flow
rate and temperature.

The temperature and velocity of exhaust gas-
es are directly proportional to the amount of fuel
burned per unit of time and, accordingly, to the
engine crankshaft speed, which introduces cer-
tain difficulties into the calculations. This and
other difficulties were taken into account when
substantiating the technical solution, and a num-
ber of features and assumptions were incorporat-
ed into the recuperator calculation methodology:

— the recuperator must be placed on the ex-
haust line, for example in the muffler or instead
of it, as a result of which the overall dimensions
of the recuperator can be similar to the dimen-
sions of the muffler;

— in case of replacing the standard muffler
with a recuperator, it is necessary to provide for
its performance as a muffler;

— it is advisable to determine the capacity of
the recuperator by the total capacity of the heat
consumers in the maximum heat consumption
mode;

— considering that the temperature, exhaust
gas velocity, fuel and air mass flow rates of the
engine constantly fluctuate, it is advisable to use
average values of these parameters in calcula-
tions, obtained depending on the time of year
and engine operating modes;

— when developing a recuperator, it is nec-
essary to provide a mechanism that allows for
automatic influence on the heat transfer process
by reducing (increasing) the amount of exhaust
gases involved in heat exchange;

— provide for the possibility of technical
maintenance of the recuperator (cleaning from
carbon deposits, its assembly and disassembly).

The work uses methods and techniques based
on the application of general scientific research
methods.

RESULTS AND DISCUSSION

Analysis of the study results confirms the
presence of significant thermal and kinetic ener-
gy in the exhaust gases. For example, when the
experimental setup was operating at 80% (37
kW) of its rated engine power and an ambient
temperature of —30°C, the exhaust gas flow tem-
perature exceeded 200°C by the eighth minute
of operation. Meanwhile, the oil in the engine
sump only warmed up to —13°C, and the engine
coolant temperature reached 8°C (see Fig. 2).

The maximum exhaust gas temperature
reached 290°C by the 15th minute of engine
operation, while the oil had reached 50°C and
the coolant 72°C. This indicates that, despite the
simultaneous release of a large amount of heat
from the exhaust gases into the atmosphere, the
engine did not warm up to operating temperature
(85-90°C).

When the ambient temperature rises to 0°C,
with the same load and operating time, the en-
gine's thermal state changes significantly (see
Fig. 3). Thus, the maximum exhaust gas tem-
perature was recorded at 330°C by the 12th
minute of engine operation. By this time, the
oil in the engine sump had warmed up to 60°C,
and the engine coolant temperature had reached
76°C. The oil temperature by the 15th minute of
engine operation had not changed significantly,
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Puc. 2. 3aBUCHUMOCTH TEMIIEPATYPHI OTPAOOTABIINX T'a30B, OXJIAXKIAIOIIEH KUIKOCTH U Maciia OT CTEIIeHH
3arpy3ku asurarens (80%), Temmeparypsl okpysxaromieit cpenst (—30 °C) u Bpemenu padots (15 muH):

[ — IpeIyCKOBOM pa3orpeB; 2 — 3aIyCK JBUTATEINS; 3 — MOCJICITYCKOBOM MporpeB; 4 — paboTa ABHUTaTeNs MO/ 3arpy3-

KOM; 5 — oCTaHOBKA ABUTATEIS

Fig. 2. Dependence of exhaust gas, coolant and oil temperature on engine load (80%), ambient temperature

(minus 30°C) and operation time (15 min.):

1 — pre-start warm-up; 2 — engine start; 3 — post-start warm-up; 4 — engine operation under load; 5 — engine stop

remaining at 62°C, while the coolant tempera-
ture had reached 86°C.

Formally, the engine coolant temperature has
reached its optimal operating range, but a closer
analysis reveals that the oil temperature has not
yet reached its optimal temperature. This means
that the temperature in the friction units remains
low, resulting in continued friction losses and
a high risk of scuffing. It should also be noted
that, under normal operating conditions, a car or
tractor engine rarely operates for long periods at
high loads, except during certain technical op-
erations.

The experimental results demonstrate that
achieving the optimal operating temperature for
the D-242 engine at low ambient temperatures
is not always possible. During engine operation,
the exhaust gas temperature at the muffler inlet

reaches 330°C or more, confirming the feasibil-
ity of further research into the recycling of in-
ternal combustion engine waste heat and paving
the way for the development of an exhaust gas
heat recovery system using the D-242 engine as
an example.

It is known that there are no commercially
available recuperators for exhaust gas heat re-
covery and recycling systems from internal com-
bustion engines. This is primarily due to the lack
of ready-made solutions for equipping vehicles
with such systems, even in regions with harsh
climates. However, researchers are working in
this direction [12]°.

The closest technical solution, which was
used as a prototype, is a gas-liquid shell-and-
tube heat exchanger, developed earlier with the
participation of one of the authors of the article®.

