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MHUKPOBUOJJIOI'MYECKAS AKTUBHOCTDb YEPHO3EMA B 3ABUCUMOCTH
OT XAPAKTEPA UCIIOJIB30BAHUS U PASMEPA IIOYBEHHBIX AI'PETATOB

Yegepaun 10.U., Kuuenko B.I1., () YeBepaun A.1O.

Boponeoicckuii ghedepanvHulii acpaphblii HayyHvid yeHmp um. B.B. Jlokyuaesa
Boponexckast ob6nactb, Poccus

(<)e-mail: cheverdin@bk.ru

[Ipencrasiens! pe3yabTaThl HCCIESIOBAHKI 10 H3YYCHUIO U3MEHEHHsI OMOJI0rHIecKoi 1 pepMeH-
TaTWBHOW aKTMBHOCTH MOYBBI B 3aBUCHUMOCTHU OT aHTPOIIOI€HHOT'O BIMSHUS U pa3Mepa IHOUYBEHHbBIX
arperatoB. Pabota Bemosnaena B 2015-2021 rr. B ycioBusix toro-Boctoka LlenTrpanmsaoro YepHo-
3eMbs. [louBa ONBITHOTO ydacTKa — YepHO3eM OOBIKHOBEHHBIN (CErperaliioOHHbIN) CpeIHEMOIIHbINA
CPEIHEryMYCHBIH TSDKENOCYNTMHUCTRIA. OObEKThl UCCIeq0BaH i — maniHs ¢ 1952 T. u 3a51exp, uc-
noJsib3yemast moj ceHokoc ¢ 1882 1. [Tokazano koaTu4eCcTBEHHOE H3MEHEHUE OTACIBHBIX TPYIIT MUKPO-
OpPTraHMU3MOB, OIPEENIIEMOe XapakTEPOM BO3ICHCTBUSA Ha MIOYBEHHBINA MOKPOB. OO0I1I€e KOTMIECTBO
MHUKPOOPTraHU3MOB KaK Ha MaIllHe, TaK ¥ B YePHO3EMax 0] €CTECTBEHHON PACTUTEILHOCTBIO OBLIIO
Ha ogHoM ypoBHe — 40,0 u 39,3 man KOE cootBercTBeHHO. OTMEUEHBI CYLIECTBEHHBIE Pa3INYMs
OMONIOrMYECKOI aKTMBHOCTH YEPHO3EMOB 110 OTAEIBHBIM IPYIIIaM CTPYKTYpPbl MUKPOOHOTO LIEHO3A.
BrusiBreHo yBennyeHne KoimuecTBa OakTeprii aMMOHU(HUKATOPOB B TAXOTHOM aHAJIOTE B CPEJHEM
Ha 30,7%, MUKPOMUIICTOB — Ha 4,4, IICJTHOJIO30JUTHKOB — Ha 46,4, HUTpUGUKATOPOB — Ha 46,9, pac-
yetHOro ko3 dunuenTa rymypukanuu — Ha 45,4%. 1o qpyriuM KOMIIOHEHTaM MUKPOOHOTO IIeHO32
OTMEUYEHO NPEUMYILECTBO 3aJE€KHBIX CTENHBIX IOYB: aKTUHOMMLETOB Ha 18,5%, MuHepamu3aro-
poB rymyca Ha 11,8%. IlokazaHo yBenudeHne akTHBHOCTH OOJIBIIMHCTBA TPyl MUKPOOPTaHU3MOB
B CTPYKTYPHBIX OTHEJIBHOCTSIX MEHbILEro pasmepa — 1-5 mMm. B Oosee kpymHBIX Me3oarperarax
yucaenHocts KOE camxkaercs. Hanbonee penbedHO JaHHAsS 3aKOHOMEPHOCTD MPOCIICKUBACTCS B
arporeHHO M3MEHEHHBIX MoYBaxX. B mouBax, 3aHATBHIX €CTECTBEHHON PacTUTEIbHOCTHIO, OTMEUeHa
OoJee BBICOKAasi aKTHUBHOCTh OMOXUMHYECKHUX MPOIIECCOB.

Ki1roueBble ci10Ba: 4epHO3EM, 3aJ1€Kb, HALH, [IOYBEHHBIE arperarbl, MUKPOOHOIOTHUECKas aK-
TUBHOCTb, (DEPMEHTATHBHAS AKTUBHOCTh

MICROBIOLOGICAL ACTIVITY OF CHERNOZEM
DEPENDING ON THE USE AND SIZE OF SOIL AGGREGATES

Cheverdin Yu.l., Kitsenko V.P., ) Cheverdin A.Yu.

Voronezh Federal Agricultural Scientific Centre named after V.V. Dokuchaev
Voronezh region, Russia

(x)e-mail: cheverdin@bk.ru

The results of the studies of changes in biological and enzymatic activity of soils depending on
the anthropogenic influence and the size of soil aggregates are presented. The work was carried out
in 2015-2021 in the conditions of the south-east of the Central Chernozem region. The soil of the ex-
perimental site is ordinary (segregational) medium—sized medium-humus heavy loamy chernozem.
The objects of research are long—used arable land and the layland used for haying since 1882. The
quantitative change of individual groups of microorganisms, determined by the nature of the impact
on the soil cover, is shown. The total number of microorganisms in both arable land and chernozems
under natural vegetation was at the same level of 40.0 and 39.3 million CFU, respectively. Signifi-
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Microbiological activity of chernozem depending
on the use and size of soil aggregates

Cheverdin Yu.I., Kitsenko V.P., Cheverdin A.Yu.

cant differences in the biological activity of chernozems by individual groups of microbial cenosis
structure were noted. An increase in the number of ammonification bacteria on the arable analogue
was revealed by an average of 30.7%; micromycetes by 4.4%; cellulolytics by 46.4%; nitrifiers by
46.9%; calculated humification coefficient by 45.4%. According to other components of microbial
cenosis, the advantage of layland steppe soils is noted: actinomycetes by 18.5%; humus mineralizers
by 11.8%. An increase in the activity of most groups of microorganisms was shown in the smaller
structural units of 1-5 mm. In larger mesoaggregates, CFU numbers tend to decrease. This pattern
is most clearly traced in agrogenically altered soils. In the soils occupied by natural vegetation, there

is a higher activity of biochemical processes.

Keywords: chernozem, layland, arable land, soil aggregates, microbiological activity, enzymatic

activity
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INTRODUCTION

Chernozems, which are the predominant
background soils of the Central Chernozem
Zone, possess high natural fertility. Prolonged
agricultural use leads to changes in their
properties and quality, primarily affecting the
agrochemical and agrophysical parameters
of the plow layer of soil. As a result of
intensive agrogenic impact, the bulk density,
structural and granulometric composition,
microaggregate condition, biological activity,
tillable land productivity, and other indicators
undergo significant transformations [1-5].

Higher crop yields are achieved under
optimal soil density conditions [6]. Soil
fertility regulation affects multiple aspects.
The application of mineral fertilizers [7] is a
radical and effective means of enhancing plant
nutrition. Their use reduces the negative risks
associated with drought, which is particularly
relevant in the steppe regions of Russia with
insufficient moisture [8].

Physical indicators, in turn, determine the
direction and flow of soil processes responsible
for the chemical, physicochemical, and
microbiological aspects of fertility. Increased
soil density can act as a restraining factor on

their biological activity [9, 10]. The structural-
aggregate condition is closely related to the
soil's humus content [11]. Several authors have
noted changes in microbial activity and fertility
indicators depending on the soil's structural
condition [12, 13].

The purpose of this study is to investigate
the changes in the microbial cenosis structure
of chernozem soil depending on the size of soil
aggregates as a result of anthropogenic impact.

MATERIAL AND METHODS

The research was conducted at the Voronezh
Federal Agricultural Scientific Centre named
after V. V. Dokuchaev from 2015 to 2022. The
study objects were a natural soil deposit formed
in 1882 and a cultivated plot established in 1952.
The soil deposit area has been annually used for
haymaking over the course of 140 years, while
the cultivated plot follows a grain-fallow crop
rotation. The soil was plowed to a depth of 20-
22 cm. The soil type is medium-loamy ordinary
chernozem on heavy carbonate clay loams. The
organic matter content is 10.2% in the deposit
and 6.7% in the cultivated plot, with a pH of
the soil extract ranging from 6.8 to 7.2. The
exchangeable calcium content is 30-32 mmol
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MuKpoOHOIOrHYecKasi akTHBHOCTh YePHO3eMa B 3aBHCHMOCTH
OT XapaKTepa HCIOIb30BaHMA H pa3Mepa IIOUYBCHHEIX arperaTon

Yesepnun 10.1., Kuuenko B.I1., Yesepaun A TO.

(eq.)/100 g of soil, and magnesium content
is 5-7 mmol (eq.)/100 g. Favorable moisture
conditions prevailed during the years of the
study, with annual precipitation exceeding 500
mm, compared to the long-term average of 430
mm.

Microbiological activity was determined
using the following method'; ammonifying
bacteria were cultivated on the meat-peptone
agar (MPA), bacteria utilizing mineral forms of
nitrogen and actinomycetes were cultivated on
starch-ammonium agar (SAA). Soil plates were
used to assess the quantity of nitrogen-fixing
bacteria. The population of nitrifying bacteria
was estimated through cultivation on alkaline
agar, while humus mineralizers were assessed
on nitrate agar.

Soil enzymatic activity was determined as
follows: catalase activity was measured using
the Johnson and Temple method, invertase
activity was measured using the V.F. Kuprevich
method, urease activity was measured using
the A.Sh. Galstyan method modified by F.Kh.
Khaziev on a photoelectrocolorimeter KFK-
2-UHL4.2, and phosphatase activity was

measured using the F.Kh. Khaziev method on
KFK-2-UHLA4.22.

The structure of the microbial cenosis was
determined using fresh soil samples. In the field
conditions, soil samples were dispersed into
fractions of 1-2, 2-3, 3-5, 5-10, and more than
10 mm.

RESULTS AND DISCUSSION

The results of the conducted research indicate
significant differences in the structure of the
microbial community depending on the size of
soil particles. The most noticeable differences
are characteristic of arable soils. The maximum
total microbial population is observed in
aggregates with a minimum size of 1-2 mm -
43.1 million CFU (see Table 1). Increasing the
size of soil particles to 10 mm and larger leads
to a decrease in the total microbial population
to 37.0 million CFU.

In chernozem soil deposits used for
hayfields, the total number of microorganisms
per fraction varied to a lesser extent, ranging
from 38.2 to 40.8 million CFU. The exception

Taoda. 1. Crpykrypa mukpoOHoro nexosa (2015-2021 rr.)
Table 1. Structure of microbial cenosis (2015-2021)

. Hum . 1lu- Nitri- ;
o | | i | | st | | Mt | | s
mm mln CFU thous. CFU C(i:g:l:t lil
Arable land | 12 43,1 10,3 17,9 2,69 12,1 24,8 64,7 0,47 16,4
since 1952 | 5 3 41,7 10,4 18,1 | 2,84 103 | 242 | 65,1 0,47 16,6
3-5 36,1 8,7 15,5 2,29 9,5 24.4 61,3 0,47 13,7
5-10 | 42,1 10,5 17,3 2,99 11,3 26,0 57,5 0,45 17,1
>10 37,0 9,2 17,0 2,94 7,9 30,0 68,5 0,50 14,7
Layland 1-2 38,2 7,7 17,4 3,09 10,1 24,0 36,9 0,34 11,0
since 1882 | 5 3 40,8 7,0 181 | 348 | 123 | 255 | 432 | 033 9,7
3-5 40,1 7,4 18,3 3,20 11,3 23,7 442 0,30 10,4
5-10 37,8 7,8 15,9 2,93 11,2 23,5 45,5 0,34 11,7
>10 39,4 7,6 15,9 3,59 12,2 27,1 46,8 0,32 11,2

LSDy g5 0,25 0,12 0,32 0,08 0,51 0,22 0,92 0,03

Tepper E.Z., Shilnikova V.K., Pereverzeva G.I. Microbiology Practicum. Moscow: Drofa, 2005. 256 p.

*Khaziev F.H. Methods of soil enzymology. Moscow: Nauka, 2005. 252 p.

3emiieiene U XUMH3AIHs

CHOnpCcKHil BECTHHK CEIIbCKOXO3SHCTBEHHOM HayKH © 2023 « 53 « 4

7



Microbiological activity of chernozem depending
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was particles ranging from 5 to 10 mm, which
had a population of 37.8 million CFU.

It is necessary to note a general pattern
- an increase in all groups of the microbial
cenosis structure in smaller soil aggregates.
Microorganisms that grow on meat-peptone
agar (MPA) made a significant contribution
to the immobilization of organic carbon.
Higher numbers of these microorganisms were
observed in agrogenically transformed soils,
ranging from 8.7 to 10.5 million CFU/g of soil
(see Table 1). In the uncultivated section of
ordinary chernozem, the number of ammonifiers
varied within narrower limits, from 7.0 to 7.8
million CFU. Similar values were observed for
soil aggregates regardless of their size.

Microorganisms that grow on starch-
ammonium agar (SAA) actively participated in
the reutilization of mineral forms of nitrogen.
Higher activity of amylolytic microorganisms
was observed in mesoaggregates with a size
of 1-5 mm, both in the deposits and in the
plowed analog. The number of microorganisms
growing on SAA under natural vegetation
varied within the range of 17.4-18.3 million
CFU. Similar values were observed in the
plowed field, ranging from 17.9 to 18.1 million
CFU. It is worth noting a lower activity of this
group of microorganisms in soil aggregates
with an increase in their size.

Transformation coefficient of organic
matter, Pm = (MPA + SAA) x (MPA/SAA),
reflecting humus accumulation processes, had
higher values in anthropogenically influenced
chernozem soils, ranging from 13.7 to 17.1.
In hayfield deposits, the values of the Pm
coefficient were significantly lower, ranging
from 9.7 to 11.2. Higher values of this
coefficient are characteristic of agriculturally
valuable fractions. Thus, plowing the soil
and optimizing its physical condition with a
dominance of smaller-sized fractions enhance
humus accumulation processes.

Humus mineralizers had higher population
numbers in the chernozem soil deposits, ranging
from 10.1 to 12.3 million CFU. The plowed
analogs slightly lagged behind in this regard.
Higher values are characteristic of agriculturally
valuable aggregate fractions, ranging from 9.5

to 12.1 million CFU. It should be emphasized
that bacteria responsible for organic matter
mineralization had the highest activity in arable
soils within the fractions of the smallest size
(1-2 mm), gradually decreasing with an increase
in aggregate size. In deposit soils, on the other
hand, a decrease in activity was observed with
an increase in soil particle size.

Nitrogen nitrifiers play a significant role in
soil fertility stabilization. In hayfield soils, their
baseline activity was slightly lower compared
to plowed analogs. The number of nitrifiers
in hayfield deposits ranged from 0.30 to 0.34
thousand CFU. Plowing, due to the activation
of microbiological processes, increased their
numbers to 0.45-0.50 thousand CFU. In plowed
fields, the activity of nitrifiers was similar
between fractions, with the exception of the
dense part of structural units with the highest
quantity. In deposit analogs, the activity of
nitrifiers was nearly independent of particle
size, showing minimal fluctuations around the
average value.

Higher content of actinomycetes was found in
deposit soils, ranging from 3.09 to 3.59 million
CFU. Plowing led to a noticeable decrease in
this group of microorganisms, to 2.29-2.99
million CFU. In this case, there was no clear
regularity in the change of actinomycete activity
depending on the size of mesoaggregates.
In plowed fields, the maximum content of
microorganisms was observed in aggregates
sized 5-10 mm and larger, ranging from 2.94 to
2.99 million CFU. In chernozem deposits, no
clear regularity was identified.

Bacteria involved in cellulose decomposition
play an important role as cellulolytic bacteria.
Higher total baseline values were characteristic
of plowed soils, ranging from 57.5 to 68.5
thousand CFU. In deposit soils, their activity
was significantly lower, ranging from 36.9 to
46.8 thousand CFU. The activity of cellulolytic
bacteria varied depending on the size of soil
aggregates and showed peculiarities across
different land types. In plowed fields, a higher
population of cellulolytic bacteria was observed
in aggregates sized 1-3 mm and in the dense
part of soil fractions larger than 10 mm. In
deposit soils, the activity of cellulolytic bacteria
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increased with an increase in aggregate size.

The fungal microflora belongs to the group
of microorganisms responsible for the deep
decomposition of organic matter. Higher levels
of fungal population were observed in arable
chernozem soils, ranging from 24.2 to 30.0
thousand CFU (colony-forming units) per gram
of soil. In comparison, the activity of fungi in
residual soils was lower, ranging from 23.7 to
27.1 thousand CFU. Similar fungal population
densities were found in the agriculturally
valuable fractions of both residual and arable
soils, with the highest activity observed in
structural aggregates.

Enzymatic activity is an important soil
property. Changes in the activity of urease,
phosphatase, invertase, and catalase were
evaluated.

Catalase activity was higher in the long-
fallow chernozem soils, ranging from 5260 to
6238 mg NH;/100 g soil (see Table 2). Tillage
practices reduced catalase activity to 4600-4812
mg NHj;. Overall, there was a general decrease
in catalase activity with increasing size of soil
particles.

A similar trend was observed for phosphatase
activity. In layland soils, phosphatase activity
was observed at levels of 122.5-160.0 mg
glucose/100 g soil, while in arable chernozem
soils, itranged from 44.0t0 92.5 mg glucose/100

Taba. 2. depmeHTaTUBHAS AKTUBHOCTH TTOYBHI
Table 2. Soil enzymatic activity

g soil. Higher values were found with increasing
size of mesoaggregates.

Urease refers to enzymes involved in the
transformation of proteins. The ammonia
generated through urease activity contributes
to soil fertility. Mowing layland soils exhibited
higher urease activity, ranging from 268 to
354 mg phenolphthalein/100 g soil. Tillage
practices results in a significant reduction
in urease activity, reaching 148-174 mg
phenolphthalein/100 g soil. Increased urease
concentrations were observed in larger linear-
size aggregates in both layland and arable soils.

Enzymes belonging to the class of
oxidoreductases, such as catalase, actively
participate in the transformation of humic
substances. Our data showed higher catalase
activity in arable chernozem soils, ranging from
20.45 to 23.75 O, in 3 minutes. In layland steppe
soils, catalase activity was slightly lower, ranging
from 18.75 to 20.30 O, in 3 minutes. There was
a weak trend of decreasing catalase activity with
increasing size of soil particles, particularly
evident in the layland chernozem soils.

Physical parameters of soil structure are
important indicators of soil fertility. Agrogenic
influences can alter the structural-aggregate state
of chernozem soils. The size of soil aggregates
is a key factor determining the abundance
and intensity of soil biological processes’.

Option Soil pa;tlilclle size, N%E\/;?ggzeb?sgoﬂ géf;ﬁ%é{;%?ﬁ ggeg' E?Zﬁg};%gz?bgqg Catala;elzino2 in3
Arable land since 1-2 4812 148 44,0 22,25
1952 2-3 4910 152 47,5 20,75

3-5 4600 152 66,0 20,45
5-10 4750 174 90,0 23,75
>10 4812 160 92,5 23,05
Layland since 12 6238 268 122,5 20,3
1882 2-3 6180 332 137,5 19,85
3-5 5710 334 145,0 19,95
5-10 5600 354 160,0 19,3
>10 5260 276 147,5 18,75

*Vasilenko E.S., Kutovaya O.V,, Tkhakahova A.K., Martynov A.S. Change in the number of microorganisms depending on the
size of aggregates of humus horizon of migration-micellar chernozem // Bulletin of the V.V. Dokuchaev Soil Institute. 2014. N

73. pp. 150-173.
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Transformation of complex organic compounds
occurs more intensively in small aggregates due
to the higher microbial population involved in
the carbon cycle.

Aggregates of small size fractions are
characterized by high diversity rates®.
Increasing linear dimensions of structural units
lead to increased nitrogen oxide emissions,
anaerobic conditions, and negative effects
on biological processes®. The reason for the
formation of anaerobiosis in the aggregate is
the physical processes of swelling - shrinkage
of the aggregates, which contribute to the
almost constant maintenance of a lack of air in
the aggregates®.

CONCLUSIONS

1. Tillage and intensive agricultural use
of chernozem soils lead to changes in the
physical parameters of soil fertility and the
direction of soil biological and biochemical
processes. Biological activity is directly related
to the nature of land use. The highest number
of major groups of microorganisms is observed
in structural units of mesoaggregates, which are
considered agriculturally valuable fractions. As
the size of soil particles increases, the activity
of soil microflora significantly decreases. The
application of agronomic practices aimed at
improving the structural condition of arable
soils and optimizing the composition ratio of
chernozem mesoaggregates during tillage can
serve as a means of improving soil fertility.

2. The number of ammonifiers increases
in structural units of smaller size (1-3 mm) in
agrogenically transformed soils. In this regard,
the layland soil variant is more conservative
with a lower population of the considered
bacteria regardless of the fractions size.

3. The maximum population of soil
amylolytic bacteria (SAA) is characteristic of
the aggregates ranging from 1 to 5 mm. Both

in arable chernozem soils and in layland soils,
their sizes were approximately the same order
of magnitude.

4. Significantly higher numbers of
actinomycetes are observed in layland soils. The
highest values are characteristic of the clumpy
part of the aggregates. It can be assumed that
in cultivated soils, certain processes occur more
rapidly.

5. Regarding the quantity of humus
mineralizers, structural fractions in the 1-3 mm
range have an advantage in cultivated soils.
In layland soils, no differences were found
depending on the fraction size, indicating the
similarity of mineralization processes in all
fractions.

6. The maximum number of microfungi
is found in the clumpy part of the aggregates.
This is due to the high sensitivity of soil fungal
microflora to aeration.

7. Phosphatase, invertase, and urease
show higher activity in the soils occupied by
natural vegetation. Catalase activity is higher in
agricultural soil ecosystems.
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BJAUAHUE IPUMEHEHWSI BUONPEITAPATOB U 'EPBULINTIOB
HA ®OPMUPOBAHUE YPOKANHOCTU CPEJHECIIEJIOI'O COPTA COA
B YCJIOBUSAX ITPUAMYPbS

x)I'peruenko A.E., Me3senuena F0.0., Muxaiiziopa M.II.

Dedepanvhblii HayyHbLU YeHmp « Bcepoccutickutl Hay4HO-UCc1e008amenbCKULl UHCMUMYm cou»
bnarogemienck, Poccust

(xpe-mail: polli.596(@mail.ru

Msyueno smusaue repOuruaos (buzon, Ctparoc VYimeTpa) W TIpemapaToB MPHPOTHOTO
npoucxoxaenus (buo-®um, bno-Ansro) Ha (opmMupoBaHHe ypokas, NMOCEBHBIE KauecTBa H
NepBOHAYaJIbHBIN POCT cpeHecnenoro copta cou XKypasyika cenexkiun deepabHOr0 HayqHOTO
neHTpa «Bcepoccuniicknii HayqHO-HMCCIEI0BATENbCKUI MHCTUTYT cony. MccnenoBanust mpoBOAUIN
B 2020 1 2021 rr. Ha onbITHOM NHoJe Beepoccuiickoro HayyHO-UCCIEA0BATENbCKOIO MHCTUTYTA COM,
pacTonoKeHHOM B IOJKHOM dacTi Amypckoit obmactu (c. CamoBoe TamGoBckoro paiiona). beiio
YCTaHOBJIEHO, YTO B CPEIHEM 3a [[Ba roJa NPUMEHEHUs IPenaparoB IPUPOJHOIO IPOUCXOXKICHUS
buo-®um u buo-Anero s mpeanoceBHOW 00paOOTKM CeMSH M BEreTHPYIONIMX pacTeHHH
YBEIMYMINCH COXPAHHOCTh PACTCHUH K MEPUOAY YOOPKH M YPOKAHHOCTb, TOBBICHIMCH MTOCEBHBIC
KauecTBa ceMsH. HaumOomnblmas coxpaHHOCTh K yOopke HaOmromanach mpu 00pabOTKEe CeMsH
nepes moceBoM mnpemnaparoMm buo-®ui, a BereTHpyIOLUMX PacTeHUH — repOuuuaaMu (CocTaBuiIa
93,9%, uro Ha 6,4% OomnbIlle TIOKa3arenel KOHTpoIs U Ha 7,8% — BapuaHTa, Te UCTIONIb30Bajach
TOJIEKO TepOHIMaHass 00paboTKa). AHAIN3 CTPYKTYPHI ypoxkas MOoKasall, 9YTO B CPETHEM 3a TOIbI
MCCIIEZIOBAaHUH IperoceBHas 00padoTka ceMsH rpenaparoM bro-Ouii 1 BereTupyommux pacTeHHH
repounuaamu buszon, Crparoc Visrpa crnocoOCTBOBaia pocTy KojuuectBa 0000B g0 5,8 1T,
ceMsH 10 12,9 mT. Ha OJJHO pacTeHUe MO0 CPAaBHEHUIO C KOHTPOJIBHBIM BapHaHTOM. Macca ceMsiH ¢
OZIHOTO PACTEHUS yBEIUUMWIACH 10 2,47 T OTHOCUTEIbHO KOoHTpoJsl. [Ipumenenue 6uonpenaparos
00yCIIOBUJIO TIOBBILICHNE OMOJIOTHYECKOW YPO)KaHHOCTH HE3aBUCHMO OT BapuaHTa 00pabOTKH Ha
0,64 1/ra B cpaBHEHUH C KOHTpoJIeM U Ha 0,66 T/Ta OTHOCHTETHHO TepOUTIHIHON 00paOOTKH.

KuroueBsble cioBa: cosi, Ouornpernapar, TepOUIH]], COXPAHHOCTh, ITOCEBHBIE KayecTBa CEMSH,
YPOKaWHOCTh

EFFECT OF BIOPREPARATIONS AND HERBICIDES USE ON THE YIELD
FORMATION OF A MID-RIPENING SOYBEAN VARIETY UNDER CONDITIONS
OF THE AMUR REGION

X Gretchenko A.E., Mezentseva Yu.O., Mikhailova M.P.
All-Russian Scientific Research Institute of Soybean
Blagoveshchensk, Russia

(x)e-mail: polli.596@mail.ru

The effect of herbicides (Bison, Stratos Ultra) and the preparations of natural origin (Bio-Fish, Bio-
Algo) on the yield formation, sowing qualities and initial growth of the mid-ripening soybean variety
Zhuravushka selected by the Federal Scientific Center "All-Russian Scientific Research Institute of
Soybean" was studied. The studies were conducted in 2020 and 2021 in the experimental field of the
All-Russian Scientific Research Institute of Soybean located in the southern part of the Amur Region
(Sadovoye village, Tambovsky District). It was found that an average of two years of application of the
preparations of natural origin Bio-Fish and Bio-Algo for pre-sowing treatment of seeds and vegetative
plants increased the safety of the plants to the harvest period and crop yield, as well as improved the
seed quality. The greatest preservation to harvesting was observed when the seeds were treated before
sowing with Bio-Fish and the vegetative plants with herbicides (93.9%, which is 6.4% more than in the
control variant and 7.8% more than in the variant where only herbicide treatment was used). Analysis
of the yield structure showed that, on average over the years of research, pre-treatment of seeds with
Bio-Fish and the vegetative plants with herbicides Bizon, Stratos Ultra increased the number of beans to
5.8 pieces, and the seeds to 12.9 pieces per plant compared to the control variant. Seed weight per plant
increased to 2.47 g relative to the control. The use of biological preparations increased the biological yield
regardless of the treatment variant by 0.64 t/ha compared to the control and by 0.66 t/ha compared to the
herbicide treatment.

Keywords: soybean, biological preparation, herbicide, livability, sowing seed qualities, crop yield
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INTRODUCTION

Every year, soybean production volumes
are increasing worldwide, including in Russia.
However, soybean yield in our country still re-
mains low. In 2020 and 2021, the area under
soybean cultivation in Russia was 2.86 million
and 3.07 million hectares, respectively. The
majority of soybean cultivation is concentrated
in the Far Eastern Federal District, particularly
in the Amur region, which accounted for 67.9%
(844.5 thousand hectares) in 2020 and 70.9%
(882 thousand hectares) in 2021. Despite hav-
ing significant cultivation areas, Russia's soy-
bean yield is lower compared to leading coun-
tries in this field, with an average yield of 16.8
c/ha, while Canada achieves 31.2 ¢/ha and Bra-
zil reaches 35.5 c/ha [1].

The profitability of soybean cultivation
largely depends on the agricultural practices
employed. It has been established that to ensure
consistently high yields, the cultivation technol-
ogy of soybeans should be improved through
the use of various preparations that positively
influence plant growth and development [2, 3].
In recent years, organic farming has emerged as
a promising direction in agriculture, which in-
volves, among other things, avoiding the use of
chemical plant protection agents and synthetic
growth stimulators. Instead, bio-preparations
are used, which affect vital processes in plants
[4]. The advantages of such preparations are
primarily their accessibility, environmental and
human safety, as well as the absence of restric-
tions on the time of field entry after the treat-
ment' [5, 6].

For this study, biostimulants of natural ori-
gin, Bio-Fish and Bio-Algo, were chosen. Bio-

Fish is a highly effective natural anti-stress
adaptogen, whose main active substance is
arachidonic acid (a polyunsaturated fatty acid
of natural origin and a precursor to a range of
physiologically active substances called eico-
sanoids). Plant cells cannot synthesize this acid
on their own, so its additional introduction is
essential. In combination with other compo-
nents in the Bio-Fish preparation (chitosan,
triterpene acids), arachidonic acid mobilizes
the plant's defense mechanisms, making them
more resistant to diseases, stimulating the full
development of the root system, and ensuring
the preservation of crops under extreme natural
conditions. Bio-Algo is an immune stimulator
made from high-quality organic concentrate of
brown seaweed from northern latitudes with
a high content of microelements, plant-origin
hormones, amino acids, and vitamins. It acts as
a biostimulant and anti-stress agent with fungi-
cidal, bactericidal, and insecticidal properties,
providing plant resistance to adverse environ-
mental factors [7].

The purpose of the study is to investigate
the influence of the natural origin preparations
Bio-Fish and Bio-Algo (pre-sowing seed and
vegetative plant treatment) as well as the her-
bicides Bizon and Stratos Ultra on the sowing
qualities, initial growth, and productivity of a
mid-ripening soybean variety Zhuravushka un-
der the conditions of the Amur region.

Objectives:

1. Determine the degree of influence of
the bio-preparations Bio-Fish and Bio-Algo,
and the herbicides Bizon and Stratos Ultra on
the initial growth and sowing qualities of the
Zhuravushka soybean seeds.

ISyrmolot O.V. Soybean productivity depending on application of biological preparations under conditions of Primorye //

Siberian Bulletin of Agricultural Science. 2014. N 4. pp. 62-67.
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2. Investigate the effect of bio-preparations
on plant preservation and yield structure of the
examined variety.

3. Determine the biological seed yield of the
Zhuravushka soybean variety under different
treatment options.

MATERIAL AND METHODS

The experiment was conducted in 2020
and 2021 at the experimental field of the All-
Russian Scientific Research Institute of Soy-
bean located in the village of Sadovoe, Tambov
District, Amur Region. The soil of the experi-
mental plot was meadow chernozem, heavy in
terms of particle size distribution, with medium
permeability (density 1.02-1.10 g/cm?, porosity
43.8%), and pH of 5.4. It contained 2.3-2.7%
humus, 20-40 mg/kg ammonium nitrogen,
30-70 mg/kg nitrate nitrogen, 50-80 mg/kg
available phosphorus, and 170-200 mg/kg
exchangeable potassium (according to Kir-
sanov's method). The total area of the plot was
11.25 m?, with a measurement area of 2.25 m?
and a 4-fold replication. The arrangement of the
plots was block-randomized.

Seed treatment with biopreparations was
carried out on the day of sowing at a rate of
20 ml/ton. Treatment of vegetative plants was
performed at the trifoliate leaf stage with her-
bicides Bizon (active substance - bentazone,
concentration 1.5 1/ha) and Stratos Ultra (active
substance - cycloxidim, concentration 1 1/ha) in
combination with the biopreparation Bio-Algo
(concentration 5 ml/l).

The following agronomic practices were
applied: deep tillage without plowing in two
tracks (cultivator KPE-3.8, tillage depth 10-
15 cm), early spring harrowing, application of
soil herbicide, and wide-row cultivation. Man-
ual sowing (using seed drills) was carried out
at optimal timing: May 24-26 in 2020 and May
26-28 in 2021. Harvesting was done manually,
and the threshing of sheaves was performed on
a stationary thresher. Seed quality parameters
(germination energy and laboratory germina-
tion) were determined according to the appli-
cable methods specified in GOST 12038-84,

and the weight of 1,000 seeds was determined
according to GOST 12042-80. Statistical analy-
sis of the obtained data was performed using
the method of variance analysis (according to
B.A. Dospeshov)? in the Statistika 10 software.

The vegetation period of 2020 was character-
ized by unstable temperature regime and occa-
sional soil overmoistening during certain stages
of soybean development. The temperature re-
gime in May was favorable for field work, with
average temperatures exceeding the long-term
average by 0.1-1.6 °C (see Fig. 1). The monthly
precipitation sum exceeded the climatic norm
by 46.2% (see Figure 2). Throughout all three
ten-day periods of June, the air temperature
was lower than the long-term average and de-
viated from the norm by 0.7-2.9 °C, resulting
in delayed growth and development of soybean
plants, which only managed to form the second
trifoliate leaf.

In July, the average monthly air temperature
exceeded the climatic norm by 2.6 °C, acceler-
ating the accumulation of heat. The agrometeo-
rological conditions in August (the pod forma-
tion stage) proved to be extremely challenging.
The temperature during the three ten-day pe-
riods of August was below the norm by 0.25-
1.28 °C, with the average monthly temperature
being 1 °C lower than the norm. In the second
ten-day period of August, the weather was un-
stable and rainy, with the amount of precipita-
tion exceeding the long-term average almost
threefold - 96 mm and 35 As a result, soybean
plants were partially suppressed due to the un-
favorable conditions. The significant amount
of precipitation led to soil overmoistening. The
rainfall in September exceeded the long-term
norm by 40%, despite the air temperature being
above the norm by 14.0 and 12.4 °C, respec-
tively.

The weather conditions in 2021 were satis-
factory but had deviations from the long-term
average (see Fig. 1, 2). Throughout the entire
vegetation period, there was an uneven tem-
perature pattern. The total precipitation during
the soybean growing season reached 509 mm,
which was 68 mm higher than the long-term av-

*Dospekhov B.A. Methodology of field experience: textbook. Moscow: Kolos, 1979. 416 p.
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of a mid-ripening soybean variety under conditions
of the Amur region
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erage. The distribution of rainfall was uneven.
May and August were characterized by exces-
sive soil moisture, with precipitation exceeding
the long-term norm by 57.1 mm and 91.2 mm,
respectively.

The combination of temperature and pre-
cipitation during the vegetation period had both
positive and negative effects on plant growth
and development. Adequate heat and moisture
promoted uniform germination of seedlings. In
July (the flowering phase of soybeans), the tem-
perature exceeded the long-term average, and
the precipitation was at a normal level, result-
ing in abundant flowering and pod formation.
The agrometeorological conditions in August
were predominantly warm and rainy. The total
precipitation for the month exceeded the cli-
matic norm, leading to increased prevalence of
phytopathogens and a decrease in crop qual-
ity. The temperature in September was 1.8 °C
higher than the long-term average, while the
precipitation was 45.6% below the norm.

RESULTS AND DISCUSSION

The main cause of poor soybean yield is
weed infestation. To reduce yield losses in agri-
cultural production, highly effective herbicides
are actively used in combination with agronom-
ic practices. It is well known that herbicides not
only affect weeds but also the cultivated crop,
making it highly relevant to combine their use
with biological preparations that reduce the
negative impact on plants, providing them with
a boost for further growth and development
[8—-10].

One significant element determining seed
yield is the number of productive stems that
survive until harvest. To assess plant survival
just before harvest, plant counting was con-
ducted in each plot. The results showed that, on
average, the highest plant survival rate was ob-
served with the pre-sowing treatment of seeds
using the Bio-Fish preparation, while the use
of the herbicides promoted the survival of veg-
etative plants. The plant survival rate reached
93.9%, which was 6.4% higher than the con-
trol and 7.8% higher than the variant where
only herbicide treatment was applied, indicat-
ing its particular importance in years with un-

favorable weather conditions. When Bio-Fish
was applied to the seeds before sowing without
herbicide treatment the share of soybean plants
survived at the moment of harvesting reached
88,4%, which is 1,4% higher than the control
and 2,3% higher than in the variant with herbi-
cides (see Fig. 3).

The study of crop structure revealed that the
pre-sowing treatment of seeds with the biologi-
cal preparation contributed to the reduction of
herbicide toxicity on plants and had a positive
impact on their growth and development. The
use of only Bio-Fish seed treatment led to an
increase in the number of pods by 5.8, seeds by
12.9, and seed weight by 2.47 grams per plant
compared to the control. Additionally, when
compared to herbicide treatment, the increase
was 5.8 pods, 12.1 seeds, and 2.17 grams, re-
spectively. The combined application of Bio-
Fish and herbicide mixture resulted in a higher
number of pods, seeds, and seed weight per
plant compared to the control group. Treatment
of vegetative plants with Bio-Algo and the her-
bicide mixture increased the number of pods
by 2.9, seeds by 6.4, and seed weight by 1.22
grams per plant compared to the control (see
Table 1).

The 2020 growing season was characterized
by excessive soil moisture during certain stages
of soybean plant development, which affected
their growth and development. Under these
conditions, the pre-sowing treatment of seeds
with the studied biological preparation had the
greatest positive impact on plant productivity.
The yield in this variant reached 3.18 tons per
hectare, which was 0.41 tons per hectare higher
than the control and 0.51 tons per hectare high-
er than the herbicide treatment (LSD,s = 0.33
tons per hectare). In soybean crops where the
vegetative plants were treated with herbicides
Bizon and Stratos Ultra and the seeds were pre-
sown treated with Bio-Fish, the yield increased
by 0.20 and 0.30 tons per hectare, respectively,
compared to the control (LSD; = 0.33 tons per
hectare).

The weather conditions in 2021 were gen-
erally favorable for the normal development
of soybean plants. The use of bio-preparations
contributed to the reduction of the negative im-
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Fig. 3. Preservation of the plants of soybean variety Zhuravushka at different treatment options (average

for 2020, 2021):

1 — control (untreated); 2 — Stratos Ultra + Bizone (vegetating plant treatment); 3 — Bio-Fish (seed treatment);
4 — Bio-Fish (seed treatment) + Stratos Ultra and Bizone (vegetating plant treatment); 5 — Bio-Fish (seed
treatment) + Bio-Algo (vegetating plant treatment); 6 — Bio-Fish (seed treatment) + Bio-Algo (vegetating plant
treatment) + Stratos Ultra and Bizone (vegetating plant treatment)

pact of herbicides, resulting in an increase in
biological yield by 0.85—1.09 tons per hectare
(LSDys = 0.49 tons per hectare) compared to
the control and by 0.78—1.02 tons per hectare
compared to the variant where herbicides were
used for vegetative plant treatment (see Table
2).

It is known that most pre-sowing seed treat-
ments increase the intensity of metabolic pro-
cesses during germination with effective mobi-
lization of reserve substances under the influ-
ence of corresponding active enzymes. As a
result, seedlings emerge, and their quality influ-
ences further development, viability, and pro-
ductivity of plants [11-14]. Laboratory studies
of growth processes at the initial stages of plant
development showed that seed treatment posi-

tively influenced their seeding qualities despite
herbicide treatment (see Fig. 4).

The natural origin preparations Bio-Fish
and Bio-Algo had a positive influence on the
initial growth of soybean seedlings of the
Zhuravushka variety. The length of seedlings
was 1.2-2.7 cm greater with the combined
treatment of bio-preparations and herbicide
compared to the control, and it exceeded the
data from the herbicide treatment variant by
4.0-5.5 cm (see Table 3).

The number of abnormally developed seed-
lings decreased by 6—8% compared to the vari-
ant where herbicides were used. The variation
range, which characterizes the most complete
and uniform seed germination, was 20.9%
when Bio-Algo was used, which was 2.3%
lower than the control.
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Ta6a. 1. buomerpuyeckue nokazarenn pacTeHuii con copra XKypaymika (B cpeqaem 3a 2020, 2021 rr.)
Table 1. Biometric indicators of the plants of soybean variety Zhuravushka (on average for 2020, 2021)

Number, pcs. per
Treatment one plant Seed weight per
one plant, g
seeds before sowing vegetative plants beans | seeds
Control (without treatment) 21,3 39,7 7,76
Distilled water Stratos Ultra (11/ha) + Bizon (1,5 1/ha) 21,3 40,5 8,06
Bio-Fish (20 ml/t) Distilled water 27,1 52,6 10,23
Stratos Ultra (11/ha) + Bizon (1,5 1/ha) 243 47,4 9,31
Distilled water + Bio-Algo (5 ml/l) 23,9 | 46,9 9,14
Stratos Ultra (11/ha) + Bizon (1,5 1/ha) + Bio-
Algo (5 m/T) 23,9 46,1 8,98
LSD,s, pcs. per one plant 3,0 5,8 1,22
Fract 5.6 5.1
Ftheor 2,9 2.9
Note. Here and further in the tables the concentration of herbicides and biopreparations is given in brackets.
Ta6a. 2. buonoruyeckas ypoxxaiiHOCTh cou copra JKypasyika, T/ra
Table 2. Biological yield of soybean variety Zhuravushka, t’ha
Treatment Average In
: _ 2020 | 2021 | fortwo | ¢
of seeds before sowing of vegetative plants years ment
Control (without treatment) 2,77 2,48 2,63 —
Distilled water Stratos Ultra (11/ha) + Bizon (1,5 1/ha) 2,67 2,55 2,61 -0,02
Bio-Fish (20 ml/t) Distilled water 3,18 3,33 3,26 0,63
Stratos Ultra (11/ha) + Bizon (1,5 1/ha) 2,97 3,57 3,27 0,64
Distilled water + Bio-Algo (5 ml/l) 2,65 3,48 3,07 0,44
Stratos Ultra (11/ha) + Bizon (1,5 I/ha) + Bio- 2.46 3.42 2.94 031
Algo (5 ml/l)
LSDys t/ha 0,33 0,49
Fiaat 558 | 6,20
Fieor 2,90 3,97
CONCLUSION the control, and it exceeded the herbicide treat-

Thus, over the course of two years of re-
search, the use of natural-origin preparations
had a positive influence on the initial growth
of seedlings, germination vigor, and laboratory
seedling emergence of the mid-ripening variety
Zhuravushka. The length of the seedlings in-
creased by 3.6-8.1% with combined treatment
of bio-preparations and herbicides compared to

ment variant by 13.1-18.0%. Plant survival rate
just before harvest, on average for 2020 and
2021, was highest when the Bio-Fish prepara-
tion was used for pre-sowing seed treatment in
combination with herbicides, reaching 93.9%.
This was 6.4% higher than the control and
7.8% higher than the variant where only herbi-
cide treatment was applied.
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*See Figure 3 for the description of the treatment options

Taoda. 3. Bausaue OuomnpenapaToB 1 repOMIKIOB Ha NEPBOHAYAIBHBINA POCT IPOPOCTKOB COU COPTa

Kypapymika (B cpennem 3a 2020, 2021 tr.)

Table 3. The impact of Bio-Fish on the initial growth of soybean seedlings of the Zhuravushka variety

(on average for 2020, 2021)

Treatment Abnormally Seedling length
of seeds before . developed Average Variation | Variation coef-
sowing of vegetative plants seedlings, % | value, cm range, % ficient, %
Control (with- 11,3 33,3 232 13,5
out treatment)
Distilled water .
Stratos Ultra (11/ha) + Bizon (1,5 1/ha) 17,3 30,5 22,6 17,5
Distilled water 10,0 35,2 23,2 12,5
Bio-Fsh .
(20 ml/t) Stratos Ultra (11/ha) + Bizon (1,5 1/ha) 11,3 34,5 22,7 13,4
Distilled water + Bio-Algo (5 ml/l) 9,3 36,0 20,9 13,1
Stratos Ultra (11/ha) + Bizon (1,5 1/ha)
+ Bio-Algo (5 ml/l) 9,3 352 26,3 17,4
LSDys, cm 2,2

The bio-preparations also had a signifi-
cant influence on the formation of crop struc-
ture elements. Pre-sowing seed treatment with
Bio-Fish, both without herbicide treatment
and in combination with the herbicides, led to
an increase in the number of pods by 3.0-5.8,
seeds by 7.7-12.9, and seed weight by 1.55-
2.47 grams per plant compared to the control.
Moreover, the use of natural-origin prepara-

tions, Bio-Fish and Bio-Algo, helped reduce
the negative impact on soybean plants, result-
ing in increased seed yield. Pre-sowing seed
treatment with Bio-Fish increased grain yield
by 0.31-0.64 tons per hectare compared to the
control and by 0.33-0.66 tons per hectare com-
pared to herbicide treatment (LSD5 = 0.45 tons
per hectare).
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Bunsinne npuMeHeHus GHONpPenapaToB U repouInI0B
Ha OpMHPOBAHIE yPOXKAHHOCTH CPEITHECIIETION0 COPTA COH
B ycioBusx IIpnamypbs

I'peruenko A.E., Mesennesa }0.0., Muxaitnosa M.IL.
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MPOSIBJEHUE MMPUBHAKA MHOTI'OKUCTHOCTU CMOPOJIUHBI YEPHOM

<) Ca3zonoB ®.D.

