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PLANT GROWING AND BREEDING
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@duTonaroorndeckKoe TECTHUPOBAHUE N'CHOTUIIOB JIbHA
Ha YCTOﬁqHBOCTL K aHTPaKHO3Y

XD Kyapsisuesa JLII., Ilponeroa H.B.
Dedepanvhblil HAYYHbIL YeHMP JIYOSHBIX KYIbMYp
Teepckas oonactsb, T. Topxkok, Poccust
C<xDe-mail: info@fnclk.ru

Cpenu OOJIBIIOTO YMCIIa BPEIOHOCHBIX M PACIPOCTPAHCHHBIX TPUOHBIX OOJIC3HEW JIbHA OJHOU
U3 JOMUHUPYIOIIUX SIBISETCS AHTPAKHO3. BBICOKOYCTOMYMBBIX COPTOB K 3TOMY IaTOTEHY B
rpousBosicTBe HeT. [lonck u GopMuUpoBaHUE KOJUIEKIMU Pa3HOOOPA3HOTO YCTOMYMBOTO MaTrepuaia
JbHA COCTABIISIET OJHY U3 3aj7a4 COBPEMEHHOW CEJNIEKIMU, YTO U SIBUWJIOCH b0 HAIeH palOoTHI.
B Cesepo-3anagnom peruone TBepckodl 00macT ObUIM TMPOBEICHBI JIA0OPATOPHBIC U IOJICBBIC
WCCIICJIOBaHUSl C HCIIOJNb30BAHMEM CHHTETUYECKOM MMOMYJISAIUU BO30YIUTENS aHTPaKHO3a II0
OIIPENICIICHUI0 YCTOWYMBOCTH JIbHA K TIaToreHy. OOBEKTOM UCCIICIOBAHUH CITYKWIN KOJUICKIIHOHHbBIE
oOpa3ipl u3 «HanmonanpHOU KoJUIeKIuu pycckoro JibHay ®HI[ JIK, cenekimoHHbIE JIMHUU JIbHA,
MIOJTyYEHHBIE METOJIOM OMOTEXHOJOTMH, U OM000pa3ibl BO30OynuTeNss aHTpakHO3a u3 «Kotekiuu
MHUKPOOPTraHU3MOB — BO30yIUTEs el OCHOBHBIX OoJie3Hel bHay. 3a rofp! uccnenoanuii (2019-2023)
«Koiekiuss MUKpOOpPraHu3MOB — BO30yauTeNeil Oose3Heil abHa» momnoiHmwiack 41 GumooOpasiom
BO30yIUTENsT aHTPaKHO3a. JJOMHHUPYIOIIEE TOJIOKEHUE 3aHSJIN CHUIBHOBUPYJICHTHBIC IITAMMBI —
55,6%, cmaboBupyneHTHbIe OMO0Opa3nbl coctaBuwin 18,4%. CkpuHuHr 384 KOJUICKIIMOHHBIX
00pas3IoB JIbHA Ha HH(EKIIMOHHOM (OHE BBISIBUII HU3KOE COJIEPIKaHUE YCTOMYMBBIX 00pa3IioB, TOIBKO
36 o0pa3uoB ObutM OTHOCUTENBHO ycroiuuBbiMu (50,0-68,0%), a 90,6% 00pa3oB KOICKIIUU
OKa3aJIMCh BOCIIPUUMYHBBHIMU. BhIZieIeHO 7 TeHOTUIIOB, MTOKA3aBIIMX OTHOCUTEIBHYIO YCTOMUHUBOCTD
K naroreny Ha yposHe 60,1-68,0%: I'-60-505-9, J1238/2/15/119-13, J114/Ne3896x AP, JI-2897-6-6,
0-15247-6-13, 0-15157-7-5, K-3774*. CenekiuoHHbIE TUHUHU HHp—1—7 " HHp—2—3 JbHA-J0NTYHIIA,
MIOJIyYEHHBIE B PE3YJbTAaTe HCIOIb30BaHUS OUOTEXHOJIOTUYECKHUX METOJIOB, MOITBEPIWIA CBOIO
YCTOMYMBOCTh HAa MH(EKIIMOHHOM (OHE B TOJEBBIX ycioBusx (61,1-75,0%). BricokoycTONYMBBIX
00pas3IoB JIbHA K aHTPAaKHO3y HE BBISABICHO. Vcronb3oBaHue 9 MCTOYHHUKOB, XapaKTEPU3YHOIIUXCS
yCcTOWYnBOCThI0O Ha ypoBHE 60,1-75,0%, B CENEKIUMOHHONW MpOTrpaMMe TIO3BOJUT IOBBICUTD
3¢ (EeKTUBHOCTH CEICKIIMOHHOW Pa0OTHI 110 CO3aHUI0 YCTOMUMBBIX K OOJIE3HSIM COPTOB JIbHA.

KuaroueBbie cjioBa: jieH, BO30yIUTeNb 00JIE3HU, KOJUICKIIMOHHBINA 00pasell, yCTOHYUBOCTb, IIITAMM

Phytopathological testing of flax genotypes for anthracnose resistance

C<)Kudryavtseva L.P., Proletova N.V.
Federal Scientific Center for Bast Crops
Tver Region, Torzhok, Russia
(C<De-mail: info.fnclk.ru

Among the large number of harmful and common fungal diseases of flax, anthracnose is one
of the dominant ones. There are no highly resistant varieties to this pathogen in production. The
search and formation of a collection of diverse sustainable flax material is one of the tasks of the mo-
dern selection, which was the purpose of our work. Laboratory and field studies using a synthet-
ic population of anthracnose pathogen to determine flax resistance to the pathogen were conducted
in the Northwest area of the Tver region. The object of research were collection samples from the
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Phytopathological testing of flax genotypes Kudryavtseva L.P., Proletova N.V.

for anthracnose resistance

“National Collection of Russian flax” of the Federal Research Center for Bast Crops, flax selection
lines obtained by biotechnology and the bio samples of the anthracnose pathogen from the “Collection
of microorganisms - pathogens of major flax diseases”. Over the years of research (2019-2023), the
"Collection of microorganisms - pathogens of flax diseases" has been replenished with 41 biolog-
ical samples of the anthracnose pathogen. The dominant position was occupied by highly virulent
strains — 55.6%, weakly virulent biological samples made up 18.4%. Screening of 384 collection flax
samples against an infectious background revealed a low content of resistant samples, only 36 samples
were relatively resistant (50.0-68.0%), and 90.6% of the collection samples were susceptible. 7 gen-
otypes were identified, showing relative resistance to the pathogen at the level of 60.1-68.0%: G-60-
505-9, D238/2/15/119-13, D14/No0.3896hAR6, L-2897-6-6, 0-15247-6-13, 0-15157-7-5, K-3774%*.
The breeding lines NP -1-7 and NP -2-3 of fiber flax, obtained as a result of using biotechnological
methods, have confirmed their resistance against an infectious background, in the field (61.1-75.0%).
No highly resistant flax samples to anthracnose have been identified. The use of 9 sources character-
ized by resistance at the level of 60.1-75.0% in the breeding program will increase the efficiency of
breeding work to create disease-resistant flax varieties.
Keywords: flax, pathogen, collection sample, resistance, strain
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INTRODUCTION stable yields of the crop is the protection of

Cultivated flax is one of the most important CrOPS from diseases. Anthracnose is one of the

technical crops in Russia and the main source
of natural raw materials for many sectors of the
national economy [1-3]. One of the most uni-
versal biological effects to which flax plants are
exposed is pathogenic microorganisms. About
200 species of fungi, viruses and bacteria have

dominant fungal diseases of flax among a large
number of fungal diseases? [6].

Flax anthracnose (Colletotrichum lini Manns
et Bolley. C. lini) is currently a widespread and
damaging disease in the crop area. Anthracnose
can occur in all phases of flax development

been recorded on flax, many of them are patho-
gens that cause certain damage to the crop'. [4,
5]. The main condition for obtaining high and

and growth. The main damage it causes in the
phase of sprouting with the appearance of yel-
low-orange spots, sores or wiring on the roots

'Nekhvedovich S.I. Pathogenic complex of fungi parasitizing on oilseed flax // Proceedings of the International Conference of
Young Scientists, 2018, Minsk, Republican enterprise Publishing House “Belarusian Science”, 2018, pp. 159-175.

*Kudryavtseva L.P,, Proletova N.V,, Loshakova N.I., Pavlova L.N., Vinogradova E.G., Sokolova N.S. Methods of evaluation and
selection of source material in the selection of fiber flax for resistance to anthracnose. Tver, 2013, 51 p.
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duromarosoruieckoe TECCTUPOBAHNE I'CHOTUIIOB JIbHA
Ha yCTOﬁ'—[HBOCTB K aHTPaKHO3Y

Kynpsisuesa JIII., ITponerosa H.B.

and stems of plants, often leading to the death
of young plants [7, 8]. This pathogen does not
have a wide parasitic specialization and does
not affect crops preceding flax in the crop ro-
tation, but it can develop and sporulate on dead
remains of many plant species (garden pea, red
clover, lamb's-quarters, etc.), which it uses as a
nutrient substrate, which confirms its belonging
to semi-parasites. In the years of epiphytotics,
yield losses due to anthracnose can be as high
as 15-30% [9, 10].

All over the world, the development of resis-
tant varieties is the most important element in
the system of integrated plant protection against
diseases, including anthracnose. According to
the results of evaluation of the released and pro-
spective for release flax varieties in 2020-2023
in the conditions of the Tver region, no varieties
with high resistance to the pathogen have been
identified. Three varieties (Caesar, Diplomat,
Tonus) of fiber flax with medium resistance to
anthracnose® are included in the State Register
of Breeding Achievements. [11]. The main rea-
son constraining breeding for anthracnose resis-
tance is the lack of highly resistant sources and
donors of resistance [12].