SPatent No. 52108 U1 Russian Federation, IPC FOIN 5/02. Exhaust Gas Heat Recycler / Davydenko D.V., Matievsky G.D.,
Sheptunov V.M., Zakharov G.O.; applicant Sibenergoprom LLC; No. 2005131820/22; declared 13.10.2005: published 10.03.2006.
®Patent No. 2523454 C1 Russian Federation, IPC F28D 7/00, F28F 27/00. Gas-liquid shell-and-tube heat exchanger with an

automatic heat exchange process control system / Krokhta G.M., Ivannikov A.B.; applicant Novosibirsk State Agrarian University;
No. 2013100549/06; declared 09.01.2013: published 20.07.2014.
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Puc. 3. 3aBUCUMOCTb TEMIIEPATYPbI OTPA0OTABIINX Ia30B, OXJIAXKIAIONICH KHUJIKOCTH U Maclia OT CTCIICHH
3arpy3ku asurareis (80%), Temmneparypsl okpyxaromieit cpenbt (0 °C) u Bpemenu padots (15 muH):

I — mpenmyckoBoii pa3orpes; 2 — 3amycK ABUraTess; 3 — 3ayCcK ABUraTelNIs O HArPy3Kol; 4 — OCTaHOBKA JIBUTATENS

Fig. 3. Dependence of exhaust gas, coolant and oil temperature on engine load (80%), ambient temperature

(0 °C) and operation time (15 min.)

1 — pre-start warm-up; 2 — engine start; 3 — engine operation under load; 4 — engine stop

The described heat exchanger has a single-mod-
ule design with individual elements of the
damper control mechanism located inside the
housing.

The prototype's drawbacks include the place-
ment of the gas damper inside the heat exchang-
er, which complicates the design of the ther-
mostat and damper drive mechanism. This also
means that, regardless of the operating mode,
the damper shaft bushing will be constantly
washed by exhaust gases and contaminated with
soot and other combustion products, potentially
causing jamming. Another drawback is the use
of a single pipe for supplying exhaust gases to
the heat exchanger and subsequently exhausting
them to the atmosphere. This design allows the
heat exchanger to be used as a muffler only when
the gas valve is closed, i.e. when the exhaust
gases pass through the intertube space during
heat exchange, and when the gas valve opens
according to the operating algorithm, the central
pipe of the heat exchanger turns into a straight-
through exhaust pipe, which can lead to acoustic
pollution of the environment.

To justify the technical solution, a design was
chosen that could effectively serve as an exhaust
gas heat recuperator and exhaust system muf-
fler during engine operation in various modes.
Based on the design of the D-242 engine exhaust
system of the MTZ-82 tractor and the placement
of the standard muffier, a two-module recupera-
tor configuration with a heat exchange module
and a sound attenuation module for the tractor's
exhaust system was adopted. The functional dia-
gram is shown in Fig. 4.

The proposed recuperator utilizes standard
muffler components as the attenuation module,
and the heat exchange (recuperation) module is
also housed within the standard muffler housing.
The heat exchange module is a multi-pass shell-
and-tube heat exchanger. To simplify the man-
ufacture of the heat exchange module, a finned
coil, for example, through which the heat trans-
fer fluid of the heat recovery circuit will circu-
late, can be integrated into the standard muffier.

One of the main components of the recuper-
ator, which regulates the heat exchange process
between the exhaust gases and the heat transfer
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fluid of the waste heat recovery circuit, is the gas
damper, which controls the volume of hot ex-
haust gases entering the intertube space of the
heat exchange module. The gas damper's operat-
ing algorithm depends on the temperature of the
waste heat recovery circuit's heat transfer fluid
at the recuperator outlet and can be programmed
based on the objectives of the waste heat recov-
ery system installed on the vehicle.

The recuperator operates as follows (see Fig.
4). Initially, before starting the internal combus-
tion engine, the gas valve is positioned to close
the exhaust gas supply pipe to the heat exchange
module. After starting the internal combustion
engine, a signal from the coolant temperature
sensor is sent to the gas valve actuator control
unit, where a command for further action is

a

generated in accordance with the operating al-
gorithm. The operating algorithm may be as fol-
lows. If, after starting the internal combustion
engine, the temperature of the heated coolant at
the outlet of the recuperator is below 70°C, the
command to open the gas damper is given, and
the exhaust gases enter the heat exchange mod-
ule. Heat exchange between the exhaust gases
and the heated coolant begins. If, after starting
the internal combustion engine, the temperature
of the heated coolant is above 70°C, the com-
mand to open the gas damper is not given, and
the exhaust gases enter the exhaust sound atten-
uation module of the internal combustion en-
gine. When the heated coolant cools to 70°C due
to heat exchange, the control unit commands the
damper actuator to close the exhaust gas sup-