DedepanbHulil HAYUHbLLL CENeKYUOHHO-MEXHON0SULEeCKUL YeHMP Ca00800CMEA U NUMOMHUKOBOOCEA
MocxksBa, Poccus

(X)e-mail: sazon-fl@yandex.ru

[IpencraBneHsl pe3yabTaThl OLEHKH T€HETHUYECKON KOJUICKIIMHM YepPHONH CMOPOIUHBI 10 NIPU3HA-
Ky MHOTOKHMCTHOCTH JJIsl IIOBBILIEHUS] IPOAYKTUBHOCTH KYJIBTYpHI B YCIIOBUAX bpsHCKOIl obnactu.
W3yuen nokasarenb yuciia KUCTEH ¢ IUIOJOHOLICHUEM Ha OZHOM y3iie nobera. [Tokazano, 4yTo B yc-
JIOBUSIX Ior0-3anaHoi yactu HeuepHozemHuoi 30ub1 Poccun (bpstHcKkast 06:macTb) U1 KYJIbTypBI TH-
MMUYHO 00pa30BaHUE B MMa3yXax JUCTHEB OJHON FeHePaTUBHOM MOYKH, OTHAKO BCTPEUAIOTCSI (DOPMEI,
Y KOTOPBIX YacTh y3JIOB CIIOCOOHA (POPMUPOBATH 2—3 KUCTHU C IIOJIOHOIICHHEM. YCTaHOBICHO, YTO
n3 132 W3ydeHHBIX COPTOB reHeTHdecKoi Koywiekuu 116 oOpasmos (87,9%) GpopmupoBamu y3isl
¢ 1-2 reHepaTuBHBIMH TIOYKaMU. B pesynbrare nccienoBannii 0ToOpaHbl copTa ¢ 3—4 COIBETHAMHU
Ha y3J1ax, CoCOoOHBIX K miogoHomenuto (dap CmonbsanHoBoi, leOpsinck, bpsiucknit Arar, Cene-
yeHckas 2, Jlagymika, Opnosckuii Banbc, Mctok, Uynnoe Mraosenue, lO0uneiinas Komnans, Bepa,
UYepnaBka u 1p.). X ucronb3oBaHHe B JalbHEHIINX CKPEIIUBAHUSAX TO3BOJHT MOJIYYHUTH Oosee
MPOIYKTUBHBIC TEHOTUITBL. BhizeneHbl Hanbosee pe3yabTaTiBHbIE KOMOMHAIIUM CKPEIIMBAHUI 110
BBIXONIY TTOTOMCTBA, opMuUpytomero 2—4 reHepaTUBHEIX 00pa30oBaHUs Ha OMHOM y3ie (63-35-1 x
JlutBuHOBCKas, Cutsassaka x Cenedenckas 2, Jleopsack x Jlap CMmonbssanHOBOH, YynHoe MrHO-
BeHue X [omyOuuka, 10-141-2 x [lapruzanka bpsuckast, JleOpsHck * JInTBUHOBCKasH). BoieneHs
nepcrekTuBHbie 0TOopHBIe popmel (3-63-01, 5-82-02, 8-69-01, 5-45-02, 4-18-01, 4-94-1, 4-18-02,
2-30-01 u mp.), cCOBMEIIAIOIINE MPU3HAK MHOTOKUCTHOCTH C IPYTUMHU XO3IMCTBCHHO IIEHHBIMH T10-
KazaressiMy (yCTOMYMBOCTH K ITATOTeHAM, KPYITHOTUIOJHOCTD, IECEPTHBIN BKYC IJIO/IOB, KOJIMYECTBO
ATOJ B KUCTHU, UX OJHOMEPHOCTD).

Ki1roueBble cjioBa: CMOpOIUHA YEepHAsi, CETICKINS, IPU3HAK, MHOTOKHCTHOCTh

MANIFESTATION OF MULTIPLE RACEMES TRAIT OF BLACK CURRANT

x)Sazonov F.F.

Federal Horticultural Center for Breeding, Agrotechnology and Nursery
Moscow, Russian Federation

(X)e-mail: sazon-f(@yandex.ru

The results of the evaluation of the genetic collection of black currants on the multiple racemes
trait for increasing the productivity of the crop in the conditions of the Bryansk region are presented.
The index of the number of racemes with fruiting on one shoot node was studied. It has been shown
that under the conditions of the southwestern part of the nonchernozem belt of Russia (Bryansk
region), formation of one generative bud in the axils of leaves is typical for the crop, but there are
forms in which some nodes are capable of forming 2-3 racemes with fructification. It has been found
that out of 132 varieties of the genetic collection studied, 116 specimens (87.9%) formed nodes with
1-2 generative buds. As a result of the studies, varieties with 3-4 inflorescences on the nodes capable
of bearing fruit were selected (Dar Smolyaninova, Debryansk, Bryansky Agat, Selechenskaya 2,
Ladushka, Orlovsky Vals, Istok, Chudnoe Mgnovenie, Yubileinaya Kopanya, Vera, Chernavka,
etc.). Their use in further crosses will produce more productive genotypes. The most productive
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Manifestation of multiple racemes trait of black currant

Sazonov F.F.

combinations of the crosses have been identified according to the yield of progeny forming 2-4
generative formations on one node (63-35-1 X Litvinovskaya, Svityazyanka x Selechenskaya 2,
Debryansk x Dar Smolyaninovoy, Chudnoe Mgnovenie * Golubichka, 10-141-2 x Partizanka
Bryanskaya, Debryansk x Litvinovskaya). Promising selected forms (3-63-01, 5-82-02, 8-69-01,
5-45-02, 4-18-01, 4-94-1, 4-18-02, 2-30-01, etc.), which combine the multiple racemes feature with
other economically valuable indicators (resistance to pathogens, large fruits, dessert taste of fruits,
number of berries in the raceme, their one-dimensionality) are highlighted.
Keywords: black currant, selection, trait, multiple racemes
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INTRODUCTION

Blackcurrant (Ribes nigrum L.) is one of the
most popular berry crops in domestic and in-
ternational horticulture. The widespread culti-
vation of this crop is attributed to its ease of
propagation, high winter hardiness, produc-
tivity, early fruiting, medicinal and nutritional
value of the fruits. Its cultivation can be prac-
tically fully mechanized, including harvest op-
erations'.

The traditional use of the crop includes pro-
cessing it into marmalade, juice, jam, preserves,
wine, confectionery, and more [1].

The result of meticulous breeding work
aimed at increasing the productivity of black-
currants has been the development of varieties
with an average berry weight of 1.5-2.0 grams.
When combined with high self-fertility and
adaptability of genotypes, these varieties can
guarantee competitiveness in commercial pro-
duction [2]. However, most breeding programs
have focused on improving yield, while re-

search on other productivity components, such
as the number of fruiting nodes and generative
buds on a single node, has been insufficient.
Assessments of blackcurrant breeding achieve-
ments and directions in modern assortment for-
mation for both commercial and amateur hor-
ticulture indicate that increased yield has been
achieved through enhanced self-fertility, patho-
gen resistance, and larger fruit size [3-6]. One
understudied component of blackcurrant yield
formation is the number of racemes per node.
While it is typical for the species to produce a
single generative bud in the leaf axils, there are
forms in which multiple buds develop, result-
ing in 2-3 fruit-bearing racemes per node.
Blackcurrant flowers are arranged in inflo-
rescences (racemes) that form on one-year-old
or older wood. The racemes hang down and are
formed from primary and one or several sec-
ondary buds, depending on the variety's char-
acteristics. Therefore, an important factor for
increasing blackcurrant productivity is the abil-

'Panfilova O., Tsoy M., Golyaeva O. Currant growing technology and mechanized harvesting-review / E3S Web of
Conferences, Orel, 24-25 ¢espaist 2021. Orel. 2021. P. 07002. DOI: 10.1051/e3sconf/202125407002.
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ity to develop 2-3 generative buds per node, ca-
pable of developing into racemes®. Such forms
have been previously identified among the
subspecies of the European blackcurrant (R. .
subsp. europaeum Jancz.) and Siberian black-
currant (R. n. subsp. sibiricum (Wolf.) Pav.)
by N.M. Pavlova and V.L. Vitkovsky, as well
as among R. dikuscha Fisch. by N.M. Boch-
karnikova. It has been observed that the forma-
tion of 3-4 fruit-bearing buds per node is quite
common in various forms of R. dikuscha’.

According to the methodology, nodes that
produce more than one raceme are considered
multi-racemes nodes*. The manifestation of
multi-racemes traits in modern cultivars is due
to the extensive use of varieties such as Slozh-
nokistnaya and Primorsky Champion®.

According to T.P. Ogoltsova (see footnote
2), blackcurrant plant productivity can be in-
creased by branching the fruiting cluster, as in
the case of the Slozhnokistnaya variety, or by
forming main and additional buds on a single
node capable of bearing fruit. The occurrence
of multi-racemes nodes is associated with ac-
celerated bud development and differentia-
tion. Genotypes created with the participation
of the Siberian subspecies of blackcurrant and
R. dikuscha often develop several full-fledged
generative buds in addition to the main bud by
the end of the growing season. The biological
mechanisms of multi-racemes formation on a
single node in the representatives of the Scan-
dinavian ecotype (R. nigrum spp. scandinavi-
cum) differ. Typically, they form a single bud
on the node in autumn, from which 5-6 mixed

buds emerge in spring, each of which contains
a flower cluster. In some buds, the development
process does not reach completion, resulting in
multiple clusters developing from a single bud.

V.L. Vitkovsky® describes deformations of
fruit clusters in the variety "Blagodatnaya"
as fasciations, which may be associated with
changes in the conditions of differentiation of
primordial-axillary growth apexes. Whorled
arrangement of peduncles - formations in the
form of a brush, forming 19 clusters with 129
fruits on one node - has been noted by him.

I.E. Buchenkov and I.V. Ryshkel” observe
an increase in the length of the floral cluster
and the formation of up to 2 buds in the leaf
axils and 2 clusters per one raceme in F/ hy-
brids obtained from interspecific crosses of
R. Nigrum L. x R. Rubrum L. Similar results
were obtained by I.P. Chuvashina® when study-
ing offspring from the crosses between red and
black currants. Seedlings were selected that
were phenotypically similar to black currants,
except that they formed multiple growth apexes
instead of a single one, and a cluster of racemes
grew from them in the spring of the following
year, similar to red currants.

The formation of 2-3 racemes on one node’
is typical for the varieties "Dikovinka," "Nary-
adnaya," "Seyanets Golubki," "Minai Shmyry-
ov," "Brodtorp," "Stakhanovka Altaya," and
"Ojebyn." Considering how actively these va-
rieties were involved in the breeding programs
implemented by domestic scientists, it becomes
evident that multi- racemes trait should mani-
fest in a number of their offspring. It is known

*Ogoltsova T.P. Selection of black currant - past, present, future. Tula: Priokskoe book publishing house, 1992. 384 p.
3 Bochkarnikova N.M. Black currants in the Far East. - Vladivostok: Far East Book Publishing House, 1973.183 p.
*Knyazev S.D., Bayanova L.V. Currant, gooseberry and their hybrids // Program and methodology of the varietal study of fruit,

berry and nut crops. Orel: VNIISPK, 1999. pp. 351-373.

5 Ogoltsova T.P, Sedova Z.A. Study of the Far Eastern forms of black currant as source material for selection in the middle zone
of the RSFSR // Selection, varietal study, agrotechnics of fruit and berry crops. Orel: Orel Branch of the Prioksky Book Publishing

House, 1979. Vol. 9, Part 2. pp. 59-73.

Vitkovsky V.L. Budding neoplasms in black currant // Botanical Journal. Moscow, 1962. Vol. 47. N 3. pp. 35-40.
"Buchenkov LE., Ryshkel I.V. Hybridization of black currant (Ribesnigrum L.) and red currant (Ribesrubrum L.) // Agriculture

- problems and prospects. 2016. pp. 43-50.

8Chuvashina I.P. Neoformations in the structure of the mixed buds of distant currant hybrids // Morphogenesis of plants.

Moscow, 1961. Vol. 2. pp. 256-258.

’Kopan K.N., Kopan V.P. Selection of black currants for productivity and fruitfulness / Collection of scientific articles. "Selec-
tion and varietal study of black currant". Michurinsk, 1988. pp. 57-63.
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that the varieties "Labilnaya," "Orlovsky Vals,"
and "Nara"'? are capable of forming 4-5 clus-
ters on one node. Mention can be found in the
literature about the French variety "Noirde
Bourgogne," which is capable of forming up to
6 racemes on one node (see footnote 2). There
is information that the maximum level of mani-
festation of this trait (up to 6 racemes on one
node) is found in the variety "Ocharovanie" of
the Orlovsky selection [7].

Some researchers!! [8] believe that the mani-
festation of the multi-racemes trait in black cur-
rants largely depends on the fertility level of the
site and compliance with agronomic require-
ments. V.F. Severin'?> demonstrated through
experiments that properly balanced mineral nu-
trition and a high agrophone of a commercial
plantation positively affect the length of the ra-
ceme and the formation of multi-racemes nodes
on the shoot.

The purpose of the research is to assess the
existing assortment and hybrid offspring of
black currants in terms of the manifestation of
the multi-racemes trait, as well as to search for
donors and genetic sources of this productivity
component.

MATERIAL AND METHODS

The work was carried out in the experimen-
tal plots of the Kokino experimental station
(ES) of the Federal Horticultural Center for
Breeding, Agrotechnology and Nursery (FRC
of Horticulture) where 132 collection samples
of foreign and domestic breeding have been
studied from 2007 to 2022. The creation of the
hybrid collection was carried out in accordance
with the methodology'?. Field observations and
plant counts in collection plantings and hybrid
seedlings were conducted according to the re-

quirements of the methodology "Program and
methodology for studying the varieties of fruit,
berry, and nut crops" (see footnote 4). The sta-
tistical analysis of the obtained data was per-
formed using Microsoft Office Excel.

The collection and breeding plots where the
research was conducted are represented by gray
forest soils. The soil-forming rocks are loess-
like loams and loesses with a homogeneous
coarse-grained granulometric composition. The
content of available phosphorus in the soil is
25-35 mg/100 g of soil, potassium - 9.8-14.1
mg/100 g of soil, humus - 3.8%. The reaction
of the soil solution varies from slightly acidic to
acidic (pH = 4.9-6.1). The cultivation agrono-
my of black currants is the one that is generally
accepted in the nonchernozem zone.

RESULTS AND DISCUSSION

The conducted evaluation of 132 black cur-
rant varieties in the collection plantings of the
Kokino Experimental Station of the Federal
Research Center of Horticulture allowed for
differentiation of the original forms based on
the studied trait. Despite the information found
in scientific literature stating that the formation
of only one raceme per node is typical for most
black currant varieties'®, our research revealed
that the group of varieties that do not produce
multi-racemes nodes is small in number.

Thus, the group of varieties consistently
maintaining the trait of single-raceme nodes
throughout the entire research period includes
Arabka, Gamma, Gamayun, Glarioza, Gracia,
Gulliver, Dabradzea, Debut, Degtyarevskaya,
Dessertnaya Ogoltsovoj, Divo Zvyaginoj, Dia-
mant, Dobry Djinn, Dobrynya, Gold of the
Incas, Kazkova, Carmelita, Klussonovskaya,
Lybed, Mashenka, Nymfa, Nyura, Nezhdan-

10Zatsepina 1. V. Productivity of black currant varieties / Adaptive potential and quality of production of varieties and varietal-
podstock combinations of fruit crops. Orel, 2012. pp. 100-106.

W Shavyrkina M.A., Knyazev S.D. Evaluation of black currant samples on morphostructural components of productivity // Bul-
letin of Orel State Agrarian University. 2015. N 5 (56). pp. 46-50.

12 Severin V.F. Effect of mineral fertilizers on the laying of vegetative-generative buds, the formation of the number of brushes
in the buds and flowers in the brushes of black currant // Siberian Herald of Agricultural Science, 1993. N 3. pp. 21-28.

B0goltsova T.P, Kuminov E.P. Selection of black currant / Program and methodology of selection of fruit, berry and nut crops
/ Under the general editorship of E.N. Sedov. Sedov. Orel: VNIISPK, 1995. pp. 314-340.

“Kanshina M.V. Black currants: selection, genetics, varieties. Chelyabinsk: NPO "Sad i ogorod". Chelyabinsk Press
House,2013. 160 p.
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chik, Nanny, Orlovskaya Serenada, Pamyati
Potapenko, Pamyati Vavilova, Partizanka Bry-
anskaya, Gift of Kalinina, Ragneda, Snow
Queen, Solomon, Trilena, Uslada, Charovnitsa,
Chernookaya, Shaman, Shalunya, Elevesta,
Ben Gairn, Ben Sarek, Big Ben, Bona, Black
Magic, Black Magic Carbon.

The majority of the studied black currant
varieties (87.9%) formed 1-2 racemes per
node. When the number of the generative
buds in the nodes changed, the formation of
two-racemes formations was more frequent-
ly observed. The formation of 2 racemes per
node was observed in 53% (70 varieties) of
the studied varieties. These include Ametist,
Amirani, Annadi, Bagira, Barmaley, Belorus-
sotchka, Vernisazh, Voevoda (Fortuna-17),
Vymplel, Galaktika, Zaglyadenie, Zelyonaya
Dymka, Iskushenie, Katyusha, Kipiana, Kas-
kad, Krynichka, Delikates, Kudesnik, Kud-
mig, Kupalinka, Lentyay, Lider, Litvinovska-
ya, Malenkiy Prints, Minusinskaya Sladkaya,
Myth, Mriya, Mriya-3, Mriya-5, Monisto,
Dachnitsa, Nadina, Nadya, Sensei, Ocha-
rovanie, Perun, Podarok Astakhova, Pamyati
Ravkina, Tamerlan, Pigmy, Selechenskaya,
Rita, Sevchanka, Podarok Veteranam, Slas-
tena, Nara, Orloviya, Sudarushka, Solovinaya
Noch, Azhurnaya, Oriana, Strelets, Tatyana's
Day, Izyumnaya, Favorit, Fortuna, Charodey,
Chereshneva, Cherny Zhemchug, Etude, Exo-
tika, Sharovidnaya, Yadryonaya, Ben Alder,
Ben Tirran, Ben Hope, Tiben, Tisel, Triton.

Much less frequently, genotypes forming up
to 3 racemes on a single node were observed.
Under favorable conditions for plant growth,
such generative formations were noted on the
shoots of the following varieties: Dar Smoly-
aninovoy, Debransk, Bryansky Agat, Selech-
enskaya 2, Slavyanka, Sokrovishche, Sofievs-
kaya, Ladushka, Lukomorye, Orlovsky Vals,
Istok, Chudnoe Mgnovenie, Yubileinaya Ko-
panya. The varieties Chernookaya and Sofievs-
kaya form branched racemes similar to the va-
riety Slozhnokistnaya, with elongated cluster-
like inflorescences. Among the wide variety
of studied samples, only the varieties Vera and
Chernavka exhibited the formation of 4 inflo-
rescences in the nodes.

If multi-racemes nodes are formed on a
shoot, they account for a certain proportion of
the total number of fruiting clusters on the fruit-
ing wood. The table shows the level of manifes-
tation of the multi-racemes trait using the geno-
types that we most frequently used in breeding
as the original forms based on a complex of
economically significant traits. For example,
for the Debransk variety, on average over the
observation period, multi- racemes nodes ac-
counted for 25.0% of their total number, Bryan-
sky Agat—23.2%, Kudmig —22.6%, Selechens-
kaya 2 — 17.2%, Rita— 15.3%, and so on. At the
same time, the assessment and recording of the
number of inflorescences showed that for the
Debransk variety, 20.8% of nodes were three-
racemes, 25.0% were two- racemes, and 54.2%
were single- raceme. The Bryansky Agat vari-
ety formed 15.7% three- racemes nodes, 23.5%
two- racemes, and 60.8% single- raceme. On
average, 22.6% of nodes for the Kudmig va-
riety were two- racemes, and the remaining
nodes were single- raceme. For the Charodey
and Etude varieties, two- racemes nodes ac-
counted for 7% of the total number. This indi-
cates a significant variation of the studied trait
among the different varieties.

The conducted series of crosses, carried out
in 2009-2011, using the original forms that
have the ability to develop multiple genera-
tive buds in a single node suitable for normal
inflorescence development, allowed the identi-
fication of several combinations that produced
multi- racemes seedlings in the offspring [9].
The majority of such hybrids (30.4-42.0%)
were selected in the families Nara x Yadryona-
ya, Yadryonaya x Exotica, Nara x (Yadryonaya
x Exotica), Kipiana % Glarioza, and Kipiana x
Debransk. In the first three combinations, seed-
lings that formed up to 4 clusters on a single
node were identified. These selections include
43-8-05 (Nara x Yadryonaya), 85-03-3 (Yadry-
onaya X Exotica), and 2-49-01 [8-4-1 (Yadryo-
naya x Exotica) [,].

The best results in selecting multi-racemes
offspring were obtained in the cross combina-
tion of Chudnoye Mgnoveniye % Golubichka,
where up to 43.1% of seedlings formed more
than one raceme on a single node. This can be
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OrneHka cMOPOJIMHBI YEPHOU IO YPOBHIO MPOSBICHUS MTpU3HaAKa MHOTOKUCTHOCTH (20182022 rr)
Evaluation of black currant by the level of manifestation of the multiple racemes trait (2018-2022)

Variety, selection Number of nodes with fruiting on shoots | Nyymper of racemes | Percentage of multi-racemes
g Xyt m V. % per node nodes on a fruiting shoot, %

Barmalei 483 £5,7 10,3 1-2 14,5
Bryansky Agat 51,0+ 8,0 12,6 1-3 23,2
Dar Smolyaninovoy 37,3 +8,7 23,4 1-3 10,7
Debryansk 48,082 17,1 1-3 25,0
Kipiana 38,7+5,5 14,8 1-2 13,2
Kudmig 443 +£6,0 13,6 1-2 22,6
Lentyay 40,0 £4,0 10,0 1-2 7,5
Litvinovskaya 46,3 £ 6,0 13,0 1-2 12,9
Myth 53,0+ 11,8 12,1 1-2 15,1
Nezhdanchik 45,3 £7,6 16,7 1 -

Podarok Veterana 473+7,6 19,9 1-2 12,7
Rita 39,3+4,0 10,3 1-2 15,3
Selechenskaya 2 40,7 +£ 10,1 24.8 1-3 17,2
Strelets 37,0£5,0 14,3 1-2 10,8
Charodey 42,7+3,8 8,9 1-2 7,0
Chereshneva 47,7+ 8,1 17,0 1-2 10,5
Chernavka 39,0+ 3,6 9,3 1-4 10,3
Etude 43,0£7,6 17,6 1-2 7,0
BenHope 51,0+£79 9,0 1-2 9,8
BenTirran 31,0+£8.,5 27,6 1-2 12,9
Tiben 42,089 21,0 1-2 9,5
Tisel 37,3+£2,5 6,7 1-2 10,7
1-29-02 39,0+4,4 12,5 1-3 10,3
4-18-01 36,3+4,0 11,1 1-3 8,3

10-141-2 39,3+£9,5 24,5 1-3 12,7
20-69-1 41,7+£6,0 14,5 1-3 14,4
63-35-1 453+7,1 9,1 1-3 15,5
5-37-02 49,7+2)5 5,1 1-4 10,1
2-49-01 457 +5,1 11,2 1-4 10,2
43-8-05 36,0 +8,5 23,7 1-4 15,3
4-5-2 46,3 +5,0 10,9 1-4 15,1
LSD o5 9,87 - - -

explained by the fact that the Chudnoe Mgno-
venie variety is a third-generation derivative
(F3) of the Primorsky Champion variety, which
has proven itself as a donor of multi- racemes,
and an F2 of a descendant of the Scandinavian
subspecies variety Brodtorp, which also effec-
tively transmits multi-racemes to the offspring,

as repeatedly confirmed by domestic scientists
(see footnote 14). The paternal form in this
cross combination is represented by the Golubi-
chka variety, which is also an F3 descendant of
the Brodtorp variety and an F2 of the Primor-
sky Champion variety [10]. Among the studied
forms selected for multi- racemes from this
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family, the best selections were 15-11/01 and
73-32-12, which formed up to 3 inflorescences
on individual nodes and had aligned, non-shat-
tering fruits with an average weight of 1.4 g.

The study of hybrid fund made it possible to
select the forms combining multi-racemes trait
with other economically valuable traits (large-
fruitedness, one-dimensional berries, resistance
to fungal diseases, etc.). For example, dessert
selection No. 4-5-2, isolated in the family SC-7
x Exotica, forms on average 15.1% of multi-
racemes nodes on the shoot, among which four-
racemes nodes are found. Three-racemes nodes
were observed in the forms 1-29-02 [(Dar
Smolyaninovoy X Litvinovskaya) x Mriya-3],
10-141-2 (Sagittarius x Golubichka), and 20-
69-1 (Nara I,). A large-fruited hybrid 63-35-1,
forming berries weighing more than 5.0 g and
about 15% three-racemes nodes, was isolated in
the family Lentyay x Debryansk, with the par-
ticipation of large-fruited initial forms. Further
inclusion of some of the presented selections in
hybridization has allowed us to evaluate their
donor qualities.

During the selection for multi-racemes traits,
preference was given to the genotypes previous-
ly identified that combined this characteristic
with other economically valuable traits such as
large fruit size, long racemes, dessert-like berry
taste, etc. Hybridological analysis of seedlings
from varieties and selected forms that differed
in the number of fruit-bearing clusters on a sin-
gle node showed a predominance of offspring
where multi-racemes nodes were not observed.
Even in the families involving multi- racemes
original forms, such as Tiben x Selechenskaya
2, Selechenskaya 2 x Dar Smolyaninovoy, Or-
lovsky Vals x Partizanka Bryanskaya, Mriya x
Dar Smolyaninovoy, Istok X Dar Smolyanino-
voy, Podarok Veteranam x Dar Smolyaninovoy,
Bryansky Agat x Dar Smolyaninovoy, Tamer-
lan x Bryansky Agat, no hybrids capable of
forming more than one raceme on a single node
were selected in the offspring.

In the study of the hybrid gene pool, the
families were identified in which seedlings with
multi-racemes nodes on the shoots were select-
ed. The successful combination of such multi-
racemes varieties as Selechenskaya 2 and Deb-

ransk in the crossbreeding combinations like
Svitzyanka x Selechenskaya 2 and Debransk X
Lentyay allowed for the selection of the prog-
eny with 31.7% to 32.8% of seedlings forming
2-3 racemes on a single node (see the figure).
Productive combinations were found involving
multi- racemes selected forms. For example,
in the families 4-5-2 x Sudarushka, 10-141-
2 x Partizanka Bryanskaya, and 63-35-1 x Lit-
vinovskaya, 19.6% to 39.3% of hybrids capable
of forming 2-3 racemes on a single node were
identified.

The use of even less prominent multi-ra-
cemes parental forms in hybridization, in com-
binations such as Ben Tirran x Kipiana, Tiben
x Litvinovskaya, and Litvinovskaya x Tiben,
allowed the selection of 24.1%, 25.0%, and
30.0% respectively of multi-racemes seedlings,
of which 4.2-6.7% of the hybrids formed up
to 3 racemes per node. Reciprocal crosses be-
tween the varieties Litvinovskaya and Tiben re-
sulted in the selection of promising forms 8-69-
01 (Litvinovskaya x Tiben) and 5-82-02 (Tiben
x Litvinovskaya) in their progeny, character-
ized by high resistance to powdery mildew, the
formation of 2-3 generative buds per node, and
synchronized ripening of the berries within the
raceme. In the family of Ben Tirran x Kipiana,
seedling No. 3-63-01 was selected, exhibiting
2-3 racemes per node and resistance to an-
thracnose and leaf spotting. Production of the
hybrids exhibiting greater multi-racemes traits
than the parental forms indicates the possibility
of selecting genotypes with a higher expression
of the studied trait in a large analyzed progeny.

However, hybridological analysis shows
that the use of multi-racemes parental forms
in crosses does not always guarantee the same
progeny. The inclusion of varieties such as Se-
lechenskaya 2, Istok, Dar Smolyaninovoy, and
the form 1-29-02, capable of forming up to 3 ra-
cemes per a node, in certain combinations does
not guarantee the segregation of multi-racemes
seedlings. This is evident in the families such as
Myth X% Selechenskaya 2, Litvinovskaya x Dar
Smolyaninovoy, Yadrenaya X Istok, 1-29-02 x
Myth. In the progeny of the mentioned crosses,
all hybrids were single- or double-racemes.

Among the studied cross combinations, the
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best results in terms of multi-racemes trait were
observed in the progeny of the following fami-
lies: Debransk x Dar Smolyaninovoy, 10-141-
2 x Partizanka Bryanskaya, and Debransk x
Litvinovskaya. These families produced seed-
lings with three or four racemes on a single
node. In the Debransk x Litvinovskaya and
10-141-2 x Partizanka Bryanskaya families,
11.1% and 8.7% of the seedlings, respectively,
formed up to three racemes on a single node,
while the proportion of the seedlings with four
racemes was 3.2% and 5.3%, respectively. In
the Debransk x Dar Smolyaninovoy family,
14.5% of the seedlings were capable of form-
ing up to three racemes on a single node, and
7.3% of the hybrids had four-racemes nodes. In
the presented families, 33.3% to 49.2% of the
seedlings formed more than one generative bud
on a single node. For example, the progeny of

the Debransk x Dar Smolyaninovoy family in-
cluded selections 5-37-02 and 5-37-03, which
combined multi-racemes with dessert-flavored
fruits. The form 7-136-3 from the Debransk x
Litvinovskaya family not only formed up to
27% of multi-racemes nodes but also had large-
sized fruits and uniform berries on the cluster.
Despite the fact that the variety Partizanka
Bryanskaya does not form multi-racemes nodes
on its shoots, its combination with the multi-
racemes elite seedling 10-141-2 allowed for the
selection of the genotypes that combined sev-
eral valuable traits. This may be due to the fact
that the selection 10-141-2 was obtained from
a broad genetic basis, and its parental forms,
Streltsy (Selenchenskaya 2 open pollination)
and Golubichka [Izumnaya x (Alfa x Primorsky
Champion)], are the derivatives of various sub-
species of blackcurrant. From the 10-141-2 x
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Partizanka Bryanskaya family, large-fruited hy-
brids 4-18-01 and 4-18-02 were selected, which
formed 3-4 racemes with dessert-flavored fruits
on the nodes. This family also yielded the se-
lection 4-94-1, characterized by multi-racemes,
high field resistance to powdery mildew, and a
compact and upright bush habitus.

The use of the method of seed sowing from
open pollination proved to be effective in ana-
lytical selection. In such populations, individ-
ual seedlings with multi-racemes trait and the
manifestation of several economically valu-
able traits were identified. These included hy-
brids resistant to Sphaerotheca, such as 2-26-02
(Chereshneva, open pollination), 3-10-02 (Mri-
ya-5, open pollination), 9-5-01 (6-15-52, open
pollination), 9-62-01 (Irmen, open pollina-
tion), and 8-10-1 (Izumnaya, open pollination);
long-racemes forms 2-30-01 (Selenchenskaya
2, open pollination), 4-14-03 (Vera, open pol-
lination), 5-45-02 (52-42-1, open pollination);
selections with dessert-flavored fruits 1-17-01
(Dar Smolyaninovoy, open pollination), 1-9-
02, 2-17-03 (Mriya-3, open pollination). The
selected form 3-31-01 (Kudesnik, open pollina-
tion) was characterized by long racemes (up to
12 berries per cluster) and the ability to form up
to 4 racemes on a single node.

Hybridological analysis shows that the Deb-
ransk variety is a promising donor of multi-ra-
cemes trait. It forms up to 3 generative buds on
a single node, and in most cases, hybrids with
multi- racemes are obtained in the crosses in-
volving Debransk. In the populations derived
from open pollination of the Debransk variety,
large-fruited multi-racemes progeny combin-
ing this trait with other economically valuable
characteristics were identified. For example,
form 7-53-01 (Debransk, open pollination) ex-
hibited resistance to fungal diseases (powdery
mildew, leaf spotting); selection 37-27-4/05
was resistant to powdery mildew and leaf an-
thracnose; selected form 7-53-02 produced des-
sert-flavored fruits; the average berry weight of
hybrid 36-27-8/05 was 2.2 g; the new large-
fruited variety Kaskad was also derived from
this population.

CONCLUSION

As a result of the conducted research, ge-
netic sources and donors of the multi-racemes
trait (Dar Smolyaninovoy, Debransk, Bryan-
sky Agat, Selenchenskaya 2, Vera, Chernavka,
Nara, Yadryonaya, Exotika, Kipiana, Orlovsky
Vals, Istok, Chudnoe Mgnovenie, Litvinovska-
ya, etc.) have been identified, the use of which in
further crosses will allow for the development
of more productive forms. The most successful
cross combinations in terms of obtaining multi-
racemes progeny were 63-35-1 x Litvinovska-
ya, Svityazanka x Selenchenskaya 2, Debransk
x Dar Smolyaninovoy, 10-141-2 x Partizanka
Bryanskaya, Debransk x Litvinovskaya, and
Debransk (open pollination). Of particular in-
terest are the selected multi-racemes genotypes
(63-35-1, 10-141-2, 20-69-1, 2-49-01, 43-8-05,
4-5-2, 4-18-01, 4-18-02, 4-94-1, etc.) from the
hybrid population, which deserve active use in
the breeding process to create more productive
blackcurrant forms.
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Manifestation of multiple racemes trait of black currant
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MUPOBBIE TEHETUYECKHE PECYPChbI JIBHA KOJIVIEKLIUU BUP
B CO3JJAHUHU COPTOB TOMCKOM CEJEKIUU

) omoBa I'.A., Porasnsckas H.b., Tpo¢pumoa B.M.

Cubupckutl HayYHO-UCCIe008AMENbCKULL UHCIMUMYM CENbCKO20 X03ANUCmead u mopga — guauan
Cubupckoco ghedepanbroco HayuHo2o yenmpa azpobuomexnonozuti Poccutickou akademuu nayk
Tomck, Poccus

()e-mail: tomsk@sfsca.ru

[IpencraBnens! pe3yasrarsl n3yueHus: 30 0Opa3LoB JbHA Pa3IMYHOTO HKOJIOTO-TeorpapuuecKo-
r'0 IPOUCXOXKICHUS U3 KOJUIEKIMH Bcepoccuiickoro MHCTUTYTa FeHETHYECKUX PECYPCOB pacTeHUN
um. H.W. Basunosa (BUP). MccnenoBansl copra poccuiickoii cenekuun — 14, kuraiickoit — 6, ykpa-
MHCKOM — 5, PpaHIly3ckoil — 4, Genopycckoii — 1. YcTaHOBIIGHO BIMSIHAE TEHOTUTIOB M IIOTOAHBIX yC-
JIOBUI Ha TMPOSIBIICHUE XO3SIUCTBEHHBIX MPU3HAKOB MHOTO(QAKTOPHBIM JUCIIEPCHOHHBIM aHAJTH30M.
IToneBrie miccmen0BaHMsI TIPOBOAMIIN B TIoATaekHOU 30HE ToMckoit obmactu B 2015-2017 rr. [1pu-
POAHO-KIMMAaTHYECKHE YCIOBUSI COOTBETCTBOBAIM TPEOOBAaHMAM BO3JEIBIBAHUS JIbHA-IOJTYHLA.
Jly4mumu 1o o01Iel U TEXHUYEeCKOH JUIhHE CTeOel OTMEYeHbI copTa KUTalckol cenekiun Heiya 4
(K-8485), Sxy 7 (K-8689), poccutickuii rudpun Tomckuii 16*Yenex (K-8544), dpaniy3ckuit copt
Drakkar (K-8493), ykpaunckuii — ['mazyp (K-8695), 6672 u 60—66 cM COOTBETCTBEHHO, JAOCTO-
BepHO BbIme cranaapra Tomckoro 16. Ilo comepxannio BOJIOKHA B TEXHMYECKOW HacTH CTeOIe
(38-40%) muompoBanm copra: poccuiickoi cemeknuu 11-3989 (K-8672), A-236 (K-8692), M-249
(K-8693), ppaniysckoii — Alizee (K-8494), Agatha (K-8492), Melina (K-8495), ykpaunckoii — Bpy-
yuii (K-8694), nocrosepno Beiiie cranaapra Tomckoro 16. [To macce Bonokna (91-104 mr) — dpan-
my3ckue copra Drakkar (K-8493) u Alizee (K-8494), ykpannckue — Bpyuuit (K-8694) u ['nazyp
(K-8695), poccuiickne — A-236 (K-8692) u M-249 (K-8693) — tocTOBEpHO MPEBOCXOMIN CTAHAAPT
Tomckwuit 16 Ha 6—44 mr. Copta npHa poccutickoit cenekmmu [1-3989 (K-8672), lobperas (K-8504),
A-236 (K-8692), kuraiickoii — Heiya 4 (K-8485), Heiya 13 (K-8486), Tyy 13 (K-8687), ¢panitys-
ckoit — Agatha (K-8492), Drakkar (K-8493), Alizee (K-8494), Melina (K-8495), ykpannckoii — [ a-
nuatop (K-8505) u Bpyuwnii (K-8694) — mpru3HaHbl IepCHEeKTUBHBIMU U BKIIIOUEHBI B CEJICKIIMOHHBIN
Ipoliecc B Ka4ecTBE OTLOBCKUX poAUTENbCKuX (opMm. IlomydeHHbI ruOpuaHbIid MaTepuan Haxo-
JIUTCSI Ha UCTIBITAHUH B TUTOMHUKE 0TOOpa ¢ 2017 1. u Broporo roja cenekiuu ¢ 2021 1.

KuroueBbie cioBa: neH-noirysen (Linum usitatissimum L. f. elongata), cenexuus, KOJUICKIIUS,
COpTa, IPOAYKTUBHOCTb, BOJIOKHO, CEMEHA, MBIKIOCTb

WORLD’S GENETIC RESOURCES OF THE VIR FLAX COLLECTION
IN THE CREATION OF TOMSK SELECTION VARIETIES

) Popova G.A., Rogalskaya N.B., Trofimova V.M.

Siberian Research Institute of Agriculture and Peat - Branch of the Siberian Federal Scientific
Centre of Agro-BioTechnologies of the Russian Academy of Sciences

Tomsk, Russia

x)e-mail: tomsk@sfsca.ru

The results of the study of 30 flax samples of different ecological and geographical origin
from the collection of the N.I. Vavilov All-Russian Institute of Plant Genetic Resources (VIR)
are presented. The varieties of the Russian selection - 14, Chinese - 6, Ukrainian - 5, French -
4, Belarusian - 1 have been investigated. The influence of genotypes and weather conditions on
the manifestation of economic traits by multivariate analysis of variance has been established.
Field studies were conducted in the sub taiga zone of the Tomsk region in 2015-2017. Natural and
climatic conditions met the requirements for the cultivation of fiber flax. By total and technical stem
length the best varieties of the Chinese selection Heiya 4 (K-8485), Sxy 7 (K-8689), the Russian
hybrid Tomsky 16*Uspekh (K-8544), the French variety Drakkar (K-8493), the Ukrainian - Glazur
(K-8695), 66-72 and 60-66 cm respectively, were significantly higher than the standard Tomsky 16.
According to the fiber content in the technical part of the stems (38-40%) the following varieties
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were the leaders: the Russian selection P-3989 (K-8672), A-236 (K-8692), M-249 (K-8693), the
French selection Alizee (K-8494), Agatha (K-8492), Melina (K-8495), and the Ukrainian selection
Vruchy (K-8694), were significantly above the Tomsky 16 standard. By the fiber mass (91-104
mg) the French varieties Drakkar (K-8493) and Alizee (K-8494), the Ukrainian varieties Vruchii
(K-8694) and Glazur (K-8695), the Russian varieties A-236 (K-8692) and M-249 (K-8693) reliably
exceeded the Tomsky 16 standard by 6-44 mg. The flax varieties of the Russian selection P-3989
(K-8672), Dobrynya (K-8504), A-236 (K-8692), the Chinese - Heiya 4 (K-8485), Heiya 13
(K-8486), Tyy 13 (K-8687), the French - Agatha (K-8492), Drakkar (K-8493), Alizee (K-8494), Melina
(K-8495), and the Ukrainian Gladiator (K-8505) and Vruchiy (K-8694) were recognized as promising
and were included in the breeding process as male seed parents. The resulting hybrid material has
been on trial in the selection nursery from 2017 and the second year of breeding from 2021.
Keywords: fiber flax (Linum usitatissimum L. f. elongata), breeding, collection, varieties,
productivity, fiber, seeds, stem slenderness (the ratio between the stem length and the diameter)

Jas uutupoBanusi: [lonosa I'A., Pocanvckasa H.B., Tpogpumosa B.M. MupoBble TeHETUYECKHE PECYPCHI JIbHA KOJUICKITHH
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INTRODUCTION material and its evaluation under specific soil
and climatic conditions'.

To enrich the genetic material in flax breed-
ing, the Siberian Research Institute of Agricul-
ture and Peat - branch of the Siberian Federal
Scientific Centre of Agro-BioTechnologies of
the Russian Academy of Sciences (SibNIISHiT
- SFSCA RAS) — is establishing a nursery for
the ecological testing using the samples from
the main Russian collections of the VIR and the
Federal Research Center for Bast Fiber Crops
(FRC BFC).

For a long time in Russian flax breeding,
including during the development of the first

Historically, flax has remained the main
and leading fiber and oil crop in Russia for a
long time, being highly adapted to cultivation
in moderate climates and its specific soil and
climatic conditions. Russia has been the larg-
est global producer and exporter of natural flax
fiber and fabrics for a significant period. To en-
sure the country's economic and strategic inde-
pendence, it is important to preserve domestic
cellulose fiber raw materials, which can signifi-
cantly contribute to cotton import substitution
[1]. In modern flax varieties, cellulose can ac-

count for up to 90% of the fiber content. De- - )
spite the annual decrease in flax cultivation, it Tomsk varieties, local thickset flax was used as

remains the main source of annually renewable the initial material [4]. In the early 20th Cent}lry’
fibers in the Russian Federation [2, 3]. hlgh-ﬁber hn?s were selected frorp local Sibe-
rian flax, which served and continue to serve
as genetic material in creating new varieties
with increased fiber content. The drawback of
the early Siberian varieties was that they had
coarse, low-quality fiber, with a long fiber num-

Modern flax breeding continues to focus on
improving the quality of flax products. The suc-
cess of the breeding work in creating new va-
rieties relies on the effectiveness of a scientifi-
cally based approach to the selection of initial

'Paviova L.N., Gerasimova E.G., Rumyantseva V.N. Innovative techniques in the selection of fiber flax // Flax breeding: cur-
rent state and prospects for development: materials of the interregional scientific-practical conference with international participa-
tion, dedicated to the 80th anniversary of the Tomsk school of fiber flax breeding. FASO, SibNIISKhit - branch of SFSCA RAS.
Tomsk: LLC "Grafika", 2017. pp. 43-46.
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World’s genetic resources of the VIR flax collection
in the creation of Tomsk selection varieties

Popova G.A., Rogalskaya N.B., Trofimova V.M.

ber of 9-10. In the second half of the 20th cen-
tury, the inclusion of a set of collection samples
and varieties from the VIR (N. I. Vavilov All-
Russian Institute of Plant Genetic Resources)
and the All-Russian Flax Research Institute
(VNIIL) allowed for the expansion of genetic
diversity and the development of a range of
early-maturing Tomsk varieties?.

The obtained varieties inherited a high fiber
content and acquired improved fiber quality
(long fiber number of 11-14). Modern Tomsk
varieties of flax are included in the State Reg-
ister of Breeding Achievements of the Russian
Federation and are adapted to the Northwest-
ern, Central, Volga-Vyatka, and West Siberian
regions, with some varieties being suitable for
all regions (for example, Tomich 3, indicating
its high adaptive potential).

Modern flax varieties are subject to high re-
quirements for fiber quality, resistance to biotic
and abiotic environmental factors, and adaptive
potential [5]. Many varieties with high fiber
quality indicators have been developed in Rus-
sia’.

The State Register of Breeding Achieve-
ments approved for use in the territory of the
Russian Federation has been expanded with
Tomsk wvarieties such as Pamyati Krepkova
(included in 2012), Tomich (2017), Tomich 2
(2019), and Tomich 3 (2022)*.

The development of flax varieties with a
high fiber content has led to changes towards a
deterioration of the structural and morphologi-
cal qualities of the plants. The increased fiber
productivity of the new varieties has resulted
in a decrease in technological spinning indica-
tors such as flexibility, fineness, strength, and
uniformity of fiber distribution along the stem
length, as well as a deterioration in the anatomi-
cal structure of the stem, including an increase

in the diameter of elementary fibers by almost
50% and a reduction in their length’ [5].