One of the directions of work on the search
for resistant genotypes to the pathogen is the use
of the world flax collection located in N.I. Vavi-
lov All-Russian Institute of Plant Genetic Re-
sources (VIR), which maintains in viable condi-
tion 2,485 long-flax samples from 48 countries,
and the “National Collection of Russian flax”
of the Scientific Research Institute of Flax — a
separate division of the Federal Research Cen-
ter for Bast Fiber Crops (SD SRIF FRC BFC),
which has more than 2,500 fiber flax samples.
These collections include both local and thick-
set flaxes collected from different regions of
Russia and flax-growing countries of the world

(Romania, Holland, India, USA, Canada, etc.),
domestic and foreign breeding varieties, lines
and donors. According to many researchers, the
flax gene pool of VIR and FRC BFC is not rich
in sources and donors of anthracnose resistance
[12, 13].

In addition to traditional methods of selec-
tion for resistance by hybridization followed by
individual selection in split populations, new
modern methods are used, such as biotechno-
logical methods [14].

In order to search for and develop highly
resistant varieties to diseases, special breeding
programs are needed, in which the key issue is
the methods of creating artificial infection back-
grounds that allow to assess the immunity of the
tested material at all stages of the selection pro-
cess.

The criterion of stability of crop varieties is
the study of their infestation in field conditions
under artificial infection. The main requirement
for artificial infectious material is to character-
ize the virulence of the strains included in the
artificial pathogen population®.

For these purposes, the “Collection of micro-
organisms — pathogens of flax diseases”, which
includes biosamples of anthracnose pathogen,
was created and maintained in a biologically
pure state at the All-Russian Research Institute
of Flax (VNIIL) in 1990-2023 on the basis of
working collections (1981-1989) of biosam-
ples of anthracnose pathogens. The work on the
maintenance of the collection and reproduction
of biomaterial is an important element of scien-
tific support of selection, genetic and biotechno-
logical programs in fiber flax’.

The purpose of the research is to identify sus-
tainable sources of fiber flax with the use of flax
collection samples, breeding material obtained
by biotechnological methods and biomaterial of

3Proletova N.V., Kudryavtseva L.P. Changes in the biochemical composition of culture filtrate in the process of growth and de-
velopment of fungi Colletotrichum lini // Proceedings of the VI International Scientific and Practical Conference, February 26-28,

2019, Mytishchi, pp. 66-68.

*Loshakova N.I, Krylova T.V., Kudryavtseva L.P. Methodical recommendations for the creation, maintenance, storage and prac-
tical use of “Collection of microorganisms - pathogens of flax diseases”. Torzhok, 2006, pp. 5-8.

SLoshakova N.I., Krylova TV., Kudryavtseva L.P. Methodological guidelines on phytopathological assessment of fiber flax resis-

tance to diseases. Moscow, 2000, pp. 22-26.
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the pathogen from the “Collection of microor-
ganisms — pathogens of flax diseases” to create
new varieties of the crop.

MATERIAL AND METHODS

Field and laboratory studies were carried out
in 2019-2023 in the experimental field and in
the laboratory of breeding technologies of the
FRC BFC. The object of research was 384 col-
lection samples of flax, 2 breeding lines and 41
biosamples of anthracnose pathogen from the
“Collection of microorganisms — pathogens of
flax diseases”.

To create an artificial population, strains of
the pathogen were collected by sampling af-
fected vegetative plants and infected flax seeds.
Samples of infectious material were analyzed by
microscopy and nutrient medium according to
the method of the Flax Institute (see footnote 4).

The study of culture-morphological param-
eters and virulence is an integral part of the
maintenance of collection bio-samples “Col-
lection of microorganisms — pathogens of flax
diseases”. Determination of cultural and mor-
phological properties of anthracnose pathogen
isolates was carried out on the 14th day of culti-
vation. Colony coloring, mycelium growth and
development rates, sporulation intensity, conid-
ia size and shape were recorded. According to
the intensity of sporulation, isolates were con-
ditionally divided into abundantly sporulating
(more than 10 thousand spores/ml), moderately
sporulating (6.0—10.0 thousand spores/ml) and
weakly sporulating (0—5.0 thousand spores/ml).

Virulence of anthracnose pathogen strains
was determined on a light installation, in lab-
oratory conditions on two varieties contrasting
in resistance (susceptible — K-5789, Penjab and
resistant — K-6297, Leona). Strongly virulent
strains were classified as those causing lesions
of the resistant standard (0-25%) and death of
the susceptible one (75-100%), while weakly
virulent strains were classified as those not af-

fecting the resistant standard and causing a me-
dium degree of lesions (50.0%) on susceptible
varieties (see footnote 4).

Evaluation of 384 flax collection samples for
anthracnose resistance was carried out on an in-
fectious background in the field, using provoc-
ative conditions (wide-row, sparse, late sowing)
for better development of the infection® (see
footnote 5).

To obtain the pathogen biomaterial, pure cul-
ture strains were propagated on autoclaved oat
grains for 3—4 weeks. During sowing, a 25-30—
day pure culture of anthracnose pathogen, which
is a synthetic population consisting of 50% of
highly virulent and 25% each of medium- and
weakly virulent strains of the pathogen (7-8 g per
one linear meter) was introduced into the rows
deepened to 67 cm. Counting of anthracnose
development was carried out at the stage of 4-6
true leaves during the mass development of the
disease on a 5-point scale. The results of classifi-
cations of the collection material for a number of
years were used to identify the samples with re-
sistance to the disease, regardless of the variabil-
ity of environmental conditions over the years.
Samples were studied for 2-3 years. Samples
affected to a strong degree were studied within a
year, medium resistant were studied within 2—3
years, resistant were evaluated annually. Accord-
ing to the evaluation results, the samples were
differentiated into: highly resistant (degree of
disease development 0-20%), resistant (degree
of disease development 21-30%), moderately re-
sistant (31,0-50,0%), susceptible (51,0-75,0%)
and highly susceptible (above 75,0%).

Studies in field conditions were conducted on
medium loamy slightly acidic soil with average
potassium content of 98.6—93.8 mg/kg and high
phosphorus content in soil (268-279 mg/kg).
Grain crops served as a forecrop for flax. The
size of the record plot in the nursery was 0.5 lin.
m. Seeding rate — 25 seeds per plot with a three-
fold repetition of the experiment.

8Methodological guidelines for phytopathological assessment of fiber flax resistance to diseases. Moscow: Publishing house of

the Russian Academy of Agricultural Sciences, 2006, pp. 23-29.
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Weather conditions in the years of research
differed both in average daily air temperature
and precipitation. Meteorological conditions of
the vegetation periods from the calculation of
hydrothermal coefficient (HTC) of Selyaninov,
2019 (HTC-1.8) and 2020 (HTC-2.2) can be
characterized as wet, 2021 (HTC-1.1) and 2023
(HTC-1.1) as slightly arid, 2022 (HTC-0.87)
showed pronounced aridity’.

Mathematical processing of the data was
performed by analysis of variance using Biostat
and Microsoft Office Excel® software packages.

RESULTS AND DISCUSSION

To obtain unbiased data on the resistance
of collection samples, varieties and breeding
material to the anthracnose pathogen, on the
one hand, the artificial infectious background
should consist of biosamples with a sufficiently
high level of virulence. On the other hand, in
terms of obtaining the biomaterial for immuno-
logical studies, preference is given to the most
sporulating on nutrient medium. Highly sporu-
lating, fast-growing isolates with a high level of
virulence are ideal in this regard. To create an
infectious background for anthracnose, biosam-
ples from the “Collection of microorganisms
- pathogens of major flax diseases” were used.
The collection of flax anthracnose pathogen
strains is the only one in the country (SD SRIF
FRC BFC), its replenishment and maintenance
in a viable state, as well as the creation of an ar-
tificial population of the pathogen for breeding
purposes represent the elements of novelty of
this work. Currently, the collection of anthrac-
nose pathogen biosamples totals 616 storage
units.

As a result of the studies conducted in 2019-
2023, 266 samples of the seeds and plants af-
fected by anthracnose were collected. From
them, 68 isolates were isolated, and 41 isolates
were characterized for culture and morpholog-
ical characters and virulence. The strains dif-

fered among themselves in properties and vir-
ulence. The color of the colonies was mainly
dominated by gray strains. There were 60.6%
of the strains with abundant sporulation and
rapid growth; moderately sporulating patho-
gen samples accounted for 25.0%. Spore pa-
rameters were in the following ranges: length
—14.8-20.1 pk; width — 1.7-2.5 pk. Most of the
pathogen strains in our studies turned out to be
highly virulent for anthracnose susceptible vari-
ety of Penjab flax. Strains #836, 840, 831, 827-
1, 834 and other strains were highly virulent for
the relatively disease-resistant Leon (USA) flax
sample as well. Over the entire period of oper-
ation (2019-2023), 55.6% of pure anthracnose
culture samples were strongly virulent strains,
while 18.4% were weakly virulent. Among the
highly virulent strains, abundant-nosporulating
strains prevailed and accounted for 74.1%.

Thus, every year there were strains with dif-
ferent virulence and cultural and morphological
characteristics to create an infection-provoca-
tion background for anthracnose. The anthrac-
nose damage of susceptible varieties (Penjab,
Slavny 82, etc.) when infected with these strains
amounted to 65.0-85.0% or more.

As a result of the research in 2019-2023,
41 strains of anthracnose pathogen were iso-
lated from the local population (Tver region),
multiplied, included in the “Collection of mi-
croorganisms - pathogens of flax diseases” and
stored. Thus, strains of different virulence were
available to determine the resistance of geno-
types to anthracnose, which made it possible to
qualitatively assess the flax collection material.