0

exhaust gases into the atmosphere

}
I
I
|

exhaust gases from the internal combustion engine

Puc. 4. ®yHkumoHaibHas cxeMa padoThl peKyIlepaTopa: a — PeXkUM IIIYLISHUs 3BYKa; 6 — PEXKUM peKyIie-

parmu:

1 —ra3oBas 3aCI0HKa; 2 — TEMIIEPATYPHBIN JaTYNK TEIUIOHOCUTENS yTUIIN3AIMOHHOTO KOHTYpa; 3 — MEeXaHM3M IIpH-
BOJIa Ta30BOM 3aCJIOHKH C OJIOKOM yHpaBlieHuUs1; 4 — MOJyJIb IIYILEHHUS 3BYKa; 5 — MO/YJIb TEIUIOOOMEHA; 6 — OTBOJI
TETTIOHOCHUTEIS YTHIIM3aMOHHOTO KOHTYpa U3 peKyIneparopa; 7 — IOBO TEIUIOHOCHTENS Y THIIN3AIMOHHOTO KOHTYPa

B PEKyIepaTop

Fig. 4. Functional scheme of the recuperator operation: ¢ — mute mode; 6 — recuperation mode:

1 — gas flap; 2 — temperature sensor of the heat carrier of the utilization circuit; 3 — gas flap drive mechanism with
control unit; 4 — sound attenuation module; 5 — heat exchange module; 6 — utilization circuit heat carrier withdrawal
from the recuperator; 7 — utilization circuit heat carrier supply to the recuperator
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ply pipe to the sound attenuation module. This
redirects the exhaust gases back to the heat ex-
change module, and heating of the waste heat
recovery circuit coolant resumes. This operating
algorithm automatically maintains the coolant
temperature of the waste heat recovery circuit at
the recuperator outlet at the set point of 70°C.

Based on the results of the study, an applica-
tion was prepared and patent No. 2822779 was
issued for "Exhaust Gas Heat Recuperator for
Internal Combustion Engines," confirming the
scientific novelty of the research. One of the re-
sults of the completed study is an experimental
recuperator prototype, which was manufactured
and mounted on the engine of the experimental
setup (see Fig. 5).

Testing of the experimental recuperator is
planned for 2025 as part of a stationary experi-
mental installation and in 2026 as part of a mo-
bile installation.

CONCLUSIONS

1. A study of the thermal state of the D-242
engine in various modes showed that under con-
ditions of low ambient temperatures (from 0 °C
and below) it is not always possible to achieve
the optimal operating temperature of the engine
(85-90 °C), while the temperature of the exhaust
gases reaches high values (330 °C and more),
which indicates a significant amount of waste
heat from the engine dissipated into the atmo-
sphere with the exhaust gases.

2. The proposed recuperator has a two-mod-
ule system and can effectively perform the func-
tions of a muffler and a heat exchanger, allowing
for the secondary use of a significant portion of
the heat dissipated with the exhaust gases of the
internal combustion engine.

3. Recycling the heat from exhaust gases of
internal combustion engines will increase the
efficiency of heat released from combustion of
fuel in the engine.

Puc. 5. DxcriepuMeHTATBHBIA PEKyTIepaTop:
a — o0t BUI; 6 — B 3aIIUTHOM KOXYXE

Fig. 5. Experimental recuperator:

a — general view; 6 — in a protective casing
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B crarhe Ha ocHOBe 0030pa OIMyOIMKOBAHHBIX JAHHBIX YTOUHEHO BIMSHUAE TPaHYJIOMETPHIECKOTO
COCTaBa Ha 3MMHIOK MUTPAIIMIO BJIAr'M B IOYBAX CTEITHBIX U JIECOCTEITHBIX paiioHOB CHOUPH, YCTaHOB-
JIEHB! KOJIMYECTBEHHBIE MPOMOPIIMOHAIBHOCTH MEXK/y MapaMeTpamMH Cpelbl 1 KPUOTEHHON aKKyMy-
TSIMEN BJard B TIOYBaxX C Pa3HbIM TPaHYJIOMETPHUECKHM COCTaBOM B IIETISIX MTPOTHO3WPOBAHUS 3TOTO
AJIEMEHTa BOJHOTO PEXXHMMa TOYB. | paHyIOMETpHYECKUM COCTAaBOM TPEAOPEICIISIOTCS BOAOOTAaYa
IOYB U 00BEM TOJIBMIKHOW BJIATH MPH BJIAXKHOCTU HUXKE YPOBHSI HAUMEHBIIICH BIaroeMkocTu. Tske-
JIBIE TI0 TPAHYJIOMETPHUIECKOMY COCTaBY MOYBHI (TSKETOCYTIIMHUCTBIE U JIETKOTIMHUCTBIE) OTIINYAI0T-
csl HU3KOU BofooTnaueit (koaddumment Bogooraadu 0,06). 910 00ycIoBIEeHO BRICOKOW 00BOIHEHHO-
CThIO MUKPOIIOP TPYAHOIOABMKHOM BIIArOW M MOBBIIICHHON THAPOAICOPOIIMOHHON CIIOCOOHOCTHIO
BBICOKOMJIHCTBIX 1o4B (Oonee 15% wmaccel). ConeprkaHue MOABMKHOM BIard MpU BIAXKHOCTH HUXKE
YpOBHSI HAUMEHBIIIEH BIaroeMKOCTH OCTaeTCsl BEICOKUM. [103TOMY B TSDKENBIX MOYBaX MpPH OIHU3KOM
3aJleraHiy TPYHTOBBIX BOJ 00beM HaMmep3aHus He mpeBbimaeT 50 MM, TpU TTyOOKOM 3aJeTaHUH OH
nocturaet 25 M. [1og TakuMu HoYBaMu MpH IIepEPacIpeIeICHUN YaCTH TPYHTOBBIX BOJI B CIIOM KPHO-
TCHHOW aKKyMYJISLMH MaJicHue UX YPOBHSI 38 OKTAOPh — MapT MOKeT cocTaBiaTh 0,9 M, a MOIITHOCTb
ciost Hamep3anus gocturaet 1,1 m. Jlerkue (mecuanple v CynecdaHble) MOYBbI XapaKTepU3yIOTCs TIpe-
oOajaHreM KPYITHBIX U CPETHUX TI0P, a TAKKE MaJION THAPOaICOPOIMOHHON criocoOHOCThIO (2—3%
Macchl). [1o3ToMy Jierkre TOYBBI OTIUYAKOTCS OOJNBIION BOAOOTAAYEH (KOA(PPUIIMEHT BOJOOTAAYH
MoxkeT mocturath 0,5). Comepikanne CrioCOOHOM K IEPEIBIKEHHUIO BIIATH B JICTKUX TTOYBAX MPH BIAXK-
HOCTH HIKE YPOBHS HAMMEHBIIIEH BIarOeMKOCTH HEBEJIMKO, ITOCKOIBKY BJlara B CPEIHHUX M KPYITHBIX
Iopax HaXOAUTCS B OCHOBHOM B Pa300IIIEHHOM COCTOSIHUU. 110 3TOW NmpuynHe B JIETKUX TIOYBAX MPH
OJIM3KOM 3aJIeraHruy TPYHTOBBIX BOA Hamep3aet a0 100 MM, mpu riry6okom — meHee 10 MM Biaru. W3-
3a OOJIBIION BOJOOTIAYM ITaJICHNE YPOBHS TPYHTOBBIX BOJI B JIETKHX IIOYBaX B OKTSIOpe — Mapre enBa
nmocturaet 0,2 M, BepTHKaJIbHast MOIIIHOCTH CJIOSl HAMEp3aHus cocTapiseT He 6omee 0,5 M.

KuaroueBbie c10Ba: TpaHYIOMETPUYECKHI COCTaB, CTPYKTypa OOIIeH MMOPUCTOCTH, TTOYBEHHAS
BJIara, BOJI0OT/Ia4ya MOYB, YPOBEHb IPYHTOBBIX BOJ, CIIOM KPUOT€HHOW aKKyMYJIALIUU BIIaru

Granulometric composition as a factor
of winter moisture migration in soils

<)Kravtsov Yu.V.

Novosibirsk State Pedagogical University
Novosibirsk, Russia

(<)e-mail: kravtsov6O@mail.ru

Based on a review of published data, the article refines the understanding of the influence of gra-
nulometric composition on winter moisture migration in soils of the steppe and forest-steppe regions
of Siberia. It establishes quantitative proportionalities between environmental parameters and the
cryogenic accumulation of moisture in soils with different granulometric compositions for the pur-
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pose of forecasting this element of the soil water regime. The particle size distribution predetermines
the water yield of soils and the volume of mobile moisture at humidity levels below the field capacity.
Soils with a heavy particle size distribution (heavy loamy and light clayey) are characterized by low
water yield (the water storage coefficient is 0.06). This is due to the high water content of micropo-
res with difficult-to-move moisture and the increased hydro-adsorption capacity of highly silty soils
(more than 15% of the mass). The content of mobile moisture remains high even at humidity levels
below the field capacity. Therefore, in heavy soils with shallow groundwater, the freezing accumula-
tion does not exceed 50 mm, while with deep groundwater, it reaches 25 mm. Under such soils, during
the redistribution of part of the groundwater into the cryogenic accumulation layer, their level may
drop by 0.9 m from October to March, and the thickness of the freezing layer can reach 1.1 m. Light
(sandy and sandy loam) soils are characterized by the predominance of large and medium pores, as
well as low hydro-adsorption capacity (2—3% of the mass). Therefore, light soils are characterized by
high water storage (the water storage coefficient can reach up to 0.5). The content of moisture capable
of movement at humidity levels below the field capacity is low in light soils, since moisture in medium
and large pores is predominantly in a disconnected state. For this reason, in light soils with shallow
groundwater, up to 100 mm of moisture can freeze, while with deep groundwater, less than 10 mm
freezes. Due to the high water storage, the drop in groundwater level in light soils from October to
March barely reaches 0.2 m, and the vertical thickness of the freezing layer does not exceed 0.5 m.