Researchers have noted a deterioration in
the chemical composition of the fiber, as well as
a decrease in pectin substances, which affects
the spinning properties of the yarn. Therefore,
improving the fiber quality in the new varieties
is a top priority for Russian breeders.

In addition to these factors, changes in tem-
perature trends have been observed in Sibe-
ria since the early 2000s. The climate in the
entire subtaiga of the West Siberian Plain has
been warming from 1936 to 2015 [6]. During
the vegetative period of fiber flax, there is an
increasing occurrence of temperature fluctua-
tions and uneven precipitation, especially dur-
ing critical growth phases. Heavy rains and
gusty winds lead to soil overhydration, lodging
of flax crops, and the development of diseases,
which in turn reduce the quantity and quality of
flax products.

The influence of growing conditions on the
manifestation of economically valuable traits in
flax has been thoroughly studied [7]. The ma-
jority of these studies focus on individual fac-
tors that affect the physiological processes of
plant growth and development. The expression
of most traits depends not on a single factor but
on the overall system. It has been previously es-
tablished that the geographical conditions dur-
ing flax cultivation in different natural-climatic
zones influence morphological characteristics.
For example, increased temperature and insuf-
ficient moisture reduce plant height, fiber yield
and quality, seed size, but increase inflores-
cence length and the number of capsules [8].
Fiber flax plants acquire the habitus of oil flax-
intermediate type.

When developing new varieties, it is impor-
tant to consider their ability to provide high and

*Michkina G.A., Rogalskaya N.B., Popova G.A. History of breeding of Tomsk fiber flax. Development of N.I. Vavilov scien-
tific heritage at the present stage: materials of the international scientific conference devoted to the 120th anniversary of the birth
of Academician N.I. Vavilov (Novosibirsk, December 19, 2007). Rosselkhozakademia. Siberian Branch. Novosibirsk, 2009. pp.

148-155.

SKutuzova S.N., Brach N.B., Tikhvinsky S.F., Doronin S.V., Sharov LY, Pitko A.G. Geographical variability of economically
valuable traits of flax // Proceedings on applied botany, genetics and breeding. 1991. Vol. 144. pp. 40-48.

“The State Register of Breeding Achievements admitted to use (plant varieties): //gossortrf.ru/ wp-content/uploads/2022/06/
Peectp%20na%20m0myck%202022.pdf (accessed on 18.11.2022).

SPavlova L.N. Variety - the basis of successful development of flax production // The role of flax in improving the habitat and
active longevity of man. Materials of the international seminar. Tver, 2012. pp. 51-55.
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stable productivity, as well as ecological plas-
ticity and resistance to a complex set of biotic
and abiotic environmental factors under unfa-
vorable agroclimatic conditions [8].

Analysis of the results of fiber flax breeding
conducted by N.B. Brach® and colleagues from
1932 to 2000 demonstrated that increasing the
diversity of the initial material allows overcom-
ing undesirable correlations between the traits
and achieving a combination of high economic
indicators. It has been established that plant
length is one of the key traits that influence the
mass of technical fiber and fiber content [7].
The most stable indicator, least dependent on
weather conditions, harvesting time, and pri-
mary processing methods, is the total fiber con-
tent (see footnote 3).

Extensive genetic collections of the VIR and
the FRC BFC are the only accessible sources
of new collection samples and varieties of flax
with diverse eco-geographical origins.

The purpose of the research is to study high-
fiber samples and varieties of fiber flax from the
global collection of the VIR under the condi-
tions of the subtaiga zone of the Tomsk region,
focusing on the productivity of flax fiber and
seeds, and to identify promising initial material
for inclusion in the breeding process.

MATERIAL AND METHODS

The study utilized 30 samples of cultivated
flax (Linum usitatissimum L.) from the global
VIR collection with diverse eco-geographical
origins. The samples consisted of 14 Russian
varieties, 6 Chinese varieties, 5 Ukrainian va-
rieties, 4 French varieties, and 1 Belarusian va-
riety.

Field research was conducted from 2015 to
2017 at the Bogashevsk branch of the SibNI-

ISHIT — branch of the SFSCA RAS, located in
the subtaiga zone of the Tomsk district in the
Tomsk region.

The Tomsk region is situated in the taiga
zone of the southeastern part of the West Sibe-
rian Plain, and its climate is characterized as
continental-cyclical 7-%,

In the subtaiga zone, the frost-free period
lasts on average 115 days, and the multi-year
sum of average daily temperatures above 10
°C is 1700°; precipitation during the vegeta-
tion period amounts to 200-220 mm, approxi-
mately half of the annual norm. According to
agroclimatic zoning, the research area belongs
to the Sth agroclimatic zone and is character-
ized as moderately warm and moderately hu-
mid. The hydrothermal coefficient (HTC) ac-
cording to T.K. Selyaninov ranges from 1.1 to
1.6 (see footnote 8) [6]. Despite being located
in a region with excessive moisture, there can
be periods of drought and dry winds. Overall,
the agroclimatic resources of temperature and
moisture are close to optimal conditions and
meet the requirements for cultivating fiber flax.

The analyzed period of the research cov-
ers years with different meteorological condi-
tions. In 2015, there was sufficient moisture and
thermal resources (HTC - 1.38), while 2016
belonged to the moderately humid type (HTC
— 1.14). The highest amount of precipitation oc-
curred in 2017, indicating excessive moisture
(HTC —1.50). Overall, the moisture supply dur-
ing the vegetation periods was characterized by
sufficient moisture and heat for the growth of
fiber flax (see fig. 1)°. The soil cover of the ex-
perimental plots consisted of medium-podzolic
loamy soils!®. The plowed horizon had a weak-
ly acidic to near-neutral soil solution reaction
(pH-water: 5.9 — 6.1), and as the horizons de-
scended, the soil contained carbonates.

¢ Brutch N., Paviov A., Porokhovinova E. et. al. The role of initial material in the results flax breeding in Soviet Union and Rus-
sia from 1932 till 2000. // Innovative technologies for comfort: Proceedings of the 4th global workshop (general consultation) of
the FAO/ESCORENA European co-operative research network on flax and other bast plants. 7-10 October 2007. Arad, Romania.

pp. 43-44.

’Agroclimatic resources of the Tomsk region. Reference book. L.: Gidrometeoizdat, 1975. 148 p.
$4zmuka T 1 Climate Resources. Natural resources of the Tomsk region. Tomsk: Tomsk University Publishing House, 1991.

pp- 83-103.
*http://www.pogodaiklimat.ru/ Weather and Climate.

10 Solovyova T.P., Makeeva E.A., Popova G.A. The state of agrosulfurous old plowed soils of the Basandaika River / Flax grow-
ing: current state and prospects of development: materials of the interregional scientific-practical conference with international
participation, dedicated to the 80th anniversary of the Tomsk school of fiber flax breeding. FASO, SibNIISKhit - branch of SFSCA

RAS. Tomsk: LLC "Grafika", 2017. pp. 141-149.
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The gross humus content in the plowed hori-
zon varied from 4 to 6%. The main soil nutrients,
available phosphorus and exchangeable potas-
sium, were present in sufficient quantities for
the cultivation of fiber flax (25-27 mg/100 g).
Flax is grown in a seven-field crop rotation,
with preceding crops being grains such as
wheat, oats, and barley.

The analysis of morphological characteris-
tics and determination of fiber content in stems
were carried out on the plants grown under field
conditions using a square planting method with
a feeding area of 2.5 x 2.5 cm in a leveled agri-
cultural background. To assess fiber productiv-
ity, the following morphological characteristics
were determined: total stem length (distance
from the attachment point of the cotyledon-
ary leaves to the beginning of the inflorescence
branching (cm), stem diameter (mm), fiber
mass (mg), and fiber content (%) in the tech-
nical part, determined by the ratio of the fiber
mass to the stem mass. The stem slenderness
(cm/mm) was determined by dividing the tech-
nical stem length by its average diameter'!.
Seed productivity was evaluated based on the
number of the capsules per plant (pcs.) and the

seed mass within them (mg). Fiber extraction
was carried out from the dam retting flax straw
obtained by thermal retting®. The regionally
adapted variety Tomsky 16 (T-16) was used
as a standard for morphological characteristics
that determine fiber or seed productivity. The
normality of feature distributions was tested
using the Kolmogorov-Smirnov test. One-way
analysis of variance (ANOVA) and Duncan's
test were used to compare morphological char-
acteristics of hybrids. Multifactorial analysis of
variance was conducted to determine the pro-
portion of factor influence.

RESULTS AND DISCUSSION

Drought during critical periods of growth
and development of the crop is one of the lim-
iting factors in obtaining a guaranteed high-
quality flax fiber yield. The vegetative period
of flax from emergence to flowering is critical
in terms of moisture requirements. It has been
proven that conditions of increased moisture
have a positive effect on the quantity and qual-
ity of fiber in fiber flax stems [9].

While overall the amount of heat and mois-
ture for the flax crop during the observed years

6,00
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Fig. 1. Hydrothermal coefficient of the growing season according to the growth phases of flax in 2015—

2017 in the Tomsk region

GOST R 52784-2007. Fiber flax. Terms and definitions. Moscow: Standards Publishing House. 2009. 21 p.
2Solov'ev A.Ya. Flax growing. M.: Agropromizdat, 1989. 320 p.
BMethodological guidelines for technological evaluation of flax straw and experiments on primary processing of flax. Torzhok,

1972. 58 p.
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(2015-2017) was considered sufficient, the spe-
cific distribution of precipitation and tempera-
ture regime showed a rather uneven nature. The
integral indicator of plant moisture supply as-
sessment (HTC) for the formation of high-stem
fiber flax should be in the range of 1.3-1.6'.

The 2015 vegetation period was character-
ized by the HTC value of 1.38, indicating suf-
ficient moisture supply and thermal energy,
but with an uneven distribution throughout the
season during critical phases of flax water con-
sumption. The period of active growth of flax
during the "herring bone" stage — flower-bud
formation stage, which is crucial for the poten-
tial formation of stems and fiber bundles, oc-
curred under insufficient moisture. From sow-
ing to flowering, only 68 mm of precipitation
was recorded, with only 9 mm available during
the phase of stem formation and fiber deposi-
tion, negatively affecting the linear dimensions
of the stem and the yield of flax straw.

Optimal conditions for seed productivity
are considered to be precipitation during the
period after flowering and during the ripening
phase (green-yellow ripeness), with a sufficient
amount of 70-80 mm. However, there was an
excess of precipitation with 120 mm actually
recorded. Excessive moisture after flowering
prolonged the ripening process and increased
the duration of the vegetative period. The con-
ditions of the year differed from the optimal
moisture supply due to unfavorable distribution
throughout the vegetative period.

In the moderately humid year of 2016, the
HTC was 1.14, and the conditions for growth
and yield formation of fiber and seeds were
similar to the previous year of the study. Insuf-
ficient moisture and heat were noted prior to
flowering. Elevated air temperatures and the ab-
sence of rainfall in June accelerated the passage
of the "herring bone" — flower-bud formation
stage, and the stem formation occurred under
inadequate precipitation conditions. As a result,
flax flowering started 5-7 days earlier than the
average. The beginning of the first ten-day pe-
riod of July was characterized by optimal air
temperatures and sufficient rainfall, which fur-

ther contributed to increased seed productivity.
The weather conditions in the second ten-day
period of July, with high air temperatures (up
to 30°C) and almost daily precipitation, led to
soil over moistening. Overall, the temperature
and moisture conditions during the growth and
development periods of flax in the vegetation
period of 2016, similar to 2015, did not always
correspond to optimal indicators.

The most favorable in terms of moisture
should be considered the 2017 vegetation peri-
od. Overall, it was characterized as over moist-
ened (HTC — 1.50) with an optimal distribution
of temperature and water regimes. Precipita-
tion from sowing to flowering amounted to 143
mm, and after flowering - 63 mm. The weather
conditions during the study period allowed for
the assessment of the collection material for its
adaptability to environmental stress factors.

Frequently, unfavorable conditions occurred
during important growth and development
phases throughout the vegetation period, which
reflected in the morphological characteristics
that determine the productivity of flax plants
and its linear parameters, such as total and tech-
nical plant length, fiber content in the technical
part of the stem, flax straw and seed yield.

Important heritably stable morphological
characteristics of fiber flax plants, such as total
and technical stem length, largely determine the
yield of flax straw and its fiber content. Based
on the results of the 3-year observations, high-
growing varieties of Chinese flax selection were
identified, such as Heiya 4 (K-8485), Sxy 7 (K-
8689), with a total stem length of 66-72 cm. The
Russian hybrid Tomsky 16*Uspekh (K-8544),
the French variety Drakkar (K-8493), and the
Ukrainian variety Glazur (K-8695) with a total
stem length of 67-68 cm significantly exceeded
the standard Tomsky 16 (58 cm) by 9-10 cm
(see Table 1).

Long fiber, the main product for which flax
is cultivated, is formed and contained in the
technical part of the stem, which is an impor-
tant morphological characteristic that deter-
mines the linear size of the stem. The length of
the technical part of the stem in 17 studied flax

“Flax farmer reference book. Moscow: Rosselkhozizzdat, 1969. 215 p.

PacTeHneBonCTBO U CeNTEKITHS

CuOHPCKHii BECTHHK CEIBCKOXO3SHCTBEHHOM Hayku * 2023 53 <4 39



World’s genetic resources of the VIR flax collection
in the creation of Tomsk selection varieties

Popova G.A., Rogalskaya N.B., Trofimova V.M.

samples and varieties significantly exceeded
the standard Tomsky 16 (52 cm) by 9-10 cm.
As in the case with the total plant length, Chi-
nese varieties Heiya 4 (K-8485) and Sxy 7 (K-
8689) had the highest values for this important
morphological characteristic (technical stem
length), they reached the value of 60-62 cm.
Russian hybrid Tomsky 16*Uspekh (K-8544),
M-249 (K-8693) and the French variety Drak-
kar (K-8493) - 59-62 cm, the Ukrainian variety
Glazur (K-8695) - 58 cm - by 6-10 cm signifi-
cantly exceeded the standard Tomsky 16 (see
Table 1).

An important morphological characteristic
that can be used to assess the quality of flax
straw and its fiber is the stem diameter. It has
been empirically proven that the thinner the
stem, the higher the fiber quality. Flax provides
high-quality fiber with a stem length of at least
70 cm and a diameter of 1.0-1.2 mm (see foot-
note 12). All flax samples in the experiment ex-
hibited thin stems (0.92-1.18 mm) and showed
slight differences from the Tomsky 16 standard
(0.95 mm). The stem diameter of the Rus-
sian hybrid Tomsky 16*Uspekh (K-8544), the
French variety Drakkar (K-8493) (1.15 mm),
and the Ukrainian varieties Vruchiy (K-8694)
and Glazur (K-8695) (1.12-1.18 mm) were sig-
nificantly larger than the standard (see Table 1).

The stem slenderness, which is the ratio of the
stem's technical length to its diameter, reaches
600 in tall stems, while for most plants, it does
not exceed 300 units. This is one of the sig-
nificant characteristics that determine the yield
and quality of the fiber [7]. As V.N. Ponazhev
and E.G. Vinogradova [5] note, modern variet-
ies of flax have experienced a decrease in stem
slenderness from 620-650 to 420-450 units. In
our case, based on a 3-year study (2015-2017),
there were no significant differences from the
Tomsky 16 standard (564 units) in the studied
samples. All the samples exhibited sufficiently
high levels of stem slenderness ranging from
485 to 620 units (see Table 1). Three samples
showed a tendency to increase this character-
istic compared to the standard: the Russian hy-
brid (K-8498) with 613 units, the variety Do-
brynya (K-8504) with 576 units, and the sample
from China, Heiya 4 (K-8485), with 620 units.

The main determining indicator of fiber pro-
ductivity in flax is the hereditary trait of fiber
content in the technical part of the stem, ex-
pressed as a percentage. The natural-climatic
conditions of the 2017 growing season contrib-
uted to achieving the highest fiber productivity
and proved to be the most favorable for fiber
formation (see Figure 2). The regional variety
of fiber flax, Tomsky 16, with high fiber content
used as a standard in our case, had a fiber con-
tent in the technical part of the stem of 34.8%
(see Figure 2a). The highest fiber content, ex-
ceeding the standard by 9.9%, was observed
in the sample of Russian flax selection P-3989
(K-8692). The French varieties Alizee (K-
8494) and Melina (K-8495) also ranked high
with fiber content in the technical part of the
stems exceeding 40% (Figure 2 B). Slightly
lower values (over 38%) were observed in
the Russian varieties A-236 (K-8692), M-249
(K-8693), and the Ukrainian variety Vruchiy
(K-8694) (see Figure 2a, b). During our 3-year
observation period, 14 samples of flax had fi-
ber content in the stems (30-37%) reaching or
exceeding the standard level, while 15 samples
had significantly lower fiber content (less than
30%) (see Figure 2).

The evaluation of fiber productivity in flax
was conducted based on the fiber mass in the
technical part of the stem, which ultimately
determines the fiber yield. In our case, based
on the observations, the majority of the sam-
ples and varieties significantly exceeded the
Tomsky 16 standard in terms of fiber mass
in the technical part of the stem by 6-44 mg
(see Table 1). The highest values (91-104 mg)
were observed in the French varieties Drakkar
(K-8493) and Alizee (K-8494), the Ukrai-
nian varieties Vruchiy (K-8694) and Glazur
(K-8695), and the Russian varieties A-236
(K-8692) and M-249 (K-8693).

The conducted analysis of flax productiv-
ity showed that the highest values in terms of
the number of bolls per plant (2.7-3.3) were
observed in the samples of the Ukrainian se-
lection, specifically the variety Kamenyar
(K-8556), the Russian hybrid Tomsky 16*Us-
pekh Uspekh (K-8544), the Belarusian variety
Fort (K-8507), and the Chinese varieties Heiya
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Table 1. Results of the morphological and structural analysis of the flax samples yield from the VIR
collection in the Tomsk region (average for 2015-2017)

Number Total Tfl:gl;l- Diam- slzﬁinelr- iiﬂ:}?; Zzl};grﬂt- Fiber | Num- v?eeieg(lilt
& cm cm/mm stem, mg 70 P me ?
32?5:;{116 58 52 | 095 | 564 60 30 | 21 | 63
Russian varieties
K-8498 1-4%-5512*11-x-5523 62% 55% 0,92 613 43% 24% 1,6 43%
K-8499 k-6083*1-1k-550 64* 56* 1,02 557 56* 23%* 2,5 87*
K-8500 I-1x-550*k-6084 57* 50 0,92 555 44%* 20% 2,2 67*
K-8504 Dobrynya 59 52 1,04 576 76* 32% 2,4 74*
K-8539 Toast 4* Zaryanka 57* 49 0,98 510 56* 30 2,4 65
K-8540 1 2 Toast*Zaryanka 56%* 49 1,00 495 56%* 20% 2,5 59%
K-8544 Tomsky 16*Uspekh 67* 59% | 1,15% | 537 69* 22% 3 116*
K-8557 Alexandrit 62% 55% 1,09 507 87* 33% 2,3 64%*
K-8558 Gorizont 64* 56* 1,09 527 84* 30 2,4 69*
K-8671 Vesnichka 61%* 53 1,01 537 57* 26%* 2,1 52%
K-8672 P-3989 61* 53 1,03 523 84* 37* 2,3 66
K-8673 L-205 62% 54 1,11 500 63%* 25% 2,6 83*
K-8692 A-236 64* 57* 1,09 532 91%* 33% 2,2 56%*
K-8693 M-249 66* 59* 1,07 560 91* 31* 2,4 68*
Chinese varieties
K-8485 Heiya 4 72% 62* 1,09 620 77* 24%* 2,9 76*
K-8486 Heiya 13 61%* 51 1,11 485 59 23% 2,6 92%
K-8667 Sxy 20 66* S57* 1,09 543 75% 27* 2,5 73*
K-8687 Tyy 13 62%* 55% 1,06 527 58 25% 2,7 82%
K-8688 Lul 60* 53 1,04 546 66* 28%* 2,2 79*
K-8689 Sxy 7 67* 60* 1,09 565 76%* 26%* 2,4 69%*
Ukrainian varieties
K-8505 Gladiator 65* 58* 1,08 547 84* 31* 2,3 78*
K-8506 Globus 64%* 55% 1,09 512 81* 32% 2,5 88*
K-8556 Kamenyar 61* 53 1,09 497 60 24% 33 108%*
K-8694 Vruchiy 65%* 58*% | 1,12* | 536 97* 32% 2,6 76%*
K-8695 Glazur 68* 60* | 1,18%| 534 96* 28%* 2,7 76*
French varieties
K-8492 Agatha 58 52 1,04 512 84* 34% 2,2 77*
K-8493 Drakkar 67* 61*% | 1,15% | 541 104* 32% 2,1 55%
K-8494 Alizee 64* 58* 1,10 542 99* 33%* 2,2 86*
K-8495 Melina 59 53 0,99 542 83* 35% 2,2 72%
Belorussian varieties
K-8507 |Fort 61 53 1,04 523 74% 29%* 2,9 76*
mean 62,6 55 1,06 538 74,1 28,9 2,4 74,2
LSDys 0,06 1,8 0,16 88 3,09 0,07 | 0,25 3,98

* Differences with the standard are reliable at 5% significance level by the Duncan test.
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4 (K-8485) and Tyy 13 (K-8687). No statisti-
cally significant differences were found among
the samples (see Table 1).

The maximum seed productivity values, in
terms of seed mass per plant, were recorded
for the Russian hybrid Tomsky 16*Uspekh (K-
8544) with 116 g, the Ukrainian variety Kame-
nyar (K-8556) with 108 g, and the Chinese va-
riety Heiya 13 (K-8486) with 92 g. In compari-
son, the standard variety Tomsky 16 exhibited
a much lower value of only 63 g (see Table 1).

The analysis of variance of flax collection
samples revealed that the factor "year" signifi-
cantly influenced the morphological character-
istics. It had the greatest impact on the overall
length, technical length, and stem diameter, ac-
counting for 75.0%, 69.5%, and 52.6% respec-
tively (see Table 2). The thinnest stems of flax
plants were obtained in 2017.

Based on the analysis of field observations
of the morphological characteristics of the
studied flax samples and varieties, it was de-
termined that the "year" factor had a significant
influence (44%) on the stem slenderness trait
(see Table 2). Therefore, under the most favor-
able conditions for the growth and development
of flax, which were observed in 2017, samples
of flax from China, specifically Lu 1 (K-8688),
Sxy 7 (K-8689), Heiya 4 (K-8485), and Sxy 20
(K-8667), exhibited excellent stem slenderness
values ranging from 728 to 789 cm/mm.

The Ukrainian varieties Glazur (K-8695)
and Vruchiy (K-8694), the French varieties
Drakkar (K-8493) and Alizee (K-8494), and
the Russian hybrids Tomsky 16*Uspekh (K-
8544) and 1-4k-5512*1-1 k-5523 (K-8498) ex-
hibited values exceeding 700 cm/mm. Among
the samples, 12 had high values (at the level of
or above the standard) ranging from 658 to 700
cm/mm. These included the Russian varieties
M-249 (K-8693) and A-236 (K-8692), as well
as the hybrids 1-4k-5512%*1-1k-5523 (K-8498)
and k-6083*1-1k-550 (K-8499). On the other
hand, 10 samples had values below the stan-
dard of Tomsky 16 (ranging from 571 to 650
cm/mm).

The analysis of variance indicated that the
factors "year" and "genotype" had a strong in-
fluence on the characteristics of stem mass and
fiber content in the technical part of the stem
(see Table 2). These traits were relatively sta-
ble and more resistant to the impact of weather
conditions.

Furthermore, it was observed that seed pro-
ductivity, as indicated by the number of bolls
and the seed mass per plant, was more depen-
dent on weather conditions (38.8-38.3%) than
on genotype (5-8%).

Based on the three-year observations, it
was found that the best fiber characteristics
were obtained in 2017. Optimal moisture sup-
ply from germination to flowering facilitated
stem development, the formation of bast fiber
bundles, and consequently, increased flax straw
and fiber yield. This finding confirms the com-
monly accepted notion that flax is a moisture-
demanding plant, especially during the period
from germination to flowering. Optimal mois-
ture conditions are considered to be when
precipitation during this period exceeds 100
mm [4]. In 2015 and 2016, the moisture sup-
ply during the vegetation period from sowing
to flowering was only 68 mm, while in 2017,
it was twice as high at 143 mm. According to
A.P. Krepkov [4], with a precipitation level of
120 mm and an average temperature of 16.6 °C
in July, the maximum straw yield (up to 70 ¢/
ha) and fiber content in the technical part of the
stem (38.3%) were achieved.

A.l. Sizov's research [7] demonstrated that
ancient varieties of flax, with their wide cultiva-
tion range, exhibited less variation in different
conditions in terms of morphological character-
istics that characterize flax productivity.

Modern flax researchers note that new breed-
ing varieties, despite their high yield potential,
have weak genetic protection and adaptability
to local soil and climatic conditions, as well
as various environmental stresses, resulting in
a decrease in the quantity and quality of flax
products® [8]. Previously, it was believed that

BPaviova L.N., Aleksandrova T A., Marchenkov A.N. Results and priorities of the selection of fiber flax // Results and prospects
for the development of breeding, seed production, improvement of cultivation technology and primary processing of fiber flax /
Materials of the international scientific-practical conference. Torzhok. 2000. pp. 8—11.
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Taoda. 2. Bausaue GakTopoB «rom» U «r€HOTUI» Ha U3MEHEHHE 3HAYCHUH MOP(OIOTrHIECKUX
XapaKTEPUCTUK KOJJIEKLIMOHHBIX COPTOB JIbHA-A0ATYHIA JIyHOUHOTO rocesa B 20152017 rr.

Table 2. Influence of factors "year" and "genotype" on the change in values of morphological
characteristics of flax collection cultivars in 2015-2017

Factor | df SS | F p | Factor contribution, %
Total stem length, cm

Genotype 30 37374 49,7 <0,05 7,2
Year 2 390 829 7792,1 <0,05 75,0
Genotype *Year 60 25127 16,7 <0,05 4.8
Error 2697 67 637
Total 2789 520968

Technical stem length, cm
Genotype 30 32284 46,1 <0,05 7,6
Year 2 293 493 62853 <0,05 69,5
Genotype *Year 60 33783 24,1 <0,05 8
Error 2697 62 969
Total 2789 422 527

Diameter, mm

Genotype 30 10,608 20,2 <0,05 7,8
Year 2 71,159 2035 <0,05 52,6
Genotype *Year 60 6,25 6 <0,05 4.6
Error 2697 47,153
Total 2789 135,169

Stem slenderness, cm/mm
Genotype 30 2 526 481 6,11 <0,05 3,2
Year 2 34 436 839 1249,48 <0,05 44,0
Genotype *Year 60 4 075 446 4,93 <0,05 52
Error 2697 37 165 836
Total 2789 78 204 602

Fiber weight of the technical part, mg
Genotype 30 728 716 70,46 <0,05 19,8
Year 2 1 657 501 2404,02 <0,05 45,1
Genotype *Year 60 361 288 17,47 <0,05 9,8
Error 2697 929 751
Total 2789 3677257
Fiber content, %

Genotype 30 41 189 181,9 <0,05 30,8
Year 2 65222 4319,6 <0,05 48,7
Genotype *Year 60 7137 15,8 <0,05 5,3
Error 2697 20 361
Total 2789 133 908

Number of bolls per plan
Genotype 30 283,91 10,13 <0,05 5,6
Year 2 1954,4 1046,31 <0,05 38,8
Genotype *Year 60 282,06 5,03 <0,05 5,6
Error 2697 2518,87
Total 2789 5039,24

Seed weight per plant, g
Genotype 30 625 400 15,85 <0,05 8,3
Year 2 2 874 215 1092,62 <0,05 38,3
Genotype *Year 60 463 214 5,87 <0,05 6,2
Error 2697 3547 312
Total 2789 7 510 140

Note. df - degrees of freedom, SS - sum of squared deviations, F - criterion of the ratio of the effect mean squares to the error

mean square, p - significance of differences.
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there was a negative correlation between fiber
content in the flax stem and its quality'®'7 [10].
However, based on the observations in 2017,
the studied flax samples and varieties exhibited
high fiber content and sufficiently high stem
slenderness values, suggesting a positive influ-
ence of favorable weather conditions during the
vegetation period. Previous studies have shown
that plant length, both overall and technical,
was almost entirely dependent on the sample
genotype'®,

The technical stem length parameter has a
dual significance. On the one hand, varieties
with longer stems can yield higher-grade fi-
bers, but on the other hand, there is a high risk
of lodging, leading to a decrease in fiber quality
[10]. Grain crop breeding focuses on cultivating
dwarf varieties due to their vulnerability to lodg-
ing" [11]. However, flax breeding is not aimed at
reducing plant height. On the contrary, relatively
tall plants are desirable to achieve higher yield
since fibers are extracted from the stem [12].

In 2016 and 2017, the Russian selection
samples 1-4k-5512*1-1k-5523 (K-8498), k-
6083*1-1k-550 (K-8499), 1-1k-550*k-6084
(K-8500), Dobrynya (K-8504), Vesnichka
(K-8671), P-3989 (K-8672), L-205 (K-8673),
A-236 (K-8692), the Chinese variety Tyy 13
(K-8687), and the Ukrainian variety Gladia-
tor (K-8505) were involved in hybridization as
paternal parental forms. The resulting progeny
is currently being studied in the hole breeding
nursery at the F—F( selection stage. Over 40
promising hybrids have been advanced to sub-
sequent stages of the breeding process in the
second-year nursery from 2021 to 2023.

CONCLUSION

As a result of the conducted research, valu-
able and adaptable breeding material has been
identified for creating varieties with high
productivity traits. Chinese selection variet-

ies, namely Heiya 4 (K-8485) and Sxy 7 (K-
8689), the Russian hybrid Tomsky 16*Uspekh
(K-8544), the French variety Drakkar
(K-8493), and the Ukrainian variety Glazur
(K-8695) stood out in terms of overall and tech-
nical stem length, with measurements ranging
from 66-72 cm and 60-66 cm, respectively, sig-
nificantly exceeding the standard of Tomsky 16
by 9-10 cm.

In terms of fiber content in the technical
part of the stem, the leading samples were the
Russian selection varieties P-3989 (K-8672),
A-236 (K-8692), and M-249 (K-8693), the
French selection varieties Alizee (K-8494), Ag-
atha (K-8492), and Melina (K-8495), and the
Ukrainian variety Vruchiy (K-8694), with per-
centages ranging from 38-40%, significantly
surpassing the standard of Tomsky 16 (34.8%)
by 7.0-9.9%.

The highest fiber mass in the technical part
of the stem was observed in the French variet-
ies Drakkar (K-8493) and Alizee (K-8494), the
Ukrainian varieties Vruchiy (K-8694) and Gla-
zur (K-8695), and the Russian varieties A-236
(K-8692) and M-249 (K-8693), ranging from
91-104 mg. They significantly exceeded the
standard of Tomsky 16 by 6-44 mg.

The flax varieties P-3989 (K-8672) and Do-
brynya (K-8504) from the Russian selection,
A-236 (K-8692) from the Ukrainian selection,
Heiya 4 (K-8485) and Heiya 13 (K-8486) from
the Chinese selection, Agatha (K-8492), Drak-
kar (K-8493), Alizee (K-8494), and Melina
(K-8495) from the French selection, as well as
Gladiator (K-8505) and Vruchiy (K-8694) from
the Ukrainian selection, have been recognized
as promising and included in the breeding pro-
cess as paternal parental forms in hybridization.
The obtained hybrid material is currently under
evaluation in the breeding nursery since 2017
and the second-year selection nursery since
2021.
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World’s genetic resources of the VIR flax collection
in the creation of Tomsk selection varieties
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OILIEHKA KOMBUHAIIMOHHOM CITIOCOBHOCTHU JINHUM KYKYPY3bI
HA COJEP/ KAHUE KPAXMAJUIA

<) 3aiiueB C.A., berukosa B.B., Boskos /I.Il., Bamuuckasa O.C., Matomux I1.A.
Poccutickuil nayuno-ucciedosamenbckuii U NPOEKMHO-MEXHOL02ULeCKUL UHCIMUMYM
COp20 U KYKypy3bl

Caparos, Poccus

(})e-mail: zea mays@mail.ru

[IpencraBieHsl pe3yabTaThl HCCIICOBAHUS COJICPIKAHMS KpaxMaia B THOPHIHBIX KOMOMHAIIUSIX
KYKypy3bl. B pesynbrare nuzyueHus SKCrepuMeHTAIbHBIX THOPUIOB, CO3JIAHHBIX HA OCHOBE KOJIJIEK-
nmnoHHoTO Marepuana BUP, BeisiBneHa cenekmoHHas 1 KOMOWHAIIMOHHAs [IEHHOCTh JIMHUH T10 CO-
JIep’)KaHUIO B 3€PHE U BBIXOMY KpaxMmana ¢ 1 ra. [IpuBenens! pe3ynbTaTsl o cO0py Kpaxmama C eIu-
HUIIBI UTOINAAN. B skcrieprMeHT BKITIOUeHbI pocThie rTuOpu bt (30 KoMOMHALNI ), TIOJTyYSHHBIE TIO
IOJIHOM TONKPOCCHOM CXEME CKpelMBaHul. B ncciienoBanuy B KauecTBE TECTEPOB UCIIOIb30BaHbI
munuu PCK 7, b 293 u cuntetnueckas nomyasiuus PHUWCK 1. MaTepBan BapbupoBaHus coaep-
JKaHMSI Kpaxmalia B 3epHe 3a U3y4aeMblil TIeproj] H3MEHSIICS OT HU3KUX 3HAYEHHH JI0 CPETHETo TO0-
kazarensa. B 2020 1. on cocraBui ot 60,9 10 65,2%, B 2021 1. — ot 59,3 50 66,1%. BeiaeneHs! nuann
¢ BBICOKUM d(h(pexToM 001mIelt KOMOMHAITMOHHON CIIOCOOHOCTH TI0 COACPIKAHUIO KpaxMaja B 3€pHE
(X 46, B3 6, Om 12, OB 106), a takxke rudpunnsie komounaiuu KOB 25 / PCK 7 (63,3-64,2%),
KC 75 /PCK 7 (62,7-64,4), XJII" 948 / PCK 7 (63,5-64,1), Kun 073 / PCK 7 (63,4—63,8), FOB 106 /
PCK 7 (63,6-66,1), KC 25 /b 293 (63,0-63,5), XJII" 182 / b 293 (63,5-63,6), KC 75/ b 293 (63,1—
63,5), XJII" 182 / PHUUCK 1 (62,9-63,6%). BeisiBieHbI SKCIIEepUMEHTaIbHBIE THOPUIBI, (hopMU-
pyromre HanOOIBIITNH BBIXO KpaxMaiia ¢ equHHIs! mromanu: XJII' 182 / PCK 7 (3,12-3,58 1/ra),
OB 106 / PCK 7 (2,77-3,11), X 46 / b 293 (3,22-3,39), Om 12 / b 293 (2,72-3,85 1/Ta).

KuroueBbie ciioBa: rudpu, o0Iiasi KOMOMHAIIMOHHASI CIIOCOOHOCTD, crienuduyeckas KOMOUHA-
LIMOHHASI CIOCOOHOCTh, TECTEP, CKPEIIUBAHUE, JUCIICPCHS

EVALUATION OF COMBINATION ABILITY OF CORN LINES FOR STARCH
CONTENT

(XX)Zaitsev S.A., Bychkova V.V., Volkov D.P, Bashinskaya O.S., Matyushin P.A.
Russian Research Institute for Sorghum and Maize “Rossorgo”

Saratov, Russia

X)e-mail: zea mays@mail.ru

The results of the study of starch content in corn hybrid combinations are presented. As a result
of the study of experimental hybrids created on the basis of VIR collection material, the breeding
and combinational value of the lines in terms of grain content and starch yield per 1 ha was revealed.
The results of starch harvesting per unit area are given. The experiment includes simple hybrids
(30 combinations) obtained using the full topcross crossing scheme. In the study, the RCK 7, B 293
lines and the synthetic population of RNIISK 1 were used as testers. The interval of variation of starch
content in the grain during the study period varied from low values to the average indicator. It was
60.9% to 65.2% in 2020, and 59.3% to 66.1% in 2021. The lines with high effect of total combining
ability by starch content in the grain (X 46, Bz 6, Om 12, YuV 106), and hybrid combinations of
YuV 25 / RSK 7 (63, 3-64.2%), KS 75 / RSK 7 (62.7-64.4), KhLG 948 / RSK 7 (63.5-64.1), Kin
073 /RSK 7 (63.4-63.8), YuV 106 / RSK 7 (63.6-66, 1), KS 25/ B 293 (63.0-63.5), KhLG 182 / B
293 (63.5-63.6), KS 75/ B 293 (63.1-63.5), KhLG 182 / RNIISK 1 (62.9-63.6%) were identified.
The experimental hybrids that form the highest yield of starch per unit area were identified: KhLG
182 / RSK 7 (3,12-3,58 t/ha), YuV 106 / RSK 7 (2,77-3,11), X 46 / B 293 (3,22-3,39),Om 12/ B
293 (2,72-3,85 t/ha).

Keywords: hybrid, general combining ability, specific combining ability, tester, crossing,
dispersion
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INTRODUCTION

Self-pollinated lines are the basis for the
breeding process [1]. The breeding value of
the lines used determines the quantitative and
qualitative traits of the hybrids created, which
must meet the specific requirements of mod-
ern agricultural production [2]. The produc-
tion of starch from corn grain holds significant
economic and food value [3]. Therefore, it is
necessary to identify lines capable of produc-
ing hybrids with high starch content in the grain
and high yield per unit area [4, 5].

The evaluation of the combining ability at
a later stage of selection is usually conducted
based on testing hybrids using a complete dial-
lel cross scheme [6, 7]. However, this scheme
requires obtaining a large number of hybrids
and becomes challenging when dealing with a
large number of the lines under study [8]. When
selecting the best samples from a large popula-
tion, the topcross method is more appropriate
[9]. In this case, instead of crossing lines with
each other, two to three common parents with
broad genetic backgrounds (lines, varieties,
synthetic populations) are used [10, 11]. This is
necessary to fully capture the genetic variabil-
ity present among the lines and identify the best
combinations for specific traits [12]. Crossing
lines with testers allows for obtaining informa-
tion about both their general combining ability
(GCA) and specific combining ability (SCA)
without resorting to diallel crosses, provided
that several good inbred lines are used as tes-
ters [13]. If the magnitude of heterosis in the
hybrid combination of a line with a tester is
significantly higher than expected based on the
line's general combining ability, it is possible to

infer high specific combining ability. High SCA
effects can be achieved when crossing lines not
only with high GCA but also with low GCA
[14, 15].

The purpose of this study is to evaluate the
general and specific combining ability of in-
bred corn lines based on test crosses using a
complete topcross scheme and identify the best
parental lines for use in selection to improve
starch yield.

MATERIAL AND METHODS

The research was conducted in 2020 and
2021 at the experimental field of the Russian
Research Institute for Sorghum and Maize
(RosNIISK "Rossorgo") according to the meth-
odology!. The climate of the region is charac-
terized as sharply continental. The average an-
nual temperature during the study years ranged
from 0.56 to 1.05. The soil of the experimental
site i1s a moderately heavy, low-humus, south-
ern chernozem. The experiment included sim-
ple hybrids (30 combinations) obtained through
a complete topcross breeding scheme. The tes-
ters used were the RSK 7 lines, B 293, and the
synthetic population RNIIISK 1, which have a
wide genetic basis. The selection of testers was
based on their different origins and correspond-
ing genotypic diversity, which allowed for a
more comprehensive evaluation of the expres-
sion of combinatorial ability parameters. The
experiment was replicated three times. The
size of the plot was 7.7 m? with a length of
5.5 m. The plant density was 50,000 plants/ha.
The agricultural techniques used in the experi-
ment were zonal and developed at RosNIISK
"Rossorgo". The corresponding methodolo-

'Dospekhov B.A. Methodology of field experience. Moscow: Agropromizdat, 1985. 351 p.
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gies> 3 were employed for data collection, ob-
servations, and determination of combinatorial
ability. Data analysis was performed using the
Agros-2.09 computer program.

RESULTS AND DISCUSSION

Starch is the main biochemical indicator that
characterizes the quality of grain intended for
the production of food starch. The expansion
of food usage of maize grain is driven by the
need to create and study the initial material for
breeding hybrids with high starch content suit-
able for application in the starch industry [16].
Additionally, the majority of energy obtained
by livestock through feeding comes from car-
bohydrates.

The obtained data indicate significant dif-
ferences between hybrids in terms of starch
content in the grain (see Table 1). The range
of starch content variation in the grain over the
study period ranged from low to moderate val-
ues, with values ranging from 60.9% to 65.2%
in 2020 and from 59.3% to 66.1% in 2021. The
skewness coefficient indicates a nearly sym-
metric distribution of the trait in 2020 and a
right-skewed distribution in 2021. However,
the coefficients of variation indicate insig-
nificant differences among hybrids in terms of
starch content in the grain.

The evaluation of the biochemical composi-
tion of the grain allowed for the identification
of starch content in the grain (see Table 2). It
is considered justified to cultivate maize for
feed purposes when the starch content in whole
plants is no less than 35-40% [17]. The amount
of starch in the grain varied depending on the
composition of the combinations and averaged
for hybrids including the testers: RSK 7 - 62.3-
62.8%, B 293 - 62.5-63.2%, RNIIISK 1 - 61.8-
63.3%. The highest starch content was observed
in the following combinations: YuV 25 / RSK
7 (63.3-64.2%), KS 75 / RSK 7 (62.7-64.4%),
KhLG 948 / RSK 7 (63.5-64.1%), Kin 073 /
RSK 7 (63.4-63.8%), YuV 106 / RSK 7 (63.6-
66.1%), KS 25 / B 293 (63.0-63.5%), KhLG

Taoa. 1. IlapaMeTpsl CTaTUCTUUECKON OLICHKH
rHOPHUIOB O COEPKAHUIO KpaxMaja B 3epHe

Table 1. Parameters of statistical evaluation of
hybrids by starch content in grain

Parameter 2020 2021
Mean value, % 63,1 62,2
Min, % 60,9 59,3
Max, % 65,2 66,1
LSDys 2,57 2,41
Error of the mean value 0,14 0,20
Dispersion 0,85 1,58
Standard deviation 0,92 1,37
Coefficient of variation 1,46 2,20
Skew coefficient 0,084 ns | 0,397 ns
Skew coefficient error 0,354 0,354
Coeflicient of excess -0,167ns | 0,419 ns
Coefficient of excess error 0,693 0,693

182/B 293 (63.5-63.6%), KS 75 /B 293 (63.1-
63.5%), KhLG 182 / RNIIISK 1 (62.9-63.6%).

The range of starch yield per unit area over
the study period varied from 1.74 to 3.85 t/ha.
The skewness coefficients indicate a right-
skewed distribution of the trait in the sample in
2020 and 2021 (0.311-0.709), while the coef-
ficients of variation suggest a moderate degree
of variation among hybrids in terms of starch
yield per 1 ha (13.8%).

The evaluation of grain yield and biochemi-
cal composition allowed for the identification
of starch yield per 1 ha (see Figure 1). Starch
collection from the grain varied depending on
the composition of combinations and averaged
for hybrids including the tester: RSK 7 - 2.28-
2.63 t/ha, B 293 - 2.39-2.56 t/ha, RNIIISK 1
- 2.32-2.58 t/ha. The highest starch yield was
obtained in the following combinations: KhLG
182 /RSK 7 (3.12-3.58 t/ha), YuV 106 / RSK 7
(2.77-3.11 t/ha), X 46 / B 293 (3.22-3.39 t/ ha),
Om 12 / B 293 (2.72-3.85 t/ha). The range of
variation in GCA effects for starch content in

“Methods of state variety testing of agricultural crops. Crops, cereals, legumes, corn and fodder crops // Gosagroprom of the
USSR. State Commission for variety testing of agricultural crops. Moscow, 1989.Vol. 2. 194 p.