It is known that for the development of ar-
tificial population of anthracnose in the field
nursery a complex of conditions is necessary:
availability of quality and sufficient quantity
of infectious material and favorable meteoro-
logical conditions for pathogen development.
Weather conditions occurring within 8—12 days
after sowing are decisive for the development

"Weather archive. Tver. URL.: https:/tver.nuipogoda.ru/%D0%BF%D0%BE%D0%B3%D0%BE%D0%B4%D0%B0-2021.
8Dospekhov B.A. Methods of field experiment (with the basics of statistical processing of research results). Moscow: Book on

Demand, 2012, 352 p.
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of the infection process and mass spread of the
pathogen. The intensity of anthracnose devel-
opment in the field infection and provocation
nursery was different in different years. Optimal
conditions in this period are considered to be
air temperature 19-22 ° C, air humidity above
70-75%. Such conditions were formed in 2019-
2022, but especially meteorological conditions
were favorable in 2020, 2022, when the weather
was warm with precipitation in the first ten-day
period of June. The average weekly air tempera-
ture during this period was 22-24 °C. Precipita-
tion was 92—-139% of the norm. Relative humid-
ity of 72—-80%, all this complex of weather con-
ditions, as well as quality infection contributed
to epiphytotic development of the disease in the
infection-provocation nursery. The susceptible
standard Penjab was affected by 75-84.9%.
Less favorable was 2023. During the sprouting
phase of flax, the weather was cool with insig-
nificant precipitation. Average weekly air tem-
perature during the week after sowing was 12
°C, which is 2.9 °C below the norm. Precipi-
tation was 20% of the norm, relative humidity
was 65%, which restrained strong development
of the pathogen. Susceptible test varieties were
affected within the range of 50.0—60.0%.

In the course of research in the field, character-
istic signs of anthracnose damage were observed
on flax seedlings and especially in the period of
appearance of 46 true leaflets. Observation of
the course of infection development, evaluation
and analysis of the source material for resistance
to anthracnose of flax indicate a very low content
of reliable sources of resistance to this disease in
the gene pool. Out of the total amount of mate-
rial tested for anthracnose resistance, 36 samples
were relatively resistant (resistance 50.0-68.0%)
and 348 were susceptible. There were 29 geno-
types with average resistance of 50.0-57.9%.
The structure of resistance of flax collection sam-
ples to anthracnose is presented in Table 1. The
level of resistance of the samples exceeding the
60% barrier averaged 2.0% by year. In 2019, no
samples with resistance exceeding 60.0% were
identified (see Table 1).

Ta6a. 1. Crpykrypa ycTOMUYMBOCTH KOJJIEKIIU-
OHHBIX 00PAa3LOB JIbHA K aHTPAKHO3Y (TI0JIEBOH
MH(EKIIMOHHO-TPOBOKAIIOHHBIN MTUTOMHHUK,
2019-2023 rr)

Table 1. Structure of resistance of flax collection

samples to anthracnose (field infectious and
provocative nursery, 2019-2023)

Number of samples

Year of research ) Of which the resistant
Total studied
ones (more than 60,0%)
2019 69 0
2020 92 3
2021 92 2
2022 98 1
2023 33 1

Immunological analysis of the flax collec-
tion revealed 7 genotypes with resistance lev-
el of 60.1-68.0%, which are of interest for use
as starting material for breeding for disease
resistance: G-60-505-9, D238/2/15/119-13,
D14/#3896xAR6, L-2897-6-6-6, 0-15247-6-13,
0-15157-7-5, K-3774*, as shown in Table 2.
Genotypes characterizing high resistance (over
75.0%) were not detected from the SD SRIF
FRC BFC collection at the present stage (see
Tables 1, 2).

A new stage in the development of phytoim-
munology and practical breeding began with the
development of biotechnology methods, which
makes it possible to obtain lines resistant to an-
thracnose by in vitro methods. Thus, evaluation
in the field infection-provocation nursery for an-
thracnose of 2 breeding lines: NP - 1-7 and NP -
2-3, obtained as a result of research using the de-
veloped selective systems “flax - culture filtrate
of Colletotrichum lini”, confirmed their resis-
tance at the level of 61.1-75.0% (see Table 2).

CONCLUSION

As aresult of research in the conditions of the
Tver region 384 collection samples and 2 breed-
ing lines of fiber flax on the infectious back-
ground in the field on resistance to anthracnose
in comparison with resistance indicators of test
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Taoua. 2. McToyHUKY yCTONYNMBOCTH JIbHA K aH-
TpakHO3y (cpennue nanubie 3a 2019-2023 rr.)

Table 2. Sources of flax resistance to anthracnose
(average data for 2019-2023)

Collector's item Resistance, %
G-60-505-9 62,5
D238/2/15/119-13 65,3
D14/Ne3896XAP, 61,7
L-2897-6-6 64,8
0-15247-6-13 65,0
0-15157-7-5 68,0
K-3774%* 60,1
JVM-6 57.9
NP -1-7 61,1
NP -2-3 75,0
K-3529* 51,0
B-96 50,0
L-2685-6-7 50,0
AET 153/07051-0-536 50,0
8515-88 55,9
B-100 50,0
K-7214 56,6
K-7443 56,3
LSD,; 26,2
Penjab, susceptible standard 28,9

varieties, 36 genotypes were identified, showing
resistance by 50.0-75.0%. The most valuable
source material for breeding programs are 7 col-
lection samples (G-60-505-9, D238/2/15/119-
13, D14/#3896xAP6, L-2897-6-6-6, 0-15247-
6-13, 0-15157-7-5, K-3774%*) and 2 breeding
lines: NPr- 1-7 and NP - 2-3, which showed a
higher level of resistance (60.1-75.0%).
Identification of resistant genotypes to the
most common diseases is of strategic importance
in the conditions of modern flax production. The
area under cultivation of the crop has significant-
ly decreased over the last 15-20 years, so the
issue of cultivation of the most productive and
resistant to fungal diseases varieties is relevant.
Creation of new resistant varieties will reduce

the potential of infection in nature and reduce
the protective chemical measures in flax crops.
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dayopecueHuus XJI0poO(PUIIIa B JTUCThIX NPOPOCTKOB COPTOB MIIEHUIbI
MPH COBMECTHOM /IEHCTBHH XJIOPHIHOIO 32COJIEHUS U MH(PUIIUPOBAHUS
Bipolaris sorokiniana

TI'yposa T.A., Yecnouenko H.E.

Cubupckuii ghedepanvHulil HAyuHbll Yyenmp azpodbuomexnonoeuti Poccutickoii akaoemuu Hayk
HoBocubupckas obnacts, noc. Kpacnoo6ck, Poccus

(<De-mail: guro-tamara@yandex.ru

[IpeacraBieHsl pe3ynbTaThl HUCCIENOBAaHUN (POTOCHHTETHUECKOH aKTUBHOCTH IMPOPOCTKOB TpPEX
COPTOB SIPOBOI MSTKOM MIIEHUIIBI H UX aAIITUBHBIX PEaKIMii Ha COBMECTHOE JICHCTBHE WHPHUIIUPO-
BaHUS BO30yIuTEIeM 0OBIKHOBEHHOH KOPHEBOM THUIIM 371aKOB Bipolaris sorokiniana Shoem. (B. soro-
kiniana) v XITOPUIHOTO 3aCONEHUS 0 TTapaMeTpam duryopecueHuu xiopodmmia (OnX). [Ipopoctku
BBIpAIUBaIN U3 HH(UIMPOBAHHBIX [IATOTCHOM 3-CYTOYHBIX POPOCIINX CEMSH Ha pacTBOpE XJIOpHaa
HaTpus (OMBIT) U Ha BOAONPOBOJHOHM BoAE (KOHTPOJIb) B 33IaHHBIX KIIMMAaTHUECKUX ycinoBusax. OnX
peructpupoBanu y 10, 12, 14 u 16-cyrounsix npopocTkoB ¢uyopumerpom Dual-PAM-100/F B pexu-
Mme Slow Kinetics. Mccnenosanus nposoaunu B 2022, 2023 rr. [ToareepxaeHa HHPOPMATUBHOCTH Ma-
pametrpos ©nX Y(II), ETR, gP, Y(NPQ), gN u Y(NO) B kauecTBe OMOMapKepoB (hOTOCHHTETHICCKOU
AKTUBHOCTH M OLICHKH YCTOHUYMBOCTH COPTOB K COBMECTHOMY AEHCTBHUIO B. sorokiniana u Xnopun-
Horo 3acosienus. [lapamerpel F /F u F /F  0Ka3aluchb MEHEE YyBCTBUTEIbHBIMU. MakcuMasbHbIE
JIOCTOBEPHBIE MEXCOPTOBBIE pazanyust (0T 1,8 mo 4,3 pasa) BeIABICHHI 10 1ecTH napameTpam OnX.
Haumenbiue usmeHeHust napameTpoB ®nX OTHOCUTEIHHO KOHTPOJS ObLIM Y OoJiee YCTOMYMBOTO
copta Cubupckas 21 1o cpaBHEHHIO ¢ MeHee ycToiunBeIMU copTamu HoBocuOupckast 41 u HoBocu-
oupckas 29. CHIbHOE CTPEeCCOBOE COCTOSHUE Ha 16-¢ CyTKH KYJIBTHUBHPOBAHUS IPOPOCTKOB COPTOB
HoBocubupckas 29 u HoBocnOupckas 41 mpuBeno K CHHXpOHHOMY YBEIHUSHHIO ITapaMeTpa Hepery-
nupyemoro Heporoxumuueckoro tyuenust ®nX Y(NO) na 45,8 n 59,9% 1 Kk CHIKECHUIO TapaMeTpOB
perynupyemoro ¢oroxumuueckoro tymenus: Y(NPQ) u gN ot 44,5 no 58,9% cooTBeTcTBEHHO. DTO
YKa3bIBaeT Ha CHUKEHHE d(Q(PEKTUBHOCTU 3alIUTHBIX PEryIHPYIOIIMX MEXaHU3MOB MPH (HOTOCUHTE-
3€, YTO MOXKET CIIY)KUTh JUarHOCTUYECKUM TOKa3aTesIeM MPH OLEHKE CTPECCOyCTONUYNBOCTH COPTOB.
CrenaH BbIBOZ O BO3MOXKHOCTH ITpUMeHeHus napaMeTpos OnX st oneHKH POTOCHUHTETHYECKON aK-
TUBHOCTH, BBISIBJICHUS alalITUBHBIX KOMIIOHEHT U ()eHOTUIMPOBAHUS COPTOB MILIEHUIIBI IO yCTONYH-
BOCTH TIPH COBMECTHOM IEHCTBUM B. sorokiniana v XJIOpUAHOTO 3aCOICHUS.