Keywords: granulometric composition, structure of total porosity, soil moisture, soil water loss,
groundwater level, cryogenic moisture accumulation layer
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INTRODUCTION

The particle size distribution and other phys-
ical properties of soils in the southern regions of
Siberia were extensively studied in the second
half of the 20th century'*. However, the study
of changes in the moisture profile of soil layers
in southern Siberia during the winter period was
less extensive™ 6.

Factors of winter moisture migration include
soil freezing, high soil moisture, and granulo-
metric composition [1]. Studying the factors of
cryogenic moisture migration is important for
establishing quantitative relationships between
environmental parameters and moisture freezing
[2], which will allow predicting the parameters
of this element of the soil water regime.

'Agrophysical characteristics of soils in Western Siberia / ed. V.P. Panfilov. Novosibirsk: Nauka, 1976, 544 p.

2Soil-physical conditions of land reclamation in Western Siberia / ed. V.P. Panfilov. Novosibirsk: Nauka, 1977, 88 p.

3Physics of Soils of Western Siberia / eds. V.P. Panfilov, R.V. Kovalev. Novosibirsk: Nauka, 1971, 140 p.

4Chernozems: Properties and Irrigation Features. Novosibirsk: Nauka, 1988, 254 p.

SKulikov A.L, Panfilov V.P., Dugarov V.I. Physical properties and regimes of meadow-chernozem permafrost soils of Buryatia.

Novosibirsk: Nauka, 1986, 136 p.

®Panfilov V.P. Physical properties and water regime of soils of the Kulunda steppe. Novosibirsk: Nauka, 1973, 260 p.
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The article presents a review of the previous-
ly published data, based on which the influence
of particle size distribution on winter moisture
migration in soils of southern Siberia was deter-
mined.

MATERIAL AND METHODS

The work is based on the published results
of observations of moisture freezing in south-
ern chernozems, meadow-chernozem and cher-
nozem-meadow soils of the Ishim steppe [1],
meadow-chernozem permafrost soils of the
Eravninskaya forest-steppe (island forest-steppe
in the south of Transbaikalia), chestnut and
meadow-chestnut soils of the Kulunda steppe
(see footnotes 5, 6), meadow-chernozem soils of
the Baraba forest-steppe’.

Moisture freezing observations were con-
ducted using a uniform methodology. The vol-
ume of winter moisture accumulation and the
location of the freezing layer were determined
by comparing soil moisture profiles in the sec-
ond and third ten-day periods of October, as well
as in the third ten-day period of March. Soil and
rock samples for moisture determination were
collected by hand drilling to the groundwater ta-
ble and processed using the thermostat-weight
method. Groundwater levels were measured in
the drilled boreholes.

To support this review, similarities in the
parameters of the leading factors of cryogenic
moisture accumulation in soils in southern Si-
beria are presented. Winter weather conditions
are based on the data from the "Weather and
Climate" website®. [TomoxeHre TPYHTOBBIX BOJI
ycraHoBineHo 1o [3, 4]. Formulas for the propor-
tionality of the volume of moisture freezing to
environmental parameters in soils with different
granulometric compositions were obtained in
the Microsoft Excel program.

RESULTS AND DISCUSSION

The location of the studied areas in the Sibe-
rian steppe and forest-steppe predetermines the
similarity of their climate. Long (4—6 months)
and cold (January temperatures of —17... -25 °C)
winters are typical for the south of Siberia.
During the cold season of the year in the south
of Western Siberia, 90—110 mm of precipitation
falls and a small snow cover accumulates (up to
0.5 m) [5]. In the Trans-Baikal forest-steppe, up
to 20 mm of precipitation falls during the winter,
and snow cover may not form [6]. In the south
of Siberia, severe frosts (down to —20... =30 °C)
are frequent in October — early November [7].

As a result of the above factors, soil freez-
ing in the region begins in October—November,
and thawing begins in the third ten-day period of
March [8]. Deep penetration of 0°C (up to 2.5 m)
is observed in the soils of southern Western Si-
beria. In the Trans-Baikal forest-steppe, the sea-
sonally thawing layer (up to 3 m thick) freezes
throughout the winter. The amount of frozen
moisture depends on the autumn soil moisture,
which is related to the groundwater level. In the
south of Western Siberia, groundwater levels
at 2-5 meters are due to the weak dissection of
the earth's surface and the shallow location of
aquicludes. In the Trans-Baikal forest-steppe,
perched water forms at depths of 2-3 meters on
the roof of permanently frozen soils in summer.
Thus, due to climatic conditions, the depth and
duration of seasonal soil freezing in southern
Siberia are comparable, while subsoil moisture
levels are elevated. Despite similar underlying
conditions, another factor affecting frost migra-
tion of soil moisture in the region—the particle
size distribution of soils and rocks—is different.