3 Fedin M.A., Silis D.Y., Smiryaev A.V. Statistical methods of genetic analysis. Moscow: Kolos, 1980. 208 p.
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Taoda. 2. CoxnepxaHue KpaxMana B 3epHe THOPUIOB KYKypy3bl, %
Table 2. Starch content in corn hybrids grain, %

Tester
Line RSK7 B293 RNIIISK 1
2020 2021 2020 2021 2020 2021
K-16285 X 46 62,0 62,6 63,0 62,6 62,0 61,8
k-17239 Vz 6 62,0 61,6 62,5 62,5 64,3 62,2
k-19071 YuV 24 62,0 61,8 62,0 61,7 64,8 60,2
k-19072 YuV 25 63,3 64,2 62,9 61,9 64,3 62,6
k-19464 Om 12 63,2 61,1 64,4 62,1 62,1 62,4
k-20095 KS 25 62,7 64,4 63,5 63,0 63.8 61,3
k-20735 KhLG 182 63,1 60,6 63,5 63,6 62,9 63,6
k-21188 KhLG 898 63,4 61,6 64,0 63,1 62,7 62,3
k-21214 KhLG 948 63,5 64,1 65,2 62,3 62,6 60,2
k-21286 KhLG 1325 60,9 60,6 63,0 60,7 64,4 63,2
k-21301 KhLG 1372 63,2 61,1 63,1 63,3 64,4 60,0
k-21522 Kin 073 63,8 63,4 62,2 64,5 63,0 62,2
k-22050 YuV 106 63,6 66,1 63,3 60,4 61,5 61,5
k-22087 KS 75 62,8 59,3 63,1 63,5 62,3 61,7
k-22090 KS 101 62,3 61,7 62,8 61,9 64,4 61,3
Mean value 62,8 62,3 63,2 62,5 63,3 61,8
4
38
3.6
34
32
3
2.8
26
24
22
2
1.8
1,6
K- . - K- K K- K- K- K- K- K- K- K- K K-
16385 17339 19071 19972 Jamed 20005 2073521188 2121421286 21301 2152222050 5 10-22090
X46 Bs6 10B24 1908 oy 12 ke o5 X XD X X XJ K | OB 50 KC
25 182 898 948 1325 1372 073 106 101

2,68 275 228 1588 231 246 358 276262 | 26 | 26 277 277265 271
3221282 274 265 385 251 193 216 226 215 224 231 256 229 275
2,59 3,16 267 253 259 287 191 3,09 261|242 303 258 223 1,98 239
186 211 217 232 2,16 232 3,12 22 223 216 208 21 3,11 2,15 205
3391247 174 253 272 253 197 224 224 192 211 234 261 283 215
2,63 226 267 254 26 212 2,12 187 1,89 2,02 244 264 27 224 211

mmm Tester mmmm Tester mmmm Tester e Tegter e Tester = Tester

Puc. 1. Beixon kpaxmana 3epHa y THOpUIOB KyKypy3sl ¢ 1 ra (2020, 2021 rr.), T/ra
Fig. 1. Grain starch yield of corn hybrids from 1 ha (2020, 2021), t/ha
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the grain ranged from -0.89 to 0.54 in 2020 and
from -1.25 to 0.88 in 2021 (see Table 3). High
GCA values were observed for lines in 2020 -
YuV 25, KhLG 948, KhLG 1372, and in 2021
- YuV 25, KS 25, Kin 073.

The variance of SCA for starch content in
the grain in 2020 ranged from 0.09 to 3.06, and
in 2021, it ranged from 0.14 to 9.81. The high-
est positive SCA variance in 2020 was observed
for the variety samples k-17239 Vz 6, k-19071
YuV 24, k-19464 Om 12, k-21214 KhLG 948,
k-21286 KhLG 1325, and in 2021 - k-20095
KS 25, k-20735 KhLG 182, k-21214 KhLG
948, k-21301 KhLG 1372, k-22050 YuV 106,
k-22087 KS 75. The ratio of mean squares of
GCA to SCA deviations in 2020 was 2.38, and
in 2021, it was 1.16. It can be concluded that
there is a predominance of additive gene inter-
action in the formation and content of starch.

The range of variation in GCA effects for
starch yield per hectare in 2020 ranged from
-0.34 t0 0.26, and in 2021, it ranged from -0.33
to 0.44 (see Figure 2). High GCA effects were
observed in 2020 for the lines X 46, Vz 6, Om
12, and in 2021 for Kh 46, YuV 106. The vari-
ance of SCA for the lines ranged from 0.03 to
0.82 in 2020, and from 0.01 to 0.53 in 2021.
The highest positive SCA variance in 2020
was observed for the variety samples k-19464
Om 12, k-20735 KhLG 182, and in 2021 for
k-16285 X 46, k-20735 KhLG 182, k-19071
YuV 24. The ratio of mean squares of GCA to
SCA deviations in 2020 was 1.16, and in 2021
it was 2.90, indicating the influence of additive
gene effects on the amount of harvested starch.

The effects of general and specific combin-
ing ability are associated with the genetic diver-
sity of the specific breeding material reflected
in the gene effects. Gene effects can vary de-
pending on the growth conditions. Thus, the
parameters of GCA and SCA are also subject
to ecological variability*. This parameter char-
acterizes individual combinations and is mea-
sured by the deviation of the trait in a specific
cross based on the average quality of the studied
parental forms. In 2020 and 2021, the following
hybrids were characterized by high SCA effects

Ta6a. 3. Oddexrer OKC u qucnepcust CKC
JUHUH 110 MPU3HAKY «COAep KaHUe Kpaxmana B
3epHE», %

Table 3. Effects of GCA and variance of SCA
lines according to the "starch content in grain", %

GCA effect SCA dispersion
Line

2020 2021 2020 | 2021

k-16285 X 46 -0,89 | 0,15 | 0,33 | 0,32
k-17239 B3 6 -0,29 | -0,38 | 1,44 | 0,14
k-19071 YuV 24 -0,29 | -1,25 | 2,59 | 1,00
k-19072 YuV 25 0,27 | 042 | 0,52 | 1,64
k-19464 Om 12 0,01 | 0,62 | 1,32 | 0,31
k-20095 KS 25 0,10 | 0,42 | 0,31 | 2,80
k-20735 KhLG 182 | 0,06 | 0,12 | 0,09 | 2,61
k-21188 KhLG 898 0,14 | -0,15 | 0,42 | 0,46
k-21214 KhLG 948 0,54 | 0,28 | 1,74 | 4,30
k-21286 KhLG 1325 | _0.46 | —0,98 | 3,06 | 1,90
k-21301 KhLG 1372 | 034 | -1,02 | 0,51 | 2,90
k-21522 Kin 073 -023 | 0,88 | 0,66 | 1,44
k-22050 YuV 106 -0,43 | 0,18 | 1,31 | 9,81
k-22087 KS 75 -0,49 | -0,98 | 0,16 | 4,08
k-22090 KS 101 -0,06 | 0,85 | 1,18 | 0,15

for starch content in the grain: Kin 073 /RSK 7,
YuV 106 /RSK 7,X46/B293,0m 12/B 293,
KhLG 182 /B 293, KhLG 898 /B 293, KS 75/
B 293, KhLG 1325/ RNIIISK 1 (see Table 4).
The hybrids characterized by high SCA ef-
fects for starch yield per 1 ha in 2020 and 2021
were: KhLG 182 / RSK 7, YuV 106 / RSK 7,
X 46 /B 293, Om 12 / B 293, KhLG 1372/
RNIIISK 1, YuV 24 / RNIIISK 1 (see Figure 3).

CONCLUSION

The study of experimental hybrids created
based on the VIR germplasm revealed their
breeding and combining value in terms of starch
content in the grain and starch yield per hectare.
Lines with high GCA effects for starch content
in the grain were identified (X 46, Vz 6, Om
12, YuV 106), as well as hybrid combinations
YuV 25/ RSK 7 (63.3-64.2%), KS 75 / RSK 7

* Smiryaev A. V., Kilchevsky A.V. Genetics of populations and quantitative traits. Moscow: KolosS, 2007. 272 p.
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Puc. 2. Dpdpexrsr OKC u qucniepcnn CKC nuHwMi 110 IpH3HAKY «BBIXOI Kpaxmaia ¢ 1 ra», T/ra
Fig. 2. Effects of GCA and variance of SCA lines according to the "starch yield per 1 ha", t/ha

Ta6a. 4. Dpdexrsr CKC rudpuioB 1o npusHaky

«coniepkaHue Kpaxmaia B 3epHe», %

Table 4. Effects of SCA of hybrids according to the "starch content in grain", %

Tester
Line RSK7 B 293 RNIISK 1
2020 2021 2020 2021 2020 2021
K-16285 X 46 -0,32 0,40 0,66 0,24 -0,34 -0,64
k-17239Vz 6 -0,92 -0,36 —0,44 0,37 1,36 —-0,01
k-19071 YuV 24 -0,92 0,70 —-0,94 0,44 1,86 -1,14
k-19072 YuV 25 -0,18 1,44 -0,61 -1,03 0,79 -0,41
k-19464 Om 12 -0,02 -0,63 1,16 0,21 -1,14 0,42
k-20095 KS 25 —-0,62 1,64 0,16 0,07 0,46 -1,71
k-20735 KhLG 182 0,05 -1,86 0,33 0,97 —0,27 0,89
k-21188 KhLG 898 0,05 -0,60 0,63 0,74 -0,67 -0,14
k-21214 KhLG 948 -0,25 2,03 1,43 0,07 -1,17 -2,11
k-21286 KhLG 1325 -1,85 0,77 0,23 0,83 1,63 1,59
k-21301 KhLG 1372 -0,35 -0,23 -0,47 1,81 0,83 -1,58
k-21522 Kin 073 0,82 0,17 -0,81 1,11 -0,01 —1,28
k-22050 YuV 106 0,82 3,57 0,49 -2,29 -1,31 -1,28
k-22087 KS 75 0,08 -2,07 0,36 1,97 -0,44 0,09
k-22090 KS 101 -0,85 0,20 -0,37 0,24 1,23 -0,44

(62.7-64.4%), KhLG 948 / RSK 7 (63.5-64.1),
Kin 073 /RSK 7 (63.4-63.8), YuV 106 / RSK 7
(63.6-66.1), KS 25 / B 293 (63.0-63.5), KhLG
182 / B 293 (63.5-63.6), KS 75 / B 293 (63.1-
63.5), KhLG 182 / RNIIISK 1 (62.9-63.6%).
The results of the study allowed for the iden-

tification of experimental hybrids that showed
the highest starch yield per unit area: KhLG
182 /RSK 7 (3.12-3.58 t/ha), YuV 106 / RSK 7
(2.77-3.11), X 46 / B 293 (3.22-3.39), Om 12/
B 293 (2.72-3.85 t/ha).

PactenneBoicTBO ¥ ceneKIms

CubHPCKHii BECTHHK CEITbCKOXO3SHCTBEHHON Hayku ® 2023 + 53 ¢4 53



Evaluation of combination ability of corn lines for starch content Zaitsev S.A., Bychkova V.V., Volkov D.P, Bashinskaya O.S.,

Matyushin P.A.

1,2

1,1 1,04
1

0,9

0,8

0,7 0,73

0,6

0,5
04 044

0,3 0,27
0.2

0,35 025 039

19
A e

—0,01
—013

0,22
0.1 0160 030,12 006

I —0'02‘ o004 Ul
4)12

0 m

0,76
0,42
023 0,15 0,16 0,150,17 0201150
00900" 0.0% 006{013"
0111L01 0,053

" ~0,14 4)13 ~0,01
1508 GO g 0,18 "9 5
4)26 4)21_022 ~0:26 —025\—049-0034)21 40’2282-021
~0,31

0,33

-0, 31
-0, 46
=079 —0,46
0,55

0,21
—0 35

mmm Tester mmmm Tester = Tester Tester ® Tester ® Tester

Puc. 3. DddexTsr CKC rubpuaos mo nmpu3HaKy «BbIXox kpaxmaina ¢ 1 ra» (2020, 2021 rr.), T/ra

Fig. 3. Effects of SCA hybrids according to the "starch yield per 1 ha" (2020, 2021), t/ha
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PACIIPOCTPAHEHUME AZIBEHTUBHBIX BU/IOB GALINSOGA PARVIFLORA
N G. GUADRIRADIATA (ASTERACEAE) HA I0OT'E JAJIBHEI'O BOCTOKA

®equna JILA., X)Magasnmuena C.K.

Dedepanvhblil HAYUHbIL YeHmp OuopasHoodpasus Hazemuou buomol Bocmounoti Asuu
Jlanvnesocmounozco omoenenus Poccutickoil akademuu Hayk

BnaauBoctok, Poccus

(><)e-mail: malyshsveta@rambler.ru

[IpencraBnensl pe3ynbTaThl U3y4YeHHUS 3aHOCHBIX aMepHKaHCKUX BuaoB Galinsoga parviflora
u G. guadriradiata ua rore llpumopckoro kpas (Poccus). [loneBbie nccinenoBanns MpoBEACHBI B
2018-2022 rr. Ha TeppuTtopuu IIpuMopcKoro kpast B TOpoICKMX U CEIbCKUX MOCENEHUsX, HA 0CO-
00 OXpaHsEeMbIX MPUPOIHBIX TeppuTopusix (Yccypuiickuii 3anoBeanuk uM. B.JI. Komaposa). I1po-
aHaJIM3UPOBaHbl JTUTEPATYPHBIC JaHHbIC, HHPOPMAIMS C UHTEPHET-PECYPCOB, MCCIEIOBAaHBI Tep-
Oapnble 00pa3npl. MccneqoBaHussMy yCTaHOBIICHO, YTO 3a nocienaue 30 JeT HBa3HOHHBIN apea
Bu0B pona Galinsoga Ha rore [lanpHero BocToka 3HaunTENbHO yBeTMUMics. B HacTosmee Bpems
B IIpumopcKkom Kpae 3TH aJBEHTHBHBIE BB aKTUBHO PACCEINSIOTCS 110 aHTPOTIOTEHHO TpaHChop-
MHUPOBaHHBIM TEPPUTOPUSIM (0OOYMHBI aBTOMOOMIIEHBIX JOPOT, 3a0pOIIeHHBIE OIS U JIyTa, TOPOI-
CKHE TAapKH U CKBEPHI, IPUJIOMOBBIC TEPPUTOPUH, CTPOUTEIbHBIC Kapbephl U T.JI.) U OTMEUYEHBI B
OOJILIIMHCTBE aAMUHUCTPATUBHO-TEPPUTOPHAILHBIX PAlOHOB pernoHa. B ceBepHBIX U BOCTOYHBIX
paiionax kpast Buabl Galinsoga IMEIOT criopainvyeckoe pacnpocTpaHenue. B paiioHax ¢ pa3BUTHIM
CEJTLCKUM XO3SMCTBOM (3amaJHbIC W IEHTpaibHbIe paiioHsl [IpuMopckoro kpast) G. guadriradiata
u G. parviflora nmpouspactaror MaccoBo. Bo BmaguBocToke oTMEUE€HO HECKOIBKO KPYIHBIX Tpa-
BSHUCTBIX COOOMIECTB ¢ qoMuHUpoBaHueM G. guadriradiata, mnomanpto 1o 100 M? ¢ mpoeKTUB-
HbIM TOKpbITHEM 90—-100%. BosbIIyi0o HaCTOPOKEHHOCTh BBI3bIBACT MPOHUKHOBECHUE BUAOB PoOJa
Galinsoga Ha 0c000 oxpaHsieMble IPUPOIHBIE TeppuTopHrH. [l03TOMYy HEOOX0AMM aNbHEHIINA MO-
HUTOPUHI MHBA3MOHHOTO apeaia JaHHbIX BUO0B Ha rore JlansHero Bocroka Poccun.

KuroueBble ci1oBa: naBasuBHLIC BUNEI, Galinsoga parviflora, G. guadriradiata, lansauit Boc-
TOK, [IpumMopckuit kpaii

DISTRIBUTION OF THE ADVENTIVE SPECIES GALINSOGA PARVIFLORA AND
G. GUADRIRADIATA (ASTERACEAE) IN THE SOUTH OF THE FAR EAST

Fedina L.A., =x)Malysheva S.K.

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

Vladivostok, Russia

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

Theresults of the study of the stranger American species Galinsoga parviflora and G. guadriradiata
in the south of the Primorsky Territory (Russia) are presented. Field studies were conducted in 2018-
2022 on the territory of the Primorsky Territory in urban and rural settlements, in specially protected
natural areas (V.L. Komarov Ussurisky Nature Reserve). Literary data, information from Internet
resources, herbarium specimens have been analyzed. Studies have found that over the past 30 years,
the invasive range of species of the genus Galinsoga in the south of the Far East has increased
significantly. At present, in the Primorsky Territory, these adventive species actively disperse over
anthropogenically transformed territories (roadsides, abandoned fields and meadows, city parks and
squares, adjacent territories, construction pits, etc.) and are noted in most administrative-territorial
districts of the region. Galinsoga species have a sporadic distribution in the northern and eastern
parts of the region. G. guadriradiata and G. parviflora grow en masse in the areas with developed
agriculture (western and central Primorsky Territory). In Vladivostok, several large herbaceous
communities are noted with dominance of G. guadriradiata, up to 100 m? in area with projective
coverage of 90-100%. The penetration of species of the genus Galinsoga into specially protected
natural areas is of great concern. Therefore, further monitoring of the invasive range of these species
in the south of the Russian Far East is necessary.

Keywords: invasive species, Galinsoga parviflora, G. guadriradiata, Far East, Primorsky
Territory
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INTRODUCTION

The introduction of invasive alien plant
species poses a threat to regional biodiversity
and contributes to the alteration of natural eco-
systems. They cause economic and ecological
damage, and some of these invaders are unsafe
for human health. Therefore, identifying the
foci of their invasion, monitoring their spread,
and controlling their population are crucial eco-
logical tasks [1-3].

Currently, one of the significant phytosani-
tary problems is the widespread distribution of
two American species - Galinsoga parviflora
Cav. (small-flower galinsoga) and G. Guadri-
radiata Ruiz et Pav. (galinsoga quadriradiata),
which have been introduced as weeds in almost
all countries worldwide due to human activi-
ties. The natural range of these species is Cen-
tral and South America. Their secondary range
includes most countries in America, Europe,
Asia, Africa, as well as Australia and New Zea-
land [4-6]. As widely spread adventive species,
G. parviflora and G. guadriradiata are included

in the Black Books of Western Russia and the
Black Book of the Flora of the Far East' [7, 8].
G. guadriradiata is listed as invasive and po-
tentially invasive species in Siberia and in the
Black Book of the Flora of Siberia*>.

Species of the genus Galinsoga Ruiz et Pav.
are host plants for many insect pests of field
crops. Their numerous leaves (with a large total
leaf surface area) shade cultivated plants, lead-
ing to yield reductions of 10-50%. In landscape
compositions and flower beds, these weed spe-
cies significantly diminish their aesthetic per-
ception®. The biological characteristics of Ga-
linsoga plants allow them to compete success-
fully with other weeds and become dominant in
disturbed habitats.

In the Far East, the first Galinsoga species to
appear was G. parviflora. It was first mentioned
as follows: "Primorskaya Province, Vladivo-
stok District, Golden Horn Bay, Buff Garden,
covers clearings in the shade of trees. August
20, 1925. Alisova E." (VLA). This species was
introduced with the goods from America to

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

Partnership of scientific publications KMK, 2021. 510 p.

’Ebel A.L., Strelnikova T.O., Kupriyanov A.N., Anenkhonov O.A., Ankipovich E.S., Antipova E.M., Verkhozina A.V., Efremov
A.N., Zykova E.Y., Mikhailova S.1., Plikina N.V., Ryabovol S.V., Silantieva M.M., Stepanov N.V., Terekhina T.A., Chernova O.D.,
Shaulo D.N. Invasive and potentially invasive species of Siberia // Bulletin of the Main Botanical Garden. 2014. Iss. 200. N 1.

pp. 52-61.

*Black Book of the Flora of Siberia. Novosibirsk: Geo Publishing House, 2016. 440 p.
*Vinogradova Yu.K., Mayorov S.R., Khorun L.V. Black Book of the Flora of the Middle Russia. MOSCOW: GEOS, 2010. 512 p.
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Vladivostok and became one of the most com-
mon plants in wastelands, slopes, and gardens
in the early 20th century. G. guadriradiata was
first collected by P.G. Gorov and D.P. Vorobyov
in 1962 in the Soviet District of Vladivostok,
in the vicinity of Akademgorodok (VLA). In
the Primorsky Territory, there are also records
of Galinsoga species growing in specially pro-
tected natural areas (SPNAs): G. parviflora is
registered in Lazovsky, Far Eastern Marine,
and Sikhote-Alin Nature Reserves®’. G. gua-
driradiata is found in the following reserves:
Lazovsky, Ussurisky, and Kedrovaya Pad %°[9].

MATERIAL AND METHODS

Field studies were conducted from 2018 to
2022 using traditional route reconnaissance
methods in urban and rural settlements of the
Primorsky Territory and in specially protected
natural areas (Ussurisky Nature Reserve named
after V.L. Komarov). Literature data were ana-
lyzed, herbarium specimens stored at the Fed-
eral Scientific Center of the East Asia Terrestri-
al Biodiversity, Far Eastern Branch of the Rus-
sian Academy of Sciences (FSC Biodiversity
of Terrestrial Biota FEB RAS) in Vladivostok
(VLA), and at the Botanical Garden-Institute
FEB RAS (VBGI) were examined. Data from
the iNaturalist website'® and Plantarium'' were
also taken into account.

RESULTS AND DISCUSSION

For the area of the Primorsky Territory, the
summary "Vascular Plants of the Far East" pre-
viously indicated (1992) that G. parviflora oc-
curs frequently, and this species is given in the

sources only for the southern part of the region;
G. guadriradiata is mentioned as a rarely oc-
curring species'?.

Nearly 30 years later, A.E. Kozhevnikov [10]
characterizes the distribution of both species in
this area as common. In the Primorsky Terri-
tory, Galinsoga species have an invasive status
(2) - alien species that colonize and naturalize
in disturbed, semi-natural, and natural habitats
[7]. In terms of their distribution, G. guadrira-
diata and G. parviflora in the Primorsky Ter-
ritory are epiphytes - introduced species that
colonize one or several types of anthropogenic
habitats (see footnote 4).

In the Ussurisky Nature Reserve, G. guadri-
radiata was first recorded in 2004 in the Suvo-
rov Forestry near a remote wintering site "in a
flowering state, a single specimen, 8.09.2004,
L.A. Fedina" [9]. Fifteen years later, starting
from 2019, the replacement of Ambrosia arte-
misiifolia L. (common ragweed) with G. gua-
driradiata plants was observed along the
roadside of public dirt roads. In recent years,
G. guadriradiata has also spread widely in the
settlements in the southern part of the Primor-
sky Territory. In the villages of Kaymanovka
and Kamenushka of the Ussurisky Urban Dis-
trict (UUD), located in close proximity to the
Ussurisky Nature Reserve, this species is the
predominant weed in the gardens of the resi-
dents of these villages, and it grows abundantly
in the backyard plots and other settlements in
UUD (see the table). The occurrence of Galin-
soga species in the Oktyabrsky, Chuguevsky,
and Krasnoarmeisky districts was recorded for
the first time. Our findings also expand the list

STaran A.A. New species of vascular plants for the flora of the Lazovsky Reserve (Primorsky Territory) // Botanical Journal.

1987. Vol. 72. N 12. pp. 1673.

¢ Chubar E.A. Adventive species of vascular plants in the flora of small marine islands: types of strategies, cenotic activity,
level of adventitization (on the example of the Far Eastern Marine Reserve, Primorsky Territory) // Komarov Readings. 2015. Iss.

18. pp. 127-163.

"Pimenova L.A., Medvedeva L.A., Cherdantseva V.Ya., Bulakh E.M., Bukharova N.V., Bogacheva A.V., Egorova L.N., Skirina
LF, Malysheva V.F., Malysheva E.F., Morozova O.V., Gromyko M.N., Gracheva R.G., Rebriev Yu. A., Svetasheva T. Yu. Plants,
fungi and lichens of the Sikhote-Alin Reserve. Vladivostok: Dalnauka, 2016. 557 p.

8 Chubar E.A. Addition to the flora of the islands of the Far Eastern Marine Reserve // Botanical Journal. 1992.Vol. 77. N 12.

pp. 131.

Korkishko R.I. Vascular plants of the reserve "Kedrovaya Pad". Flora and fauna of nature reserves. M: IPEE RAS, 2000.

Iss. 82. 84 p.
10 https://www.inaturalist.org
' https://www.plantarium.ru

12 Vascular Plants of the Soviet Far East / Edited by S.S. Kharkevich. St. Petersburg: Nauka, 1992. Vol. 6. 428 p.
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of settlements where these weed plants occur
in previously known areas listed in the Black
Book of the Flora of the Russian Far East [7].
In Vladivostok, Galinsoga species are found
in all areas of the city, as well as along the sea-
side. In several locations in the city, particularly
on the slopes and embankments, monodominant
stands of G. guadriradiata have been observed,
covering an area ranging from 10 to 100 square
meters, with a projected cover of 90-100% and
an average density of 350 individuals of differ-
ent ages per square meter. Examples include the
following: Pervomaysky District, Grizodubova

Street, 53 (43°5'53", 131°56'46"), N 43°5'53",
E 131°56'46", 2022; Pervomaysky District,
Elochnaya Street, 1, N 43°5'41", E 131°53'35",
2022 (see the figure).

The relatively new microdistrict of "Sne-
govaya Pad" (Pervomaysky District) is also
populated by Galinsoga species, with one spe-
cies predominating near certain new buildings
and the other near others. Often, both species
grow together. Dense communities measuring
3 x 2 meters are formed on the embankments
along Anna Shchetinina Street, 15 (43°9'38",
131°57'20") and Anna Shchetinina Street, 35

(43°9'48", 131°57'10").

Haxonku m xapakTepucTHKa MECTOIIPOU3pacTaHmii BUIOB poaa Galinsoga B [IpuMopckoM Kpae
Findings and Characteristics of the species of the genus Galinsoga in the Primorsky Territory

Location name

UUD, Kaimanovka village

UUD, Kamenushka village

UUD, Kondratenovka village

UUD, Dubovy Klyuch village

UUD, Gorno-Taezhnoe village

Ussuriisk

Khasansky district, Slavyanka settlement
Khasinsky district, hotel complex “Teploe
more

Vladivostok, Pervomaisky district, Patrokl Bay
Vladivostok, Leninsky district, Gornostay Bay

Vladivostok, Soviet district, Steklyanukha Bay

Krasnoarmeysky district, Roshchino village

Mikhailovsky district, Mikhailovka village
Oktyabrsky district, Pokrovka village
Chuguevsky district, Uborka village

Shkotovsky District, Ussuriysky Nature Reserve

Position data Soil-site characteristics Data origin
N43°63'399" | Field road shoulder, vegetable Author’s
E132°23"709" | gardens, en masse findings

2010-2022
N43°61'695" The same The same
E132°23'056"
N 43°37'58" | Vegetable gardens, en masse »
E 132°9'57"
N 43°39'45" The same »
E 132°7'52"
N 43°41'52" » Author’s
E 132°926" findings 2022
N 43°28'54" | Courtyard areas, flower beds, a The same
E 131°34'3" | large number
N 42°51'44 The same »
E "131°23'34
N 42°51'18" | Landscape plantings, slopes, »
E 131°25'16" |hillsides, a large number
N 43°424" Along the road and exits to the »
E 131°56'52" |sea, alarge number
N 43°6'55" The same »
E 132°0'51"
N 43°6'55" » »
E 132°0'51"
N 45°54'40" | On the building surrounding »
E 134°53"20" | grounds, vegetable gardens,
flower beds, a large number
N 43°5627" The same »
E 132°0'40"
N 43°57'19" » »
E 131°37'45"
N 44°23'52" » »
E 134°520"
N43°64'965" | The shoulder of a dirt public Author’s
E132°53'156" |road, a large number findings 2004
—2022
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! i

Brnaausocrok, yn. Enounas, 1 — 3apociu
G. guadriradiata ¢ TPOCKTUBHBIM ITOKPHITHEM
90-100%.

1, Elochnaya St., Vladivostok — G. guadriradiata
thickets with a projective coverage of 90-100%.

Large areas of continuous growth of G. gua-
driradiata are noted on the following territories
according to the Plantarium website: Vladivo-
stok, Leninsky District, Pushkinskaya Street,
12 (Polytechnic Park), 2016; on the iNaturalist
website: Vladivostok, Sovetsky District (Kiro-
va Street, 27), 2020.

On the iNaturalist website, G. guadriradiata
in the Primorsky Territory is mentioned in the
following locations: Vladivostok, Leninsky
District, 2021; Vladivostok, Pervorechensky
District, 2021; Vladivostok, Sovetsky District,
2021; Vladivostok, Frunzensky District, 2021,
2022; Spassk-Dalny, 2020; Partizansky District
(Novitskoye village), 2020; Nakhodka, 2020;
Shkotovsky District (Gribanovka village),
2020, 2021; Khasansky District (Lake Lotus),
2021; Ussuriysky Urban District (Kamenushka
village), 2021; Arsenyev, 2022; Olginsky Dis-
trict, Olga village, 2022; Shkotovsky District
(Shkotovo village), 2022.

On the Plantarium website, G. guadriradia-
ta is listed for the following territories: Spassky
District (Kvalynka village), 2008; Terny Dis-

trict (Zabolochennaya River valley), 2012;
Vladivostok, Leninsky District, 2016.

G. parviflora is indicated on the iNatural-
ist website in the following locations in the
Primorsky Territory: Vladivostok, Sovetsky
District, 2018-2020, 2022; Vladivostok, Per-
vorechensky District, 2019-2022; Vladivostok,
Frunzensky District, 2021; Dalnegorsk, 2019;
Partizansky District, Nikolaevka village, 2020;
Partizansky District, Novaya Sila village, 2020;
Partizansky District, Novitskoye village, 2020;
Spassk-Dalny, 2020; Spassky District (Knor-
ring village), 2020; Artem, 2021; Dalneretch-
ensk, 2021; Ussuriysky Urban District (Gor-
notaezhnoye village), 2021; Olginsky District,
Olga village, 2022.

On the Plantarium website, the occurrence
of G. parviflora is noted in the following loca-
tions: Nakhodkinsky Urban District (Avangard
village), 2016; Artem (Artemovskaya CHP
area), 2019.

A comprehensive analysis of author's find-
ings, herbarium specimens (VLA, VBGI), lit-
erature data (see footnote 1), and information
from internet resources has shown that the dis-
tribution range of the Galinsoga species has
expanded over the past 30 years due to their
colonization of the northern regions of the Pri-
morsky Territory, coastal areas, islands, as well
as the spread of these ruderal plants to new ter-
ritories in the southern and central regions. The
results of this study confirm the occurrence of
the Galinsoga species in the following districts
and cities of the Primorsky Territory: G. parvi-
flora occurs in the districts of Hasan, Nadezh-
dinsky, Oktyabrsky, Mikhailovsky, Hankai,
Pogranichny, Khorolsky, Kirovsky, Spassky,
Shkotovsky, Lazovsky, Partizansky, Dalne-
gorsk, Kavalerovsky, Terny, Olga, Chuguevsky,
Krasnoarmeysky, Ussuriysky Urban District,
Nakhodkinsky Urban District, Artemovsky Ur-
ban District, as well as in the cities of Vladi-
vostok, Artem, Nakhodka, Ussuriysk, Dalne-
gorsk, Dalneretchensk. G. parviflora is found
on the islands of Peter the Great Gulf: Bolshoy
Pelis, Popova, Putyatin, Russky, Falshivy, Fu-
rugelma.

G. guadriradiata occurs in the districts of
Hasan, Oktyabrsky, Mikhailovsky, Spassky,
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and G. guadriradiata (Asteraceae) in the south of the Far East
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Shkotovsky, Lazovsky, Partizansky, Olginsky,
Chuguevsky, Terny, Krasnoarmeysky, Us-
suriysky Urban District, Nakhodkinsky Urban
District, Artemovsky Urban District, and in the
cities of Vladivostok, Arsenyev, Nakhodka,
Spassk-Dalny, Ussuriysk. G. guadriradiata is
found on the islands of Peter the Great Gulf:
Popova, Reineke, and Furugelma.

CONCLUSION

The conducted research has shown that G.
guadriradiata and G. parviflora have signifi-
cantly expanded their invasive range in the
southern part of the Russian Far East over the
past 30 years. Currently, these weed plants are
found in almost all administrative districts of
the Primorsky Territory, including the northern
districts (Krasnoarmeysky, Dalneretchensky,
Terny). It has been established that in recent
years, G. guadriradiata has become the pre-
dominant weed in the gardens of rural residents
of the Ussuriysk Urban District, and within the
territory of the Ussuriysky Nature Reserve, this
species actively colonizes new areas. Thus, the
biological characteristics of Galinsoga spe-
cies (rapid growth, high seed productivity, long
flowering period until the second ten-day pe-
riod of November) and their high ecological
plasticity contribute to further spread of these
adventive species across the area of the Primor-
sky Territory.
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BEJIbCKAS — HOBBII COPT CMOPOJUHBI YEPHOM

<)Hurmar3sinoB P.A."2, Copoxonynos B.H.?

!Dedepanvubiil Hayunblil acpoundicenepHolil yenmp BUM

Mocksa, Poccus

‘Bawkupckutl HAy4YHO-UCCLe008aMeNbCKULl UHCIMUMYM CelbCKO20 X035UCMEd
VYa, Poccus

I Beepoccutickutl HayuHo-uccie008amenbCkutl UHCIUmym J1eKapCmeeHHbIX

U apomMamuyecKux pacmeruu

Mocksa, Poccus

<)e-mail: radmil.nigmatzyanov(@yandex.ru

Knumatnueckue ycnosus Pecnnyonuku bamkoproctan TpeOyroT co3aaHus COPTOB € BHICOKOH
YCTOWYMBOCTBIO K KOMIIIEKCY OMOTHYECKUX U aOMOTHYECKHX CTPECCOPOB PErHOHa BO3EIIbI-
BaHMs. V310KEeHBI TaHHBIE TIO XO3SMICTBEHHO IIEHHBIM MPU3HAKaM HOBOTO COPTa CMOPOIUHBI
yepHoil benbcekas (cenexunonusiii Homep 4-46). CopT cMoponuHbl YepHoi benbckas BeiBeneH
B Pecniybnuke bamkoproctan B 1997 1. ot onbinnenus coptoB Banosas (Kpymaas x Bpenroprr X
Xnynosckasi) u Kapangens (Ilamars Muaypuna x KommakTtHas). ['og moceBa — 1998, nagano
mnonoHouerust — 2002 r., ot6op anmuTHOTO cestHiia — 2003 1., mepegaya Ha TOCCOPTOUCTIBITAHUE —
2013 r. [lepeuanHOE U3y4deHUe copToodOpas3moB Hadato B 2005 1. mo cxeme nocaaku 3 x 1 M. KoHT-
posnbHBIM OBLT cOpT BanoBasi, IHUpoOKo pacripoCTPaHEHHBIH U pafOHMPOBAHHBIN IO BCEM PETHO-
Ham Poccuiickoit ®enepanuu. CopT benbckas xapakTepus3yeTcsi BBICOKOM 3MMOCTOHKOCTBIO.
[Ipu3HakoB mogMep3aHus B CypOBbIE 3UMbI HE OOHApYXEHO, Y KOHTPOJIbHOro copra Basosas
MTOBPEXKACHUSI OTMEUEHBI 10 | Oana ¢ moagMep3aHrueM BepXyIIeK OJHOJETHETO mpupocTa. JIu-
CTOBOI! anmapar copTa yCTOWUHB K COJIHEUHBIM OkoraM. B roasl xapkoro u cyxoro jeta (2010,
2011) BBIIETTHIICS BEICOKOM 3aCyXOYCTOMYHBOCTHIO, IIPU 3TOM MPOJTYKTHBHOCTD €r0 ObLIIa BBIIIE
KOHTPOJBHOTO copTa. HOBBIN COPT OTIAMYAETCS BHICOKOW MPOAYKTHBHOCTHIO (YpOXKAHHOCTH B
cpenneM 12,7 1/ra), ycToiuuB K ocwinanuto. O0nanaer moneBoi yCTOMUYNBOCTHIO K aMEpUKaH-
CKOM MYYHMCTOH poce, c1abo opaxaeTcsi aHTPaKHO30M. SIrofibl OMHOMEPHBIE, YEPHBIE, OKPYT-
70-0BalbHOM (popmbl, Maccoit 2,3 T (MakcuMalbHas — 2,6 T), KACIO-CIaIKOT0 HEKHOTO BKyca.
Cpoxk co3peBanus cpennuil. B 2022 r. copt benbckast BkitoueH B ['ocymapcTBeHHBIN peecTp
CEJIEKLIMOHHBIX AoCTUKeHUH Poccuiickoilt @eaepanuu no YpaabCKOMY PETHOHY.

KuroueBbie ¢j10Ba: yepHas CMOPOJMHA, YPOKAHHOCTh, 3UMOCTOMKOCTb, KapOCTOMKOCTD, 3a-
CyX0yCTOMYMBOCTh

BELSKAYA — A NEW VARIETY OF BLACK CURRANT

c=<)Nigmatzyanov R.A. "%, Sorokopudov V.N.?

'Federal Scientific Agroengineering Center VIM

Moscow, Russia

’Bashkir Scientific Research Institute of Agriculture

Ufa, Russia

SAll-Russian Scientific Research Institute of Medicinal and Aromatic Plants
Moscow, Russia

<)e-mail: radmil.nigmatzyanov(@yandex.ru

The climatic conditions of the Republic of Bashkortostan require the creation of varieties with
high resistance to a complex of biotic and abiotic stressors of the region of cultivation. The data
on economically valuable characteristics of a new variety of black currant Belskaya (breeding
number 4-46) are presented. The black currant variety Belskaya was bred in the Republic of
Bashkortostan in 1997 from pollination of the Valovaya (Krupnaya x Bredtorp x Khludovskaya)
and Karaidel (Pamyati Michurina x Compactnaya). The year of sowing is 1998, the beginning of
fruiting is 2002, the selection of an elite seedling is 2003, the transfer to the state varietal testing is
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2013. The primary study of varietal samples was started in 2005 according to the planting scheme
of 3 x 1 m. The control variety was Valovaya which is widespread and zoned across all regions
of the Russian Federation. The Belskaya variety is characterized by high winter hardiness. There
were no signs of freezing in severe winters, in the control variety Valovaya damage was noted
up to 1 point with freezing of the tops of the annual growth. The leaf apparatus of the variety is
resistant to sunburns. During the hot and dry summers (2010, 2011), it was distinguished by high
drought resistance, while its productivity was higher than the control variety. The new variety is
characterized by high productivity (yield on average 12.7 t/ ha), and is resistant to shedding. It has
field resistance to American powdery mildew, weakly affected by anthracnose. Berries are one-
dimensional, black, round—oval shape, weighing 2.3 g (maximum - 2.6 g), sweet and sour delicate
taste. The maturation period is average. In 2022, the Belskaya variety was included in the State
Register of Breeding Achievements of the Russian Federation in the Ural region.
Keywords: black currant, yield, winter hardiness, heat resistance, drought resistance

Jas uutupoBanusi: Huemamsanos P.A., Copoxonyoog B.H. benbckas — HOBBII COPT CMOPOAUHBI YepHOit // Cubupckuii
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INTRODUCTION sion, atherosclerosis, and other cardiovascular
diseases [2-7].

Black currant has a wide distribution in the
Republic of Bashkortostan. The variety adapt-
ed to the local climatic conditions of the region
plays a significant role in increasing the pro-
ductivity of plantations of this crop.

Breeding work on black currant in the repub-
lic began in the early 1930s. It involved collect-
ing and propagating the most interesting forms
of wild black currant, mainly represented by the
European variety. The next stage was analytical
breeding, where seeds from open pollination
were sown.

Berry crops are highly adapted to the harsh
climatic conditions of the Bashkir Pre-Urals:
they have early fruiting, their yield is compa-
rable to that of fruit crops, they are easily prop-
agated, and they contain a high concentration
of microelements essential for the normal func-
tioning of various enzymes, vitamins, and free
acids (malic acid, citric acid, succinic acid, etc.)
and BAS [1]. Berries have a positive impact on
metabolism, enhance the immune system dur-
ing colds and infectious diseases'*, and serve as
preventive and therapeutic agents for hyperten-

'Nazaryuk N.I., Kobyakova V.M. Improvement of black currant variety / Science and Technology Achievements of the
agroindustrial complex. 2010. N 5. pp. 37-38.

’Batmanova E.M. Creation and evaluation of the gene pool of black currant in the Middle Urals: Candidate’s thesis in
agriculture. Barnaul, 2011. 185 p.

3Shagina T.V. Results of black currant breeding // Prospects of northern horticulture at the present stage: collection of scientific
articles Ekaterinburg: Sverdlovsk breeding station of horticulture, 2005. pp. 166—-171.

*Nazaryuk N.I. Evaluation of new Altai varieties of black currant in the forest-steppe zone of the Altai Territory: Candidate’s
thesis in agriculture. Barnaul, 2000. 163 p.

SIlyin V.S. Selection of black currant / Problems and prospects of interspecific hybridization of fruit, berry crops and potatoes:
method. recom. Chelyabinsk: Yemangelskaya city printing house, 2000. pp. 90-96.

Salykova V.S. Podarok Sankina - a new variety of black currant // Innovative directions of development of Siberian horticulture:
the heritage of academicians M.A. Lisavenko, I.P. Kalinina: collection of articles. Barnaul: Concept, 2018. pp. 247-253.
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Belskaya — a new variety of black currant

Nigmatzyanov R.A., Sorokopudov V.N.

Currently, intervarietal crosses are the main
approach in black currant breeding’''. Artificial
or natural crossing of cultivars is carried out by
selecting parental forms with more pronounced
positive traits [8-14].

The hybrid collection of black currants at
the Bashkir Scientific Research Institute of Ag-
riculture, a separate structural unit of the Ufa
Federal Research Center of the Russian Acad-
emy of Sciences, consists of over 4,000 plants.
Currently, eight black currant varieties devel-
oped by the Bashkir Scientific Research Insti-
tute of Agriculture are listed in the State Reg-
ister of Breeding Achievements of the Russian
Federation.

The purpose of the research is to create new
varieties that combine high productivity with
good taste and technological qualities of ber-
ries, as well as resistance to major diseases.

MATERIAL AND METHODS

The research was conducted at the Kushna-
renkovsky Breeding Center for Fruit and Berry
Crops and Grapes of the Bashkir Scientific Re-
search Institute of Agriculture, following com-
monly accepted methodologies. The variety
under study was Belskaya (breeding number
4-46). The control variety used was Valovaya,
which is recognized in all the regions of the
Russian Federation. The primary variety evalu-
ation was carried out from 2005 using a plant-
ing scheme of 3 x 1 meters.

RESULTS AND DISCUSSION

The black currant variety Belskaya was
developed at the Kushnarenkovsky Breeding
Center through cross-pollination in 1997 using
the varieties Valovaya (Krupnaya x Bredtorp x
Khludovskaya) and Karaidel (Pamyati Michu-

rina x Kompaktnaya). The seeds were planted
in 1998, and the onset of fruiting occurred in
2002. Elite seedlings were selected in 2003,
and the variety was submitted for state variety
testing in 2013.

The seedling successfully withstood severe
winters in 2005/06, 2014/15, and hot and dry
summers in 2009, 2010, and 2020. In Febru-
ary with temperature fluctuations and in Janu-
ary 2006, the temperature dropped to -42 °C.
No signs of freezing were observed in the Bels-
kaya variety, while the control variety Valovaya
showed damage up to 1 point with freezing of
the tips of the one-year growth.

Brief morphological description of the new
variety Belskaya: Medium-sized bush, moder-
ately spreading, compact form. Buds are medi-
um-sized, green, pointed, elongated, with weak
anthocyanin coloration. The shoots are straight,
medium-sized, dark green, and not pubescent.
The leaves are medium-sized, light green,
three-lobed, with small notches. Leaf blades are
open. Fruit clusters are medium-sized, and the
berries are arranged in the cluster at an average
density. Flowers are medium-sized with bright
coloration. Sepals are medium-sized with bright
coloration, moderately hairy on the outer side,
bent upwards. Budbreak and the beginning of
ripening occur at an average simultaneous time.
The onset of flowering is average.

Fruiting begins in the third year after the
planting. The average yield over 4 years is 3 kg
per bush, with a maximum of 4 kg.

During the years of hot and dry summers
(2010, 2011), the Belskaya variety demonstrat-
ed high resistance, while maintaining higher
productivity compared to the control variety
Valovaya.

The new variety exhibits field resistance to
American powdery mildew, is slightly affected

" Shagina T.V. Current state of black currant culture in Russia // Fruit growing and berry growing in Russia. 2011. Vol. 28. Ne

2. pp. 318-328.

8 Shagina T.V. Perspective of horticulture development - in new varieties / Zoovetprom: materials of Interregional. scientific-
practical conf. Yekaterinburg: Publishing house "Philanthrop", 2007. pp. 36-37.

® Shagina T.V. Selection of black currant in the Middle Urals // Selection, seed production and technology of fruit and berry
crops and potatoes: a collection of scientific articles Chelyabinsk: Chelyabinsk House of Press, 2008. pp. 55-59.

10 Sorokopudova O.A. Collections of generic complexes as the basis of assortment for green building and its improvement //
The role of botanical gardens in the conservation and enrichment of natural and cultural flora: materials of the All-Russian Conf.

with international participation. Yakutsk, 2021. pp. 32-36.

" Batmanova E.M. Preliminary evaluation of hybrid seedlings of black currant selection of Sverdlovsk breeding station of
horticulture // Actual problems of horticulture in Russia and ways to solve them: materials of the All-Russian scientific - method.

conf. of young scientists. Orel, 2007. pp. 9-12.