KnroueBble ci10Ba: NILICHAULA, COPT, YCTOMYMBOCThH, KOMOMHUPOBAaHHBIN cTpecc, HOTOCHHTES, Ma-
pameTpsl iryopeciieHIny Xjopoduiuia

Chlorophyll fluorescence in the leaves of wheat seedlings under the
combined effect of chloride salinity and infection with Bipolaris
sorokiniana

<) Gurova T.A., Chesnochenko N.E.

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

(<De-mail: guro-tamara@yandex.ru

The results of the studies of photosynthetic activity of the seedlings of spring soft wheat three
varieties and their adaptive responses to the combined effect of infection with the pathogen of com-
mon root rot of cereals Bipolaris sorokiniana Shoem. (B. sorokiniana) and chloride salinization on
the parameters of chlorophyll fluorescence (ChlF) are presented. The seedlings were grown from
pathogen-infected 3-day-old germinated seeds on sodium chloride solution (experiment) and on tap
water (control) under specified climatic conditions. ChlF was recorded in 10, 12, 14, and 16-day-old
seedlings using a Dual-PAM-100/F fluorimeter in a Slow Kinetics mode. The studies were carried out
in 2022, 2023. The informativeness of the ChIF parameters Y(II), ETR, gP, Y(NPQ), gN and Y(NO)
as biomarkers of photosynthetic activity and assessment of the resistance of the varieties to the com-
bined effects of B. sorokiniana and chloride salinity was confirmed. The F /F and F /F, parameters
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DiryopecueHIus XI0pO(IILIa B IUCTHIX IPOPOCTKOB
COPTOB IIICHUIIBI TIPH COBMECTHOM JICHCTBHHU XJIOPHIHOTO
3aconeHus 1 uHGUIUpoBanus Bipolaris sorokiniana

T'yposa T.A., Yecnouenko H.E.

turned out to be less sensitive. The maximum significant intervarietal differences (from 1.8 to 4.3
times) were detected in six parameters of the ChlF. The smallest changes in ChIF parameters relative
to the control were found in the more resistant variety Sibirskaya 21 compared to the less resistant
varieties Novosibirskaya 41 and Novosibirskaya 29. Severe stress condition on the 16th day of culti-
vation of the Novosibirskaya 29 and Novosibirskaya 41 seedlings resulted in a synchronous increase
in the parameter of unregulated non-photochemical quenching of ChlF Y(NO) by 45.8 and 59.9% and
a decrease in the parameters of the regulated photochemical quenching Y(NPQ) and gN from 44.5 to
58.9%, respectively. This indicates a decrease in the efficiency of protective regulatory mechanisms
during photosynthesis, which can serve as a diagnostic indicator in assessing the stress tolerance of
varieties. It is concluded that it is possible to use ChlF parameters to assess photosynthetic activity,
identify adaptive components and phenotyping of wheat varieties for resistance under the combined
action of B. sorokiniana and chloride salinity.

Keywords: wheat, variety, resistance, combined stress, photosynthesis, chlorophyll fluorescence
parameters
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INTRODUCTION breeding work and physiological research to

Under constantly changing environmental
conditions, plants are exposed to the simulta-
neous action of biotic and abiotic stressors that
limit crop yields. The productivity of wheat, the
most widely cultivated crop adapted to a wide
range of agroclimatic factors, is of primary im-
portance for global food security [1, 2]. Accord-
ing to current projections, stress interactions
between abiotic and biotic environmental fac-
tors will become even more widespread due to
observed and projected climate change [3]. One
of the ways to overcome the negative impact of
stress factors may be the development and use
of tolerant varieties in agrotechnologies, espe-
cially of local selection, adapted to combined
stress! [4, 5]. In this regard, there is a need in

study the adaptive potential of varieties and as-
sess their stress tolerance, especially in the early
stages of plant development, to accelerate the
screening of a large volume of samples with the
identification of resistant genotypes? [6].
Elements of specific and nonspecific resis-
tance are distinguished in plant responses to
damaging factors® [7]. The nonspecific compo-
nent of adaptation mechanisms formed under
stress effects includes, among others, the pro-
cesses of photosynthesis inhibition, changes in
cell membrane permeability and cell membrane
potential, and inhibition of cell growth and divi-
sion*[8, 9]. Our study aims at evaluating photo-
synthetic activity and stress tolerance of wheat
varieties at the seedling stage under the com-

"Wiasenko N.G., Kulagin O.V., Egorycheva M.T., Ivanova I.A. Influence of variety and cultivation technology on the formation
of phytosanitary situation in spring wheat crops in the forest-steppe of Priobie // Plant Protection Bulletin, 2018, N 2, pp. 21-28.

*Gurova T.A., Osipova G.M. Problem of combined stress resistance of plants under climate change in Siberia //Siberian Herald

of Agricultural Science, 2018, vol. 48, N 2, pp. 81-92.

3Kuznetsov V.V., Dmitrieva G.A. Plant Physiology: textbook for universities. Moscow: Publishing house “Yurait”, 2020, vol. 1,

437 p.

*Pronina N.B. Ecological stresses (causes, classification, testing, physiological and biochemical mechanisms). Moscow: MSKhA,

2000, 189 p.
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Chlorophyll fluorescence in the leaves of wheat seedlings under
the combined effect of chloride salinity and infection with
Bipolaris sorokiniana

Gurova T.A., Chesnochenko N.E.

bined effects of salt stress and infection with
the cereal root rot pathogen Bipolaris sorokin-
iana Shoem. (B. sorokiniana). These stressors
are among the factors that negatively affect the
growth and development of wheat in the main
grain-growing areas of the world, including the
West Siberian region [10—12]. These factors can
disrupt the normal metabolism of wheat plants,
negatively affecting key physiological process-
es, including photosynthesis, which leads to a
decrease in crop productivity [13, 14]. Infor-
mation on the efficiency of photosynthesis and
the integrity of the photosynthetic apparatus at
the earliest stages of stress development can be
obtained by recording chlorophyll fluorescence
(ChIF) [15]. Changes in the value of ChIF are
proportional to the fraction of light energy used
in photochemical reactions and dissipated into
heat [16, 17]. By measuring the characteristics
of ChlF, it is possible to estimate the work of the
photosynthetic apparatus, including the share of
the energy used for photosynthesis [18]. The
method is nondestructive, highly sensitive, and
widely used in physiological studies, including
for determining the response of plants to com-
bined stress’. The application of ChlF induction
method has been demonstrated under the com-
bined effects of Bipolaris sorokiniana (Sacc.)
and elevated temperature in barley seedlings®,
salinity and ameliorative effects of salicylic
acid and silicon in mung bean’, water deficit and
heat stress in millet [19], low temperature and
cadmium in wheat seedlings [7].

Plants are known to react ambiguously to
combined biotic and abiotic stress - from ampli-
fication to compensation of the negative effect

of the stressors arising from their simultaneous
action® [20, 21]. In most cases, simultaneous
action of abiotic stressors (drought, extreme
temperature, nutrient stress or salinity) leads
to weakening of plant immunity and increased
sensitivity to biotic stresses’ [22].

In some combinations of biotic and abiotic
stressors, plants respond more strongly to one of
the stressors involved in the combination [23].
At the same time, the response of the plants to
the combination of different stressors is unique
and cannot be extrapolated from the response
of each of the individual stressors' [8]. These
ambiguous results indicate that the positive or
negative effects of the combination of stressors
may be determined by the specific genotype of
the plant, variety, species, timing and intensity
of stresses.

Previously, we conducted the studies of ad-
aptation of four wheat varieties under the simul-
taneous action of B. sorokiniana and chloride
salinity on morphometric parameters, disease
development and permeability of cell mem-
branes of seedlings [24]. It was found that under
the simultaneous action of these two stressors
two types of adaptive reactions were formed:
strengthening of the negative action of stressors
(loss of resistance, susceptibility) and compen-
sation of the negative action of stressors (ac-
quisition of resistance, tolerance). We also pre-
viously investigated the formation of adaptive
reactions of three varieties of soft spring wheat
(Sibirskaya 21, Novosibirskaya 29, Novosi-
birskaya 41) under infection with B. sorokini-
ana according to the changes in the parameters
of ChIF [13].

SGoltsev V.N., Kaladzhi HM., Paunov M., Baba V., Horacek T., Mojski J., Kotsel H., Allakhverdiev S.I. Use of variable chloro-
phyll fluorescence to assess the physiological state of the photosynthetic apparatus of plants // Plant Physiology, 2016, vol. 63, N 6,

pp. 881-907.

*4bramchik L.M., Serdyuchenko E.V., Pashkevich L.V., Makarov V.N., Zenevich L.A., Kabashnikova L.F. Stress reactions of
barley green seedlings under the conditions of infection by pathogenic fungus Bipolaris sorokiniana (Sacc.) Shoem and elevated
temperature // Proceedings of the National Academy of Sciences of Belarus, 2015, N 2, pp. 38-43.

'"Ghassemi-Golezani K., Lotvi P. The impact of salicylic acid and silicon on chlorophyll a fluorescence in mung bean under salt
stress // Russian Journal of Plant Physiology, 2015, vol. 62, N 5, pp. 611-616.

8Suzuki N., Rivero R.M., Shulaev V., Blumwald E., Mittler R. Abiotic and biotic stress combinations // New Phytologist, 2014,

vol. 203 (1), pp. 32-43. DOI: 10.1111/nph.12797.

°Kissoudis C., Chowdhury R., Van Heusden S., Van de Wiel C., Finkers R., Visser R.G., Bai Y., Van der Linden G. Combined biotic
and abiotic stress resistance in tomato // Euphytica, 2015, vol. 202, N 2, pp. 317-332. DOI: 10.1007/s10681-015-1363—x.