In the Ishim Steppe, lacustrine accumulation
of sedimentary material predominated during
the Neogene and most of the Anthropogene.

'Srebryanskaya G.A. Phenomena of seasonal freezing and thawing of soils of Central Baraba // Transactions of the V.V. Do-
kuchaev Soil Institute: collection of articles. Moscow: Publishing house of the USSR Academy of Sciences, 1954, vol. 42, part 2,

pp. 172-232.

8Weather and climate [Electronic resource]. URL: http://www.pogodaiklimat.ru/history/29638.htm (date of reference:

23.08.2024).
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In the Middle and Upper Pleistocene, the land
surface was covered by a mantle of loess-like
deposits (1-10 m thick), largely composed of the
products of wind-driven redistribution of old-
er sediments. Consequently, the soil texture of
the Ishim Steppe is represented by silty- clayey
light clays and heavy loams (see Table 1). The
total porosity of soils present in the Ishim steppe
decreases from 50-55% in the arable layer to
45-47% at a depth of more than 1 m (see Table
2). The high silt concentration is associated with
the predominance of micropores in the porosity
structure (up to 60—65% of the pore volume) and
a large total surface area of the solid phase.

The heavy particle size distribution and the
predominance of micropores in the porosity
structure result in significant hydrosorption ca-
pacity and water saturation of the pores of the
Ishim soils. Maximum hygroscopicity in the soil

reaches 15% of the mass, and in the subsoil, 24—
30% (see footnote 1). At the same time, sluggish
water almost completely fills the micropores.
The water content of pores in the 0-1 m layer ata
moisture content at the level of the lowest water
capacity is 60-70% of their volume. The water
content of pores in the 1-2 m layer at a moisture
content corresponding to the capillary water ca-
pacity reaches 77% (see footnote 2). High water
content of the pore space is the cause of low re-
serve water capacity (less than 25% of the soil
volume at the moisture content of the capillary
water capacity) and soil water loss.

The water-loss coefficient at full moisture
capacity reaches 0.06. This is the main reason
why, with high subsoil moisture, the volume of
moisture frozen in them is comparatively small,
while the thickness of the cryogenic moisture
accumulation layer and the drop in groundwater

Tao6ua. 1. I'panynoMerpudeckuii COCTaB MMOYB IOXKHBIX pailoHoB Cubupu

Table 1. Granulometric composition of soils in the southern regions of Siberia

Losses Proportion of particles of a certain size, %
Depth, m from HC1 _ | _ _
treatment, % | 1-0.25 mm O,ZrSnn(z,OS 0,02“2,01 O,OIm?T;OOS 0,00rSmg,OOI <0,001 mm| < 0,01 mm
Ishim steppe. Southern chernozem (see footnote 4)

0-0,2 5,3 0,0 4,7 28,0 10,9 16,8 34,3 62,0
0,2-0,5 13,4 0,0 4,5 22,4 12,4 12,9 34,4 59,7
0,5-0,7 15,9 0,0 4,3 21,8 9,1 12,9 36,0 58,0
0,7-0,9 18,1 0,0 1,0 22,8 11,5 12,6 34,0 58,1
1,3-1,5 11,2 0,6 18,7 16,5 8,2 12,6 32,2 53,0

Kulunda steppe. Chestnut soil (see footnote 3)

0-0,2 1,2 29,6 44,6 7,1 1,6 3,7 12,2 17,5
0,2-0,4 1,4 29,7 42,9 6, , 3,0 15,0 20,0
0,4-0,6 1,1 28,3 47,5 6,6 0,9 2,2 13,4 16,5
0,6-0,8 5,7 14,9 55,0 7,6 0,9 2,4 13,5 16,8
1,0-1,4 5,3 32,1 433 5,0 0,7 1,8 11,8 14,3
1,6-2,0 2,5 459 41,1 1,3 0,3 1,2 7,7 9,2

Eravskaya forest-steppe. Meadow-chestnut permafrost soil (see footnote 5)

0-0,2 7,1 24,2 17,3 11,6 9,8 9,1 20,9 39,8
0,35-0,45 7,5 31,6 12,6 6,2 3,1 10,3 28,7 42,1

0,7-0,8 16,7 28,6 18,6 6,3 3,2 5,3 21,3 29,8

1,2-1,3 6,2 52,4 19,6 8,6 2,0 1,1 10,1 13,2
1,5-1,6 3,2 63,1 20,3 4,3 1,1 0,2 7,8 9,