66 Siberian Herald of Agricultural Science « 2023 « 53 « 4

Plant growing and breeding



Benbckast — HOBBIIT COPT CMOPOANHBI YEPHOI

Hurmarssnos P.A., Copoxonyos B.H.

by anthracnose, has an upright bush form, and
its foliage is resistant to sunburn. It is resistant
to fruit drop, heat-tolerant, and drought-resis-
tant.

The berries are uniform, large, black, round,
with an average weight of 2.3 g and a maxi-
mum weight of 2.6 g (see Figure 1). The calyx
is open. The skin is of medium thickness. The
fuzz is weak and simple. The berries have a dry
detachment, and the ripening period is average.
The taste evaluation is 5 out of 5 points. The
variety has a versatile use of the berries.

The optimal planting scheme for Belskaya
currant plants is 3.0—4.5 x 1.0—1.5 meters.

The Belskaya variety has good self-fertility
(over 45%), ensuring high fruit set in plantings
where there may be single-variety crops.

For shaping and sanitation purposes, it is
recommended to remove shoots older than 5-7
years from the lower part of the bush. After
sanitary or rejuvenating pruning of the shoots,
the bush quickly recovers. It propagates easily

)
o

-

w'

through green cuttings using a mist propagation
system in greenhouses.

The berries contain bioactive substances,
with over 21.6% of dry soluble matter, 10.0%
sugars, 0.6% free acids, and 181.2 mg/% of vi-
tamin C (maximum 200 mg/%). In terms of av-
erage and maximum yield, the Belskaya variety
surpasses the control variety Valovaya (see the
table, Figure 2).

CONCLUSION

In conclusion, extensive research has shown
that the Belskaya variety combines high biolog-
ical adaptability to environmental factors and
pathogens in the conditions of the Bashkir Pre-
Ural region. It is a large-fruited variety with
high productivity and yield, heat and drought
resistance, and resistance to fruit drop. In 2022,
the Belskaya blackcurrant variety was included
in the State Register for the Ural (9) region of
the Russian Federation.

Puc. 1. SIronsr cmoponunsl copta benbekast (poto P.A. HurmarzsiHosa)

Fig. 1. Currants of the Belskaya variety (photo R.A. Nigmatzyanov)
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OCHOBHBIE X031CTBEHHO-OMOIOTHYECKUE TPU3HAKK cMopoanHbI (20132022 rT.)
The main commercial-biological traits of currant (2013-2022)

Trait Variety
4 Belskaya Valovaya (control)
Winter hardness Strong Strong
Drought resistance » Medium
Heat resistance » Weak
Major diseases and pests, point:
anthracnose 1,0 1,5
grass moth 1,0 1,5
aphides 2,0 2,0
American mildew 0,0 0,0
Beginning and end of flowering (mean dates) 1-5.05, 7-12.05 1-5.05, 7-12.05
Fruit shedding, % 10 20
Yield, t/ha:
medium 12,9 11,21
maximum 15,3 15,3
Weight of berries, g:
medium 2.3 1,5
maximum 2,6 23
Berry detachment Dry Dry
Content of biologically active substances in berries:
dry soluble solids, % 21,6 21,3
sugars, % 10,0 10,0
free acids, % 0,6 0,8
ascorbic acid (vitamin C), mg% 181,2 147,9
Tasting assessment in fresh form, score 5,0 4.8
Transportability of berries Good Good
Main purpose of the variety Universal Universal
16
14
12
10
. -
6 L
e L
)] L
05013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year

. Belskaya |:| Valovaya

Puc. 2. YpoxaitHOCTb CMOPOIUHBI YepHOH 1o rogam (KymnapeHkoBo)
Fig. 2. Black currant yield (Kushnarenkovo)
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BCIIBIIIKA BOJIE3HU CJIN3UCTBIX OBOJIOYEK Y KPYITHOI'O POTATOT'O
CKOTA, BbI3BAHHAS PESTIVIRUS H

CemenoBa O.B., KoreneBa C.B., Heenuenko A.B., Cynopruna T.E., (-<x)InoroBa T.HU., I710T0B A.I".
Cubupcxuil ghedepanvhvlil HaAYYHbII YeHmp azpodbuomexnonocull Poccutickotl akademuu Hayk
HoBocubupckas obnacts, p.i. KpacHooo6ck, Poccust

(x)e-mail: t-glotova@mail.ru

Omnucana BCITbIIKa UHPEKIUH, BRI3BaHHOW Pestivirus H (BUpyc BUPYCHOU Iuapen — OOJIe3HH
CIIM3UCTHIX 000JI0YEK TpeThero Buaa, BVDV-3), B MOIIOUHOM XO35HCTBE, COMPOBOXKIAOIIASICS BBI-
COKOH 3a0071€BaEMOCTBIO M JIETATBHOCTBIO )KUBOTHBIX PAa3HBIX BO3PACTOB. Y YaCTH OOJNBHBIX KH-
BOTHBIX 3aPETUCTPUPOBAIN TOJTHBIN KOMIIIEKC APKO BBIPAXKEHHBIX CHMIITOMOB, XapaKTEPHBIX IS
«KJTACCUYECKOI» OOJIE3HN CIM3UCTHIX 000JI0YEK KPYITHOTO pPOTaToro CKOTa: APO3WH U A3BBI HA HO-
COBOM 3€pKaJIbLi€ U S3bIKE, BBIJICICHUE IICHbI U3 POTOBOM IOJIOCTH, CEPO3HBIC BBIACICHUS U3 HOCA,
reMOpparnyecKoe BOCHaJICHHE U BEIPaKEHHbIE MTPOIOJIbHbBIE PO3UHU Ha CIAM3UCTON MUILIEBOAA, Chl-
yyra 1 KuiedyHuka. KopoBbsl abopTupoBany Ha pasHbIX cTagusx creabHocTH. Koaddumuent mio-
JIOTBOpHOTO oceMeHeHus: cHu3mics 10 20%. Teuenue 6oae3HU OCIOKHUIOCH BOBICUCHHEM B HH-
(heKIMOHHEII MpoIecc BUpyca reprieca KpyImHoro poraroro ckota 4-ro THrna, 6akrepuil cemeiicTa
Pasteurellaceae u Clostridium spp. I'enom BVDV-3 00HapyXuiau B IIMPOKOM CIIEKTPE BHYTPEHHUX
OpraHoB a0OPTHUPOBAHHBIX ILIONOB, TEJISAT M B3POCIBIX KUBOTHBIX. 110 ZaHHBIM CEKBEHHPOBaHMUS
BO30yIHUTEh OTHECIH K CyOoTHITy 3a. DHUOreHeTHYeCKUil aHAIN3 yJacTKa 5'-HeTpaHCIpyeMoit 00-
nactu reHoma Bupyca (5'-UTR) mokasan 6:113K0€ ero poacTBO €O IITaMMaMHU, BbAETICHHBIMU B M Ta-
nvu 1 Bpaszunuu, GoNbIIMHCTBO U3 KOTOPBIX paHee WACHTU(PHUINPOBAHBI KaK KOHTAMHHAHTHI IMO-
PHOHAIILHON CHIBOPOTKHU U JKUBBIX BAKIIMH MTPOTUB BUPYCHBIX HHMEKIUH KPYITHOTO POraToro CKo-
Ta. B HacTosmiee Bpems cpeacTra criennpuaeckoil popIakKTHKNA MPOTUB WH(PEKIINH, BRI3BAHHON
BVDV-3, #e pa3paboTanbl, T0O3TOMY HEOOXOIUMBI OOHOBJICHHE W COBEPIIICHCTBOBAHHE METOIOB
JUArHOCTHKH, ONTUMM3ALUS IPOTUBOAIM300THUECKUX MEPONPHUITUI ISl HEAOMYILEHHs pacipo-
CTpaHCHUS BUPYJICHTHBIX IITAMMOB BO30YIUTENS], KOHTPOJIb OE30IIaCHOCTH UCTIOJIb3YEMBIX BaKIHH.

KuroueBble ¢j10Ba: KPYIHBII porarblii CKOT, 00JI€3Hb CIU3UCTBIX 00oouek, Pestivirus H, ITLP,
(utoreHeTHUECKUIT aHAIN3

AN OUTBREAK OF MUCOSAL DISEASE IN CATTLE CAUSED BY
PESTIVIRUS H

Semenova O.V., Koteneva S.V., Nefedchenko A.V., Sudorgina T.E., (<) Glotova T.I., Glotov A.G.
Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(<)e-mail: t-glotova@mail.ru

An outbreak of infection caused by Pestivirus H (virus of bovine viral diarrhea — mucosal disease
of the third kind, BVDV-3) in a dairy farm with high morbidity and mortality in animals of different
ages is described. In some sick animals a full complex of pronounced symptoms characteristic
of "classical" bovine mucosal disecase was registered: erosions and ulcers on the nasal mirror and
tongue, foaming from the mouth, serous discharge from the nose, hemorrhagic inflammation and
pronounced longitudinal erosions on the mucosa of the esophagus, rennet stomach and intestine.
Cows miscarried at different stages of pregnancy. The coefficient of effective insemination decreased
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An outbreak of mucosal disease in cattle caused by
Pestivirus H

Semenova O.V., Koteneva S.V., Nefedchenko A.V., Sudorgina T.E.,
Glotova T.I., Glotov A.G.

to 20%. The course of the disease was complicated by the involvement of the bovine herpes virus
type 4, bacteria of the family Pasteurellaceae and Clostridium spp. in the infectious process. The
BVDV-3 genome was found in a wide range of internal organs of aborted fetuses, calves, and adult
animals. According to sequencing data, the pathogen was classified as subtype 3a. Phylogenetic
analysis of the 5'-untranslated region of the virus genome (5'-UTR) showed its close relationship
to the strains isolated in Italy and Brazil, most of which were previously identified as contaminants
of fetal bovine serum and live vaccines against viral infections of cattle. No specific prophylaxis
against BVDV-3 infection has been developed at this time, therefore, it is necessary to update and
improve diagnostic methods, optimize control measures to prevent the spread of virulent strains of
the pathogen, and control the safety of the vaccines used.
Keywords: cattle, pestivirus H, mucosal disease, PCR, phylogenetic analysis
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INTRODUCTION

Pestiviruses of cattle are the causative agents
of bovine viral diarrhea, a disease of the mu-
cous membranes (BVD-MD), which is charac-
terized by a variety of clinical manifestations
including immunosuppression, respiratory and
reproductive pathologies, erosive-ulcerative
lesions of the mucous membranes of the oral
cavity and gastrointestinal tract, enteritis, acute
infections with hemorrhagic syndrome, and
mucous membrane disease' [1, 2].

The disease is widespread worldwide. The
economic consequences of the infection are
mainly associated with the impact of the patho-
gen on the reproductive system of animals, re-

sulting in reduced fertility rates, abortions, the
birth of persistently infected calves, or young
animals with developmental defects* [3].

Since 2017, representatives of the genus
Pestivirus in the family Flaviviridae have been
classified into 11 genetically distinct types.
Three antigenically and genetically distinct
species infect cattle: Pestivirus A (bovine viral
diarrhea virus type 1, BVDV-1), Pestivirus B
(bovine viral diarrhea virus type 2, BVDV-2),
and Pestivirus H (Hobi-like pestivirus, bovine
viral diarrhea virus type 3, BVDV-3). Each of
them is further subdivided into subgenotypes:
Pestivirus A has 23 subtypes (la to 1w), and
Pestivirus B and Pestivirus H have four sub-

! Glotov A.G., Glotova T1. Atypical pestiviruses of cattle // Agricultural Biology. 2015. Vol. 50. N 4. pp. 399—408. DOI:

10.15389/agrobiology.2015.4.rus.

Ridpath J. The contribution of infections with bovine viral diarrhea viruses to bovine respiratory disease // Veterinary Clinics.
North Am Food Anim. Pract. 2010. Vol. 26. pp. 335-348. DOI: 10.1016/j.cvfa.2010.04.003.

*Brock K.V. The many faces of bovine viral diarrhea virus // Veterinary Clinics. North Am Food Anim. Pract. 2004. Vol. 20.

pp. 1-3. DOI: 10.1016/j.cvfa.2003.12.002.

*Shilova E.N., Ryaposova M.V., Shkuratova I.A., Vyalykh E.V. Viral diarrhea - a disease of mucous membranes of cattle in the

Ural region // Veterinary. 2014. N 5. pp. 19-21.
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types’ each (a to d) [4]. All BVDV types cause
similar pathologies in animals. The forms of in-
fection vary from subclinical to severe, acute
cases with hemorrhagic syndrome and high
mortality. The course of the disease depends on
the immune status and age of the animal, viru-
lence of the strain, as well as the conditions of
housing and feeding ¢ [2, 5-8]. BVD-MD in
cattle is often enzootic, which hinders efforts to
eradicate it.

Pestivirus A is widespread worldwide, while
Pestivirus B is more virulent and less common.
These two types are typical representatives of
their genus and have been well studied. Pestivi-
rus H, on the other hand, was identified relative-
ly recently and classified as an atypical bovine
pestivirus. Until now, its role as an etiological
agent of BVD-MD in cattle has been poorly un-
derstood. It was first discovered in Germany in
2004 in a batch of embryonic bovine blood se-
rum for the biological industry manufactured in
Brazil (see footnote 11) [8]. A year later, it was
detected in South America in an infected cell
culture and buffalo blood'. In 2010, the virus
was isolated from calves during a respiratory
disease outbreak and in cases of persistent in-

fection in Italy (see footnote 9). Subsequently,
cases of respiratory disease in calves caused
by Pestivirus H [9] were reported in Brazil and
China, accompanied by gastrointestinal symp-
toms and high mortality rates [10].

BVDV-3 can be transmitted through air-
borne droplets, fecal-oral route, and vertical
transmission from dam to fetus. In addition
to infected animals, live vaccines made using
virus-contaminated embryonic bovine blood
serum for cell culture cultivation can serve as a
source of the virus® [10, 11].

Italian researchers have conducted in vitro
studies showing that BVDV-3 can replicate in
the same cell cultures as typical bovine pesti-
viruses without showing cytopathic effects [7].

On the territory of the Russian Federation,
infection of animals caused by Pestivirus H
was first registered in 2022 [11].

The purpose of this study is to describe a
case of an outbreak of mucous membrane dis-
ease in cattle caused by Pestivirus H in a dairy
farm, examine the characteristics of the infec-
tion, and provide a phylogenetic analysis of the
pathogen.

*ICTV - International Committee on Taxonomy of Viruses // Genus: Pestivirus. 2019. Available at: http://talk.ictvonline.org/
ictv reports/ictv_online_report/positive-sense-rna-viruses/w/flaviviridae/361/genus-pestivirus.

®Decaro N., Lucente M.S., Losurdo M., Larocca V., Elia G., Occhiogrosso L., Marino P.A., Cirone F., Buonavoglia C. HoBiLike
Pestivirus and Its Impact on Cattle Productivity // Transboundary and Emerging Diseases. 2016. Vol. 63. pp. 469-473. DOI:

10.1111/tbed.12529.

"Decaro N., Lanave G., Lucente M.S., Mari V., Varello K., Losurdo M., Larocca V., Bozzetta E., Cavaliere N., Martella V.,
Buonavoglia C. Mucosal disease-like syndrome in a calf persistently infected by Hobi-like Pestivirus // Journal of Clinical
Microbiology 2014. Vol. 52 (8). pp. 2946-2954. DOI: 10.1128/JCM.00986-14.

8Decaro N., Lucente M.S., Mari V., Cirone F., Cordioli P, Camero M., Sciarretta R., Losurdo M., Lorusso E., Buonavoglia
C. Atypical pestivirus and severe respiratory disease in calves, Europe // Emerging and Infectious Disease. 2011. Vol. 17 (8). pp.

1549—1552. DOI: 10.3201/eid1708.

*Weber M.N., Mosena A.C., Simoes S.V., Almeida L.L., Pessoa C.R., Budaszewski R.F, Silva T.R., Ridpath J.F., Riet-Correa
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10.1111/tbed.12218.
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cattle in India // Veterinary Microbiology. 2014. Vol. 174 (1-2). pp. 239-246. DOI: 10.1016/j.vetmic.2014.09.017.

BRidpath J.F. Bovine viral diarrhea virus: global status // Vet. Clin.North Am. Food Anim. Pract. 2010. Vol. 26 (1). pp. 105—
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MATERIAL AND METHODS

The research was conducted in a livestock
farm with a total population of 1750 cattle, in-
cluding 740 cows. Samples of biomaterial were
collected from diseased, deceased, and eutha-
nized animals of different age and sex groups
exhibiting characteristic clinical signs. They
were tested for the presence of infectious bo-
vine rhinotracheitis virus (IBR), viral diarrhea-
mucosal disease (VD-MD) of three types, re-
spiratory syncytial virus (RSV), bovine her-
pesvirus type 4 (BHV-4), and bacteria of the
Clostridium genus, as well as Salmonella dub-
lin, Pasteurella multocida, and Mannheimia
haemolytica, using PCR-based real-time assay
systems developed by us [12].

Pestivirus H was detected using primers
and probe sequences: PVspF-5-ccatrcccttag-
taggackagc-3; PVHR-5-tccttgatgegtcgaacca-3;
PVHZ-5-(FAM) tagtggtagca-gtgagctccttggat
(BHQI1)-3, targeting a 110 bp fragment. The
reaction mixture consisted of PCR buffer (60
mM Tris-HCI, pH 8.5; 1.5 mM MgCl2; 25 mM
KCI; 10 mM 2-mercaptoethanol; 0.1% Triton
X-100), 0.2 mM dNTPs, 0.2 pg of each primer,
0.1 pg of the probe, 1.25 U of Taq DNA poly-
merase, and 5 pl of DNA template. The PCR
temperature profile was as follows: 95 °C for
5 min - 1 cycle; 95 °C for 10 sec, 55 °C for 15
sec, 72 °C for 30 sec - 45 cycles. The experi-
ments were performed using the CFX96 ampli-
fication system (Bio-Rad, USA). Fluorescence
was measured at 55 °C using the FAM channel.
Samples with a Ct value not exceeding 40 were
considered positive.

The target fragments were purified from
non-specific reaction products and reagents
using Agencourt AMPure XP magnetic beads
(Beckman Coulter, USA). Subsequently, the
concentration of the samples was assessed us-
ing the NanoDrop One/OneC Microvolume UV
Spectrophotometer (Thermo Scientific, USA).
For sequencing, 10 ng of the purified product
was used in the reaction with BrilliantDye™
Terminator v1.1 Kit (NimaGen, Netherlands)

following the manufacturer's instructions on
the Applied Biosystems 310 Genetic Analyzer
(Applied Biosystems, USA). Nucleotide se-
quences were determined for both DNA strands.
The primary sequencing data were analyzed us-
ing the Sequencer 4.0.5 software (Gene Codes,
USA).

The nucleotide sequences of the synthe-
sized fragments were aligned with published
sequences of other pestivirus strains using the
BioEdit 7.0.0 program. The maximum evolu-
tion method in MEGA v.7 software was used to
construct a dendrogram. The reliability of the
topology was assessed by a bootstrap test (1000
replicates)!s 1.

RESULTS AND DISCUSSION

The outbreak of BVD-MD in cattle in the
farm began in February 2020. The first affected
animals were 18-month-old calves housed in
the same facility. They showed signs of feed
refusal, foamy oral discharge, hyperemia and
ulcers on the oral mucosa, excessive salivation,
white plaque and erosions on the tongue (see
Fig. 1a), erosions on the nasal tapetum (see Fig-
ure 1b), conjunctivitis, and diarrhea.

Respiratory symptoms then appeared, in-
cluding serous nasal discharge (see Figure 2a),
rhinitis, and frothy discharge from the oral cav-
ity (see Figure 2b), accompanied by a dry and
wet cough. Later, erosive lesions were observed
on the skin of the neck and the inner surface of
the thighs.

During post-mortem examination, hemor-
rhagic inflammation of the esophageal and in-
testinal mucosa was observed, and in some ani-
mals, well-defined longitudinal erosions were
found on the abomasum mucosa (see Figure 3).

Within 6 months, the morbidity rate reached
90% among the animals, with a 100% fatality
rate based on the number of clinically affected
individuals. Treatment was ineffective, so all
the calves were culled over several months.
From 2021 to 2022, animals of various ages
(from a few days to several years) housed in

YKumar S., Stecher G., Tamura K. MEGA 7: Molecular Evolutionary Genetics Analysis version 7.0 for bigger datasets //
Molecular Biology and Evolution. 2016. Vol. 33. pp. 1870-1874. DOI: 10.1093/molbev/msw054.

Felsenstein J. Phylogenies and the Comparative Method // The American Naturalist. 1985. Vol. 125 (1). pp. 1-15.
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different facilities also became ill. They showed
symptoms such as feed refusal, conjunctivitis,
prolonged diarrhea, and weight loss. Cows
aborted at various stages of gestation.

Using PCR, genomes of BVDV-3, herpes-
virus type 4, and DNA of Pasteurella multo-
cida and Clostridium spp. were detected in the
samples of pathological material collected from
the animals. The table presents the results of the
examination of samples from internal organs of
deceased and culled animals, as well as from
aborted fetuses.

Pestivirus H was detected in a wide range
of internal organs (spleen, lymph nodes, lungs,
intestines, brain) of the animals of different age
groups, including aborted fetuses.

Analyzing the data of the epizootiology, clin-
ical manifestations of the disease, pathological
autopsy, and laboratory research results, it was
concluded that the primary etiological agent of
the disease in the farm was Pestivirus H. Its role
in the occurrence of abortions, reduced fertility
rate, manifestation of systemic infection and
enteritis in calves and adult animals, as well as
mucosal diseases, was identified.

The characteristic feature of all pestiviruses
is their immunosuppressive effect on the ani-
mal's body, which increases susceptibility to
secondary infections (see footnotes 2, 3) [2]. In
this farm, the course of the disease was compli-
cated by the involvement of bovine herpesvirus
type 4, bacteria of the Pasteurellaceae family,
and Clostridium spp. in the infectious process.

Based on the sequencing results, the investi-
gated strain of BVDV-3 was classified as sub-
type 3a. Phylogenetic analysis showed that it
is most closely related to strains of the Italian-
Brazilian group (see Figure 4). It is known that
the severe manifestation of mucosal diseases
with a fatal outcome in animals occurs as a re-
sult of the mutation of the circulating non-cy-
topathic variant of the virus into a cytopathic
variant, which further superinfects virus carri-
ers, creating a so-called "viral pair"'®. Another
cause may be the introduction of a virulent
strain of the virus into a non-immune herd from
an external source, resulting in infected animals
exhibiting the full spectrum of clinical symp-
toms described in the literature. Regarding the
investigated farm, animals from other sources

Puc. 1. Knuanveckue npu3Haky 3a0oj1eBanus, Bei3BanHOro BVDV3 y Tenst:

d — 3pO03UHU Ha A3BIKC, 60— 3p031HU Ha HOCOBOM 3€pPKaJIbLIC

Fig. 1. Clinical signs of the disease caused by BVDV3 in calves:

a — erosions on the tongue; 6 — erosions on the nasal speculum

8Goens S.D. The evolution of bovine viral diarrhea: a review // Canadian Veterinary Journal. 2002. Vol. 43 (12). pp. 946-954.
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Puc. 2. Knuanueckre Ipru3HaKu PECIIMPATOPHOTO 3a00JI€BaHNS Y TEJIST:
a — CEPO3HBIC BBIACJICHUA U3 HOCA, 0— PUHUT U BBIACIICHUC IICHBI U3 pOTOBOﬁ IIOJIOCTH

Fig. 2. Clinical signs of respiratory disease in calves:
a — serous nasal discharge; 6 — rhinitis and foaming from the mouth

BrisiBinenne HH(EKIMOHHBIX areHTOB BO BHYTPEHHUX
OpraHax )KUBOTHBIX TIPU BCIIBIIIKE 3a00IeBaHMs
Detection of infectious agents in the internal
organs of animals during a disease outbreak

Viruses Bacteria
Organ Pestivi- BI-4 P.mul- | Clos-
rus H ) tocida | tridium
Calves and cows
Spleen + + - +
Lymphatic nodes + + + +
Puc. 3. Dpo3un Ha CITU3UCTON 00OJIOUKE ChIUyTa Lungs + + + _
TCIJICHKA
Fig. 3. Erosions on the mucous membrane of the Kidney - + - +
abomasum of a calf
Liver - — + +
. . Intesti + — — +
have not been introduced there in the past five o TC
years, and clinical signs of BVD-MD in cattle Aborted fetuses
have not been previously recorded. It is pos-
sible that the introduction of the virulent strain ~ Visceral organs + _ _ _
of BVDV-3 could be associated with the use of Brai .
contaminated live vaccines' [13]. Previously, rat - - -

we detected Pes %‘lVll" us H in the Samp les of im- Note: Pestivirus H - viral diarrhea virus type 3 (BVDV-3);
ported embryonic serum used for cell culture VH-4 - cattle herpesvirus type 4.

YYurov K.P, Anoyatbekova A.M., Alekseenkova S.V. New pestivirus-hobi virus - contaminant of vaccines against plague of
small ruminants // Veterinary. 2016. N 10. pp. 8—11.
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T

21

 —
0.05

@ BVDVA Siberia 2021 1
@ BVDV3A Siberia 2021 2
@ BYDV2 Siberia 2021 3
@ BEVDVA Siberia 2021 4
JQE12704 .1 Bovine viral diarrhea virus 3 strain ltaly-83/10-ncp
-1 JX085400.1 Bovine viral diarrhea virus 3 isolate CH-KaHo/cont
KCTEA748 1 Bovine viral diarrhea virus 3 strain Haly-12907
JQE12705.1 Bovine viral diarrhea vinus 3 strain [aly-83/10-cp
MMN53ITI00.1 Bovine viral diarrhea virus 3 strain 97257
KYTE7958,1 Bovine viral diarrhea virus 3 strain SWV4 7807
KJE2T180.1 Bovine viral diarrhea virus 3 isolate Haly-68/13cp
EY091655.1 Bovine viral diarrhea vires 3 isolate Hobi-like vins SA2016/04

23-[ KY091656.1 Bovine viral digrrhea virus 3 isolate SA2016M10

HO4 3054 1 Bovine viral digrrhea virus 3 strain Australia-1
WL MT92%370.1 Bovine viral diarrhea virus 3 isolate SDJN-China-2019

FJ040215.1 Bovine viral diarrhea virus 3 strain Th/ld_Khonkaen

MC_039237.1 Bovine viral diarrhea virus 2 strain 890

JOT39141.1 Bovine viral diarrhea virus 1 strain NADL

Puc. 4. dunoreHeTHYECKOE JIEPEBO, IIOCTPOCHHOE Ha OCHOBE HYKIJICOTHIHOMN TTOCIIEA0BATEIILHOCTH 00-
nactu reHoma 5 'UTR Pestivirus H; matpuiia TCHETHUECKUX PACCTOSHUHN paccauTaHa METOIOM MaKCH-
MaJIbHOH 3BONFOINN; YKa3aHbl MHIEKCHI CTATHCTUIECKOH IMOIEPKKH Y3II0B; OYTCTPEI-TECT pacCUUTaH

s 1000 pertuk

Fig. 4. Phylogenetic tree built on the basis of the nucleotide sequence of the 5"UTR Pestivirus H genome
region, the genetic distance matrix was calculated by the maximum evolution method; indexes of
statistical node support are indicated, bootstrap test is calculated for 1000 replicas

cultivation. Based on phylogenetic research
results, the isolates were classified as subtype
3a of the Italian-Brazilian group, similar to the
strain of BVDV-3 identified in this study [13,
14]. Similar reports exist in the international
literature regarding contamination of biological
preparations with this virus (embryonic serum,
continuous cell culture lines, vaccines for hu-
man and veterinary medicine, interferons, tryp-
sin, biotechnological preparations, embryos,
stem cells, semen of bull sires, etc.) (see foot-
notes 12, 15)%°. Confirmed cases of BVDV-3
spread have been described in relation to the
mass use of live vaccines manufactured using
contaminated embryonic serum (see footnote
15) [10]. Italian researchers, based on the data
on the low frequency of Pestivirus H detection
in Italy and its absence in circulation in other

European countries, concluded that the source
of the pathogen was indeed contaminated live
vaccines rather than infected animals. More-
over, the isolated BVDV-3 strains belonged to
subtype 3a [15].

In Russia, as well as worldwide, specific
prophylactic measures against BVDV-3 have
not yet been developed, and the use of contami-
nated biological products may contribute to the
spread of the pathogen to different regions of
the country. Therefore, strict systematic control
of the safety of biological products produced
for veterinary purposes is necessary, as well
as the updating and improvement of methods
for diagnosing and preventing pestivirus infec-
tions. The spread of this strain of BVDV-3 in
Russia may have significant economic conse-
quences for the domestic livestock industry.

DGiangaspero M. Pestivirus Species Potential Adventitious Contaminants of Biological Products // Tropical Medicine &

Surgery. 2013. Vol. 1. p. 6. DOI: 10.4172/2329-9088.1000153.

300TEXHUS U BETEPUHAPHS

CuOHPCKHii BECTHHK CEIBCKOXO3SHCTBEHHOM Hayku * 2023 53«4 77



An outbreak of mucosal disease in cattle caused by
Pestivirus H

Semenova O.V., Koteneva S.V., Nefedchenko A.V., Sudorgina T.E.,

Glotova T.I., Glotov A.G.

CONCLUSION

The outbreak of viral diarrhea caused by the
virulent strain of Pestivirus H, belonging to
subtype 3a, with characteristic manifestations
of "classical" bovine mucosal disease, has been
described. According to phylogenetic analysis
of the 5'-UTR genome sequence segment, the
isolated virus strain was found to be most close-
ly related to the strains from Italy and Brazil, the
majority of which were previously detected in
biological preparations for vaccine production.
Considering the severe course of the infection,
it is necessary to update and improve diagnostic
methods, optimize preventive measures to pre-
vent the spread of virulent BVDV-3 strains, and
ensure the safety of the vaccines used.
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MATEMATHYECKOE MOAEJIMPOBAHUE YPOBHSA MAPI'AHLIA
B MBIIIEYHON TKAHHM KPYITHOT'O POTATOTI'O CKOTA

<)Hapoxubix K.H.

Hosocubupckuii eocyoapcmeeHubill acpapHblil yHusepcumem
Hosocubupck, Poccus

x)e-mail: nkn.88@mail.ru

[pencraBiensl pe3ynbTaThl OnpelesieHust Hanooee d3PPEKTUBHON MOJENH NMPOTHO3a YPOBHS
Maprasiia B MBIIIEYHON TKaHHU Tepe(OopICKOTo CKOTa IS MPHKU3HEHHOM OIIEHKH 3JIEeMEHTHOTO CTa-
Tyca KUBOTHBIX MAJIOMHBA3UBHBIMH METOIaMHU. DKCIEPUMEHT MPOBEJIEH C TIOMOIIHIO TeMaTOJIOTH-
YECKOTO ¥ OMOXMMHUYECKOTO HCCIISIOBAHNUS KPOBH U aTOMHO-a0COPOIIMOHHOTO aHAJM3a MBITIIEYHON
TKaHU KPYITHOTO POraroro ckota. [loiy4eHHbIe JaHHBIE MCIIOJIB30BAHBI IS MMOJTOHKH PEerpeccu-
OHHOW MOJIENTM METOJJOM HaMMEHBIIUX KBaJapaToB. J{Jsi aHamm3a 0ToOpaHbl NPOOBI CKEJIETHON MYy-
ckyiarypsl Maccoir 100 r ¢ auadparManbHON MBIIIIBI OT repedOpCKOr0 CKOTa, Pa3BOIUMOTO B
FOKHOH gacTu 3amannoit CHOUpH B yCIOBUAX MTPOMBIIIICHHOTO KoMITIekca. OIEHKY KOHIIEHTPaITil
MapraHiia B TKaHIX OCYIIECTBIISIIN METOIOM aTOMHO-a0COPOIIMOHHOTO aHaIM3a Ha CIEKTPOMETpe
MI'A-1000. OnpeneneHue comepKaHus SPUTPOIUTOB, JICUKOIIMTOB U TEMOTIIO0MHA TIPOBOAMIIN Ha
aBTOMaTU4ecKkoM remarojoruueckoM aHanmsarope PCE-9OVET. YposeHs nporenHa, aibOyMHHOB,
[100yJIMHOB, MOYEBHHBI, MOYEBOIM KHUCIIOTHI M XOJIECTEPHUHA ONIPEeIsuId (POTOMETPUIECKMMHU METO-
JlaMH Ha MOJIyaBTOMaTHUeCKOM OMoXxuMu4eckoM aHanu3atope Photometer-5010. Pacuer ahdexror
PETPEeCCHOHHBIX MOJENIEH OCYIIECTBISLIA METOAOM HaWMEHBINNX KBaapaToB. Cenexmus JTydmiei
Moziend 1o 3(G(GEeKTUBHOCTH W TOYHOCTH OIIEHKH MOJIENH 0a3upoBaiach Ha KOMILIEKCHON OIEHKE
3HAYeHNH BHYTPEHHHX M BHEUTHHX KPHUTEPHEB KadecTBa. Mexay 3aBUCUMOW W HE3aBUCHUMBIMHU
IIEPEMEHHBIMU BBISIBJICHBI CTaTUCTHUYECKU 3Ha4MMbIe accormanuu (p < 0,05). BayTpu myna npe-
JTUKTOPOB OTMeUeHa ckoppenupoBaHHOCcTh (p < 0,05). B pe3ynbrare moAroHku Mozesneil moiay4eHo
ONITHMAJIbHOE PErPECCHOHHOE YpaBHEHHUE, BKIIIOYAIOIIIEe JIBA MTOKa3aTels (CKOPOCTh OCEAaHUs PH-
TPOILIMTOB 1 YPOBEHH IIO0YJIMHOB), ISl IPOTHO3a YPOBHS MapraHiia B MBIIIIEYHONW TKaHU KPYITHOTO
poraroro ckora. Mexy TaBHBIME 3G GeKTaMi MOJIENHA OTCYTCTBYIOT MPU3HAKHA MYIBTHKOIITIHE-
ApHOCTH, YTO TIOATBEPKIaeT 3Ha4eHus (hakropa nH A qucnepcun — 1,2. [lomyueHnast Monenb
YIAOBJIETBOPSIET HEOOXOIUMBIM JIOITYIIIEHUSM B OTHOIIICHHU OCTaTKOB. PactipeeneHust 0cTaTkoB MO-
JIeTTd BXOJAT B JIOBEPUTEIIbHBIE HHTEPBAJIBI KPUBOW HOpPMaIILHOTO pacipeaeicHus. Koagduument
aBTokoppessiuu 0but pasen 0,039 (p > 0,05), uro yka3piBaeT Ha HE3aBUCUMOCTH OCTATKoB. [lomy-
YeHHAs MOJIETh MOXET OBITh UCIIONB30BaHA [T TIPYIKIU3HEHHON OIIEHKH KOHIICHTPAIMH MapTaHIa
B MBIIIEYHON TKaHU KPYITHOTO POTaTOTO CKOTA.

KuaroueBsbie cji0Ba: MapraHell, KpyIHBIH poTaThlii CKOT, TepedopacKas moposa, MporHo3upoBa-
HUE, perpeccus

MATHEMATICAL MODELING OF THE MANGANESE LEVEL IN THE MUSCLE
TISSUE OF CATTLE

)Narozhnykh K.N.

Novosibirsk State Agrarian University

Novosibirsk, Russia

x)e-mail: nkn.88@mail.ru

The results of determining the most effective model for predicting the level of manganese in
the muscle tissue of Hereford cattle for in vivo assessment of the elemental status of animals by
low invasive methods are presented. The experiment was carried out using hematological and
biochemical blood tests and atomic absorption analysis of the muscle tissue of cattle. The data
obtained are used to fit the regression model using the least square method. Skeletal muscle samples
weighing 100 g from the diaphragm muscle of the Hereford cattle bred in the southern part of Western
Siberia in the conditions of industrial complex were taken for analysis. Manganese concentration
in tissues was assessed by atomic absorption analysis on an MGA-1000 spectrometer. The content
of erythrocytes, leukocytes, and hemoglobin was determined on an automatic hematology analyzer
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Mathematical modelling of the manganese level Narozhnykh K.N.
in the muscle tissue of cattle

PCE-90VET. Protein, albumin, globulin, urea, uric acid, and cholesterol levels were determined
by photometric methods on a Photometer-5010 semi-automatic biochemical analyzer. The effects
of regression models were calculated using the least square method. Selection of the best model
for efficiency and accuracy of model estimation was based on a comprehensive assessment of the
values of internal and external quality criteria. Statistically significant associations (p < 0.05) were
found between the dependent and independent variables. Within the pool of predictors, correlation
(p < 0.05) was observed. As a result of model fitting, an optimal regression equation including two
indicators (erythrocyte sedimentation rate and globulin level) for predicting manganese levels in
bovine muscle tissue was obtained. There are no signs of multicollinearity between the main effects
of the model, which confirms the values of the variance inflation factor - 1.2. The resulting model
satisfies the necessary assumptions about the residuals. The distributions of the model residuals fall
within the confidence intervals of the normal distribution curve. The autocorrelation coefficient was
0.039 (p > 0.05), indicating the independence of the residuals. The resulting model can be used for
in vivo assessment of manganese concentration in bovine muscle tissue.

Keywords: manganese, cattle, Hereford breed, prediction, regression
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INTRODUCTION ing manganese deficiency in ruminant animals
Manganese is an essential micronutrient, Ca0 be achieved through the use of multicom-

with a requirement of 20 mg of manganese/ Ponent mineral feed supplements [13, 14]. As a

kg of feed for beef cattle [1-3]. Deficiency of p?qventive measure, mangapese—containing ad-
this element results in disturbances in carbohy- dltlv,es, are useq when there 1S on}y unconfirmed
drate and lipid metabolism, growth retardation, ~SUSPIc1on of m1cronutrlept deﬁc1§ ney [1,5 . )

dermatitis, impaired synthesis of bone tissue The elemental status is associated with bio-

and the reproductive system [4, 5]. It has been chemical Processes occurring in the qrganism
established that the key enzymes sensitive to L10~18]. Identifying these patterns will allow

manganese deficiency in the diet are glycosyl- for the development of the methods for assess-

transferases and xylosyltransferases (enzymes 18 the 1§Vels O,f rrycrf)nutrlents n am'rnal tis-
activated by manganese and involved in the SUeS during their lifetime. Hematological and

synthesis of proteoglycans and, consequently, bpchemlcal lf)lood parameters can serve as pre-
in bone formation), as well as arginase and mi- dictors and b10marker§ of manganese leyels.'
tochondrial superoxide dismutase (manganese The purpose of this study was to identify
metalloenzymes) [6—9]. Decreased fertility due the most eff.ectlve predlctlye model for manga-
fo manganese deficiency is a result of impaired 1€S€ levels in the muscle tissue of the Hereford
synthesis of cholesterol and related compounds ~ ¢attle, which would a110\'7v for non-invasive as-
(ergosterol, ergosteryl sitosterol, stigmasterol, Sessment of the animals' elemental status dur-
etc.) necessary for the synthesis of sex hor- 1 their lifetime.

mones and other steroids [10—12]. Replenish- The research objectives were achieved
through hematological and biochemical analy-
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sis of blood samples and atomic absorption
analysis of muscle tissue in beef cattle. The ob-
tained data were used to fit the regression mod-
els using the least squares method.

MATERIAL AND METHODS

Samples of skeletal muscle (n = 22) were
taken from the diaphragm muscle of the Her-
eford cattle bred in the southern part of Western
Siberia. The animals were kept under standard
conditions of an industrial complex, complying
with veterinary and zootechnical requirements
(GOST 32855-2014, GOST 26090-84, GOST
R 52254-2004). At the time of slaughter, the
animals were clinically healthy. Blood samples
were taken from the jugular vein of the animals
and stabilized with 5% sodium citrate. Analy-
sis of the muscle tissue samples was performed
according to GOST R 55484-2013 using an
electrothermal atomic absorption spectrometer
MGA-1000. Hemoglobin level, red blood cell
count, and leukocyte count were determined
using a PCE-90VET hematological analyzer.
Biochemical analysis of serum was conducted
using a Photometer-5010 biochemical analyzer.

Statistical analysis of the raw data was per-
formed in the R environment. Model fitting was
done using the least squares method according
to the exploratory data analysis protocol [19].
The Shapiro-Wilk test was used to assess the
normality of residual distributions. Spearman's
rank correlation coefficient was calculated to
assess the correlation between model variables.
The presence of multicollinearity in the pa-
rameters of the candidate models was assessed
based on the variance inflation factor values
and visual inspection of the scatterplot matrix.
Influential observations in the model residuals
were identified using the Grubbs' test. Multiple
comparisons of influential observations in the
model residuals were conducted using Bonfer-
roni correction. The Durbin-Watson test was
used to assess the independence of the model
residuals.

For convenience of analysis and description,
the names of the original variables have been
changed (see Table 1).

Ta6a. 1. OGo3HaueHne u pacmmdpoBKa IS
KOMIUTEKCA HE3aBUCHMBIX IEPEMEHHBIX, HCIIONB3Y-
€MBIX JUIS CEeJIEKIINH PErpecCHOHHBIX MOIeNeit

Table 1. Designation and interpretation for the
complex of independent variables used for the
selection of regression models

Indicator Unit of Variable in
measurement the model
Fe level in the blood mmol/L x1
Leukocytes x10° units x2
Erythrocytes x10" units x3
Hemoglobin g/l x4
ESR MM/ x5
Blood color index Ratio x6
Protein g/l x7
Albumin g/l x8
Globulin g/l x9
Urea mmol/L x10
Uric acid umol/L x11
Cholesterol mmol/L x12

RESULTS AND DISCUSSION

In order to fit the regression models using
the least squares method, it is necessary to as-
sess the correlation between the predictors.
When multicollinearity is detected among the
model parameters, the coefficient values will be
unstable, and the analysis of the contribution
of each effect to the variance of the dependent
variable will be difficult. Therefore, Spearman
correlation coefficients were calculated to as-
sess the associations between the variables (see
Figure 1), and scatter plots were constructed
(see Figure 2).

Four statistically significant correlations
were found between the dependent and inde-
pendent variables: hemoglobin, blood color
index, albumin, and erythrocyte sedimentation
rate (ESR). Hemoglobin concentration is as-
sociated with albumin and blood color index
values, while ESR level is not related to these
variables. In the selection of the models, it is
necessary to choose a set of predictors that will
allow for the calculation of the most effective
and compact model, where the parameters do
not duplicate each other's influence on the vari-
ance of the dependent variable.

Selection of the candidate models was based
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y x1 x2 x3 x4 x5

0.04
x1
x2 -0.23 -0.37
x3
x4
x5
6 -0.44 -0.19

x7 0.43 -0.13

8§ -0.56 -0.33

x9

x10

x11 -0.25 -0.17 -0.28 -0.12

2 028 0.27 -0.17

0,11

1 078 -056 —0,33

x6 x7 x8 x9

0.02 0.08 0.02

-0.35 -0.37 -0.36

x10  x11  x12

0,11 033 056 078 1

Puc. 1. KoppesiiimonHasi MaTpuiia (Ha KpacHOM (poHe 3HaueHHsI K03(DPHUIIMEHTOB KOPPEISIUH, Ha CH-

HEM — UX ypOBHEH 3HAYMMOCTH)

Fig. 1. Correlation matrix (on the red background are the values of the correlation coefficients, on the

blue background are their significance levels)

on the assessments of internal quality crite-
ria, including the Akaike information criterion
(AIC), adjusted coefficient of determination
(R2 adj), Mallow's criterion (Cp), and Bayesian
information criterion (BIC). Based on the eval-
uations of the first two quality criteria, a model
with four predictors was constructed (see Ta-
ble 2). By considering the latter two criteria, a
more compact model with two predictors was
obtained (see Figure 3).

The evaluation of the obtained models and
their effects is presented in Tables 3 and 4. Al-
though the estimation of the residual standard
deviation was slightly lower for the model with
four predictors, only one coefficient (x9) was

statistically significant, even though the value
of the F-statistic was below the critical value,
allowing us to reject the hypothesis of all coef-
ficients being equal to zero (see Table 3). On
the other hand, the model with two independent
variables had a higher F-statistic value, leading
to an improvement in the level of significance
by a factor of two compared to the previous
model (see Table 4).