YKissoudis C., Chowdhury R., Van Heusden S., Van de Wiel C., Finkers R., Visser R.G., Bai Y., Van der Linden G. Combined
biotic and abiotic stress resistance in tomato // Euphytica, 2015, vol. 202, N. 2, pp. 317-332. DOI: 10.1007/s10681-015-1363—x.
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The purpose of the work was to investigate
adaptive reactions of soft spring wheat varieties
under the joint action of chloride salinity and B.
sorokiniana according to ChlF parameters in or-
der to establish their informativeness in assess-
ing stress tolerance of varieties at the seedling
stage.

MATERIAL AND METHODS

Experimental work was carried out at the
Siberian Institute of Physics and Technology
SFSCA RAS in the laboratory of the physical
processes’ studies in agrophytocenoses.

To study the adaptive reactions, laboratory
experiments were conducted in roll culture
against the background of simulated joint action
of sodium chloride and B. sorokiniana on the
seedlings of middle-early released varieties of
spring wheat Novosibirskaya 41, Sibirskaya 21
and Novosibirskaya 29 of the SibNIIRS - ICIG
SB RAS selection.

Experiment options:

— control (no stress load);

— B. sorokiniana seed infection + chloride
salinization.

Stress levels— conidial suspension of B. soro-
kiniana 7000 conidia/grain and sodium chloride
(NaCl) concentration 1,3%.

Our previous studies have shown that under
co-stress, chloride salinity is a stronger stress
factor with a major destructive effect compared
to the pathogen. In this regard, to increase the
amplitude of varietal differences, the stress load
of conidial suspension of B. sorokiniana was
increased to 7000 conidia/grain (instead of the
previously established stress load of 5000 co-
nidia/grain), allowing differentiation of wheat
varieties of Siberian selection when evaluating
their resistance to the pathogen [25].

Wheat seeds were pre-sterilized with 96%
ethyl alcohol for 1 min followed by three times
rinsing with distilled water. After that, the seeds
were placed in Petri dishes with moistened fil-
ter paper and germinated in the thermostat at 22

°C for three days. The seeds were infected in
the germination phase (on the 3rd day of culti-
vation) with a conidial suspension of a mixture
of medium pathogenic isolates of B. sorokini-
ana prepared on 0.1% water agar (one drop per
grain). Further plants were grown in roll culture
on tap water (control) and sodium chloride (in-
fectious background + chloride salinity) in the
climatic chamber “Biotron-7" (development of
SibPhTI SFSCA RAS) at day-night photoperiod
16 and 8 h, respectively, illumination 253.0 and
0 umol m 2 s ! (day-night), temperature 22 and
18 °C (day-night), humidity 60%.

The parameters of ChlIF FS II were record-
ed using a Dual-PAM-100/F fluorimeter (Heinz
Walz, Germany) using the amplitude-pulse
modulation method in the mode of recording
slow kinetics of dark induction curves with
pulse saturation analysis (Slow Kinetics)'2. The
delay time for recording the induction curves
after determining the minimum and maximum
chlorophyll fluorescence is 40 s, which is suf-
ficient for complete reoxidation of acceptors
(opening of reaction centers). The interval be-
tween the saturation pulses when recording the
induction curves was 20 s, the data recording
time was about 4 min. Excitation of chlorophyll
molecules was carried out by a “blue” LED
with a wavelength of 460 nm, fluorescence de-
tection was carried out by a “red” photodiode
with a wavelength of 680 nm. The operation of
the fluorimeter was controlled using specialized
software. Before fluorescence measurement,
10-16-day-old wheat seedlings were adapted
to darkness in the sample chamber for 30 min
to reach the fully oxidized state of FS II accep-
tors. The intensity of the measuring light was
0.1-1.0 umol quanta/m? - s, and the intensity of
the saturating light was 8000 pmol quanta/m?- s
with a duration of 0.8 s.

The following ChIF parameters were re-
corded: F , F_ - minimum and maximum flu-
orescence level caused by a pulse of light after
adaptation of the leaves to darkness; F , F'

Diagnostics of plant resistance to stress effects: method. recommendations / edited by G.V. Udovenko, Leningrad, 1988, 228 p.
"2Product catalog of the German company “Heinz Walz GmbH”. http://www.heinzwalz.ru/
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— minimum and maximum fluorescence level
caused by a pulse of light after adaptation of
the leaves to light; F — fluorescence yield; ',/
F_—maximum photochemical quantum yield of
FS II after adaptation of the leaves to darkness;
Y(II) — effective photochemical quantum yield
of FS II after adaptation of the leaves to light;
qP — photochemical fluorescence quenching co-
efficient; gN — non-photochemical fluorescence
quenching coefficient; Y(NPQ) — quantum yield
of the regulated non-photochemical quenching
of fluorescence; Y(NO) — quantum yield of the
unregulated non-photochemical quenching of
fluorescence; ETR — electron transport velocity.
The variable (variability) ChlF was calculated:
F =F_-—F, and photochemical quantum yield
of FS II at blocking of electron transfer from
the primary acceptor plastoquinone (QA) after
adaptation of the leaves to darkness by the for-
mula F /F[26].

Variety response was determined by the rel-
ative change (K) of the measured parameters of
the seedlings ChlF after exposure of the plants
under combined stress conditions:

14,~ A
A

K

K= - 100,

where 4 _— control sample parameter; 4 —
prototype parameter.

The lower the K index, the more resistant
the variety is in the studied group of varieties.
Representative sample consisted of 45 plants;
the repetition of experiments was threefold.
Statistical processing of the data was carried
out in Microsoft Excel 2010 using a standard
data analysis package. The ChlIF parameters re-
corded during 4 min were analyzed. The mean
error did not exceed 1.5-2.0%. Three series of
experiments were performed. Student's #-test
was used to determine the significance of the
differences between the mean values. The mean
values were calculated over the entire experi-
mental data set.

RESULTS AND DISCUSSION

Stress caused by simultaneous action of B.
sorokiniana and chloride salinity significantly

(p < 0.05) compared to the control increased
the inhibition of photosynthetic activity from
12 to 16-day-old seedlings of all the varieties
(see the Table). In 10-day-old seedlings, no
significant change in photochemistry param-
eters compared to the control was found. In
seedlings of Sibirskaya 21 and Novosibirska-
ya 41 varieties, reliable (p < 0.05) inhibition of
photochemistry parameters Y(II) and ETR on
the 12th day amounted to 18.6 and 28.6%, re-
spectively. On the 16th day of cultivation, Y(II)
and ETR parameters varied in the range from
52.7% (Sibirskaya 21) to 91.7% (Novosibirska-
ya 41). The increase in inhibition was 1.8-3.2
times compared to the values of the parameters
of 12-day-old seedlings of these varieties. The
increase in inhibition of photochemistry pa-
rameters of Novosibirskaya 29 seedlings was
observed from 14-day-old and amounted to 1.4
times by the end of cultivation. The gP param-
eter on the 16th day of cultivation significantly
(p <0.05) decreased in Novosibirskaya 29 and
Novosibirskaya 41 varieties by 53.4 and 63.0%
compared to the control and did not change sig-
nificantly in Sibirskaya 21.

Increasing the exposure time under stress
conditions resulted in different nature of chang-
es in the parameters of non-photochemical
quenching of ChlF. In seedlings of Novosi-
birskaya 41 variety, a reliable decrease of Y(V-
PQ) and gN parameters from 12 to 16 days of
plant development in the range of 18.7-58.9%
was observed, in Novosibirskaya 29 variety
there was a sharp increase of Y(NPQ) and gN
parameters up to 178.2% on the 14th day with
a subsequent decrease on the 16th day of culti-
vation. On the 16th day of cultivation in seed-
lings of Novosibirskaya 29 and Novosibirskaya
41 varieties a significant (p < 0.05) decrease in
the values of Y(NPQ) and gN parameters was
34.9-58.9%, respectively, compared with the
control. In contrast to the first two varieties, Si-
birskaya 21 showed non-significant changes in
Y(NPQ) and gN parameters by the end of culti-
vation. However, in the seedlings of this variety,
a gradual increase in the values of parameters
Y (NPQ) and gN from 10 to 14 days of age in
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OiryopecueHIys XI0pohHLIa B TUCTHIX IIPOPOCTKOB

COPTOB MIIEHHUIIBI IIPU COBMECTHOM JICUCTBHUHU XJIOPUAHOTO

3aconenus ¥ nHGuUUupoBanus Bipolaris sorokiniana
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Chlorophyll fluorescence in the leaves of wheat seedlings under
the combined effect of chloride salinity and infection with
Bipolaris sorokiniana

Gurova T.A., Chesnochenko N.E.

the range from 19.5 to 73.5% was found. The
parameter Y(NO) also had varietal specificity —
in the variety Sibirskaya 21 it significantly (p <
0.05) decreased by 14.5% only on the 14th day
of cultivation and did not change significantly
compared to the control on the 16th day. Gradual
increase of Y(NO) parameter from 12 to 16-day-
old seedlings in the range of 19.6-59.9% was
observed in the seedlings of Novosibirskaya 41
variety; in the seedlings of Novosibirskaya 29
variety there was a sharp increase of Y(NO) in
14-day-old seedlings up to 46.3% with preser-
vation of such value of the parameter in 16-day-
old seedlings.

Photochemical quantum yield of FS II at
blocking of electron transfer from the primary
acceptor plastoquinone (QA) after adaptation of
the leaves to darkness F /F| significantly de-
creased compared to the control by 24.7% in
the variety Sibirskaya 21, in other varieties it
changed insignificantly, as well as the parame-
ter F /F_in all the varieties.