Baraba forest-steppe. Meadow-chernozem soil (see footnote 1)

0-0,25 4,2 0,8 7,2 32,7 13,4 14,4 27,3 55,1
0,25-0,40 3.4 1, 8,7 21,6 7,1 16,8 44.5 68,4
0,40-0,55 6,8 1,1 8,9 21,0 6,0 16,0 47,0 69,1
0,55-0,80 23,4 1,6 12,3 18,2 8,9 12,6 46,4 67,9

0,8-1,1 22,5 0,2 1,7 23,5 11,7 13,0 49,9 74,6

1,1-1,5 19,0 0,0 0,6 23,5 11,3 15,8 48,3 75,8
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Taoa. 2. Cocras nop B moyBax IOXHbBIX paiiloHoB Cubupu

Table 2. Pore composition in soils in the southern regions of Siberia

) Pore content, % of total porosity
Depth, m Total porosity, %
> 60 microns | 3—-60 microns < 3 microns
Ishim steppe. Southern chernozem (see footnote 4)

0-0,15 55,3 15,4 20,2 64,4
0,59-0,69 48,5 19,9 16,4 65,7
1,48—-1,58 45,4 8,7 23,1 62,2

Kulunda steppe. Chestnut soil (see footnote 6)

0-0,18 47,2 47,3 24,1 28,6
0,18-0,30 39,4 26,4 35,9 38,0
0,30-0,70 37,6 27,0 41,1 31,9

1,0-1,3 36,5 36,1 36,7 27,2

Eravskaya forest-steppe. Meadow-chestnut permafrost soil (see footnote 5)
0,05-0,15 55,2 30,9 21,6 47,5

0,3-0,4 44,0 34,3 8,4 57,3
0,55-0,65 47,2 26,9 14,3 59,6

1,2-1,3 35,3 44,4 7,9 47,7

levels during the winter season are significant.
If groundwater levels are greater than 4 m deep
in autumn, 15-30 mm of moisture accumulates
in the seasonally frozen layer, and the freezing
layer is observed at a depth of 0.8—-1.8 m. As a
result, the groundwater level drops by 0.3-0.5
m. If the groundwater level is above 4 m in Oc-
tober, the moisture increase in the freezing layer
reaches 30—50 mm, and this layer is observed in
the depth range from 0.4-0.8 to 1.7 m. The drop
in the groundwater level reaches 0.9 m.

The Kulunda Steppe is considered an area
of accumulation of river and lake sediments
throughout virtually the entire anthropogenic
period. For this reason, the texture of the chest-
nut soils in this area is silty-clayey sandy loam
(see Table 1). The sandy loam parent material
is underlain by sandy deposits at a depth of 1.4
m (see footnote 6). The grain size distribution of
meadow chestnut soils located in negative relief
forms (on the slopes of lake basins, in ravines)
with a shallow groundwater table (2—-3 m) is light
loamy and sandy loam. The physical and hydro-
physical properties of automorphic and semihy-
dromorphic soils are similar (see footnote 1).

Total porosity in these soils decreases from

47% in the 0-0.2 m layer to 35-37% in the parent
material. Medium and large pores predominate
in the porosity structure (see Table 2). These
pores are connected by narrow channels at the
junctions of solid particles. This is primarily re-
sponsible for the discrete moisture state in the
soils. The low content of silt particles results in a
low water absorption capacity of the soils. Max-
imum hygroscopicity reaches 2—-3% of the soil
mass. Pore water content in the 0—1 m layer at
the lowest moisture capacity reaches 40%, while
in the 1-2 m layer at the capillary moisture ca-
pacity it reaches 50—53%. Therefore, sandy loam
soils are characterized by high reserve water ca-
pacity (up to 40% of the soil volume at capillary
moisture capacity) and water yield. The water
yield coefficient reaches 0.5.

When groundwater levels are less than 4 m
deep, the high-water yield of the soil layers re-
sults in large freezing depths of moisture — from
32 to 100 mm’. Due to the high-water yield of
the rocks, moisture entering the frost accumu-
lation layer from the groundwater causes a drop
in the groundwater level of only 0.1-0.2 m. For
this reason, the vertical thickness of the frost ac-
cumulation layer is small — up to 0.5 m. In the

9Senkov A.4. Water regime of hydromorphic and semi-hydromorphic soils of Kulunda during freezing // On the soils of Siberia:
for the XTI Int. Congress of Soil Scientists: collection of articles. Novosibirsk: Science,1978, pp. 187-191.
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case of deep groundwater levels, moisture in
sandy loam soils is dispersed, so the volume of
its winter migration is small — less than 10 mm
(see footnote 6).