Calculation of the variance inflation factor
for the full model and candidate models is pre-
sented in Table 5. It is evident that the candidate
models do not exhibit multicollinearity among
the predictors, unlike the full model, where
more than half of the coefficients are highly
correlated.
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MaremaTHyeCcKoe MOJEIMPOBAHUE YPOBHS MapraHua Haposxnubix K.H.
B MBIIIEYHOH TKAHH KPYITHOTO POraToro CKOTa
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Puc. 2. Marpuna auarpamm paccessHusI IapaMeTpOB PErpecCHOHHBIX MOJIEIICH
Fig. 2. Matrix of scatterplots of regression models parameters

Tada. 2. BHyTpeHHHEe KpUTEpUH OIIEHKH KauecTBa MoJieNiei-KaHInaToB IPOrHO3a YPOBHS MapraHia B
MBIIIEYHON TKAHU, MI/KT

Table 2. Internal criteria for assessing the quality of candidate models for predicting the level of
manganese in muscle tissue, mg/kg

Model formula df p SSE MSE R? Ry AIC BIC
y~1+x1+x3+x9+x10 17 4 0,079 0,005 0,573 (0,472 —49,358 -37,242
y~1+x5+x9 19 2 0,097 0,005 0,478 (0,423 —48,932 -38,998

Henceforward: SSE — square sum error; MSE — mean square error; R*> — coefficient of determination; Rzadj — adjusted coef-
ficient of determination (ACD); AIC — Akaike information criterion; BIC — Bayesian information criterion.
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Fig. 3. Ranking of models (from left to right) according to the BIC, the Mallow criterion and Rf,dj

The choice of the best model was based on an
external quality criterion for regression models
— cross-validation. The visualization of cross-
validation with the original dataset divided into
3 blocks is presented in Figure 4. The left graph
shows that one of the regression lines deviates
significantly from the overall trend, unlike the
model with two predictors (on the right).

The forecast quality of the candidate mod-
els can be assessed using the unbiased value of
the coefficient of determination and the mean
square for each of the candidate models (see
Table 6). The obtained data indicate a signifi-
cant superiority of the compact model, as it
provides a significantly more accurate forecast
and explains the variance of manganese levels
in muscle tissue nearly three times better than
the closest competing model.

Thus, as a result of the selection, it can be
concluded that the best model for predicting the

level of manganese in cattle muscle tissue con-
tains two predictors (x5 and x9).

To consider the selected model sufficient-
ly effective for forecasting, it is necessary to
check the assumptions regarding its residuals.
Formal tests, such as the Anderson-Darling test
(4=0.5; p=0.2) and the Shapiro-Wilk test (W
= 0.9; p = 0.2), indicate the conformity of the
residual distribution to normality. The visual-
ization of the probability density values of the
residuals falls within the confidence interval for
the normal distribution curve (see Figure 5).

The plot of standardized residual quantiles
and theoretically expected quantiles also shows
that their values are normally distributed (see
Figure 6, top-left plot).

The top-left and bottom plots indicate the
relative homogeneity of residual variances (see
Figure 6). The detection of the potentially in-
fluential observations using Cook's distance is
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Maremaruueckoe MOJIEJIMPOBAHUE YPOBHS MapraHia
B MBIIICYHOH TKAHHU KPYIHOTO POTaToro CKoTa

Haposxnubix K.H.

Ta6a. 3. Ilapamerps! onieHkn k03 pureHTOB
MOZETHU-NIPETeHICHTa POrHO3a YPOBHSI MapraHua
B MBIIICYHON TKaHU OT MOKa3areyieil KpOBH, MI/KT

Table 3. Parameters for estimating the
coefficients of the candidate model for predicting
the level of manganese in the muscle tissue from
blood parameters, mg/kg

Taoxa. 4. [Napamerps! olleHKH K03(DDUITHEHTOB
MOJIENIU-TIPETEH/IEHTa MPOTHO3a YPOBHS Maprasua
B MBIIICYHOM TKAHU OT IMOKa3aTesiel KPOBU, MI/KT

Table 4. Parameters for estimating the
coefficients of the candidate model for predicting
the level of manganese in the muscle tissue from
blood parameters, mg/kg

. Coeffi- Standard er- . . . Standard er-
Coefficient . . t-statis- Coefficient | Coefficient t- statis-
designation cient esti- | - rors of the tics P designation | estimates | o> of the tics Pr
mates coefficients coefficients
1
Integer 0,090 0,084 1,115 0,280 Integer' 0,200 0,050 3,983 | 0,001
x1 0,889 0,463 1,919 0,072
5 —-0,052 0,028 -1,873 | 0,077
x3 0,011 0,009 1,323 0,203 *
x9 0,002 0,001 2,759 0,013 x9 0,002 0,001 2,711 0,014
x10 -0,013 0,007 -1,738 0,100 Note. RSE = 0,71, F-statistic = 8,7,

Note. RSE = 0,068, F-statistic = 5,7,
p =0,004.

!Absolute term of an equation.

»=0,002.

'Absolute term of an equation.

Ta6xa. 5. 3HadeHus Gaxkropa HHPISAIMA AUCTIEPCHHA JIIIs1 K0I(D(DUIIMEHTOB PErPeCCUOHHBIX MOJIEIEH
OLIEHKH YPOBHSI MapraHiia B MbIIICYHON TKaHH
Table 5. Values of the dispersion inflation factor for the coefficients of regression models for
estimating the level of manganese in the muscle tissue

Predictor Full model y~x1+x3+x9+x10 y~x3+x5
x1 2,1 1,1 -
x2 4,2 - _
x3 24 1,1 1,2
x4 33,8 - -
x5 2,3 - 1,2
x6 333 - -
x7 595,9 - -
x8 162,6 - -
x9 658,6 1,2 -
x10 3.3 1,1 -
x11 1,8 - -
x12 1,8 - -

shown in the bottom-right plot of Figure 6. The
ordinal numbers of three observations with high
influence potential are displayed. However, vi-
sually, these instances align with the model on
the previous graphs of Figure 6. A formal check
of the most influential observation's conformity
to the overall population was conducted with
Bonferroni correction. In the selected model,
the maximum value of the studentized residual
was 2.52 and corresponded to an adjusted sig-
nificance level of 0.47. The obtained results in-
dicate that this maximum value does not differ

from the other observations in the population.
To test the hypothesis of independence of the
residuals, the autocorrelation coefficient was
calculated as 0.039 (p = 0.32), confirming the
null hypothesis of independence of the residu-
als in the model.

Thus, to forecast the level of manganese in
Hereford cattle muscle tissue, it is necessary to
determine the globulin concentration and eryth-
rocyte sedimentation rate and build a regression
equation based on the obtained data:

y=0.2-0.052 x ESR +0.002 x G,
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Fig. 4. Visualization of candidate models for assessing by the cross-validation method divided

into 3 blocks

Taoua. 6. KpOCC—BaJ’II/I,Z[aL[I/Iﬂ OIICHOK PETPECCUOHHBIX MO,I[GJ'ICﬁ MPOrHo3a ypoBHs MapraHiia B MbIIICY-

HOU TKaHU

Table 6. Cross-validation of estimates of regression models for predicting the level of manganese in

the muscle tissue

Model formula SSE df MS R Cross-validation R?
y~1+x5+x9 0,2200 22 0,00996 0,478 0,227
y~1+x1+x3+x9+x10 0,2242 22 0,01019 0,573 0,0826

where y is the manganese concentration in mus-
cle tissue (mg/kg), ESR is the erythrocyte sedi-
mentation rate (mm/h), and G is the globulin
level (g/L).

Although the obtained results have dem-
onstrated a sufficient level of statistical sig-
nificance for the model and its coefficients,

as well as the absence of outliers, this model
requires training on new data as the precision
of the forecast for manganese levels in muscle
tissue will have wide confidence intervals with
the available data. Therefore, additional data is
needed to improve the model.
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Maremaruueckoe MOJIEJIMPOBAHUE YPOBHS MapraHia Hapoxnbix K.H.
B MBIIIEYHON TKaHH KPYIIHOT'O pOraToro CKkota
CONCLUSION
0.5 The obtained model can be used for the in
& vivo assessment of manganese levels in the
_qg, 04- Hereford cattle muscle tissue. The data ob-
£ tained can be utilized for the purpose of ecolog-
§ 03] ical monitoring of elemental load on animals.
E The application of this method will enable the
E» 024 timely detection of Mn imbalances in muscle
g tissue and, through changes in diets, reduce or
§ 01- increase the concentration of this metal. Fur-
g ther training of the model is necessary to find
a broader set of predictors to enhance the accu-
0.0 ‘ ST TR racy of the dependent variable estimates.

-1 0 1 2 3
Model residuals

Puc. 5. PacpenieneHue 0CTaTKOB pErpecCUOHHOM
MOJICTIN OLICHKU YPOBHS MapraHia B MbIIIECYHOMN
TKaHH, MI/KT

Fig. 5. Residual distribution of the regression
model for estimating the level of manganese in the
muscle tissue, mg/kg

Residuals vs Fitted

n
[~ ol 150
[=1]
S o
1 8
f=]
b=
LN
L=1]
(=]
; - o17 °
T T T T T
0.15 0.20 0.25 0.30 0.35
Fitted values
Scale-Location
2 o
180
180
E ° o
2. g
2 o
B
] 8o [=]
o |
(=]
T T T T T
0.15 0.20 0.25 0.30 0.35
Fitted values

CIIMCOK JIMTEPATYPbI

1. National Research Council. Mineral tolerance
of animals. Washington DC: National Academy
Press. 2005. 469 p.

Normal Q-G
1o
N = 150 "
E o
E - Qlo-ﬂ
0
E o - 06°%°
| 500
a _ | 0099°
om‘.»".
T T T T T
2 -1 0 1 2
Theoratical Quantiles
Cook's distance
@ | '
(=]
[Ts]
S 11
(=]
E -+
53
-
=]
2 31
]
(SR
- 15
;. |11
g_ ...|.|||.||I ‘ . |.|
I I | 1
5 10 15 20
Obs. number

Puc. 6. CrieBa HaIIpaBo: OCTAaTKH B 3aBUCUMOCTHU OT OTKJIMKA, Tpa(HK KBAaHTUIICH, KBAAPATHBIN
KOPEHb CTAaH/IaPTH3HPOBAHHBIX OCTATKOB B 3aBUCUMOCTH OT OTKJIMKA U qucTaHmi Kyka

Fig. 6. From left to right: residuals versus response, quantile plot, square root of standardized

residuals versus response, and Cook's distances

300TEXHUS U BETEPUHAPHS

CuOHPCKHii BECTHHK CEIBCKOXO3SHCTBEHHOM Hayku * 2023 53 <4 89



Mathematical modelling of the manganese level
in the muscle tissue of cattle

Narozhnykh K.N.

10.

11.

Narozhnykh K.N., Sebezhko O.l., Konovalo-
va TV, Korotkevich O.S., Petukhov VL.,
Tarasenko E.I. Manganese Content In Muscles
Of Sons Of Different Holstein Bulls Reared In
Western Siberia // Trace Elements and Electro-
lytes. 2021. Vol. 38. N 3. P. 149.

Scher D.P, Goeden H.M., Klos K.S. Potential
for manganese-induced neurologic harm to for-
mula-fed infants: a risk assessment of total oral
exposure // Environmental health perspectives.
2021. Vol. 129. N 4. P. 047011.

Stephenson E.L., Rathert A.R., Tucker H., Mey-
er A.M. 70 Effects of copper, zinc, and man-
ganese intake in late gestation on milk, cow
plasma, and calf plasma trace mineral concen-
trations post-calving in beef cattle // Journal of
Animal Science. 2019. Vol. 97. Ne 2. P. 45.
Kropyvka Y.H., Bomko V.S. Influence of feeding
of mixed-ligande complexes of zinc, manga-
nese and cobalt on cow productivity, feed di-
gestibility and nitrogen metabolism in the last
period of lactation / Feeds and Feed Produc-
tion. 2020. Vol. 90. P. 179-190.

Davy J.S., Forero L.C., Shapero M.W,
Rao D.R., Becchetti T A., Koopman Rivers,
Stackhouse J.W.C., DeAtley K.L., McNabb B.R.
Mineral status of California beef cattle // Trans-
lational Animal Science. 2019. Vol. 3. N 1.
P. 66-73.

Palomares R.A. Trace Minerals Supplementa-
tion with Great Impact on Beef Cattle Immu-
nity and Health // Animals. 2022. Vol. 12. N 20.
P. 2839.

Alfaro G.F, Novak TE. Rodning S.P., Moi-
sa S.J. Preconditioning beef cattle for long-
duration transportation stress with rumen-
protected methionine supplementation: A
nutrigenetics study // PloS one. 2020. Vol. 15.
N 7. P. E0235481.

Batra J., Aggarwal J., Pasha E.H., Singh R.S.
A Review of the Role of Zinc, Manganese, and
Copper in the Metabolic Processes That Take
Place in the Rumen and in Immune Function //
International Journal of Food and Nutritional
Sciences. 2022. Vol. 11. N 4. P. 92-110.

Gorski K., Saba L. Assessment of manganese
levels in the soil and feeds, and in the bodies of
milk cows from central-eastern Poland admin-
istered a mineral compound feed // Acta Scien-
tiae Veterinariae. 2015. Vol. 43. N 1. P. 1.
Hansen S.L., Spears J.W., Lloyd K.E., Whis-
nant C.S. Growth, reproductive performance,
and manganese status of heifers fed varying

12.

13.

14.

15.

16.

17.

18.

19.

concentrations of manganese // Journal of ani-
mal science. 2006. Vol. 84. N 12. P. 3375-3380.
Studer J.M., Schweer W.P, Gabler N.K.,
Ross J.W. Functions of manganese in repro-
duction //Animal Reproduction Science. 2022.
P. 106924.

Krajnicakova M., Kovac G., Kostecky M.,
Valocky I., Maracek 1., Sutiakova I., Lenhardt L.
Selected clinicobiochemical parameters in the
puerperal period of goats // Bulletin of the Vet-
erinary Institute in Putawy. 2003. Vol. 47. N 1.
P. 177-182.

Spears J.W. Boron, chromium, manganese, and
nickel in agricultural animal production // Bio-
logical trace element research. 2019. Vol. 188.
N 1. P. 35-44.

National Research Council. Nutrient Require-
ments of Dairy Cattle. Washington DC: Nation-
al Academy Press, 2001. 401 p.

Sebezhko O., Korotkevich O., Konovalova T,
Biryula 1., Petukhov V., Kamaldinov E., Narozh-
nykh K., Nezavitin A.G., Dementyev V.N., Naza-
renko A.V., Osadchuk L. Biochemical and min-
eral parameters in pigs of two breeds reared in
large industrial complexes of Western Siberia //
Journal of Agricultural, Food, and Environmen-
tal Sciences. 2017. Vol. 71. N 1. P. 186—190.
Konovalova TV, Sebezhko O.I., Korotkev-
ich O.S., Narozhnykh K.N., Nazarenko A.V.,
Kamaldinov E. V., Andreeva V. A., Petukhov V.L.,
Popovski Z.T. Correlations of some biochemi-
cal and hematological, parameters with poly-
morphisms in asl-casein and B-lactoglobulin
genes in Romanov sheep breed // Proceedings
of the International Symposium on Animal Sci-
ence. 2018. P. 47.

Sebezhko O.1., Petukhov V.L., Chysyma R.B.,
Kuzmina E.E., Shishin N.I., Korotkevich O.S.,
Konovalova TV, Narozhnykh K.N., Maren-
kov V.G., Zheltikov A.I., Nezavitin A.G., Osad-
chuk L.V. Influence of anthropogenic pollution
on interior parameters, accumulation of heavy
metals in organs and tissues, and the resistance
to disorders in the yak population in the Repub-
lic of Tyva // Journal of Pharmaceutical Scienc-
es and Research. 2017. Vol. 9. N 9. P. 1530
1535.

Zuur A.F., leno E.N., Elphick C.S. A protocol
for data exploration to avoid common statistical
problems // Methods in ecology and evolution.
2010. Vol. 1. N 1. P. 3—14.

90

Siberian Herald of Agricultural Science 2023 « 53 « 4

Zootechnics and veterinary medicine



Maremaruueckoe MOJIEJIMPOBAHUE YPOBHS MapraHia Hapoxnbix K.H.

B MBIIIEYHON TKaHU prHHOFO poraToro CKOTa

REFERENCES 11. Hansen S.L., Spears J.W., Lloyd K.E., Whisnant
. . . .S. Growth, repr ti rforman an

1. National Research Council. Mineral tolerance C.8. Growth, reproductive perfo ce, and

10.

of animals. Washington DC: National Academy
Press, 2005, 469 p.

Narozhnykh K.N., Sebezhko O.I., Konovalo-
va T.V.,, Korotkevich O.S., Petukhov VL.,
Tarasenko E.I. Manganese Content In Muscles
Of Sons Of Different Holstein Bulls Reared In
Western Siberia. Trace Elements and Electro-
Iytes. 2021. vol. 38, no 3, pp. 149.

Scher D.P., Goeden H.M., Klos K.S. Potential
for manganese-induced neurologic harm to for-
mula-fed infants: a risk assessment of total oral
exposure. Environmental health perspectives,
2021, vol. 129, no. 4, pp. 047011.

Stephenson E.L., Rathert A.R., Tucker H., Meyer
A.M. 70 Effects of copper, zinc, and manganese
intake in late gestation on milk, cow plasma, and
calf plasma trace mineral concentrations post-
calving in beef cattle. Journal of Animal Science,
2019, vol. 97, no. 2, pp. 45.

Kropyvka Y.H., Bomko V.S. Influence of feeding
of mixed-ligande complexes of zinc, manganese
and cobalt on cow productivity, feed digestibil-
ity and nitrogen metabolism in the last period of
lactation. Feeds and Feed Production, 2020, vol.
90, pp. 179-190.

Davy J.S.,, Forero L.C., Shapero M.W.,
Rao D.R., Becchetti T.A., Koopman Rivers,
Stackhouse J.W.C., DeAtley K.L., McNabb B.R.
Mineral status of California beef cattle.
Translational Animal Science. 2019, vol. 3,
no. 1, pp. 66-73.

Palomares R.A. Trace Minerals Supplementa-
tion with Great Impact on Beef Cattle Immunity
and Health. Animals, 2022, vol. 12, no. 20, pp.
2839.

Alfaro G.F.,Novak T.E., Rodning S.P., Moisa S.J.
Preconditioning beef cattle for long-duration
transportation stress with rumen-protected me-
thionine supplementation: A nutrigenetics study.
PloS one, 2020, vol. 15, no. 7, p. €023548]1.
Batra J., Aggarwal J., Pasha E.H., Singh R.S.
A Review of the Role of Zinc, Manganese, and
Copper in the Metabolic Processes That Take
Place in the Rumen and in Immune Function.
International Journal of Food and Nutritional
Sciences, 2022, vol. 11, no. 4, pp. 92—-110.
Gorski K., Saba L. Assessment of manganese
levels in the soil and feeds, and in the bodies of
milk cows from central-eastern Poland adminis-
tered a mineral compound feed. Acta Scientiae
Veterinariae, 2015, vol. 43, no. 1, p. 1.

12.

13.

14.

15.

16.

17.

18.

19.

manganese status of heifers fed varying concen-
trations of manganese. Journal of animal sci-
ence, 2006, vol. 84, no. 12, pp. 3375-3380.
Studer J.M., Schweer W.P., Gabler N.K,
Ross J.W. Functions of manganese in repro-
duction. Animal Reproduction Science, 2022,
p- 106924.

Krajnicakova M., Kovac G., Kostecky M.,
Valocky 1., Maracek I., Sutiakova I., Lenhardt L.
Selected clinicobiochemical parameters in the
puerperal period of goats. Bulletin of the Ve-
terinary Institute in Putawy, 2003, vol. 47, no. 1,
pp. 177-182.

Spears J.W. Boron, chromium, manganese, and
nickel in agricultural animal production. Biologi-
cal trace element research, 2019, vol. 188, no. 1,
pp- 35-44.

National Research Council. Nutrient Require-
ments of Dairy Cattle. Washington DC, National
Academy Press, 2001, 401 p.

Sebezhko O., Korotkevich O., Konovalova T.,
Biryula 1., Petukhov V., Kamaldinov E., Naro-
zhnykh K., Nezavitin A.G., Dementyev V.N.,
Nazarenko A.V., Osadchuk L. Biochemical and
mineral parameters in pigs of two breeds reared
in large industrial complexes of Western Siberia.
Journal of Agricultural, Food, and Environmen-
tal Sciences, 2017, vol. 71, no. 1, pp. 186—-190.
Konovalova T.V., Sebezhko O.., Korotke-
vich O.S., Narozhnykh K.N., Nazarenko A.V.,
Kamaldinov E.V., Andreeva V.A., Petukhov V.L.,
Popovski Z.T. Correlations of some biochemical
and hematological, parameters with polymor-
phisms in asl-casein and B-lactoglobulin genes
in Romanov sheep breed. Proceedings of the
International Symposium on Animal Science,
2018, p. 47.

Sebezhko O.I., Petukhov V.L., Chysyma R.B.,
Kuzmina E.E., Shishin N.I., Korotkevich O.S.,
Konovalova T.V., Narozhnykh K.N., Maren-
kov V.G., Zheltikov A.I., Nezavitin A.G., Osad-
chuk L.V. Influence of anthropogenic pollution
on interior parameters, accumulation of heavy
metals in organs and tissues, and the resistance
to disorders in the yak population in the Republic
of Tyva. Journal of Pharmaceutical Sciences and
Research, 2017, vol. 9, no. 9, pp. 1530-1535.
Zuur A.F., leno E.N., Elphick C.S. A protocol
for data exploration to avoid common statisti-
cal problems. Methods in ecology and evolution,
2010, vol. 1, no. 1, pp. 3-14.

300TEXHUS U BETEPUHAPHS

CurGupCKHii BECTHHUK CENbCKOXO3HCTBEHHOI Hayku ® 2023 * 534 9]



Mathematical modelling of the manganese level
in the muscle tissue of cattle

Narozhnykh K.N.

NH®OPMAILINSA Ob ABTOPE

<X)Hapoxnsix K.H., xanmugar Owuomorude-
CKMX HayK, 3aBeAyIONMii Jabopatopuiei; aapec
s mepenuckn: Poccusi, 630039, HoBocubupck,
Ho6pomobosa, 160; e-mail: nkn.88@mail.ru

AUTHOR INFORMATION

pKirill N. Narozhnykh, Candidate of
Science in Biology, Laboratory Head; address: 160,
Dobrolyubova St., Novosibirsk, 630039, Russia;
e-mail: nkn.88@mail.ru

Hama nocmynnenus cmamou / Received by the editors 20.01.2023
Jlama npunamus k nyonuxayuu / Accepted for publication 28.02.2023
Jlama ny6auxayuu / Published 22.05.2023

92 Siberian Herald of Agricultural Science « 2023 « 53 « 4

Zootechnics and veterinary medicine



https://doi.org/10.26898/0370-8799-2023-4-10 Tun crarey: OpUrHHANBHAS
VIK: 636.4:575.174 Type of article: original

BUOPA3BHOOBPASUE CBUHEM PA3JIMUHBIX ITOPO/]
HA OCHOBE AHAJIM3A D-IIETJIU mTtIHK

<)Komxocoa M.A.!, I'ermannesa JI.B.2, Bakoes H.®.}, Koctionuna O.B.?

! [lonckotl 2ocyoapcmeenHblil acpapHblil yHUsepcunem

PoctoBckas ob6macts, 1. [lepcnanoBckuii, Poccus

’[lenmp cmpamezuuecko2o NIAGHUPOBAHUSL U YIPAGLEHUS MEOUKO-OUOTI02UYECKUMU PUCKAMU
300p08bi0 Dedepanbroeo Meouro-ouonocuieckoco azenmemesa Poccutickoti @edepayuu
Mocxksa, Poccus

SDedepanvuviil uccreoosamenvckull yeHmp HUOMHo800cmea um. akademura JIL.K. Opucma
MockoBckast oonacts, ['O ITomonsck, 1. lyoposuiisl, Poccus

(<)e-mail: m.leonovaa@mail.ru

ITommmopdmam mutoxouapransaoi JIHK, mpeacrasmstomnmii coOoii ompH U3 HarnbdoIee pacipocTpa-
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o0I1Iee MPOUCXMKACHHE U (POPMHUPYIOIIUX MUTOXOH/IPHUATIbHBIC T€HOMBI, Ha3bIBAEMBIC IAILIOrPYIIIIAME
MtIHK. ensimu paGoThl SBISLIUCH OIIEHKA TEHETUUECKOTO Pa3HOOOpa3usi CBHHEH JIByX MaTepHHCKUX
TTOPOJI OTEUECTBEHHOM PENPOIYKIIMN Ha OCHOBAaHUH aHaM3a rmojmMopdmsma D-rretm mT/IHK, a Taxoke
CpaBHEHHE TTOJYYE€HHBIX PE3YJIbTaTOB C HACHTUYHBIMH MOCIIEI0BATENFHOCTAME 13 0a3bl MaHHBIX NCBI
B pa3pese Nopojl ¥ MX reorpaduieckoro pacupoctpaHeHus. beimm u3ydeHsr 39 cBUHEH OPOIBI JTaHIpac
u 49 — xpynHo# Oenoit moposnsl. MuroxonapuansHyto JIHK Beinensun u3 o0pasioB TkaHe# (yIIHOH
BBIIIHIT). J{JIs OLICHKM T'€HETHMYECKOTO Pa3HO00pa3us ONPeIessUI KOJIMYSCTBO TalIOTUIIOB, TarlIOTH-
MTMYECKOe M HYKJICOTHTHOE pa3HooOpasne, CpelHee YrCio 3aMeH HYKJICOTHJIOB Ha caiT. OOHapyKeHO
23 momMopdHBIX y4yacTka: 21 —y CBHHEH mopoab! TaHmpac, 17 — y mpeacTaBuTesIeld Topombl KpyITHas
Oenasi. Beero B mccneyeMoit OMyISIIIAY BBISIBIICHO JECATh TaryioTunoB. B 6ase manabix NCBI Haii-
JICHO 75 MIEHTUYHBIX MOCIEIOBATEIBLHOCTEN, XapaKTEPHBIX Ul CBUHEH Pa3IUUHBIX MOPOJ, Pa3BOAU-
MBIX B pa3HbIX cTpaHax mupa. [locne onpeneneHus HyKICOTUIHBIX MTOCIEI0BATEIBHOCTEH (PparMeHTa
D-netsin mtJIHK cBuHel niopos aHpac u KpyrHas Oesiasi OTeYeCTBEHHOM PENPOIYKIIMU U UX CpaBHe-
HUS C TIOCIIEAOBATENFHOCTIMI U3 0a3bl MaHHBIX NCBI 06110 YCTaHOBICHO HAIMYNE HICHTUIHBIX TIOCITC-
JIOBaTEIbHOCTEH y N3y4aeMbIX HAMH KMBOTHBIX U NPEJCTABUTENICH €BPONEHCKUX U a3UATCKUX OO/, B
TOM YHUCJIE KOMMEPUECKUX U JIOKAIbHBIX. [lonyueHHbIe MaTepualibl OKa3bIBAOT, YTO OLICHKA MTOJIUMOp-
¢usma MT/IHK cniocoGcTByeT maeHTUHUKAIMN (DUITOTEHETUYECKUX CBS3eH MEXKIY IOIYIISIHAMHE, OT-
CIISKUBAHUIO [TOPOJI000PA30BaTEIIbHBIX MPOIIECCOB M MOXKET OBITh PACCMOTPEHA KaK JIOTIOITHUTEIILHBIH
KPUTEPHI CEICKIIMOHHO-TUICMEHHOM paboThI.

KaroueBble ¢jioBa: reHETUUECKUE MapKepbl, TeHETHKa, cBUHbU, MT/JHK

BIODIVERSITY OF PIGS OF VARIOUS BREEDS BASED ON THE ANALYSIS OF
mtDNA D-LOOP
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Mitochondrial DNA polymorphism, which is one of the most common genetic markers, is
actively used in the study of various animal species. Since the mitochondrial genome has evolved
over many years within a species, this has influenced the fixation of mutations and the formation of
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Biodiversity of pigs of various breeds based Kolosova M.A., Getmantseva L.V., Bakoev N.F., Kostyunina O.V.
on the analysis of mtDNA D-loop

mitochondrial lineages that share a common origin and form mitochondrial genomes, called mtDNA
haplogroups. The objectives of the work were to evaluate the genetic diversity of pigs of two
maternal breeds of domestic reproduction based on the analysis of mtDNA D-loop polymorphism
and to compare the results obtained with identical sequences from the NCBI database by breed and
their geographic distribution. 39 Landrace pigs and 49 Large White pigs were used for the study.
MtDNA was isolated from tissue samples (ear notch). The number of haplotypes, haplotypic and
nucleotide diversity, and the average number of nucleotide substitutions per site were determined
to assess the genetic diversity. 23 polymorphic sites were found: 21 in Landrace pigs, 17 in Large
White pigs. A total of ten haplotypes were identified in the study population. The NCBI database
found 75 identical sequences for pigs of different breeds bred around the world. After determining
the nucleotide sequences of the D-loop fragment of the mtDNA of Landrace and Large White pigs
of domestic reproduction and comparing them with the sequences from the NCBI database, the
presence of identical sequences in the animals we studied and in the representatives of European and
Asian breeds, including commercial and local was established. The materials obtained show that the
assessment of mtDNA polymorphism contributes to the identification of phylogenetic relationships
between populations, tracing of pedigree processes, and can be considered as an additional criterion
of selection and breeding work.
Keywords: genetic markers, genetics, pigs, mtDNA
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INTRODUCTION mutations and the formation of different mi-

Mitochondrial DNA (mtDNA) polymor- tochondrial lineages that share a common ori-
phism, as one of the most common genetic gin, forming mitochondrial genomes known as

markers, is widely used in the study of various mtDNA haplogroups. mtDNA haplotypes not
animal species. This is due to its maternal in- only confer the advantages and disadvantages

heritance and the high frequency of occurrence ©f Organisms® > (e.g., influencing the growth
of mutational processes. Mitochondrial DNA is and physical performance of animals, adapta-

inherited through cytoplasmic inheritance and juon to warm and 091(1 chmate‘s, Sperm motil-
is not subject to recombination. Within a spe- ity), but also determine economically important

cies, the mitochondrial genome has evolved traits such as milk quality [1]. Furthermore, it

over many years, leading to the fixation of has been shown that embryonic stem gell lipes
of different mtDNA haplotypes, with identical

'Alves P.C., Pinheiro L, Godinho R., Vicente J., Gortazar C., Scandura M. Genetic diversity of wild boar populations and
domestic pig breeds (Sus scrofa) in South-Western Europe // Biological Journal of the Linnean Society. 2010. Vol. 101. N 4. pp.
797-822.

2Alves E., Ovilo C., Rodriguez M.C., Silio L. Mitochondrial DNA sequence variation and phylogenetic relationships among
Iberian pigs and other domestic and wild pig populations // Animal Genetics. 2003. Vol. 34. N 5. pp. 319-324.
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nuclear DNA, exhibit different levels of gene
expression during cell differentiation [2], which
may be influenced by the impact of mtDNA on
phenotype realization.

Currently, both Asian (A, B, and C) and Eu-
ropean (D and E) haplogroups have been identi-
fied in pigs. Pig breeds developed in China, Ko-
rea, and Japan are largely similar to each other
but significantly differ from the European-type
pigs. Commercial breeds of the European ori-
gin, such as Landrace, Large White, and Du-
roc, are bred worldwide, and their mtDNA may
belong to either the Asian or non-Asian type
depending on their origin and further improve-
ment by individual breeding centers.

For domestic selection purposes, studies
on mtDNA of pigs from breeding farms in the
Russian Federation are of particular interest. In
this regard, the objectives of our work were to
assess the genetic diversity of two domestically
reproduced maternal pig breeds based on the
analysis of mtDNA D-loop polymorphism and
to compare the obtained materials with iden-
tical sequences from the National Center for
Biotechnology Information (NCBI) database
in terms of the breeds and their geographical
distribution.

MATERIALO AND METHODS

The study was conducted on the domestical-
ly reproduced Landrace pigs (n = 39) and Large
White pigs (n = 49). DNA was extracted from
tissue samples using the "K-Sorb-100" reagent
kit (Syntol, Russia). The D-loop region (1046
bp) was amplified by PCR using the primers FW
5'-TGCAAACCAAAACGCCAAGT-3' and
RW  3-TTTTTGGGGTTTGGCAAGGC-5'".
Gel-purification of the amplified fragments was
performed using the Cleanup Mini kit (Euro-
gene, Russia). Sequencing was outsourced to
Eurogene company. Editing and alignment of
the sequences were performed using BioEdit
7.2.6 and MEGA 7 software. mtDNA hap-
lotypes were denoted as Hap. The number of
the haplotypes (H), haplotype diversity (HD),
nucleotide diversity (m), and average number of
nucleotide substitutions per site (k) were cal-
culated using DnaSP 5.10. Calculations and
construction of the phylogenetic tree were per-

formed using the maximum likelihood method.
The sequence number NC000845 (NCBI) was
considered as the reference. Sequences were
assigned to specific haplogroups based on
comparison with known haplogroup sequenc-
es from the NCBI database (A-KT279758,
B-KT261429, C-KT279759, D-KT279760,
E-KT261430).

RESULTS AND DISCUSSION

During the study, nucleotide sequences of
the variable D-loop region of mtDNA were de-
termined for 88 tissue samples from Landrace
and Large White pigs. For further analysis, a
638 bp fragment located within the range of 87-
724 bp according to the reference sequence was
used. Table 1 presents the parameters of genetic
diversity in the studied pig groups.

The haplotype diversity for the Landrace
breed was recorded at a level of 0.839, while for
the Large White breed, it was 0.041 (see Table
1). Landrace pigs exhibited a higher number of
nucleotide substitutions (k = 8.640) compared
to Large White pigs (k = 0.735). The average
nucleotide diversity was 0.013 (mostly due to
the Landrace breed).

A total of 23 mutations were detected in the
studied group, with 21 in Landrace pigs and 17
in Large White pigs. Ten haplotypes were iden-
tified in total (see Table 2).

Out of the 49 Large White pigs, 48 had the
Hap-10 haplotype, while only one individual
had the Hap-9 haplotype. Landrace pigs showed
greater genetic diversity, with eight haplotypes
identified. The most frequent haplotypes were
Hap-1 and Hap-4 (see the figure).

Ta6a. 1. ['eneTnueckoe pasHooOpa3ue CBUHEH
TOPOJT JIAH/APAC U KpyITHas Oemast

Table 1. Genetic diversity of Landrace and
Large White pigs

Breed N S H HD k bo
Landrace 39 | 21 9 10,839 8,640 | 0,0139
Large White | 49 | 18 2 10,04110,735|0,0012
On average | 88 | 23 | 10 | 0,674 | 8,328 |0,0134
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The assignment of the identified haplotypes
to haplogroups A, C, D, and E is shown on the
phylogenetic tree (see figure). No individuals
belonging to haplogroup B were found.

A search for identical sequences in the NCBI
database revealed 75 sequences belonging to the
representatives of different breeds (see Table 3).
Out of these, 30 sequences were assigned to the
Hap-10 haplotype, which we identified in Large
White pigs. Previously, two sequences were
found in wild Asian boars, 27 in Asian pig breeds*
*[1-9], and one in a Spanish-origin Large White
pig (see footnote 2). The individuals of the Asian
origin with the Hap-10 haplotype were associated

with local Chinese breeds [2, 5, 6, 8, 9]. This hap-
lotype was also found in Mong Cai pigs [4, 8] and
Kunekune pigs bred in New Zealand.

According to the NCBI data, identical Hap-1
haplotypes were identified in Landrace and Du-
roc pigs bred in Australia [1] and Japan®, Iberi-
an pigs (see footnote 2), and French wild boars
(see footnote 1). Sequences identical to the
Hap-2 haplotype were found in wild boars (see
footnote 2) and Mangalica pigs [10]. Carriers of
the Hap-5 haplotype are similar to the Landrace
pigs of Chinese origin®, Canadian pigs [11], and
Japanese pigs’. The Hap-8 haplotype is fixed in
Duroc pigs in Spain® and China (see footnote

Ta6a. 2. lNamoTune! CBUHEH MOPOJ IaHApac U KpyIiHas Oemas

Table 2. Haplotypes in Landrace and Large White pigs

Mutation
Haplo-
n
type (@) <t — w on [ore] (=) w — [ele] (o) <t O on [«) v [q\] () w [« [q\l <t O
(e o on <t wv v e’} [ee] < <t ~ N () o (@)} [} v O o~ < N (e} (e}
— — — — — — — — o o o o on on on <+ <t o) wv O O o~ ~
Landrace
IH |T|T|G|c|c|lA|lc|T|T|G|C|A|C|Cc|C|T|C|T|A|C|G|A|A
2H | = | === === =1=1=|=1=|=1=/=1=/=1=1=]=1A]|-1=
3H || == =|=|=1T|=|=|=|=|=|=|=|=|=|=]=|G|=|A|-1|-
11| 4H |C|A|A|T|T|G|-|-|C|-|T|G|T|T|T|-|-|C|G|-]A|G|G
20 5H || =|=|=|=|=|=|Cl=1A]l=|=|=|T|=|=|=]|=|=1=|=1=-1-
6| 6H |- |A|-|-|-|=|T|=|=|=|=|=1|=|T|=|=|=|=|=1T/|=-1]-1|-
20 7H |- |- |-|-|-|=-1T|=|=-|-1-|-1- == ==]=1=-1=-1-
20 8H || = |=|=|=|=|T|=|=|=1T|=|=|=|=|=|=|=|=1|=|=1=-1-
Large White
1 9H |C|A|A|T|T|G —|Cc|-|T|G|T|T|T|-|-|C|G|=|A|-=-|-
481 10H [C|A|A|T|T|G —-|lcl-|-|Gg|T|T|T|-|-|-|G|-|-|G|G

Note. Positions are listed in accordance with Sequence No. NC000845.

Wang J., Guo J., Hao X., Hu H., Lin H., Zhang Y., Wang C.,

Wu Y. Phylogenetic Relationships of Pig Breeds from Shandong

Province of China and Their Influence by Modern Commercial Breeds by Analysis of Mitochondrial DNA Sequences // Italian

Journal of Animal Science. 2010. Vol. 9. N 2.e48. pp. 248-254.

*Larson G., Dobney K., Albarella U., Fang M., Matisoo-Smith E., Robins J., Lowden S., Finlayson H., Brand T., Willerslev E.,
Rowley-Conwy P, Andersson L., Cooper A. Worldwide phylogeography of wild boar reveals multiple centers of pig domestication

//Science. 2005. Vol. 307. N 5715. pp. 1618-1621.

SOkumura N., Ishiguro N., Nakano M., Hirai K., Matsui A., Sahara M. Geographic population structure and sequence
divergence in the mitochondrial DNA control region of the Japanese wild boar (Sus scrofa leucomystax), with reference to those
of domestic pigs // Biochemical Genetics. 1996. Vol. 34. N 5-6. pp. 179-189.

Wu Y., Wang J., Guo J., Hao X., Hu H., Lin H., Zhang Y., Wang C. Phylogenetic relationships of pig breeds from Shandong
province of China and their influence by modern commercial breeds by analysis of mitochondrial DNA sequences // Italian Journal

of Animal Science. 2010. Vol. 9. N 2. pp. 248-254.

"Watanobe T, Ishiguro N., Okumura N., Nakano M., Matsui A., Hongo H., Ushiro H. Ancient mitochondrial DNA reveals the
origin of Sus scrofa from Rebun Island, Japan // Journal of Molecular Evolution. 2001. Vol. 52. N 3. pp. 281-289.

84lves E., Ferndndez A., Fernandez-Rodriguez A., Pérez-Montarelo D., Benitez R., Ovilo C., Rodriguez C., Silio L. Identification
of mitochondrial markers for genetic traceability of European wild boars and Iberian and Duroc pigs // Animal. 2009. Vol. 3. N 9.

pp. 1216-1223.
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Ta6a. 3. Ugentnynslie rarutoTUirsl n3 0a3sl 1aHuHbIx NCBI
Table 3. Identical haplotypes from the NCBI database

H;/I;t)_ Numl\? gBl? the Breed Country H:}l/};l:— NumIlI)érBi? the Breed Country
Hap-1 [KT279760 Commercial Australia Hap-8 |KF569218 F2 Vietnam
Hap-1 [FJ236997 Duroc Spain Hap-8 |KC250275 Large White China
Hap-1 |AMO040631 » Taiwan Hap-8 |FJ236996 Duroc Spain
Hap-1 [AMO040613 |Landrace » Hap-8 |EU660148 » China
Hap-1 ?11\\/[/1(? 440063(1) > » » Hap-9 |Hap-9 sequences are absent

Hap-1 [D42170 Commercial Japan Hap-10 [MG250567 | Yudong black China
Hap-1 |[HM747198 | Wild boar Portugal Hap-10 | MG250564 | Wuzhishan »
Hap-1 | AY232858 Iberian Spain Hap-10 | MG250562 | Wuzhishan »
Hap-2 |KJ746666 Mangalitsa China Hap-10 [MG250556 | Tunchang »
Hap-2 [HM747198 | Wild boar France Hap-10 | MG250532 | Huizhong »
Hap-2 |IN601068 Mangalitsa USA Hap-10 |MG250529 | Huizhong »
Hap-3 |Hap-3 sequences are absent Hap-10 |MG250518 | Bamaksyang »
Hap-4 |EU979134 Dapulian China Hap-10 | KF913287 Kwangbaihai »
Hap-5 |EU660147 Landrace » Hap-10 | KF913276 Cunjiangxiang »
Hap-5 |MH113791 | Yorkshireand » Hap-10 |KF913275 | Cunjiangxiang »
Hap-5 |AB041499 |Landrace Japan Hap-10 |[KF913271 Cunjiangxiang »
Hap-6 | Hap-6 sequences are absent Hap-10 |KF913253 Baixi »
Hap-7 | KC469587 Pietren China Hap-10 | KF913252 Baixi »
Hap-7 |EU660181 Yorkshire » Hap-10 | KX982643 Wild boar Vietnam
Hap-7 |EU660154 Duroc » Hap-10 | KX982646 » » »
Hap-7 |EU660151 » » Hap-10 | KX982647 » » »
Hap-7 |EU660150 » » Hap-10 | KX982651 » » »
Hap-7 |EU660140 Landrace » Hap-10 | KX982652 » » »
Hap-7 | AF034253 » Taiwan Hap-10 | KX147100 Mong Cai »
Hap-7 |D16483 » Japan Hap-10 | KU556691 Mong Cai China
Hap-7 121\1%) 440%33 3" Duroc Taiwan Hap-10 |KT279758 Large White Australia
Hap-7 | AM040612 |Landrace » Hap-10 | KP681243 Wuzhishan China
Hap-7 | AM040614 » » Hap-10 | KM094194 | Sandu black »
Hap-7 | AM040619 » » Hap-10 |KF767443 Wuzhishan »
Hap-7 | AM040621 » » Hap-10 | KC250274 Lantang »
Hap-7 | AM040622 » » Hap-10 | FM244684 Wild boar Thailand
Hap-7 |[HM747216 |Bisaro Portugal Hap-10 | FM244685 » » »
Hap-7 | AY232856 |Iberian Spain Hap-10 | EU979182 | Ghunghwai China
Hap-7 [GQ169779  |Duroc Taiwan Hap-10 | AY884824 Kunekune Ilélilritge(?om
Hap-7 | AB041494 Large White Japan Hap-10 | AY232882 Large White Spain
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Frequencies of mtDNA haplotypes in the studied pigs («). Distribution of haplotypes according to

haplogroup A, B, C, D, E (6)

3) [4], as well as in Large White pigs in China
[3]. It has been established that the divergence
of European and Asian pig breeds based on
mtDNA differences occurred long before their
domestication [12]. Pigs and boars from China,
Korea, and Japan demonstrate close relation-
ships among themselves and are significantly
different from European pigs in the maternal
lineage [3].

CONCLUSION

As a result of the study, nucleotide sequenc-
es of the most variable fragment of the D-loop
region of mtDNA in Landrace and Large White
pigs have been determined. Comparison of
these sequences with the variants deposited
in the NCBI database revealed the presence
of identical sequences among pigs of various
Asian and European breeds. Thus, the assess-
ment of mtDNA polymorphism contributes to
the identification of phylogenetic relationships
between populations, tracking breed formation
processes, and can be considered as an addi-
tional criterion in breeding and breeding work.
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IMPOAYKTUBHOCTb IOTOMCTBA BbIKOB-ITPOU3BOJIUTEJIEN
C PASHOHM MHJEKCHOM OLIEHKOH

x)Kosaunesa I'.Il., Jlanuna M.H., Cyasira H.B., Butoa B.A.