The greatest inter-variety differences under
the joint action of salinity and pathogen were
observed on the 16th day of seedlings cultiva-
tion. The resistance of the varieties varied in de-
scending order: Sibirskaya 21 — Novosibirskaya
29 — Novosibirskaya 41. The decrease in Y(II)
and ETR by 45.4 and 52.7%, increase in Y(NO)
up to 13.8% with unreliable changes in Y(NPQ)
and gN compared to the control indicated great-
er lability of the defense systems of the variety
Sibirskaya 21. The greatest destabilizing effect
of the joint stress was found in Novosibirsk 41
(decreased Y(II) and ETR by 79.7 and 91.7%,
decreased Y(NPQ) and gN by 54.7 and 58.9%,
increased Y(NO) by 59.9% compared to the con-
trol) (see Figs. 1, 2). Novosibirsk 29 showed a
decrease in Y(II) and ETR by 75.0 and 85.4%, a
decrease in Y(NPQ) and gN by 34.9 and 44.5%,
and an increase in Y(NO) by 45.8% compared
to the control. Thus, in the studied varieties, the
actions of two stressors resulted in the loss of
resistance. The level of negative impact of the
stressor combination was determined by the

specific genotype of the variety, timing and in-
tensity of the stress load.

A strong positive linear correlation depen-
dence » = 0.97 ... 0.99 (p < 0.01) between the
parameters Y(II), ETR and gP was established.
The obtained dependence is due to the fact
that these parameters characterize the process
of photochemical quenching of ChIF. A strong
negative linear correlation relationship » =-0.98
... =0.99 (p < 0.01) was established between the
parameters of non-photochemical quenching of
ChIF Y(NPQ), Y(NO) and gN. The high level
of correlation between the parameters is due to
the fact that they reflect the process of thermal
dissipation of energy of excited chlorophyll FS
IT - regulated, Y(NPQ) (stimulated by the xan-
thophyll cycle) and unregulated, Y(NO) (pro-
motes the formation of active oxygen radicals
AFC). The gN coefficient describes the total
contribution of non-photochemical processes to
the quenching of ChlF, based on the concept of
open and closed RCs of FS II [27]. Under the
experimental conditions, a reliable (p < 0.05)
increase in the values of relative changes in the
parameter Y(NO) in the variant of joint stress
in the varieties Novosibirskaya 29 and Novosi-
birskaya 41 from 45.8 to 59.9% on the 16th day
of cultivation was observed. The increase in the
Y(NO) parameter indicates a decrease in the ef-
ficiency of defense regulatory mechanisms and
a decrease in photochemical energy conversion
under stress'’. The values of relative changes in
the parameters Y(NPQ) and gN decreased sig-
nificantly (p < 0.05) in these varieties in almost
the same range, from 44.5 to 58.9%.

Similar results were observed when corn was
infected with various types of fungal infections
under severe stress conditions [28]. In the more
resistant variety Sibirskaya 21, the relative
changes in non-photochemical quenching pa-
rameters were unreliable. The higher tolerance
of Sibirskaya 21 may be due to the low level of
AFC formation. Thus, six out of eight investi-
gated parameters of ChIF reflect the efficiency
of energy utilization of light reactions of pho-

BKorneev D.Yu. Information possibilities of the method of chlorophyll fluorescence induction. Kiev: Alterpress, 2002, 188 p.

20  Siberian Herald of Agricultural Science * 2024 « 54 « 8

Plant growing and breeding



DiryopecueHIus XI0pO(IILIa B IUCTHIX IPOPOCTKOB
COPTOB IIICHUIIBI TIPH COBMECTHOM JICHCTBHHU XJIOPHIHOTO
3aconeHus 1 uHGUIUpoBanus Bipolaris sorokiniana

T'yposa T.A., Yecnouenko H.E.

- %8 138
< 0.4
7 ] —
o N R
g -10 \ B _5,7 B
5 -20 \ v
0 30
Z
= 40 &\ A
SRR
B Y(Il) ETR YWO) YWNPQ) gN  ¢P

Chlorophyll fluorescence parameters

Puc. 1. OtHOCHTENbHBIE M3MEHEHHs IapamMeTpOB
(uyopecuieninn  xjaopoduiia B JIMCThAX  16-Cy-
TOYHBIX TMPOPOCTKOB copta Cubupckas 21 npu
COBMECTHOM JICHICTBUM XJIOPHJHOTO 3aCOJICHUS
u B. sorokiniana

Fig. 1. Relative changes of chlorophyll fluorescence
parameters in the leaves of 16-day-old seedlings of
the variety Sibirskaya 21 under the combined action
of chloride salinity and B. sorokiniana

tosynthesis in the formation of organic matter
in the dark reactions of photosynthesis and can
be used to assess the photosynthetic activity of
wheat seedlings under the combined action of
B. sorokiniana and chloride salinity.

CONCLUSIONS

1. The conducted studies confirm the infor-
mativeness of ChlF parameters Y(II), ETR, gP,
Y(NPQ), gN and Y(NO) as biomarkers of photo-
synthetic activity and assessment of resistance
of soft spring wheat varieties to the combined
action of the common root rot pathogen B. soro-
kiniana and chloride salinity.

2. Reduction of Y(II) and ETR by 45.4 and
52.7%, increase of Y(NO) up to 13.8% with un-
reliable changes of Y(NPQ) and qN compared
to the control indicated greater lability of de-
fense systems of variety Sibirskaya 21. The
greatest destabilizing effect of joint stress was
revealed in the variety Novosibirskaya 41 (de-
crease of Y(II) and ETR by 79.7 and 91.7%, de-
crease of Y(NPQ) and gN by 54.7 and 58.9%,
increase of Y(NO) by 59.9% in comparison with
the control). Under experimental conditions, the
parameters /' /F and F /F_ were less sensitive.
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Puc. 2. OTHOCHTENbHBIE M3MEHEHHS IapamMeTpOB
(hyopecuiennnu xaopodiia B TUCTBIX 16-CyTod-
HBIX TPOpPOCTKOB copra HoBocubupckas 41 mnpu
COBMECTHOM JICHICTBUU  XJIOPHJHOTO  3aCOJICHUSI
u B. sorokiniana

Fig. 2. Relative changes of chlorophyll fluorescence
parameters in the leaves of 16-day-old seedlings of
the variety Novosibirskaya 41 under the combined
action of chloride salinity and B. sorokiniana

3. Severe stress load (16th day of seedling
cultivation) in Novosibirskaya 29 and Novo-
sibirskaya 41 varieties resulted in a synchro-
nous increase in the parameters of unregulated
non-photochemical quenching of ChlIF Y(NO)
by 45.8 and 59.9% and a decrease in the pa-
rameters of regulated photochemical quenching
Y(NPQ) and gN from 44.5 to 58.9%, respective-
ly. This indicates a decrease in the efficiency
of defense regulatory mechanisms and photo-
chemical energy conversion under stress condi-
tions, which can serve as a diagnostic indicator
in assessing the adaptability and stress tolerance
of varieties.

4. Significant intervarietal differences
(from 1.8 to 4.3 times) were revealed for six
parameters of ChlF. The smallest changes in pa-
rameters relative to the control were in the more
resistant variety Sibirskaya 21.

5. The results obtained allow us to con-
clude that it is possible to use ChlF parameters
to assess photosynthetic activity, identify adap-
tive components and phenotyping of wheat va-
rieties for resistance under the joint action of
B. sorokiniana and chloride salinity in variety
trials.

PactreHneBoncTBO M ceneKIus
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BausiHne MeTeoycJI0BMIA HA MPOAOJIKUTEIbHOCTh BEreTAMOHHOIO
Nepuoaa v X03MCTBEHHO LieHHbIE IPU3HAKHU U CBOMCTBA COPTOB COH
O0TE€4eCTBEHHOM 1 3apy0eKHOM CeJIeKINHU

XD Beabvuenko C.A., 3aiinena O.A., Cazonosa U.JI., Mujaexuna H.B.

bBpanckuii cocyoapcmeennwiil azpapHulil yHusepcumem
Bbpsiackast o6macts, ¢. Kokuno, Poccus
(<De-mail: sabel032@rambler.ru

OnpezieNiecHO BIUSHHE METEOPOJOTMUSCKUX YCJIOBUH PpErMOHa Ha  TPOJODKUTEILHOCTh
BEreTalMOHHOIO TIEPUOIa U MTPOIYKIIHOHHBIN MPOIIECC COM OTCUSCTBEHHON U 3apyOeKHOM CEJICKIUH.
UccnemoBanmst mposenensl B mepuox 2021-2023 rr. B bpsiHckoit obmactn. B kadectBe oOBekTa
HCCIEeIOBAHUM B3SITHI 18 COPTOB oM, BHECEHHBIE B PeecTp ceneKUMOHHBIX JOCTUKEHUH, JOMYILIEHHBIX K
MCTIOB30BaHUI0. [10 MPOIOKATEIEHOCTH BETeTAIlMOHHOTO TIEPHOo/ia COPTa pa3/ieieHbl Ha TPH TPYIIIHI
crenocTu: ckopoctensie — Bura, Jlupa, Jlunep 10, Amazea, Jluccabon, Bepa, pannecnensie — [Ipotuna,
Bomnma, Kopa, 3yma, Mesenka, Ocmonb, Cynatana, cpenuecnensie — Ckynasarop, [pumsars, [lyma,
Cupenusi, Pock. BrisiBI€HO, UTO B CpeIHEM C YBEITHUCHUEM BEI'€TAIlMOHHOIO TIEPHO/Ia YBEIINIUBAIACh U
BBICOTA PACTEHHI: CKopoctmensie — 75,8 cM, panHectiensie — 77,3, cpenaecnensie — 83,0 cMm. BeineneHsr
yeThIpe TeHoTuna (22%) ¢ HU3KUM TpUKperieHneM HIKHIX 0000B: Bepa, Kopa, [punsats, Cupemnms,
11 coptoB (61%): co cpemnum: Burta, Jlupa, Jlunep 10, Amanea, JIuccabon, Bonma, 3yma, OcMoHb,
Cynrana, Ckynenrop, [lyma, Tpu copta (17%) — ¢ Beicokum: [Iporuna, Mesenxka, Pocs. Paccunrana
Macca 1000 cemsiH — copTa ¢ 6oee KpyIHBIMHU BhIIOTHEHHBIMU cemeHamu — Cyntana (176 1), Pochb
(177), Jluccabon (162), Bura (158), Bepa (158), Cupenust (158 r). BoisiBiaeHbl copra ¢ HanOobIekH
yposkaifHOCTRIO ceMstH: Pock (25,3 m/ra), 3yma (22,8), Ckymerrop (22,2), [pumsars (22,2), JInccabon
(22,1 w/ra). OnpeneneH coipoii mpoTerH Mo Metoxy Keempaans, ceipoit xkup — mo Cokciery. Beicokoe
COZIepKaHuE CBIPOro MpOTEeHMHa copMHUpoOBau copra oredecTBeHHOH cenekuuu Ilyma (36,66%),
Mesenka (35,95), Ocmons (35,75), Bepa (35,34%), 3apyoexHbie coproodpasubsl Cupenus (39,05%),
Cynrana (38,27), [pumsts (36,17%). Coneprkanue ChIporo Kupa B CeMEHaX U3MEHSUIIOCH KaK O ToaM,
TaK U 1Mo copraMm. MakCUMalIbHOE 3HAUCHUE JKUpa OTMeueHOo y reHoTuroB Pock (23,78%), Mesenka
(23,72), Cxynsrrop (23,18), 3yma (22.,45), Cynrana (22,36%).