Based on observations in the Ishim and Ku-
lunda steppes, a connection was established be-
tween the autumn position of groundwater and
the increase in moisture in the seasonally freez-
ing layer (see the figure).

The following proportionality has been estab-
lished for the soils of Kulunda:

Y=-0,2597x + 128,61,

where Y — moisture increase in the cryogenic
accumulation layer, mm; x — groundwater level
in October, cm; R2 — approximation reliability
value (R?* = 0,8467).

The decrease in moisture content in the
non-freezing soils of southern Western Siberia
during winter is weak, but the drop in groundwa-
ter levels is quite pronounced over the same pe-
riod. The drop in groundwater levels can be used
to predict the amount of moisture freezing in the
soils of the Ishim Steppe (a) and Kulunda (6):

a) Y=1,6586x + 6,6272;
60
50 - *
40
30 -

20

Moisture gain, mm

6) Y=3,8077x + 11,085,

where Y — volume of moisture freezing, mm; x —
drop in groundwater levels in October — March,
cm; R2 — approximation reliability value (R* =
0,7463 — for the Ishim steppe, R* = 0,8954 — for
the Kulunda steppe).

The Yeravskaya forest-steppe is home to a
variety of anthropogenic rocks, resulting in a
layered structure. The top meter is composed
of medium loams with a clay particle concen-
tration of up to 29% (see Table 1). With a high
clay content, micropores predominate in the po-
rosity structure (see Table 2). Since large pores
account for 26-34% of the soil volume, aeration
porosity at the lowest moisture capacity reach-
es 16-22%. Sandy-gravelly deposits are found
starting at a depth of 1 m. Aeration porosity, with
the lowest water holding capacity, is 18-24%,
resulting in significant water capacity and water
yield from soils and subsurface rocks. Due to the
large moisture resources in the suprapermafrost
perched water, the volume of frozen water in the
top meter of soil reaches 80 mm.

Meadow-chernozem soils of the Baraba for-
est-steppe are characterized by a heavy loamy

p=—1135x+ 73,12
R*=0,710

3.5 4,0 4.5 50

Groundwater level, m

ITponoprmoHanbHas 3aBUCUMOCTb YPOBHSI TPYHTOBBIX BOJ B OKTSOpE M MPUOABKH BJIar B CJIO€ Hamep3a-
Hus B III nexane mapra Ha Tepputopuu MimmmMckoi crenu

Proportional dependence of the groundwater level in October and the increase in moisture in the freezing
layer in the third ten-day period of March in the Ishim steppe
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and light clayey texture (see Table 1). Micropo-
res predominate in the porosity structure, which
determines the high hydroadsorption capacity of
the soils (maximum hygroscopicity of 7-13%
of the mass) and high-water content of the pore
space with moisture at the level of capillary
water capacity (80-90%) (see Table 2). There-
fore, the reserve water capacity and water yield
of soils and rocks can be estimated as low. In
meadow-chernozem soils, moisture freezes to a
volume of 2040 mm [1].

CONCLUSIONS

1. The soils of southern Siberia develop
under similar hydrological and climatic condi-
tions. The region is characterized by long (46
months) and cold winters (January temperatures
range from —17 to —25°C) and thin snow cover
(up to 0.5 m). The prevalence of lowland plains
in the south of Western Siberia and the presence
of permafrost in the forest-steppe of Transbaika-
lia result in groundwater levels close to the sur-
face (2—5 m). These similarities suggest that the
primary cause of differences in cryogenic mois-
ture accumulation is the specific granulometric
composition of soils and rocks.

2. Soils with heavy textures are character-
ized by high hydrosorption capacity (over 15%)
and high-water content in their pore space (up
to 77% at capillary capacity). Water yield from
such soils is low (with a loss of 6 mm of mois-
ture, the groundwater level drops by 0.1 m).
Therefore, when groundwater levels are less
than 4 m deep in autumn, the volume of fro-
zen soil moisture is relatively small (less than
50 mm). Due to the movement of some ground-
water toward the freezing layer, the groundwater
level drops to 0.9 m. When groundwater levels
are deep, only soil moisture is involved in winter
migration, with the volume of frozen soil mois-
ture reaching up to 25 mm.

3. With a light texture, soils have low hy-
drosorption capacity and pore water content (2—
3% by weight and 53% by capillary capacity, re-
spectively). Such soils are characterized by high

water yield—the water yield coefficient reaches
0.5. When groundwater levels are close to the
surface, the freezing depth increases to 100 mm.
Under such conditions, the drop in groundwa-
ter level due to partial movement toward the
freezing front is small (up to 0.2 m). With deep
groundwater levels and low soil moisture, the
cryogenic moisture accumulation is less than
10 mm.

4. Proportionality formulas have been estab-
lished to predict winter changes in the moisture
profile of soils of different particle sizes. The
key parameter for the forecast is the groundwa-
ter level in October.
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