Bcepoccutickuil nayyHo-uccie0o8amensCKuti UHCMumym 08yeg00Cmea U K030600Cmea —
Qunuan Cesepo-Kasrasckozo ghedepanbHoeo HAyuHO20 azpapHo20 YyeHmpa
Craspomnoub, Poccust

(<)e-mail: skotovodstvo-sniizhk@yandex.ru

[IpoGnema n3yueHus creneHn BIUsSHUS nHAeKca «[leprox mpoayKTUBHOM KU3HU/TIPOTYKTHBHOE
JIOJITOJIETHE» OBIKOB-IIPOM3BOAUTENEH HA TIPOIOIDKUTEIEHOCTH IPOYKTHBHOTO HCIIONB30BAHUS UX
ITIOTOMCTBA HEIOCTATOYHO OCBEIlEHa B HAYYHOH JUTEepaTrype, 9To U OOOCHOBBIBAET aKTYaJIbHOCTh
MIPOBEICHHBIX HcciaeqoBaHnil. OcCylecTBI€Ha CpaBHUTENbHAs OIEHKAa XO3SHCTBEHHO-TIOJNE3HBIX
MIPU3HAKOB Jl04epeil OBIKOB-IPOU3BOAMTENEH ¢ BermunHOW nHaekca ot 103 mo 117. Jlunamuka BbI-
OBITHSI OIIBITHBIX )KUBOTHBIX ONPE/IeieHa B IIEPHOJT OT POXKICHHSI 10 3aBEPIICHHUS] BTOPOH JTaKTaI1H,
YPOBEHb MOJIOUHOM ITPOAYKTUBHOCTH — I10 JIAHHBIM 3@ MEPBYIO U BTOPYIO JIAKTAIIMU. YCTaHOBJICHO,
YTO BBIOBITHE CPEIH Jlouepell OBIKOB-TIPOU3BOUTENCH ¢ HHAEKcOM, paBHBIM103 u 105, Obu10 Hau-
0OBIIUM BO BCe (PM3HONIOTHYECKHE TIEPUOABI B coCTaBmIIO Ha KoHer ombiTa 80,0 1 78,1% cootBer-
CTBeHHO. B rpymmnax mouepeii ObIKOB-IIPOM3BOAUTENCH ¢ BelnynHOM uHaekca 109 u 117 moins BbI-
OBIBIINX KUBOTHBIX AocTturana 62,9 u 65,6%. Haumensias npogyKTUBHOCTD 32 IEPBYIO U BTOPYIO
JaKTaluy 3apUKCUPOBAHA y Jl0uepeit ObIKa-MPOU3BOAUTENS ¢ BeMYuHON uHaekca 103 — 6760,2 u
7100,7 kr mosoka. Jlouepu ObIKa-IIPOU3BOTUTENS C HHIIEKCOM, paBHEIM 117, oTnmyanuck HanboIb-
1€ MOJIOUHOW MPOIYKTUBHOCTBIO — 7475,9 n 8158,3 kr Mosyoka 3a JBe JakTauuu. AHAINA3 TOTy-
YEHHBIX JIAHHBIX TIOKa3bIBAET, YTO 3aKPEIIeHHE OBIKOB-TIPOM3BOAMTENEH 32 MAaTOYHBIM CTAZOM C
yueToM uHekca «Ileproa mpoyKTUBHON KU3HU/TIPOAYKTHBHOE JIOJTOJIETHE) MMO3BOJIHT TIOJIy4YaTh
0oJee KpernKoe OTOMCTBO C XOPOIIMMH MTPOAYKTUBHBIMU KaueCTBAMH.

KiroueBsble ciioBa: ObIKUA-TIPON3BOUTEIH, HHICKC OIIEHKH, MPOAYKTHBHOE JIOJNTOJIETHE, BHIOBI-
THE, COXPAHHOCTb ITOTOJIOBBS

PRODUCTIVITY OF THE SERVICING BULLS PROGENY WITH DIFFERENT
INDEX SCORES

<) Kovaleva G.P., Lapina M.N., Sulyga N.V., Vitol V.A.

All-Russian Research Institute of Sheep and Goat Breeding - Branch of the North Caucasian
Federal Scientific Agrarian Center

Stavropol, Russia

(>x)e-mail: skotovodstvo-sniizhk@yandex.ru

The problem of studying the degree of influence of the index "Period of productive life/productive
longevity" of the servicing bulls on the duration of productive use of their progeny is not sufficiently
covered in the scientific literature, which substantiates the relevance of the research. A comparative
assessment of economically useful features of the daughters of servicing bulls with the index value
from 103 to 117 has been carried out. Dynamics of the experimental animals' mortality is determined
in the period from birth to the end of the second lactation, the level of milk productivity - according
to the data for the first and second lactations. It was found that mortality among the daughters of
the servicing bulls with an index equal to 103 and 105 was the highest in all physiological periods
and amounted to 80.0 and 78.1% at the end of the experiment, respectively. In the groups of the
daughters of the servicing bulls with index values of 109 and 117, the proportion of animals that
died out reached 62.9 and 65.6%. The lowest productivity for the first and second lactations was
recorded in the daughters of the servicing bull with the index value of 103 - 6760.2 and 7100.7 kg
of milk. The daughters of the servicing bull with the index equal to 117 were distinguished by the
highest milk productivity - 7475.9 and 8158.3 kg of milk in two lactations. Analysis of the obtained
data shows that fixation of servicing bulls to the breeding herd taking into account the "Period of
productive life/productive longevity" index will make it possible to obtain more robust progeny with
good productive qualities.

Keywords: servicing bulls, assessment index, productive longevity, mortality, livestock viability
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INTRODUCTION

The profitability of dairy cattle farming di-
rectly depends on the productivity of the ani-
mals. In the Russian Federation, the task of
increasing milk productivity is solved through
the extensive use of the Holstein breed gene
pool. Although the Holstein breed ranks sec-
ond in terms of population size in our country,
representatives of other breeds of dairy cattle
carry a certain proportion of Holstein blood' in
their genotype [1-3]. However, high productiv-
ity is an antagonist to animal health indicators.
Holsteinized cattle have a low potential for im-
mune defense, which results in the productive
lifespan of Holsteinized dairy cows being less
than three lactations>3[4, 5]. Recently, great at-
tention has been paid to animal health, their re-
productive ability, and productive longevity [6—
8]. The productive longevity of dairy cows is
determined not only by their genotype but also

by the influence of the environment. Among
the genetic factors influencing the productive
longevity of dairy cattle, the genotype of the
sire plays a decisive role*°. PenrabeabHOCTH
MOJIOYHOTO CKOTOBOJICTBA HANPSIMYIO 3aBHCUT
OT MPOAYKTUBHOCTH KUBOTHBIX.

In the last 20 years, selection and breeding
of animals based on selection indexes have
been successfully used in dairy breeding. Ge-
netic indexes facilitate the work of breeders in
cattle breeding and increase production profit-
ability’ [9]. Sire evaluation is based not only
on the productive traits of their daughters but
also on health indicators, particularly the "Pro-
ductive Life (PL)/Longevity" index. Offspring
of sire bulls with this index evaluation ex-
hibit high indicators of nonspecific immunity
and reproductive ability [10]. It is assumed a
priori that any sire bull with an index evalua-
tion above 100 can improve this indicator in its

'Karamaev A.S., Zaitsev V.V. Indicators of natural resistance of cows of different breeds // Izvestiya of the Lower Volga Agro-

University Complex. 2011. N 1 (21). pp. 150-153.

*Pilipenko M.A. Influence of stud bulls on the duration of economic use of daughters / Agrarian Bulletin of the Urals. 2011.

N 12-2 (92). pp. 46-48.

3Serdyuk G.N. Problems of productive longevity at Holsteinization of domestic breeds of cattle // Dairy and Beef Cattle

Farming. 2015. N 6. pp. 7-10.

* Koronets I.N., Klimets N.V., Shemetovets J.I, Pesotsky N.I. Evaluation of the breeding value and selection of highly productive
cows on a set of traits // Zootechnical Science of Belarus. 2006. Vol. 41. pp. 61-68.

5 Gavrilenko V.P. Evaluation and selection of dairy cattle on productive-reproductive index // Vestnik of Ulyanovsk State

Agricultural Academy. 2009. N 3 (10). pp. 10-14.

¢ Telezhenko E.V. World tendencies in selection of Holstein cattle // Genetics and breeding of animals. 2014. N 2. pp. 38-39.
7 Bolgov A.E. Biological, selection and technological factors of innovation use in pedigree dairy cattle breeding // Proceedings

of Petrozavodsk State University. 2015. N 8 (153). pp. 30-34.
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offspring. However, there is no data in the sci-
entific literature on how the magnitude of the
aforementioned sire bull index is related to the
productive longevity of its progeny.

The purpose of the study is to determine the
influence of the magnitude of the "Productive
Life/Longevity" index of sire bulls on the sur-
vival and productive qualities of their daugh-
ters.

MATERIAL AND METHODS

The work was conducted from 2017 to 2021
at the agricultural production cooperative "Ka-
zminsky" in the Kochubeyevsky municipal
district of the Stavropol Territory, Russia. This
farm is a breeding facility specializing in Hol-
stein dairy cattle. Through years of targeted
selection for increasing the quantitative and
qualitative indicators of milk productivity, milk
yields have been raised to 8056 kg per cow, but
the duration of productive use for most animals
still remained within one to two lactations.

In 2017, the Black-and-White dairy cows
were used for artificial insemination by the
Holstein bulls Alta-Red 66726504, Mirok-M
5226675598, Allhard 65431789, and Memory-
M 54215651. The magnitude of the "Produc-
tive Life/Longevity" index for these bulls was
103, 105, 109, and 117, respectively. In 2018,
a total of 815 daughters were obtained from
these bulls and divided into four experimental
groups: Group 1 - offspring of Alta-Red, Group
2 - offspring of Mirok-M, Group 3 - offspring
of Allhard, and Group 4 - offspring of Memory-

M. All experimental animals were kept on the
same farm under identical feeding and manage-
ment conditions that met their physiological
and technological needs.

Observations on the animals were conducted
from birth until the completion of the second
lactation. Exclusion was recorded during the
following life periods: from birth to 9 and 18
months of age, and from birth to the completion
of the first and second lactations. The informa-
tion and analytical system "SELEX. Dairy Cat-
tle" was used as the data source.

RESULTS AND DISCUSSION

The dynamics of exclusion and the level of
daughter retention of bulls with different "Produc-
tive Life/Longevity" index values over the entire
observation period are presented in Table 1.

Among the heifers up to 9 months of age,
the highest percentage of exclusion was record-
ed in the 1st and 2nd experimental groups, at
17.0% and 17.9% respectively, which is 7.5%
and 8.6% higher than the 3rd group and 10.1%
and 11.0% higher than the 4th group.

During the period from birth to 18 months
of age, the superiority also remained with the
representatives of the 3rd and 4th experimental
groups. Compared to the 1st and 2nd groups,
the difference was 13.0% and 12.8% in favor of
the 3rd group, and 12.5% and 13.2% in favor of
the 4th group.

The greatest difference in the exclusion rate
was observed during the period from birth to the
completion of the first and second lactations,

Ta6ua. 1. BriObITHE M COXPAaHHOCTD OTIBITHBIX KUBOTHBIX
Table 1. Mortality and preservation of experimental animals

Experimental group
Indicator Ist 2nd 3rd 4th
(n =100) (n=501) (n=54) (n=160)
The number of excluded animals, heads:
from birth to 9 months 17 (17,0%) 90 (18,0%) 5(9,3%) 11 (6,9%)
from birth to 18 months 30 (30,0%) 154 (30,7%) 7 (13,0%) 28 (17,5%)
from birth to the end of the first lactation 56 (56,0%) 232 (46,3%) 19 (35,2%) 54 (33,8%)
from birth to the end of the second lactation| 80 (80,0%) 390 (77,8%) 34 (63,0%) 105 (65,6%)
Herd retention after completion of the second
lactation, % 20,0 22,2 37,0 34,4
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which is when the cost of rearing non-milking
animals is recovered. During this period, the
attrition rate of daughters from the bull Alta-
Red 66726504, who had the lowest "Produc-
tive Life/Longevity" index, reached 56.0% and
80.0%. In the group of daughters from the bull
Mirok-M 5226675598 (index value 105), the
percentage of animals excluded before com-
pleting the first lactation was 46.3%, which is
9.7% lower than in the 1st experimental group.
However, after completing the second lactation,
the differences between these groups decreased
to 1.9%.

Among the daughters of the bulls Allhard
65431789 and Memory-M 54215651 (index
values 109 and 117, respectively), the exclu-
sion rate from birth to the completion of the
first lactation was 20.8% and 22.3% lower than
in the Ist experimental group, and 11.1% and
12.6% lower than in the 2nd group. During the
period from birth to the completion of the sec-
ond lactation, the difference between the 1st
and 3rd groups, and the 1st and 4th groups, was
17.1% and 14.4%, while between the 2nd and
3rd groups, and the 2nd and 4th groups, it was
15.2% and 12.5%, respectively.

After completing the second lactation, the
lowest exclusion rate was observed in the 1st
experimental group (20.0%), while the highest
was in the 3rd group (37.1%). In the 4th group,
where the bull had the highest index, the daugh-
ter retention was 2.7% lower than in the 3rd

group. Possibly, the level of milk productivity
had a negative influence on this indicator, as
the animals in the 4th experimental group had
higher milk yields in both the first and second
lactations compared to the 3rd experimental
group (see Table 2).

During the first lactation, the highest milk
yield was obtained from the animals in the 4th
experimental group - 7475.9 kg (a 24.1 kg dif-
ference compared to the 2nd group).

The lowest amount of milk was obtained
from the 1st experimental group - 6760.2 kg,
which was 715.7 kg less than from the animals
in the 4th group. In terms of milk yield, the ani-
mals in the 2nd, 3rd, and 4th groups significant-
ly outperformed those in the 1st experimental
group (p > 0.999). However, the animals in the
Ist group had better milk quality characteris-
tics: fat content was 4.06% (p > 0.99), and pro-
tein content was 3.18%.

The same trend was observed in the results
of the second lactation. The animals in the 4th
experimental group also had the highest milk
yield - 8158.3 kg. The difference in this indi-
cator compared to the 2nd and 3rd groups was
14.3 kg and 524.2 kg respectively. The largest
difference in milk yield was observed between
the Ist and 4th groups - 1057.6 kg (p > 0.999).

Thus, the daughters of the bull Alta-Red,
who had an index value of 103, not only had
the lowest retention rate but also showed lower
milk yield performance in both completed lac-

Taoua. 2. MonoyHas NpoayKTUBHOCTb OIBITHBIX JKUBOTHBIX

Table 2. Milk productivity of experimental animals

Indicator Experimental group
Ist(n=100) | 2nd(n=501) | 3rd(n=54) | 4th(n=160)
First lactation
Number of heads 44 269 35 106
Milk yield, kg 6760,2 +£ 52,0 | 7451,8 £44,6%* | 7294,1 £49,6%* | 74759 +5 0,9%*
Milk fat content, % 4,06 £ 0,09* 3,91+0,10 3,92 £0,08 3,87 +£0,07
Milk protein content, % 3,18+0,09 3,16 0,08 3,16 £ 0,08 3,12+0,07
Second lactation

Number of heads 15 78 13 41
Milk yield, kg 7100,7 £206,1 | 8144,0+151,3* | 7634,1 £318,0 | 81583 +£115,6**
Milk fat content, % 3,99+ 0,01 3,9+0,01 3,93 £0,02 3,95+ 0,01
Milk protein content, % 3,17 +£0,02 3,15+ 0,01 3,19+ 0,01 3,18+ 0,02

*p>0,99.

#%p > 0,999,
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tations. The daughters of the bull Memory-M
with an index value of 117 were the milk yield
leaders and only slightly differed in retention
rate from the animals in the 3rd experimental
group.

The difference in the milk yield between the
2nd and 4th groups, both in the first and second
lactations, was minimal, indicating that the use
of bulls with a "Productive Life/Longevity" in-
dex value of at least 105 in breeding has a posi-
tive influence on the productive qualities of the
offspring.

CONCLUSION

Based on the conducted research, reliable
results have been obtained, proving that the
selection of sire bulls taking into account the
"Productive Life/Longevity" index value con-
tributes to the improvement of offspring re-
tention and productive qualities. The highest
heifer survival rate was observed in the 2nd and
3rd experimental groups in all evaluated age
periods. By the end of the second lactation, the
retention rate of animals in these groups was
on average 15% higher than that of their coun-
terparts. Therefore, the offspring of the bulls
with high values of this index exhibits high in-
dicators of nonspecific immunity. Significantly
lower productivity indicators were recorded
only in the animals of the 1st group. Since the
first two lactations are when the cost of rearing
non-milking animals is recovered the most, the
application of the studied breeding approach
will increase the profitability of milk produc-
tion.

Thus, we recommend using the method of
selecting sire bulls based on the "Productive
Life/Longevity" index value (= 109) in the
breeding process, which will result in obtaining
more robust offspring and increasing the profit-
ability of milk production.
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ACCOIMALINA NTOJINMOPO®U3MA I'EHA COMATOTPOIIMHA (GH)
C ITOKA3ATEJIIMY MOJIOYHOM IMPOAYKTUBHOCTH KOPOB

) Apbimkun A.A., Hlaranuna O.C., Tkauenko U.B., Jlemonok O.H.

VYpanvckuii ghedepanvHuvlii acpaphblii HAYyYHO-UCCIE008AMENbCKULL YeHmMpP YpanbcKo2o omoenenus
Poccuiickoii akademuu nayx

ExarepunOypr, Poccus

x)e-mail: x2580x@yandex.ru

HccnenoBanusi mpoBeAeHbl B J1a00OPaTOPUU MOJICKYISIPHO-TEHETHUECKON akcrepTu3sl B 2018
u 2019 T B pamMKax rocyJapCTBEHHOIrO 3afaHusi mo teme «Pa3zpaboTka ceneKIHMOHHO-TeHeTHYe-
CKUX U TEOPETHYECKUX OCHOB COXpaHEHUs U 3(PEKTHBHOTO HCIIOIb30BAHHS IeHO(POHIA KPYITHOTO
pPOraToro ckora B YpaJIbCKOM PETHOHE C MPUMEHEHHEM COBPEMEHHBIX OMOTEXHOJOrHi». OOBEKT
WCCIIEZIOBAHUS — KPYMHBIN POraThlii CKOT TOMITHHU3UPOBAHHON YepHO-TIeCcTpoit moposl. OCHOB-
Hasl 3a/1a4a — aHallM3 CTETICHH BIMSHUS TonmMopdu3Ma reHa comatorpornia (GH) Ha mokazarenn
MOJIOUYHOH NMPOAYKTUBHOCTH. B mponecce nzyuenus soiaeneHo JJHK 270 xopoB, Ha ocHOBe moIy-
YEHHBIX JaHHBIX ONPEACICH MOJMMOP(U3M reHa COMaTOTPOIHMHA, YCTAaHOBJICHA B3aUMOCBSI3b pas-
JIMYHBIX TEHOTHUIIOB C MIOKAa3aTeIsIMHU )KUBOW MaccChl, ya0si, MAaCCOBOM 101 OeJIka X MacCOBOM 0N
JKHpa B MOJIOKe. Pe3ynprarel OnomMeTpudeckn o0paboTaHbl Ipu moMoIw mporpamMmel IBM SPSS
Statistics 23. BreisiBieno, uto LL sBnsieTcss ocHOBHBIM reHoTHniom reHa GH cpenun nmpencrasureneit
TOJIIIITUHU3UPOBAHHOM YepHO-TIeCTPOi mopoas! (dactota Berpewaemoctu 77,0%). Jons reHoTunon
LV wu VV B nonynsinuu coctasisieT 21,9 u 1,1% coorBerctBeHHo. Bo Bpemst HabntoaeHus1 KOPOBbI —
HOCHTEJIbHUIIBI TeHOTHIA LL — IOKa3bIBajy OoJiee BBICOKHE YO 110 IEPBOW M TPEThEH JIAKTALIUSIM.
Pasnmnma co cepctHuniamu y Hux coctaBmia 202-2334 kr (p < 0,05). 3aduxcupoBana TeHIESHIUSA
K YBEJIMUEHUIO COACPKaHUs OeIKa B MOJIOKE Y >KHBOTHBIX ¢ TeHOTHIIOM V'V, [1o mepBoif rakTaruu
pa3HHIa ¢ HOCUTENbHHUIIAMH TeHOTHNOB LL u LV mocturana 0,03 u 0,06% coorBercTBeHHO. [10
TPeTheH JaKTaluk 0COOM C TEHOTHIIOM V'V MPEeBOCXOIUIIM CBEPCTHUIL IO COJCPKaHUIO Oellka Ha
0,07 1 0,12% coOTBETCTBEHHO.

KuiroueBble c10Ba: KpyIHBIH POTaThI CKOT, COMAaTOTPOIHMH, MOJMMOP(U3M, YIOH, MaccoBast
JI0JIS ’KHMpa, MaccoBasi 107151 Oelka, KUBas Macca, epBast JIAKTalus, TPEThs JIAKTalHs

ASSOCIATIONS OF SOMATOTROPIN (GH) GENE POLYMORPHISM WITH
LACTATION PERFORMANCE OF COWS

) Yaryshkin A.A., Shatalina O.S., Tkachenko 1.V., Leshonok O.I.

Ural Federal Agrarian Research Center of the Ural Branch of the Russian Academy of Sciences
Yekaterinburg, Russia

x)e-mail: x2580x@yandex.ru

The research was conducted in the laboratory of molecular genetic expertise in 2018 and 2019
within the framework of the state assignment on the topic "Development of genetic-selection and
theoretical foundations for the conservation and effective use of the gene pool of cattle in the Ural
region with the use of modern biotechnologies". The object of the study is the cattle of Holsteinized
black-and-white breed. The main task is to analyze the degree of influence of the somatotropin
(GH) gene polymorphism on lactation performance indicators. In the course of the study, DNA
from 270 cows was isolated, the polymorphism of the somatotropin gene was determined based on
the obtained data, and the relationship between different genotypes and indicators of live weight,
milk yield, protein mass fraction and fat mass fraction in milk was established. The results were
biometrically processed using IBM SPSS Statistics 23 software program. It was revealed that LL is
the main genotype of the GH gene among the representatives of the Holsteinized black-and-white
breed (frequency of occurrence 77.0%). The proportion of LV and V'V genotypes in the population is
21.9 and 1.1%, respectively. During the observation period, cows carrying the LL genotype showed
higher milk yields in the first and third lactations. The difference with their peers was 202-2334 kg

300TEXHUS U BETEPUHAPHS CuOHPCKHii BECTHHK CEIBCKOXO3SHCTBEHHOM Hayku * 2023 « 53 « 4 107



Associations of somatotropin (GH) gene polymorphism
with lactation performance of cows

Yaryshkin A.A., Shatalina O.S., Tkachenko 1.V., Leshonok O.I.

(p < 0.05). A tendency towards increased protein content in milk was recorded in animals with the
V'V genotype. In the first lactation, the difference with LL and LV genotype carriers was 0.03 and
0.06%, respectively. In the third lactation, individuals with the V'V genotype surpassed their female
counterparts in protein content by 0.07 and 0.12%, respectively.

Keywords: cattle, somatotropin, polymorphism, milk yield, MFF, MFP, live weight, first

lactation, third lactation
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INTRODUCTION

The expansion of marker selection in live-
stock breeding has contributed to the improve-
ment of dairy and meat product supply in our
country. Studying candidate genes such as
kappa-casein, lactoglobulin, calpain, and so-
matotropin allows us to use selection to obtain
animals with high milk yields, protein content
in milk, meat tenderness, and so on. Addition-
ally, the investigation of the genetic structure
of populations of Bos taurus cattle of different
breeds is of significant importance'-2. For exam-
ple, it has been found that the GHLL genotype
and GHL allele are predominant in the Holstein

and Holsteinized cattle [1], while the L allele is
more characteristic of the Ayrshire breed (oc-
curring in 61.5% of individuals). Among the
Yaroslavl breed, 65% of animals have the LL
genotype [2, 3]. The Hereford breed predomi-
nantly exhibits the LL genotype of the somato-
tropin gene [4]. Furthermore, studies have been
conducted on the Simmental and Ukrainian
Red Steppe breeds of Bos taurus cattle® [5].
Since somatotropin (GH) is a growth hor-
mone, it can be assumed that its gene is asso-
ciated with the body weight of cattle* °>. There
is also evidence of a correlation between the
somatotropin gene and milk productivity [6-9].
Similar studies have been conducted in Russia,

"YDoulkin S.V., Akhmetov TM., Valiullina E.F.,, Vafin R.R. Polymorphism on the genes of somatotropin, prolactin, leptin,
thyroglobulin bulls-producers // Vavilov Journal of Genetics and Breeding. 2012. N 4 (16). pp. 1008-1012.

*Hayes B.J., Mcpartlan H., Goddard M.E., Chamberlain A.J., Maceachern S., Savin K., Sethuraman L., Macleod I. A genome
map of divergent artificial selection between Bos Taurus dairy cattle and BOS taurus beef cattle / Animal genetics. 2009. N 2 (40).

pp. 176-184.

3 Dolmatova I.Yu., Ilyasov A.G. Relation of polymorphism of somatotropin gene polymorphism of Simmental cattle with

productivity // Zootechniya. 2008. N 5. pp. 6-8.

4Soloshenko V.A., Goncharenko G.M., Inerbaev B.A., Khramtsova LA., Goryacheva T.S., Grishina N.B. Influence of
polymorphisms of thyroglobulin and somatotropin genes on the intensity of growth in cattle // Problems of productive animal

biology. 2011. N 1. pp. 55-58.

SGrala TM., Phyn C.V., Sheahan A.J., Lee J.M., Roche J.R., Lucy M.C. Somatotropic axis and concentrate supplementation in
grazing dairy cows of genetically diverse origin // Journal of dairy science. 2011. N 1 (94). pp. 303-315.
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Accounaruu nonuMopgusma rena comarorpornuna (GH)
C MOKA3aTe/SIMA MOJIOYHO# MPOLyKTHBHOCTH KOPOB

Speimkun A A., aranuna O.C., Tkayenko W.B., Jlemonok O.1.

Indonesia, Turkey, China, and India®® [10-12].

The purpose of our research was to determine
the extent of the influence of somatotropin gene
polymorphism on milk productivity and body
weight of the Holsteinized Black-and-White
cattle. The objectives included analyzing the
prevalence of different genotypes and alleles of
somatotropin in the population, as well as as-
sessing the specific genotypes' impact on milk
yield, milk fat content (MFC), and milk protein
content (MPC).

MATERIAL AND METHODS

For the first time in the Urals region, genetic
material from Holsteinized Black-and-White
cattle was used to study the polymorphism of
the somatotropin gene and its association with
economically valuable traits. The research was
conducted in 2018 and 2019 at the Laboratory
of Molecular Genetic Expertise. Blood samples
were collected from 270 representatives of the
Black-and-White Holsteinized cattle for DNA
diagnostics. Blood samples were taken from the
tail vein and collected in tubes containing 100
mM EDTA (ethylenediaminetetraacetic acid) to
a final concentration of 10 mM. DNA extrac-
tion was performed according to the protocol of
"Sintol" company (Russia). Genotyping of the
animals for the GH gene was carried out using
the PCR-RFLP method based on the technique
developed by S.V. Tyulkina et al. (see footnote
1) with the Bio-Rad PTC-225 DNA Engine Tet-
rad Cycler (Bio-Rad Lab., USA).

The list of economically valuable traits (milk
yield, MFC, MPC, body weight) was compiled
based on the "SELEX. Dairy Cattle" program.
The study utilized the data from the first and
third lactations (305 days each), as cows typi-
cally have an average productive lifespan of
three lactations. This approach allows for ob-
serving the influence of the genotypes through-
out the entire period of animal use.

The frequency of the genotype occurrence
was calculated using the formula

p =n/N,

where p is the frequency of the genotype, 7 is
the number of individuals with a specific geno-
type, and N is the total number of the animals.
Mean values of the studied traits and their stan-
dard errors were determined. The results were
analyzed using the IBM SPSS Statistics 23
software.

RESULTS AND DISCUSSION

First, the genotypes of the somatotropin
gene present in the population were determined
(see Figure 1). It was found that the LV poly-
morphism of the growth hormone gene is rep-
resented by two alleles - L and V, resulting in
three genotypes: LL, LV, and VV. The LL geno-
type is represented by a single lower band at
position 159 bp, the V'V genotype is represented
by a single upper band at position 211 bp, and
the LV genotype is represented by two bands at
positions 159 bp and 211 bp.

Next, the frequency of occurrence of the LV
polymorphism of the somatotropin gene in the
studied animals was determined (see Figure 2).

The most common genotype was found to be
LL, with a frequency of occurrence of 77.0%.
The LV genotype ranked second with a frequen-
cy of 21.9%. The V'V genotype was extremely
rare, observed only in 1.1% of the animals. The
frequency of the L allele was 0.883%, while the
J allele frequency was 0.117%. Similar data
have been reported by other researchers [2, 12].

Table 1 presents the results of studying the
association between somatotropin genotypes
and economically valuable traits of cows based
on data from the first lactation.

Thus, cows with the LL genotype produced
602 kg more milk compared to the animals with
the LV genotype (p < 0.01) and 2334 kg more

®Pawar R.S., Tajane K.R., Joshi C.G., Rank D.N., Bramkshtri B.P. Growth hormone gene polymorphism and its association
with lactation yield in dairy cattle // Indian journal of animal sciences. 2007. N 9 (77). pp. 884-888.

"Uryadnikov M.V. Dairy productivity of Black-and-White cows with different genotype on somatotropin gene // Zootechniya.

2010.N 8. pp. 2-3.

8Smaragdov M.G. Study of the association between alleles of the growth hormone receptor and prolactin receptor genes of
bulls and the milk productivity of their daughters // Russian journal of genetics. 2012. N 9 (48). pp. 927-932.

°Guo L.Z., Shan L.G., Zhu Q., Yu HW., Hai G.J., Liu C. Association of genetic polymorphism in GH gene with milk production
traits in Beijing Holstein cows // Journal of biosciences. 2005. N 5 (30). pp. 595-598.
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Marker

Puc. 1. Poperpamma LV-nonumopdusMa resa cCoMaToTpornuHa:

M — mapkep MosekyaspHoro Beca; 580, 581, 585, 593, 596, 597, 599 — renotun LL; 584, 586-592, 594, 595, 598,
512 (ONOXKXUTENBHBIN KOHTPOIb) — TeHOTHI LV

Fig. 1. Foregram of LV-polymorphism of the somatotropin gene:

M — molecular weight marker; 580, 581, 585, 593, 596, 597, 599 — LL genotype; 584, 586-592, 594, 595, 598, 512
(positive control) — LV genotype

milk compared to individuals with the VV gen-
otype (p < 0.05). In terms of the body weight,
individuals with the LL genotype exceeded car-
riers of the LV genotype by 17 kg (p <0.01) and
carriers of the V'V genotype by 2 kg.

Regarding milk fat content, cows with the
V'V genotype outperformed animals with the
LL genotype by 0.16%. Carrier cows of the LL
genotype had a 0.03% higher milk protein con-
tent compared to carriers of the LV genotype (p
< 0.05). Additionally, cows with the V'V geno-
Puc. 2. Yacrora BeTpeuaemocty pasnuunbix reno-  type had the highest protein content at 3.12%.
TUIIOB TOPMOHA POCTa B BBIOOPKE Table 2 presents the results of studying the

Fig. 2. The occurrence of growth hormone association between cow body weight, milk
genotypes in the sample

Ta6a. 1. Monouynas mpoxyKTUBHOCTb U JKHBasi Macca KOPOB € PA3IIMYHBIMU T€HOTHIIAMHA COMATOTPO-
[IUHA B IIepuoz nepBoit akTauuu (n =270; X+ S))

Table 1. Indicators of milk productivity and live weight of cows for the first lactation with different
genotypes of somatotropin (n =270; X+ S)

Genotype Number of heads | Milk yield, kg MFEF, % MEP, % Live weight, kg

LL 206 8008 =103 3,99 £ 0,01 3,09 +0,01 577+2
LV 62 7406 + 165 3,96 +£0,03 3,06 £0,01 560+ 5
144 2 5674 £ 875 4,15+ 0,20 3,12+ 0,10 575+ 177
LV-LL — —602%** —-0,03 —0,03* —17%*
VV-LL — —2334%* 0,16 0,03 -2

*p <0,05.

**p <0,01.
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Taoa. 2. Momounas MPOAYKTUBHOCTD U KUBas Macca KOPOB € pa3JIMYHbIMU I'€HOTHIIAMU COMATOTPO-

IIMHA B IEpHO TpeTbel nakTauuu (n =270; X + S,)

Table 2. Indicators of milk productivity and live weight of cows for the third lactation with different

genotypes of somatotropin (n =270; X + S,)

Genotype N“f;:gz f | Milk yield, ke MFF, % MFP, % Live weight, kg
LL 206 9297 = 132 3,95+ 0,01 3,17+ 0,01 644 +4
LV 62 9095 + 264 3,98 + 0,03 3,12+ 0,02 644 +9
44 2 7106 = 537 3,96 + 0,52 3,24+0,15 661 + 69
LV-LL - -202 0,03* -0,05 0
VV-LL - —2191* 0,01 0,07 17
%p <0,001.

productivity during the third lactation, and the
LV polymorphism of the somatotropin gene.

It was found that animals with the LL geno-
type had a milk yield that was 202 kg higher
than animals with the LV genotype and 2191 kg
higher than animals with the V'V genotype (p <
0.001). Cows carrying the V'V genotype had a
higher milk protein content, with a difference
0of 0.07% to 0.12% compared to their counter-
parts. In terms of milk fat content, individuals
with the LV genotype surpassed carriers of the
LL and V'V genotypes by 0.03% and 0.02%, re-
spectively. Animals with the V' genotype had
a higher body weight compared to animals with
the LL and LV genotypes, with a difference of
17 kg. Due to the low prevalence of the V'V gen-
otype, it is difficult to draw conclusions about
its influence on body weight and economically
valuable traits.

CONCLUSION

Thus, it has been established that in the pop-
ulation of Holsteinized Black and White cattle
carriers of the LL genotype significantly pre-
dominate, while individuals with the V'V geno-
type are rare. The L allele is present in 88% of
the animals.

Based on the results of the first lactation,
milk productivity of cows with the LL genotype
was found to be 600-2000 kg higher compared
to the carriers of other genotypes. Differences
in milk fat and protein content were observed
in the carriers of the V') genotype, which is as-
sociated with low milk productivity.

In the results of the third lactation, cows
with the LL genotype produced 200-2000 kg

more milk compared to the carriers of other
genotypes. Animals with the V'V genotype had
lower milk yield but higher protein content in
the milk.

Based on the conducted research, it can be
concluded that the LL genotype contributes to
high milk production in Holsteinized Black and
White cows, while animals with the V' geno-
type tend to have higher protein content in the
milk. Therefore, it is recommended for agricul-
tural organizations to conduct selective breed-
ing work to increase the number of the cows
carrying the LL genotype in order to enhance
the milk productivity of their herds.
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YBOPKA METOJ10OM OYECA KAK CIIOCOBb CHEI'O3AJJEPKAHUSA
B YCJOBUSAX CTEINU 3AITATHOM CUBUPH

YekycoB M.C., FOmkeBu4 JI.B., Muxaasuos E.M., () Kem A.A.,
Jamanckuii P.B., llImuar A.H., FOmenko JI.H.

OmcKutl azpapHwlil HAYYHbIN YeHmp

Owmck, Poccust

()e-mail: kem@anc55.ru

W3yden npouecc (GOpMUPOBAHUS CHEIKHOTO ITOKPOBA HA MOJISIX C PA3IMYHBIM COCTOSHUEM TI0-
BepxHocTH. MccnenoBanust mpoBeneHsl BecHoi 2022 1. B cTenHo 30He 3emiieaenus OMckoii oona-
ctu. PaccMOTpeHO BIMsSHHEE BBICOKOTO CTEOIECTOS 36pPHOBBIX KYJIBTYp, OCTaBIIETOCs Mociae yOOpKU
METOZIOM OYeca Ha KOPHIO, Ha BEJIMYMHY CHEKHOTO ITOKPOBA M 0OBEMBI BECCHHETO BJIarOHAKOILIE-
HUS B TI0YBE KaK pe3epBa Ul YBEIHUIECHHUs YPOXKAHHOCTH B CTENHBIX paiioHax 3anagHoi Cubupw.
[pencraBieHsl pe3ynbTaThl ONPEICICHHs BEICOTHI CHEKHOTO TTOKPOBA Ha TAPOBOM MOJIE (YUCTHIN
nap), Ha IOJISIX M0/l 36PHOBBIMU KYJIBTypaMH, YOpaHHBIMU Pa3HBIMH CIIOCOOAMU: C TIOMOIIBIO JKaTKU
JUIsL IPSIMOTO KOMOAHHHUPOBAaHMS € MOCIEeAYIOUIeH IOCKOPE3HOH 00paboTKOH MOUBBI; C HCIONB30-
BaHHMEM JKaTKH JUIsI IPSIMOTO KOMOaiHUpoBaHus 0e3 moclenyromneil oopaboTku; ¢ IpUMEHEHHEM
OYECBIBAIOIIEH JKaTKU MY BbICOTE cTebnecTost Bo BpeMs yoopku 10 0,55 m. B xone uccnenoBanus
YCTaHOBJIEHO, YTO IpU yOOpKE METOIOM OdYeca 3arachl BIAard B CHEXXHOM IOKPOBE OKA3aJIHCh B
2,2 pa3a 0oJIbIIIe 110 CPAaBHEHHIO CO CTEPHEBBIM (pOHOM, B 3,7 pa3a BhIIIE OTHOCUTEIEHO CTEPHEBOTO
(hona, oOpaboraHHOTrO TUIOCKOPE30M, B 4,1 pa3a OoibIlle 1O CPABHEHHIO C MAPOBBIM TOJEM (KOH-
Tpouib). Ha ocHOBE MOy4eHHBIX JaHHBIX C/IENaH BBIBOJ O BO3MOKHOCTH IPUMEHEHHS YKa3aHHOTO
MEeTO/ia C LeJIbI0 ()OPMHUPOBAHUS YCIOBUIL [UIsl BIIarOHAKOILUIEHHS B 3aCyIUIMBOM CTENHON 30He 0e3
NPOBEJICHUSI JIOTIOJIHUTEIBHBIX MEPONPHUSTHI 10 CHEr03a/ICP’KaHMI0, YTO JOJIKHO MOJIOKHUTEIHLHO
CKa3aThCsl HE TOJIBKO HAa YPOXKAHHOCTH BO3AEIBIBAEMbIX KYJIBTYD, HO M Ha arpO3KOHOMHYECKHX I10-
Ka3arelsx.

KaroueBble ci10Ba: cTenHas 30Ha, CHEro3azepkanue, yoopka 3epHOBBIX METO/IOM 04eca, 3arachl
BJIard B CHere, NPOAYKTHBHAsS Blara

STRIPPING AS A SNOW RETENTION METHOD IN THE STEPPE CONDITIONS
OF WESTERN SIBERIA

Chekusov M.S., Yushkevich L.V., Mikhaltsov E.M., <) Kem A.A.,
Damansky R.V., Schmidt A.N., Yushchenko D.N.

Omsk Agrarian Research Center

Omsk, Russia

()e-mail: kem@anc55.ru

The process of snow cover formation on the fields with different surface conditions was studied.
The research was conducted in the spring of 2022 in the steppe farming zone of the Omsk region.
The effect of high plant stand of cereal crops remaining after harvesting by standing crop stripping
on the amount of snow cover and the volume of spring moisture accumulation in the soil as a reserve
for increasing the yield in the steppe regions of Western Siberia is considered. The results of deter-
mining the height of snow cover on a fallow field (complete fallow), on fields under grain crops har-
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vested by different methods: with a direct harvester followed by flat tillage; with a direct harvester
without subsequent tillage; with a combing harvester at the height of the stem during harvesting up
to 0.55 m are presented. In the course of the study it was found that during harvesting by the strip-
ping method, the moisture reserves in the snow cover were 2.2 times higher compared to the stubble
background, 3.7 times higher compared to the stubble background treated with a flat cutter, and
4.1 times higher compared to the fallow field (control). Based on the data obtained, the conclusion
is made about the possibility of using this method to form the conditions for moisture accumulation
in the arid steppe zone without additional measures for snow retention, which should have a positive
impact not only on the yield of cultivated crops, but also on the agro-economic indicators.

Keywords: steppe zone, snow retention, grain harvesting by stripping, snow depth, moisture
reserves in snow, productive moisture
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INTRODUCTION during the growing season and high evapora-
tion rates (up to 2-4 mm per day in the spring).
Non-vegetative precipitation accounts for about

through the cultivation of grains, legumes, and 30-50% ‘?f the.annu.al Volume, Of.WhiCh only
other agricultural crops. This region accounts 25-40%?is retained in the soil. Moisture losses

for 10 to 22% of the total grain harvest in Rus- in the steppe and forest-steppe zones reach 80-
120 mm, resulting in a yield reduction of 0.8-

1.2 tons per hectare’.

Accumulation and preservation of soil mois-
ture are among the major challenges in agri-
culture in the steppe zone of Western Siberia*
[1]. Creating conditions for winter precipitation
accumulation on the field surface and prevent-
ing its removal by winds in the arid areas is an
effective method for replenishing limited water
reserves.

It is known that the uniform distribution and
increased height of the snow cover on the fields
can be achieved through sowing of mustard or
sunflower stubble, leaving tall stubble, con-

Western Siberia is one of the main regions
traditionally ensuring Russia's food security

sia. In this context, the Omsk region occupies
the second place in the Siberian Federal District
in terms of the area under grain cultivation and
the volume of the annual grain harvest, second
only to the Altai Territory. The average annual
grain yield in the Omsk region is 14.8 quintals
per hectare, ranking it fifth among the top ten
regions in the Siberian Federal District'.

The cultivation of grain crops in the Omsk
region is predominantly concentrated in the
steppe and southern forest-steppe zones. The
main factor limiting higher yields in the region
is insufficient precipitation. This situation is ag-
gravated by the uneven distribution of rainfall

'Unified interdepartmental information and statistical system / Federal State Statistics Service.URL: https://www.fedstat.ru/
indicator/30950 (accessed on: 21.03.2022 1.).

2Kholmov V.G., Yushkevich L.V. Intensification and resource saving in farming in the forest-steppe of Western Siberia. Omsk,
2005. 396 p.

3Panfilov V.P. Soils of the steppe zone // Agrophysical characterization of soils of Western Siberia. Novosibirsk, 1976. pp.
336-408.

*Krasnoshchekov N.V., Kovtunov V.E., Makarov A.R., Cherepanov M.E. Combined snow retention - the most important element
of soil-protective farming // Bulletin of Agricultural Science. 1980. N 11. pp. 42-45.
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Stripping as a snow retention method in the steppe conditions
of Western Siberia

Chekusov M.S., Yushkevich L.V., Mikhaltsov E.M.,
Kem A.A., Damansky R.V., Schmidt A.N., Yushchenko D.N.

ducting snow retention measures in the winter
period, and others’”’.

A significant amount of research has been
devoted to solving the problem of snow reten-
tion, water accumulation, and preservation in
the soil®? [2—4]. The effectiveness of a complex
of measures for moisture accumulation has
been established by the authors of these stud-
ies. Over a long period (1970-1980s), various
machines and a complex of forestry measures
aimed at snow retention and water accumula-
tion were used in Russia. However, the eco-
nomic situation in the agricultural industry
subsequently led producers to minimize their
expenses [5], resulting in the abandonment of
certain water storage techniques. The fallacy
of such an approach has been confirmed by
research conducted after the widespread aban-
donment of snow retention operations in the
territory of Western Siberia [6—10].

Insufficient attention paid to water accumu-
lation and snow retention techniques leads to
insufficient yields as a result of reduced water
accumulation, melt water inflow into the soil
over-compacted by energy-intensive equip-
ment'’,

In current conditions, alternative methods
to specialized tools used during snow retention
operations can be combing reapers that leave
over 80% of the stubble undamaged after har-
vest. The use of combing reapers is one of the
methods that can increase snow reserves with-
out additional snow retention operations.

In 2021 and 2022, research was conducted
on the fields of the Novouralskoe Scientific and
Production Farm of the Omsk Agricultural Re-
search Center. The purpose of the research was
to study the influence of high stubble remaining
after harvest using the undercutting method on

the height of the snow cover and the magnitude
of spring moisture accumulation in the soil as a
reserve for increasing crop yields in the steppe
zone of Western Siberian agriculture.

The objectives of the research included de-
termining the soil moisture levels in the autumn
period, comparing the height of the snow cover
in spring and the productive moisture reserves
before sowing on the plots after direct combin-
ing and undercutting methods, and assessing
the potential use of these methods to increase
crop yields in the Western Siberian region.

MATERIAL AND METHODS

In autumn 2021, plots were marked out on
the fields with different conditions of the sur-
face layer in the steppe zone of the Omsk re-
gion for conducting spring measurements. The
experiment included the following variants:
bare fallow (control), the field after one-phase
grain harvesting with subsequent flat cutting,
the field after grain harvesting by direct com-
bining without treatment, and the field of grain
harvested using the combing method at a stem
height of 0.55 m during harvesting. The soil
was ordinary medium-loamy chernozem with a
humus content of 5.4%.

In spring 2022, before the snowmelt, mea-
surements of the snow cover depth formed dur-
ing the winter period were taken on the marked
plots. Later (before sowing), the reserves of
productive soil moisture in the one-meter soil
layer were determined. The need for repeated
measurements of snow cover depth arose after
a portion of snowfall occurred a few days after
the initial measurements. Snow sampling was
carried out in fields with different surface layer
characteristics.

*Makarov A.R., Cherepanov M.E., Yushkevich L.V. Soil moisture resources in arid farming of Western Siberia. Omsk, 1992.

146 p.