KuiroueBble ciioBa: cosi, COPT, BEr€TallMOHHBII IEPUOT, YPOIKAUHOCTh, ChIPOM MPOTENH, ChIPOU JKUP

Influence of weather conditions on the duration of the growing season
and economically valuable traits and properties of soybean varieties
of domestic and foreign selection

CX)Bel’chenko S.A., Zaytseva O.A., Sazonova I.D., Milekhina N.V.
Bryansk State Agrarian University

Kokino, Bryansk region, Russia

(C<De-mail: sabel032@rambler.ru

The influence of meteorological conditions of the region on the duration of the vegetation period
and production process of domestic and foreign soybean breeding was determined. The research was
conducted in the period 2021-2023 in the Bryansk region. 18 soybean varieties included in the Reg-
ister of breeding achievements admitted to use were taken as an object of research. According to the
duration of the vegetation period varieties are divided into three groups of ripeness: fast-ripening —
Vita, Lira, Leader 10, Amadea, Lisbon, Vera, early-maturing — Protina, Volma, Kora, Zusha, Mezenka,
Osmon, Sultana, medium-maturing — Sculptor, Pripyat, Puma, Sirelia, Ros. It was revealed that, on
average, plant height increased with the increasing vegetation period: fast-ripening — 75.8 cm, ear-
ly-maturing — 77.3, medium- maturing — 83.0 cm. It was revealed that, on average, with an increase in
the growing season, the height of plants increased: precocious — 75.8 cm, early-maturing — 77.3 cm,
middle-maturing — 83.0 cm. 4 genotypes (22 %) with low attachment of the lower beans were identi-
fied: Vera, Kora, Pripyat, Sirelia, 11 varieties (61 %) with medium attachment of the lower beans: Vita,
Lira, Leader 10, Amadea, Lisbon, Volma, Zusha, Osmon, Sultana, Sculptor, Puma, 3 varieties (17 %)
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Bnusane MeTeOyCJ'IOBI/Iﬁ Ha IIPOJIOJLKUTECIBHOCTD
BETreTallMOHHOIO I€puoa u XO3SIHICTBEHHO LEHHBIC IIPU3HAKU
¥ CBOMCTBa COpPTOB COn OTEUECTBEHHOU U 3apy6e>i<Hoﬁ CCICKIUU

Bensuenko C.A., 3aitea O.A., Cazonosa W.JI., Munexuna H.B.

with a high attachment: Protina, Mezenka, Ros. The weight of 1000 seeds was calculated — varieties
with larger filled seeds: Sultana (176), Ros (177), Lisbon (162), Vita (158), Vera (158), Sirelia (158).
Varieties with the highest seed yield were identified: Ros (25.3 c/ha), Zusha (22.8), Sculptor (22.2),
Pripyat (22.2), Lisbon (22.1 c/ha). Crude protein was determined by the Kjeldahl method, crude fat by
the Soxhlet. The high content of crude protein was formed by the varieties of domestic breeding: Puma
(36.66%), Mezenka (35.95%), Osmon (35.75%), Vera (35.34%); foreign varieties: Sirelia (39.05%),
Sultana (38.27%), Pripyat (36.17%). The crude fat content in the seeds varied both by year and by va-
riety. The maximum fat value was noted in the genotypes: Ros (23.78%), Mezenka (23.72%), Sculptor

(23.18%), Zusha (22.45 %), Sultana (22.36%).

Keywords: soy, variety, vegetation period, yield, crude protein, crude fat
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INTRODUCTION

The expansion of the soybean cultivation
area has been associated with its advancement
to more northern regions for more than 100
years [1, 2]. According to Rosstat data (2023),
in Russia the area under soybean cultivation by
2023 amounted to 3.6 million hectares, which
is 4.6% more than in the previous year. The
gross harvest also increased by 13.7%. In 2023,
grain yield growth was 7.4% higher compared
to 2022'. Nationwide, soybeans are expand-
ing their boundaries, becoming an increasingly
popular and profitable commercial crop for ag-
ricultural producers every year [3—6].

At present, soybean is one of the leading le-
guminous crops in the world in terms of qual-
ity. Its grain contains protein (about 40%) and
vegetable fat (up to 25%) with a balanced ami-
no acid composition. In this regard, soybean is
considered a valuable crop in demand on the
world market. It is widely used for fodder, food,

technical, pharmaceutical and medical purpos-
es? [7-14].

With the introduction of new cultivation
technologies, the importance of the variety
has been preserved. Variety remains not only a
means of increasing yields, but also becomes a
factor without which it is impossible to realize
the achievements of science and technology. A
new variety has the greater value, the more op-
timally, at a high level it combines the most im-
portant biological, economic and technological
properties [7—14]. The first field experiments on
soybean in the Bryansk region were conducted
in the 1980s at the Bryansk State Agricultural
Academy under the leadership of I.Y. Moiseen-
ko. Later, the soybean varieties Bryanskaya 11
and Bryanskaya Miya were transferred to the
State Register of Breeding Achievements al-
lowed for use in the Central (3) region.

Currently, scientists of the Bryansk State
Agrarian University are studying issues relat-

'Gross harvest and yield of agricultural crops in the Russian Federation: annual bulletins of the Federal State Statistics Service

(Rosstat). https://rosstat.gov.ru/.

2Yusova O.A., Asanov A.M., Omelyanyuk L.V. Yield and grain quality of soybean varieties of Siberian NIISKh selection in the
southern forest-steppe of Western Siberia // Oil crops. Scientific and Technical Bulletin of the All-Russian Research Institute of Oil

Crops, 2017, N 4 (172), pp. 18-24.
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Influence of weather conditions on the duration
of the growing season and economically valuable traits
and properties of soybean varieties of domestic and foreign selection

Bel’chenko S.A., Zaytseva O.A., Sazonova 1.D., Milekhina N.V.

ed to the need to cultivate soybean varieties of
the northern ecotype, which would mature in
the soil and climatic conditions of the region
and give a stable high grain yield, as well as
agro-ecological evaluation of new varieties is
carried out.

Considering the great value of soybean, es-
pecially in solving the problem of protein defi-
ciency, it is necessary to comprehensively de-
velop fundamental and applied research aimed
at creating a scientific and methodological basis
for a significant increase in yield, expansion of
genotypic diversity of this crop and the culti-
vation area [15, 16]. In this regard, the topic of
scientific research is relevant.

The purpose of the study was to determine
the influence of meteorological conditions of
the region on the duration of the growing sea-
son and the production process of domestic and
foreign soybean selection.

MATERIAL AND METHODS

The research was carried out in 2021-2023
at the experimental field of the Bryansk State
Agricultural University (Bryansk region). The
object of the study were 18 soybean varieties of
domestic and foreign selection, included in the
Register of Breeding Achievements allowed for
use of different ripeness groups.

According to FAO classification on the basis
of the growing season length, soybean varieties
are divided into ultra-early ripening (000) — 75—
80 days, very early ripening (00) — 81-90, early
ripening (0) — 91-110, early maturing (medium
early ripening) (I) — 111-120, medium matur-
ing (II) — 121-130, medium-late — 131-150,
late maturing — 151-160, very late maturing —
151-170, exceptionally late maturing — more
than 170 days®.

Soils of the experimental plot are gray forest
medium loamy well-cultivated, humus content
3.66-3.79%, mobile forms of phosphorus —

300-302 mg/kg of soil, exchangeable potassi-
um — 261-268 mg/kg, pH = 5.5-5.7.

Agrotechnics of soybean cultivation is gen-
erally accepted for the region. Comparable vari-
eties were sown on equally cultivated plots. The
arrangement of the plots is systematic, the rep-
etition is threefold. The record area of one plot
(one variety) is 20 m* Sowing date - the first
ten-day period of May, seeding rate - 800 thou-
sand germinated seeds/ha. During the soybean
vegetation, phenological surveys and observa-
tions were conducted according to the method-
ology of G.S. Posypanov*.

Seed yields were calculated on a field-by-
field basis by the method of continuous har-
vesting. Total nitrogen was determined by the
Kjeldahl titrometric method in accordance with
GOST 13496.4-2019, the coefficient of 6.25
was used for conversion to crude protein. When
determining fat, the extraction method was
used (GOST 10857-64). The analyses were per-
formed in the testing laboratory of the Center
for Collective Use of Scientific Equipment of
the Bryansk State Agrarian University. Statis-
tical processing of the experimental data was
carried out according to the method of B.A. Do-
spekhov°.

RESULTS AND DISCUSSION

In the years of research, weather conditions
of the growing season of soybean did not differ
radically from the average climatic norm. The
sum of active temperatures, an indicator charac-
terizing the amount of heat required for soybean
growth and development, was sufficient to pro-
duce mature seeds (see Fig. 1).