‘Domrachev V.A., Kem A.A., Kovtunov V.E., Krasilnikov E.V., Shevchenko A.P. Mechanization of the processes of breeding,

farming and crop production. Omsk, 2011. 190 p.

"Lobanov V.I., Makarychev S.V., Demidenko S.V., Demin V.A. Influence of strip snow retention on the temperature regime of
chernozems in winter // Bulletin of Altai State Agricultural University. 2009. N 2 (52). pp. 19-22.

8Slesarev V.N., Yushkevich L.V., Kovtunov V.E., Shchitov A.G. Soil loosening - an important factor in moisture accumulation //

Zemledelie. 1986. N 8. pp. 35-38.

*Tanyukevich V.V, Mikheev N.V. Ameliorative influence of field-protective forest strips in the steppe zone under low-snow
winters // Melioration and Water Management. 2012. N 5. pp. 21-23.

YMikhaltsov E.M., Damansky R.V. About increasing the efficiency of tractor operation in agriculture // Perspective technolo-
gies in agrarian production: man, "digital", environment: materials of Intern. scientific-practical conf. Omsk, 2021. pp. 317-321.
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RESULTS AND DISCUSSION

Measurement of the snow cover depth was
conducted on March 9 and March 29, 2022, us-
ing a weight snow gauge VS-43, according to
the procedure described in the device manual,
diagonally across the field in 15 repetitions (see
Table 1).

The analysis of the data presented in Table 1
indicates that the lowest snow cover height was
formed on the fallow background during the
spring period. At the same time, the snow cover
height increased with the amount and height of
crop residues on the surface. Thus, consider-
ing the snow cover depth, the variants can be
arranged in the following order (ascending):
1) bare fallow; 2) the field harvested by direct
combining with subsequent flat cutting; 3) the
field with grain stubble on the surface after di-
rect combining; 4) the field with wheat stubble
height up to 55 cm after combing harvesting.

To determine the resulting impact of the
remaining stubble on the field after grain har-
vesting using the combing method on the soil's
productive moisture content, moisture reserves
were measured in the variants with direct com-
bining and spreading of chopped straw, as well
as with combing harvesting. The obtained re-
sults are presented in Table 2 and the figure.

Based on the analysis of the moisture reserve
indicators, it can be noted that in the experi-

mental area in 2022, from snowmelt to sowing,
there was no rainfall in the form of rain.

A comparison of data on autumn (during
harvesting) and spring (before sowing) reserves
of productive soil moisture indicates intensive
moisture loss by the soil in the spring period.
Thus, the spring reserves of productive soil
moisture in the one-meter soil layer on the field
with stubble after direct combining amounted
to only 48.6 mm, or 60.5%. On the plot where
harvesting was carried out using the combing
method, 96.6 mm of productive moisture, or
120.3%, was preserved in the 100 cm of soil
by the time of sowing. Here, the resulting ef-
fect of moisture infiltration into the soil from
winter precipitation and its evaporation from
the soil surface, mainly in the spring period, is
observed.

The indicators presented in Table 2 indicate
that in the one-meter soil layer by the time of
sowing, the plot harvested using the combining
method retained almost twice as much produc-
tive moisture compared to the plot harvested by
direct combining. This difference is even more
significant for the lower soil layer (50-100 cm).
In this layer, the moisture content on the plot
harvested by the combining method exceeds
the moisture content on the plot harvested by
direct combining by more than 2.6 times.

A larger amount of productive moisture was

Tao6a. 1. Beicora cHeXXHOTO IIOKpPOBAa M 3aIachbl BJIard B CHETC Ha ITOJIAX C Pa3JIMYHBIM COCTOAHUEM I10-

BEPXHOCTHOI'O CJIOA IMOYBBI

Table 1. The height of the snow cover and the moisture reserves in the snow in the fields with different

conditions of the surface soil layer

09.03.2022 29.03.2022 Excess rel;f)llv i/f)o the con-
Option Moisture Moisture as measured | % measured
Snow cover . Snow cover . by snow
reserves in reserves in by snow ?
depth, cm depth, cm moisture re-
snow, mm snow, mm depth serves
Complete fallow (control) 8,1 21,3 10,4 28,7 - —
Stubble after direct combining
with subsequent flat-cutting cul-
tivation 11,1 23,1 12,8 31,6 23,1 10,1
Stubble after direct harvesting
without treatment 19.9 37,5 19,3 47,1 85,6 64,1
Plant stand after harvesting by a
combing method 51,3 111,6 49,3 116,3 374,0 305,2

MexaHp3armsi, aBIOMATH3aLIS, MOICTHPOBAHIC
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Tao6xa. 2. 3anacel npoaykTuBHOM Biiard B mouse Ha 30.09.2021 1. u 19.05.2022 ., Mmm
Table 2. Reserves of productive moisture in the soil as of 30.09.2021and 19.05.2022, mm

Soil layer, cm

Option
0-50 | 50-100 | 0-100

30.09.2021
Plantings before harvesting 35,4 | 449 | 80,3

19.05.2022
Stubble after harvesting with a conventional reaper with spreading of
the chopped straw (cutting height 12-15 cm) 30,5 18,1 48,6
Plant stand after harvesting by combing (stem height 55 cm) 492 47.4 96.6
Increase on the plot harvested by the combing standing crop method,
compared to a traditionally harvested plot, % 61,3 161,9 98,8

010 e —F g™ 12,8
10-20 G ( ™ ————— 14,8
20-30 7 5 M — 14,3
g 3040 -_15 5
5 4050 [ 5 — 14,9
E 50—60.13_ 11,8
g 6070 [ /g — 10,4

70-80 R 3Tg ™ — 10,0

80-90 7 —— 10,7

90— 100-—100
8 10 12 14 16

Productlve moisture reserves, mm

= Harvesting by combing
= Direct combining

Pacnpenenenue 3amacoB mpoAyKTUBHON BIAru o
10-caHTUMETPOBBIM CHOSM

Distribution of productive moisture reserves in
10-cm layers

recorded in all horizons of the one-meter soil
layer on the plot where wheat was harvested us-
ing the combing method (see the Figure). The
greatest difference was observed in the 40-50
cm and 50-60 cm layers: 12.4 mm and 9.5 mm,
respectively, or 496% and 413% of the mois-
ture level on the plot harvested by one-phase
harvesting.

CONCLUSION

Harvesting grains using the combing method
contributes to snow accumulation on the field
surface. During the study, it was found that by
the time the snow melted, the moisture reserves

in the snow cover after swathing were 2.2 times
higher compared to the combing background,
3.7 times higher compared to the swath back-
ground treated with a blade, and 4.1 times high-
er compared to the fallow field (control).

The results of the experiment showed that
the stubble left after combing grains at ground
level has advantages over direct combining in
terms of not only forming a higher snow cover
but also accumulating and preserving moisture
in the soil. During the period from harvesting
to spring sowing, the productive moisture re-
serves in the one-meter soil layer on the comb-
ing plot decreased to 48.6 mm (60.5% of the
fall moisture reserves), while the same indica-
tor on the stubble after combing reached 96.6
mm (120.3% of the fall moisture reserves).

The obtained data indicate that conditions
are created on the surface of the combing grain
fields that hinder the removal of the snow cover
from the field surface and promote the pres-
ervation of soil moisture until sowing. Thus,
harvesting grains using the combing method
allows for the creation of more favorable con-
ditions for increasing spring moisture reserves
and, as a result, crop yield, without additional
financial expenses for mechanized snow reten-
tion.
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HHPABUJIA JIUISI ABTOPOB

IpaBuna a1 aBTOPOB COCTABIICHBI HA OCHOBE 3THYECKUX MPHHIINIOB, OOIHUX JUI WIEHOB HAYYHOTO COOOIIECTBA, U
TPaBUII MyOMMKAINH B MEKTyHAPOTHBIX U OTEIECTBEHHBIX HAYTIHBIX MEPHOJUICCKAX U3AHUAX, 4 TAKKE B COOTBETCTBHU
¢ TpeboBanusmMu BAK ni1s nepuoandecknux M3gaHUM, BKIIOUCHHBIX B [lepedeHb pOCCHHCKHUX PELEH3UPYEMBIX HAayUYHBIX
JKYPHAJIOB, B KOTOPBIX JOJDKHBI OBITH OIIyOINKOBAHbI OCHOBHBIE HAy4HBIE PE3YJIBTAThl JUCCEPTALUM Ha COUCKAHUE YIEHOH
CTENeHH JOKTOPA U KaHJHaTa HayK.

XKypnan myOnuKyeT OpuruHaIbHbIE CTAaThH M0 (YHIAMEHTAJIbHBIM U MIPUKIIAJHEIM IPOOIEMaM 10 HaIlPaBIICHUSIM:

e o0ree 3emiie/ieNine U PACTCHUEBOJICTRO;

°  CeJICKIIUS, CEMCHOBOJICTBO U OMOTEXHOJIOTHUS PACTCHHIA;

*  arpoxXMMHUsi, arporoYBOBE/ICHHE, 3AIUTA U KAPAHTUH PACTEHHIA;

*  KOPMOIIPOU3BOJICTBO;

*  HHQEKIMOHHBIE OOJIE3HH K UMMYHOJIOTHSI )KUBOTHBIX;

*  YacTHas 300TEXHHS, KOPMIICHHE, TEXHOJOTHH MPUTOTOBJICHUS KOPMOB U MPOU3BOJICTBA MPOAYKIHH KHUBOTHOBOJICTBA;
*  pa3BeJCHHUE, CEICKIIUs, TCHETHKA U OMOTEXHOJIOTHUS JKUBOTHBIX;

°  TEXHOJIOTHH, MAIIUHBI U 000PYI0BAaHHE JJISl arPONIPOMBIIIIIICHHOTO KOMILIEKCA;

*  IHIICBbIC CUCTEMBI.

Crarps, HampaBisieMas B pPEJaKLUWIO, JIOJDKHA  COOTBETCTBOBaTh  TEMAarH4YEeCKMM  pasfeiaM  JKypHaia
«Cubupckuil BECTHUK CEIbCKOXO35IHCTBEHHON HAYKI»:

llh/l(l)p U HAUMECHOBAaHHE Hay'—lHOﬁ CHeuaJbHOCTH B COOTBETCTBUH C HOMemmaTypoii

HaumeHoBaHne pyOpHuKH .
HAYYHBIX CNIeHHAJbHOCTEI, 10 KOTOPBIM NPHCYKIAIOTCSA YYeHbIe CTeNeHH

Semienenne U XuMu3aus 4.1.1. Obmree 3emiieienue U PaCTEHUEBOJICTBO
4.1.3. Arpoxumusi, arporioyBOBE/ICHIE, 3aIIUTa U KaPAaHTHH PACTCHHUH

PacTeHneBONCTBO U CeNEeKIHS 4.1.1. Obmree 3emiieienue u PaCTEHUEBOICTBO
4.1.2. Cenexuusi, CEMEHOBOJICTBO M OMOTEXHOJIOTUS paCTeHUI

3amuTa pacteHuit 4.1.3. Arpoxumusl, arpolio4BOBEICHHE, 3alUTa U KAPAHTHH PACTCHUH

Kopmomnpon3zBoactso 4.1.1. Oburee 3emiieenue U PaCTEHUEBOJICTBO
4.1.2. Cenexuusi, CEMEHOBOJCTBO M OMOTEXHOJIOTUS pacTeHUN
4.1.3. ArpoxuMusi, arporovBOBE/ICHUE, 3alIUTa U KAPAHTHH PaCTCHUH

300TeXHUS U BETEpUHAPUS 4.2.3. UndexkunonHbie 00JIE3HA U UMMYHOJIOTHS JKHBOTHBIX
4.2.4. YacTHasi 300TEXHHUsI, KOPMIICHHE, TEXHOJIOTUU ITPUTOTOBICHHS KOPMOB U IIPOU3BOJICTBA
MIPOIYKIINH KHBOTHOBOJICTBA
4.2.5. Pa3BeneHue, CelIeKIUs, TCHETUKA U OMOTEXHOJIOTUS YKUBOTHBIX

Mexanuszanus, apromaruzanusi, 4.3.1. TexHomoruu, MamuHbl 1 000PyAOBaHUE VI arpONPOMBIIIIICHHOTO KOMILIEKCA
MOJIeJIUpOBaHUe ¥ HH(OpMaLH-
OHHOE o0ecrieueHue

[epepaboTka cembCKOXO03sTii- 4.3.3. [Tumesblie cucTemMbl
CTBEHHOW TPOYKI[HH

4.1.1. Obmree 3emiieienue U PaCTEHUEBOICTBO

4.1.2. Cenexuusi, CEMEHOBOJICTBO M OMOTEXHOIOTUS paCTCHUI

4.1.3. Arpoxumusi, arporio4yBOBE/ICHIE, 3alIUTa U KAPAHTHH PACTCHHIMA

4.2.3. UadexunonHbie 00JIe3HA M IMMYHOJIOTHS JKUBOTHBIX

4.2.4. YacTHast 300TeXHHSI, KOPMIICHHE, TEXHOJIOTUH IIPUTOTOBICHHUSI KOPMOB U TIPOM3BOCTBA
MPOAYKIINH KUBOTHOBOACTBA

4.2.5. Pa3Benenue, celeKis, TeHETUKA U OMOTEXHOJIOT M KUBOTHBIX

4.3.1. TexHONOTHHU, MAIIUHEI X 00OPYIOBAHUE ISl aTPONIPOMBINUICHHOTO KOMITJICKCa

4.3.3. TTuieBble CUCTEMBI

[Ipobnemsl. Cyxaenus
Hayunesle cBs3u

W3 ucropuu ceabcKoXo3sii-
CTBEHHON HayKH

Kparkue coobuienus

U3 muccepTaiioHHBIX paboT

B sxypHaie Takxke myOauKyTCst 0030pbl, KpaTKue COOOIICHNUS, XPOHUKA, PEIICH3UH, KHW)KHBIC 0003pPEHUS, MaTepHAIIbI
10 UCTOPHUH CEJIbCKOXO3HCTBEHHOW HAYKHU U JIEATEbHOCTU YUPEKICHUN U YUCHBIX.

Yuciio myOnukanuii OJHOTO aBTOpa B HOMEPE SKypHasla HE JOJDKHO INPEBBIIIATh IBYX, HPU 3TOM BTOpas CTAThs
JIOIyCTUMA JIUIIb B COABTOPCTBE.

K paccMOTpeHHIO MPUHUMAIOTCSI MaTepHajbl OT Pa3lHYHBIX KaTerOPH HCCleoBaTelNel, aClIMPaHTOB, TOKTOPAHTOB,
CIICIIHAJIMCTOB U OKCIIEPTOB B COOTBETCTBYIOMINX O0TACTAX 3HAHUI.

Bce crarbu pelieH3upyrOTCs U MMEIOT 3apeructprpoBaHHblil B cucteme CrossRef nanexc DOI.

[Ty6nukanuu Uit aBTOPOB GecIIaTHBI.

ITpu HampaBIeHUU CTATbU B PEAAKLMIO XKypHaIa « CHOUPCKUI BECTHUK CENbCKOXO3SIHCTBEHHON HAYKH» PEKOMEHAYEM
PYKOBOZCTBOBATbCS CIAEAYIOLMMU [IPABUIIAMU.
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PEKOMEHJALIMU ABTOPY J10 ITIOJAYUN CTATbU

IpencraBienue cratby B )KypHan « CHOUPCKUI BECTHHK CENIbCKOXO3IHCTBEHHON HAyKM») MOIPa3yMeBaeT, uTo:
e cTarbs paHee He ObuIa OIMyOIMKOBAaHA B IPYIOM >KypHAJIE;
*  CTarhs HE HAXOIUTCS HAa PACCMOTPEHUH B JPYTOM XKYypHaJe;
*  BCE COaBTOPHI COINIACHBI C IMyOJIMKALMEH TEKyIel BEpCUH CTaThH.

Iepen oTpaBKOil cTaThl HA PACCMOTPEHUE HEOOXOMUMO YOSIUThCs, 4To B (aiiie ((aiinax) comepurcs Besi He0OX0-
JMast HHGOpMaIHs Ha PyCCKOM M aHIIMHCKOM SI3bIKaX, YKa3aHbl HCTOYHHKH HH(POPMAIINH, Pa3MENICHHOH Ha PUCYHKAX U
B TaOIHIIaX, BCE CCHUTKU OQOPMIICHBI KOPPEKTHO.

HOPSIJIOK HATIPABJIEHUSI PYKOIIMCEM CTATEM

1. OtmpaBka cTaThy OCYIIECTBISIETCS Uepe3 AMEKTPOHHYIO PeaKInIo Ha caiite xypHaia https://sibvest.elpub.ru/jour/
index. [Tocie mpexBapuTENBFHOI PErUCTPaLliM aBTOPA B IIPABOM BEPXHEM YIUIy CTPAHUIIBI BBIOpATh OMIHI0 «OTHpaBHTh
PYKOIHCBY». 3aTeM 3arpy3uTh pyKomHch cTaThu (B Gopmare *.doc mim *.docx) u conmpoBOAUTENbHBIE JOKYMEHTHI K HEll.
[Mocxe 3aBepIeHus 3arpy3Ku MaTepHaIoB 00s3aTeIbHO BEIOpaTh onuuio «OTIPaBUTh THCHMOY», B 3TOM CIIy4ae peJaKius
aBTOMaTHYeCKU OyJeT yBeJOMJICHA O MOTyYSHUH HOBOH PYKOTIHCH.

CompoBoIUTEIbHBIE JOKYMEHTHI K PYKOIIHCH CTaThH:

* CKaH-KOIMS MHChMa OT OPraHHM3alllM C MOATBEP)KACHHEM aBTOPCTBA M Pa3pelleHHEM Ha MyOnMKamuio (oOpaser Ha
http://sibvest.elpub.ru/);

°  CKaH-KOITMS aBTOPCKOM CITPaBKH TI0 MpejcTaBieHHon Gpopme (oOpaser Ha http://sibvest.elpub.ru/), B koTopoii 10KHO
OBITH BBIPAKEHO COIIACHE Ha OTKPBITOE OIYOJIMKOBAaHME CTAaThU B TIEYATHOM BapHaHTE >KypHAJIA U €ro dIEKTPOHHOH
KonuH B ceTu VHTEpHeT;

*  CKaH-KOIHS PYKOIMCH C MOAMHUCSIMH aBTOPOB. ABTOD, MOANHUCHIBAsI PYKOIMCH U HAIIPABIISS €€ B PENAKIHIO, TEM CAMBIM
TepeaeT aBTopcKue mpasa Ha u3nanue 31oi cratbt COHIIA PAH;

°  aHKEThl aBTOPOB HAa PYCCKOM U aHIIMHACKOM si3bIkax (oOpaserr Ha http://sibvest.elpub.ru/);

*  CKaH-KOIHS CIIPABKU M3 ACIUPAHTYPHI (U1 OYHBIX aCIIHPAHTOB).

2. Bce mocrynaromye B pPENaKIMIO0 PyKONUCH CTaTedl PErucTPUPYIOTCS 4€pe3 CHUCTEMY JJIEKTPOHHOM pelaKLMu.
B nuuHOM KabuHeTe aBTOpa OTPaXKaeTcsl TEKYIIUH CTaTyc PyKOICH.

3. Hepeuensupyemble MaTepuaibl (MaTepuaibl HAyYHOH XPOHUKH, PELEH3UHU, KHIDKHBIE 0003pEHUs], MaTepUabl 10
HCTOPUHU CEIbCKOXO3SIHCTBEHHOH HayKU U JeATEIbHOCTH YUPEXKICHUH U yUSHbIX) HaNpasiaioTcs Ha e-mail: sibvestnik@
sfsca.ru u perucTpUpyroTCst OTBETCTBEHHBIM CEKPETAPEM.

HOPAAOK O®OPMJIEHUSA CTATbU

Tekct pyxonucu opopmisiercs mpudrom Times New Roman, keriiem 14 ¢ unrepsainom 1,5, Bce mons 2,0 oM, Hymeparnus
crpanull BHu3y. OObeM crarbi He Oosee 15 cTpanun (BItouas TaOIULbl, WLTIOCTpaluy U 6ubauorpaduio); crareil, pas-
MelaeMbIX B pyopukax «M3 nucceprannoHHbIX pabot» u «Kparkue cooOleHus», — He 6oiiee 7 CTpaHuLL.

CrpykTypa odopmiIeHHs CTATbH:

1. VYIK
2. 3aro/i0BOK CTAaThbH HA PyCCKOM U aHIVIMIiCKOM fI3bIKaX (He Oosiee 70 3HAKOB).
3. ®aMuIuU U MHUIHAJbI ABTOPOB, 0JIHOE 0(pULHATBLHOE HA3BAHHE HAYYHOI0 yUpe:KIeHHsl, B KOTOPOM IIPO-

BeJleHbI HCC/IeI0OBAHNS, HA PYCCKOM M AHIVIMIICKOM SI3bIKaX.

Ecin B moaroroBke craThbi NPUHUMANIN Y4acTHE aBTOPHI U3 Pa3HbIX YUPEXKICHHUH, HEOOXOIMMO yKa3aTh MPUHAIJIEK-
HOCTb KaXX/JIOTO aBTOPa K KOHKPETHOMY YUPEXK/CHHUIO C TOMOIILIO HaJCTPOUYHOIO MHEKCA.

4. Pedepar Ha pycckoM H aHIIHiicKoM si3bIkax. O0beM pedepara He menee 200-250 cios. Pedepar siBistercs
KpaTKUM M TOCJIE0BATEIbHBIM H3JI0KEHUEM Marepuana CTaTby 110 OCHOBHBIM pa3/ieliaM M JIOJDKEH OTpakaTb OCHOBHOE
coziepKaHKe, CIe0BaTh JIOTUKE M3JIOKEHHsI Marepraia 1 ONHUCAHUs Pe3yJIbTaToOB B CTAaThe C IPUBEACHUEM KOHKPETHBIX
naHHbIX. He cienyer BKiI04aTh BIiepBbIe BBEICHHbBIE TEPMHUHBL, a00peBHATYPhI (32 HCKITFOYEHUEM O0IIEU3BECTHBIX), CChLI-
KM Ha Juteparypy. B pedepare He ciienyer noqdepkuBaTh HOBU3HY, aKTyaJIbHOCTh M JIMYHBIA BKJIaJl aBTOPA; MECTO HCCIIe-
JIOBaHHsI HEOOXOMMO YKa3bIBaTh 710 00JacTH (Kpast), He YIIOMUHATh KOHKPETHbIE OPraHU3alllu.

5. KuiodeBble €10Ba HA PyCCKOM U AaHIVIMHCKOM fI3bIKaX. 5—7 CJIOB IO TeMe cTaTbu. JKenaresibHo, 4TOObI KiTtoue-
BbIE CJIOBA JIOMOJHSAIM pedepar u Ha3BaHUE CTAThU.

6. Hudopmanus 0 KOH(PJIUKTE HHTEPECOB JIM0O €ro OTCYTCTBUH. ABTOp 0053aH YBEJOMUTH PEIAKTOPa O peallb-
HOM WJTH TMOTEHIUATHLHOM KOH(IMKTE HHTEPECOB, BKIIOYUB HHPOPMALNIO O KOH(IUKTE HHTEPECOB B COOTBETCTBYIOLIMI
pasnen cratby. Eciin KOHQIMKTA HHTEPECOB HET, aBTOP JOJDKEH TAKKEe COOOIIUTE 00 ITOM.

Ipumep HOpMYITHPOBKH: «ABTOp 3asBISET 00 OTCYTCTBUHM KOH(IUKTA HHTEPECOBY.

7. baarogapHOCTH Ha PYCCKOM M aHIVIMHCKOM si3bIKaxX. B 3TOM pasjerne yka3bIBalOTCSl BCe MCTOYHUKH (PUHAHCH-
pOBaHUS UCCIIEIOBAHUS, a TAKXkKe OJ1aroJlapHOCTH JIFO/ISIM, KOTOPBIE Y4aCTBOBAIM B pabOTe HaJI CTaThel, HO HE SIBJISIOTCS e
aBTOPAMH.

8. OcHOBHOIi TekcT cTaTbu. [Ipy M30KEHUM OPUTHHAIIBHBIX IKCIIEPUMEHTAJIBHBIX JaHHBIX PEKOMEHIYETCsl MC-
I10JIb30BaTh MOA3ArOJIOBKU:

BBEJIEHME (nocranoBka npo0aeMsbl, e, 3aja41 UCCIIeIOBAHMS)

MATEPUAJ U METO/IbI (ycnoBusi, MeTozpl (METOIMKA) HCCIIEAOBAaHUHN, ONTUCaHNE 00BEKTa, MECTO U BPeMs Ipo-
BEJICHYISI )

PE3VYJIBTATBI U OBCYXKJIEHUE

3AKJIFOYEHME nnu BBIBO/IbBI
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CIIUCOK JIMTEPATYPbBI. KonmmuecTtBo ncToOUHUKOB HE MeHee 15. B cmmcok nurepaTypsl BKIFOYAIOTCS TOJBKO
peLeH3UpyeMble HCTOUHHKHU: CTaTbU M3 HAyYHBIX JKYpHAIOB U MoHOTpaduu. CamouutupoBanue He 6oree 10% ot obOmie-
ro Konm4ectBa. bubnuorpaduueckuii cnucok 1omKeH ObITh 0(OpMIICH B B/ OOIIEro CIKCKa B MOPSIKE YIOMUHAHUS B
TEKCTE, JKeJIaTeIbHbI CChIIKM Ha MICTOUHUKU 2—3-JIETHET0 CpoKa JaBHOCTH. IIpaBuiia opopMiIeHUs ClIMCKa JIUTEPATyphl — B
coorBercTBuu ¢ TOCT P 7.05-2008 (TpeboBanus 1 IpaBuiia COCTaBIeHUs Oubanorpaduaeckoil cehlikn). B Tekcre ceblika
Ha HCTOYHHMK OTMEUAETCs MOPSAKOBOM IIU(POIi B KBaApaTHBIX CKOOKax, Harpumep [ 1]. JIuteparypa B CriMcKe AaeTcs Ha TEX
sI3BIKAX, HA KOTOPBIX OHA W3/1aHa. B Oubiuorpaduyeckoe onrcanue myOiIuKaiuy HeoOX0MMO BHOCHTh BCEX aBTOPOB, HE
COKpaIlasi uX OJHUM, TpeMs U T.I. HeomycTuMo cokpaiieHie Ha3BaHui CTaTei, )KypHaJIOB, H3IaTeIbCTB.

Ecnu HeoOX0aMMO cocaThesi Ha aBTopedeparsl, AUCCepTalii, COOPHUKY CTaTel, yIeOHUKH, PEKOMEHAAINH, yIeOHbIe
nocobus, I'OCTsl, undopMaluio ¢ caiiToB, CTATUCTUYECKUE OTUETHI, CTAaTbU B OOLIECTBEHHO-IIOIUTUUECKHUX ra3eTax U
npouee, TO TaKkyto HH(GOpMAIMIO clienyeT 0pOPMUTH B CHOCKY B KOHLIE CTpaHUIBI. CHOCKH HyMEpYIOTCs apadckumu 1ud-
pamu, pa3MenaroTcs MOCTPAHNIHO CKBO3HOW HyMepaIuei.

Buumanue! Teopetnueckue, 0030pHbIE U IPOOIEMHBIE CTaTbH MOTYT UMETH IIPOU3BOJIBHYIO CTPYKTYPY, HO 00513aTelIb-
HO JIOJDKHBI COepKaTh pedepar, KIIFoUeBble CIIOBa, CIIUCOK JIUTEPaTyphI.

HNPUMEPBI O®OPMJIEHUS CIITUCKA JIUTEPATYPbBI, REFERENCES U CHOCOK

CIIMCOK JIMTEPATYPbI:

Monozpagusn

Knumosa 3.B. Tlonessie KynbTypsl 3a0alikanbs: MmoHorpagus. Yura: [Touck, 2001. 392 c.

Yacmb Knucu

Xonmos B.I” MunumanbHasi 00paboTKa KyJIMCHOTO Hapa MO sIPOBYIO IMIIEHUIY MPU MHTEHCH(UKAINK 3eMIIeACNs B
FOKHO# Jtecoctenu 3ananHoi Cubupu // PecypcocOeperaroiue ciucteMbl 00paboTku mouBbl. M.: Arponpomusaar, 1990.
C. 230-235.

Ilepuoouueckoe uzdanue

Haxyno A.JL, Jlanwunos H.A., boscanosa I'B., ITakyne B.H. TexHonoruueckyue KauecTsa 3epHa MIrKoi spoBoil mite-
HHUIBI B 3aBUCHMOCTH OT CHCTEMBbI 00paboTKH mouBbI // CHOMPCKUI BECTHHUK CENbCKOXO03sHcTBeHHOM Hayku. 2018. T. 48.
Ne 4. C. 27-35. DOI: 10.26898/0370-8799-2018-4-4.

REFERENCES:

CocraBinsieTcsi B TOM K€ MOPSIIKE, YTO U PYCCKOS3BIYHBIN BAPUAHT, IO CIETYIOMINM MPaBHIaM:

@amunnu W.0. aBTOPOB B YCTOSIBIIEMCSI CIIOCO0E TPAHCIUTEPAIIMH, aHTIION3BIYHOE HA3BAHUE CTAThH, MPAHCAUMEDPA-
Yusi HA36aHUSL PYCCKOA3LIYHO20 UCMOYHUKA (Hanpumep, uepes caum. https://antropophob.ru/translit-bsi) = anenoaszviunoe
Hazearue ucmoynuka. Jlanee opopmiIeHre st MOHOrpadum: TOPO, aHIIOSA3BIYHOE Ha3BaHHUE W3/IATeIbCTBA, TOJI, KOJIHYe-
CTBO CTpaHUIL; JUIsl KYpPHAIa: ToJ], TOM, Homep, crpanulibl. (In Russian).

Ipumep: Avtor A.A., Avtor B.B., Avtor C.C. Title of article.

TpaHcmuTepanys aBTOpoB. AHINIOSN3BIYHOE Ha3BaHHUE CTAThH

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Tpancrumepayus ucmounuxa = Anenoa3viuHoe Ha3eanue UCMOYHUKA

Monozpagus

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Yacme Knuzu

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990,
pp- 230-235. (In Russian).

Ilepuoouueckoe uzoanue

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2018, vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

CHOCKHU:

Lutupyemslii TekcT'.

'Knumosa 3.B., Anopeesa O.T., Temnuxosa I'I1. TIyTu cTabUIM3aIiiu KOPMOTIpOU3BoACcTBa 3abaiikanbs // [IpobaeMsr 1
MIEPCTIEKTHBEI COBEPLICHCTBOBAHMS 30HAIBHBIX CHCTEM 3€MJIC/ICIIUS B COBPEMEHHBIX YCIOBHSX: MaTepHajbl Hayd.-TIPaKT.
koH(. (Yuta, 16—17 okts16pst 2008 r.). YUura, 2009. C. 36-39.

Hughposoii uoenmughuxamop Digital Object ldentifier — DOI (xorja OH €CTh y LUTHPYEMOIO MaTepHaa)

HEOOXOJMMO YKa3bIBaTh B KOHIIE OMOIHOTrpagUueCcKOi CChUIKH.

IIpumep:

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

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

Hammuue DOI crateu crenyeT mpoBepsTh Ha caiite http://search.crossref.org/ mmm https://www.citethisforme.com.
J171s1 5TOrO HY)KHO BBECTH B ITOUCKOBYIO CTPOKY Ha3BaHUE CTATbU HA aHIIIHMHCKOM SI3BIKE.

PUCYHKMU, TABJINLbI, CKPUHIHOTHI U ®OTOI'PA®OUN

PucyHk# TOIKHBI OBITH XOPOIIET0 KauecTBa, IPUTOJHbIC Ul NIeYaT. Bce pUCYHKH TOJDKHBI UMETh TIOPUCYHOYHBIE
noarmucy. [1oIprcyHOUHYIO MOAITUCH HEOOXOMUMO TEPEeBECTH Ha aHIIMHCKHN S3bIK. PHCYHKH HyMepyloTcsi apaOCKHMHU
mudpaMu 1o TOPSIKY CIeIOBaHuUs B TeKcTe. ECii prCyHOK B TEKCTE OUH, TO OH He HyMepyeTcs. OTCBUIKM Ha PHCYHKH
odopmitsiroTes cnenyronM oopasom: «Ha puc. 3 ykazaHo, 4to ...» win «YKaszaHo, uTo ... (cM. puc. 3)». [logpucyHouHas
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MIOAITUCH BKITIOYAET IOPSIKOBBIN HOMEp pHCYHKa U ero HasBanue: «Puc. 2. Onmcanne KM3HEHHO Ba)KHBIX MPOIIECCOBY.
[epeBon moapHCyHOUHOH MOANUCH CIEAYET PACTIoNaraTb HOCie MOAPHCYHOUHON IONUCH Ha PYCCKOM SI3BIKE.

Tabauisl JOJKHBI OBITH XOPOLIEro KayecTBa, IPUTOAHbIC AU HedaTd. [IpennouTuTenbHbl TabnuIbl, TPUTOJHbIE JUIs
PEOaKTUPOBAHMUS, @ HE OTCKAHMPOBAHHBIC WM B BUJE PUCYHKOB. Bee TaOmuLbl JOIKHBEL HMETh 3aronoBku. Ha3paHue Ta-
OIUIBI TOMKHO OBITH EPEBENEHO Ha aHNIUMcKuil s3bIk. Tabnuubl HyMepyloTcsa apaOCKUMU LudpaMu 110 MOPSLIKY CIEN0-
BaHMs B TekcTe. Ecii Tabnuna B TekcTe oJjHa, TO OHA He HyMepyeTcst. OTCBUTKH Ha TaOIHIBI 0)OPMIISIOTCS CIIETYIONINM
obpaszom: «B Tabi. 3 ykazaHo, 4TO ...» HIH «YKa3aHO, 4TO ... (CM. TaOiI. 3)». 3arosoBOK TaOIHIbI BKIFOYAET TOPSIKO-
BBIil HOMEp TaOnuIbl U ee Ha3zBaHue: «Tabu. 2. OnrcaHue )KU3HEHHO BaXKHBIX MPOIieccoBy. [lepeBos 3aronoBka TaOIuIbl
ClIe[lyeT pacroararh 11ocje 3arojJoBka TaOIMIBI HA PYCCKOM S3bIKE.

dotorpaduu, CKPUHILIOTH! U JPYrHe HEPUCOBAHHBIE MILIIOCTPALMKY HEOOXOAUMO 3arpyaTh OTIEIbHO B Buje (dailioB
¢dopmara *.jpeg (*.doc u *.docx — B ciydae, eciu Ha M300paKEHNUE HAHECEHBI JOMOMHUTEIbHBIC TIOMETKH). Pa3perie-
HUE U300pakeHus T0IKHO ObITh >300 dpi. Paitiam n300paskeHU HEOOXOMMO PHUCBOUTH HAa3BaHKME, COOTBETCTBYHOIIECE
HOMEpY PUCYHKa B TekcTe. B omucanuu ¢aiina ciemyer OTAeIbHO MPUBECTH TOIPUCYHOUHYIO ITOIUCH, KOTOpAst JOJKHA
COOTBETCTBOBATh Ha3BaHUIO (GpoTorpaduu, MoMeIaeMoi B TEKCT.

Cnenyet oOpaTuTh BHUMaHKE Ha HanMcaHue GopMyIl B cTaThe. Bo n3bexxanue myTaHuIbl He0OOX0AUMO rpedeckue (o, f,
T U Ip.), pycckue (A, a, b, 6 u 1p.) OykBbI ¥ LuGpPbI MUCATH IPIMBIM IIPUGTOM, JIATUHCKUE — KypCUBHBIM (W, Z, m, n u 1p.).
Maremaruueckue 3HaKi ¥ CUMBOJIbI HYKHO ITHCaTh TakXKe MpsiMbIM mpudToM. HeoOXommMo 4eTKo yKa3bIBaTh BEPXHUE U
HIDKHHE HaJICTpOUHble cuMBoIbl (W', F) u ap.).

B3AUMOJENCTBUE MEXIY )KYPHAJIOM U ABTOPOM

Penmaknust mpocuT aBTOPOB MPH MOATOTOBKE CTaTel PyKOBOACTBOBATHCS M3JI0)KEHHBIMH BBIIIE TIPABUIIAMH.

Beenocrynarorue B xxypHas « CHOMPCKUI BECTHHK CEITbCKOX035HCTBEHHOM HAYKNY CTAThU TPOXO/ISAT PEABAPUTEIILHYIO
IIPOBEPKY HA COOTBETCTBHE (hOpMaIbHEIM TpeOOBaHUsIM. Ha 9TOM 3Tane pegakuus OCTaBiIseT 3a cOO0H Mpago:

* MPHUHATH CTAThIO K PACCMOTPEHHUIO;

*  BEpHYTb CTaThbiO aBTOPY (aBTOpaM) Ha JOpabOTKY ¢ IPOCHOOH yCTPAHUTH OLIMOKU WM J00ABUTh HEJOCTAIOLINE JAHHBIE,
*  BEpHYTb CTaTbO aBTOPY (aBTOpaMm) O3 paccMOTpeHHUs1, OOPMIIEHHYIO HE 110 TPeOOBaHUAM >KypHaa;

*  OTKJIOHHUTB CTaThIO M3-3a HECOOTBETCTBHS €€ IIEJISIM )KypHalla, OTCYTCTBHSI OPUTHHATIBHOCTH, MaJIOH HayYHOH IIEHHOCTH.

[epenncka ¢ aBTOpaMu PyKOIIUCH BEAETCS Yepe3 KOHTAKTHOE JIUI0, YKa3aHHOE B PYKOIIHCH.

Bce HayuHble CTaTbH, MOCTYNUBIIME B PeNaKkIUIo xKypHaiaa « CHOMPCKUM BECTHHK CENbCKOXO3SIMCTBEHHOM HAayKm»,
MIPOXOAAT 00sI3aTENIbHOE ABYXCTOPOHHEE «ciernoey» pereHsupoBanue (double-blind — aBTop U perieH3eHT HE 3HAIOT JPYT O
Jpyre). Pykonucy HarpasIsitoTes 10 IpoQUIIl0 HayYHOro UCCIEJOBAHUS Ha PELICH3UIO WIEHAM PEJaKIIUOHHOM KOJLIeruy.

B cropHbIX cily4asx peJakTop MOKET [IPUBJIEUb K IIPOLECCY PELIEH3UPOBAHUS HECKOIBKUX CHELHAINCTOB, a TAKXKE [T1aB-
HOTO penakTopa. [Ipu MoNoKUTETFHOM 3aKITIOYEHIN PELIEH3EHTa CTaThs IepefaeTcsl peAaKTopy ISl HOATOTOBKH K ITeYaTH.

[Ipu mpuHATHH pelIeHHs 0 TOpadOTKE CTaThH 3aMEUaHMs U KOMMEHTapHH PELeH3CHTa MePeIatoTCsl aBTOPY. ABTOPY
JaeTcs 2 Mecsla Ha yCTpaHeHUs 3aMedanuid. Eciiu B TeueHne 3Toro cpoka aBTop He YBEJOMMI PEAAKIMIO O MIIAHUPYEMbIX
JNEeHCTBUSX, CTaThsl CHUMAETCSI C OUepey My OnuKauy.

ITpu npuHATUM peleHus 00 OTKa3e B My OJIMKALMU CTaTbH aBTOPY OTIPABIISAETCS] COOTBETCTBYIOLIEE PEIICHUE PEJAKIUU.

OTBeTCTBEHHOMY (KOHTAKTHOMY) aBTOPY NPUHATOHN K MyOJIMKAIIMU CTaThH HANIPABIIseTCsl (PUHANBHAS BEPCHUSI BEPCTKH,
KOTOPYIO OH 00s513aH IIPOBEPUTb.

HOPSJTOK IEPECMOTPA PEIIEHUI PEJAKTOPA/PEIIEH3EHTA

Ecnu aBTOp HE COMIACeH C 3aKIIOYCHHEM PEICH3CHTa M/HIH PENaKTOpa WITH OTACIbHBIMU 3aMCYaHHUSIMU, OH MOYKET
OCIIOPHUTH NPHHSATOE perieHne. JJist 3Toro aBTopy HeoOX0AUMO:
° HCTIPAaBUTD PYKOIIMCH CTATbU COITIACHO O6OCHOBaHH])IM KOMMCHTAapUsAM PELCH3CHTOB U PEAAKTOPOB;
*  SCHO U3JIOKHTH CBOIO IO3MIIHIO [10 PACCMATPUBAEMOMY BOIIPOCY.

PenmakTopbl COAEHCTBYIOT IIOBTOPHOH IMOfIaue PYKOIUCEH, KOTOPbIC MOTEHIUAIBHO MOTIH ObI OBITH TIPHHSATHI, OHAKO
ObLIM OTKIIOHCHBI U3-32 HEOOXOAMMOCTH BHECCHUSI CYIICCTBEHHBIX M3MECHCHHUI WM COOpa JOIOIHUTEIBHBIX JaHHBIX, U
TOTOBBI TIOIPOOHO OOBSICHUTB, YTO TPEOYETCS UCTIPABUThH B PYKOIIUCH ISl TOTO, YTOOBI OHA ObLIA TIPUHSTA K ITyOIHKALIMH.

JEUCTBUS PEJAKIIMA B CIYUAE OGHAPY KEHUS IVIATUATA, PABPUKALIAN
NJIN PANBCUPUKALINN JAHHBIX

Penakuus HaydHoro )xypHasia «CHOMPCKUI BECTHUK CENbCKOXO3SIHCTBEHHOM HAYKW» B CBOCH PabOTE PYKOBOJICTBYETCS
TPpaAUIIMOHHBIMU JTHYCCKUMH NPUHIUIIAMU Hay‘lHOﬁ NEpUOAUKHA U CBOAOM IPHUHIHUIIOB «KOI[GKCB. OTHKH HAYYHBIX
myOnukanuiiy», pa3paboTaHHBIM U YTBEPKICHHBIM KOMUTETOM 110 3THKE HaY4HBIX ITyOIUKaIMid, TpeOys COOMIONEHHS ATHX
MIPaBUJI OT BCEX YYACTHUKOB M3/IaTENILCKOTO Mpoliecca.

HUCITPABJIEHUE OLLINBOK U OT3bIB CTATBHU

B cnydae oOHapyKeHHUs] B TEKCTE CTAaThbU OIIMOOK, BIMSIOIINX HA €€ BOCHPHUSITHE, HO HE MCKAKAIONINX U3JI0KEHHBIE
Ppe3yIbTaThl UCCIEIOBAHMS, OHH MOTYT OBITh UCIIPaBIEHBI IyTeM 3aMeHbl pdf-¢aiina crareu. B ciyuae oOHapyKeHUs B
TEKCTE CTAaThH OIIMOOK, NCKAKAIOIIMX PE3yJIbTaThl MCCIICAOBAHMUS, JTMOO B Cilydae mjaruara, oOHapyKeHHs Helo0poco-
BECTHOTO TIOBE/ICHHSI aBTOpa (aBTOPOB), CBA3AHHOTO C (asibcupuKanueit n/umm padprKanneil JaHHbIX, CTaThs MOXKET ObITh
0TOo3BaHa. IHUIIMATOPOM OT3bIBA CTATHH MOKET OBITh PEAAKIIHsI, aBTOP, OPTraHU3aIns, YacTHOe Jui0. OTO3BaHHAS CTaThs
romevaeTcst 3HakoM «CTaThsl OTO3BaHA», HA CTPAHUIIE CTAThU pa3MelnaeTcsi HHpopMalus 0 IpUIHHE ee 0T3biBa. MHpOp-
Marus 00 OT3bIBE CTAaThU HATIPABIISIETCS B 0a3bl TAaHHBIX, B KOTOPBIX HHICKCHPYETCS Ky PHAL.

124  Siberian Herald of Agricultural Science ¢ 2023 * 53 « 4



YBA’KAEMMBIE TIOJITHCYHUKH!

[Tonmucky Ha xypHan «CHOMPCKUI BECTHHUK CEITbCKOXO3SIHCTBEHHON HAYKI»
(kKak Ha TOAOBOM KOMIUIEKT, TaK ¥ Ha OTACIbHBIC HOMEPA)
MOKHO O0()OPMUTH OJHUM M3 CIEAYIOUIUX CIIOCOOOB:

— B arenrctse noarnvcku 'K «Ypan-Ilpecce» o nanekcy 014973. Cepuika Ha u3nanue https://www.
ural-press.ru/catalog/97210/8707659/?sphrase _1d=392975. B pa3nene KOHTakThl 3alTH MO
ccouike http://ural-press.ru/contact/, Tae MOXXHO BBIOpaTh (PUITHAI 110 MECTY JKUTEIIbCTBA,

— B penakimu )xypHaia (tenedon 7-383-348-37-62; e-mail: sibvestnik@sfsca.ru).

[TonHOTEKCTOBAsK BEpCUs JKypHaa
«CubupcKuil BECTHUK CEIBCKOX03HCTBEHHOM HAyKI»
pasmeleHa Ha caiite Hay4uHoit anekrpoHHoi 6MOImuoTeKu:
http://www.elibrary.ru.
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