The sum of active air temperatures for
May-September 2021 amounted to 2278.5 °C,
which is 286.3 °C below the mean annual index.
In 2022 its value was also below the norm by
508.3 °C, 2023 by the indicator of the sum of ac-
tive temperatures was the closest to the climatic

3Korsakov N.I. Soybean (systematics and bases of breeding): Extended abstract of Doctor’s thesis in Biology. Leningrad: VIR,

1973, 32 p.

4Posypanov G.S. Methods of studying biological fixation of air nitrogen: reference manual. Moscow: Agropromizdat, 1991, 299 p.

SDospekhov B.A. Methodology of field experiment: (with the basics of statistical processing of research results): textbook for
university students in agronomic specialties; 6th ed. Moscow: Alliance, 2011, 350 p.
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Fig. 1. Sum of active temperatures in soybean growing season

norm and amounted to 2476.0 °C with the norm
of 2564.8 °C. Thus, the sums of active tem-
peratures were sufficient for ontogenesis of the
studied soybean varieties, as this indicator has a
direct impact on its cultivation in the conditions
of the region. According to the results of long-
term observations, the amount of precipitation
during soybean growing season amounted to
312 mm. In 2022 and 2023 they occurred within
the norm, while in 2021 May, July, August were
rainy, the total amount of precipitation was 2
times higher than the norm. In 2022, the optimal
amount of precipitation was in August in the
phase of the beginning of seed ripening. Their
distribution in 2023 was more uniform, except
for August (42.0 mm with a norm of 64.0 mm).
Precipitation of stormy character was recorded
in the second ten-day period of May, June and
in the third ten-day period of July.

Temperature conditions of the growing sea-
son of soybean in the years of the experiment
were on average slightly higher than the cli-
matic norm: in 2021 by 3.0 °C, in 2022 by 2.2
and in 2023 by 0.5 °C. The average daily tem-
perature in May amounted to 14.5 °C. Summer

months remained warm during the study period,
but in the first ten-day period of September air
temperature decreased by 0.6°C compared to
the norm. In the II and III ten-day periods of
September, in the presence of precipitation, the
average air temperature increased to 14.4 and
15.0 °C, respectively. This made it possible to
get mature soybean seeds and harvest them at
the optimal time.

The hydrothermal coefficient of the growing
season in 2021-2023 had differences in compar-
ison with the mean annual values. For soybean
yield formation it was more favorable in 2022
— 2.0, in 2023 — 1.3, with more precipitation in
September 2021 and 2022, which slightly in-
creased the seed maturation phase (see Fig. 2).

One of the most important indicators of high
yield of soybean seeds in the conditions of the
Bryansk region is the duration of its vegetation.
The vegetation period is one of the main traits
that takes into account the suitability of a vari-
ety for maturation in certain soil and climatic
conditions. Differences in weather conditions
had a significant impact on the duration of the
growing season of soybean, so its duration in
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Fig. 2. Hydrothermal coefficient in soybean growing season

the same variety could vary up to several days. Protina, Volma, Kora, Zusha, Mezenka, Osmon,
According to the duration of the growing sea- Sultana; medium-maturing (II) — Sculptor, Pri-
son in the conditions of the south-west of the pyat, Puma, Sirelia, Ros (see Table 1).

Non-Chernozem zone of Russia, the studied Soybean varieties differed in vegetation dura-
varieties were divided into three groups of ripe-  tion. On average, the period of sprouting - matu-
ness: (0) early ripening — Vita, Lira, Leader 10, ration of seeds of the early maturing group was
Amadea, Lisbon, Vera; early-maturing (I) — 100-112 days. The earliest of them was the Vita

Ta6a. 1. IIpogomKuTenbHOCTh BETETAIMOHHOTO MTEPHO/ia COU

Table 1. Soybean growing season duration

Vegetation period, days
Variety Originator
2021 2022 2023 Average value
1 2 3 4 5 6
Fast-ripening
Vita FSBSI FSC VNIIMK 101 100 103 101
Lira FSBSI FSC VNIIMK 104 103 105 104
Leader 10 |ACT 107 110 106 108
Amadea SAATZUCHT DONAU GMBH & COKG 109 106 112 109
Lisbon AGRELIANT GENETICS INC 109 110 109 109
Vera 00O “SPA Soya-Center* 111 110 110 110
LSD,, 4,43 4,86 4,18
Early-maturing

Protina SOCIETE RAGT 2N S.A.S. 110 110 112 111
Volma 00O “Soya-Sever Co* 112 114 111 112
Kora FSBSI FSC VNIIMK 112 112 113 112
Zusha SSI VNIIZBK 113 113 114 113
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Oxkonuanue tadi. 1

1 2 3 4 5 6
Mezenka | SSI VNIIZBK 114 113 116 114
Osmon SSI VNIIZBK 115 115 118 116
Sultana SOCIETE RAGT 2N S.A.S. 118 118 116 117
LSD,, 3,25 3,80 3,14

Medium-maturing
Skulptor NORDDEUTSCHE PFLANZENZUCHT 121 120 123 121
HANS-GEORG LEMBKE KG
Pripyat 000 “Soya-Sever Co* 122 124 121 122
Puma FSBSI FSC VNIIMK 120 120 125 122
Sirelia SOCIETE RAGT 2N S.A.S. 126 127 128 127
Ros 000 “Soya-Sever Co* 128 128 130 129
LSD,, 5,49 5,82 5,13

variety with semideterminant type of growth
(vegetation period 101 days, V = 5.305%), cre-
ated at the V.S. Pustovoit All-Russian Research
Institute of Oil crops. Four genotypes of domes-
tic selection were classified as early maturing
varieties in the region with a vegetation period
of 111-120 days: Kora (112 days), Zusha (113),
Mezenka (114), Osmon (116 days), as well as
three varieties of foreign selection: Belarusian
Volma (112 days) and French Protina (111),
Sultana (117 days). It should be noted that when
calculating the coefficient of variation, very low
variability was shown by the genotypes in all
three ripeness groups (V = 1.4-5.6%). The lon-
gest growing season was in medium maturing
indeterminate varieties of French and Belaru-
sian selection Sirelia and Ros (127-129 days
on average). Individual elements of the yield
structure of soybean plants in the years of the
experiment are presented in Table 2.

Taking into account the prevailing meteoro-
logical conditions in the crops, changes in plant
height by varieties and years were observed.
Weather conditions at this time were contrasting.
As the vegetation period increased, an increase
in plant height was observed in most varieties.
This pattern was maintained during the period
of the experiment. On average, the height of
soybean plants of early maturing varieties was
75.8 cm. In the early maturing group, Protina,
Kora, Zusha and Sultana varieties had the same
average plant height of 79 cm. The total for the
group was 77.3 cm. The medium maturing ones
had an average plant height of 83.0 cm.

The Ros' variety created by “Soya-North
Co.” stood out from the group with a vegetation
period of 121-130 days with a vegetation peri-
od of 128 days. In general, the plant height of
the varieties classified by us in the group of me-
dium-maturing varieties varied from 68 to 121
cm. The average height of the group was 83 cm.

Distance to the lower first bean in soybean
is an important trait on which quality seed har-
vesting depends. During 3 years of research
four genotypes (22%) with lower lower bean
attachment were identified: Vera (9.3 cm), Kora
(9.9), Pripyat (9.6), Sirelia (9.7 cm); 11 varieties
(61%) with medium attachment: Vita (13.8 cm),
Lyra (10.1), Leader 10 (10.6), Amadea (10.3),
Lisbon (12.7), Volma (10.8), Zusha (10.1), Os-
mon (11.7), Sultana (11.0), Sculptor (10.1),
Puma (11.3 cm) and three varieties (17%) with
higher distance to the lower beans: Protina (14.1
cm), Mezenka (14.7), Ros (14.8 cm).

The mass of 1000 seeds is one of the main
elements of soybean yield structure, on which
plant productivity depends. On average for the
years of study of the varieties according to this
indicator the following should be emphasized:
Vita (158 g), Lisbon (162), Vera (158), Sultana
(176), Sirelia (158), Ros (177 g). The minimum
value of 1000 seeds weight was the Osmon
variety — 127 g. In general, the hydrothermal
regime during the period of research had a fa-
vorable effect on the phases of soybean growth
and development, including the phases of bobo
formation and seed ripening.
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Tao6a. 2. KoandecTBeHHBIE U KaueCTBEHHBIE ITO-
Kazateinu cou (cpeanee 3a 2021-2023 rr.)

Table 2. Quantitative and qualitative indicators of
soy (average for 2021-2023)

Weight

Vi [neigh | oower | 100 | V| " | Crce

cm |bean, cm | seeds, tein, %
g
Fast-ripening
Vita 83 13,8 | 158 | 21,4 |31,90|19,33
Lira 76 10,1 141 | 17,2 29,73 |19,79
Leader 10 | 74 10,6 | 146 | 20,1 |29,65]21,15
Amadea 78 10,3 | 152 | 16,3 |32,29 (19,71
Lisbon 69 12,7 | 162 | 22,1 | 30,84 (20,29
Vera 75 9,3 158 | 21,6 |35,34|20,54
LSD,, 3,0 1,6 75 | 1,9 | 29 | 1,2
Early-maturing
Protina 79 14,1 137 | 18,9 |33,67|17,57
Volma 68 10,8 | 129 | 17,7 | 35,60 (20,73
Kora 79 9,9 150 | 18,3 |34,07|20,25
Zusha 79 10,1 148 | 22,8 | 34,59 22,45
Mezenka 80 14,7 | 138 | 20,0 |35,95(23,72
Osmon 77 11,7 | 127 | 19,7 |35,75(20,48
Sultana 79 11,0 | 176 | 20,7 | 38,27 22,36
LSD,, 34 2,0 7,10 | 2,0 | 32 | 1,8
Medium-maturing

Skulptor 80 10,1 146 | 22,2 |33,9023,18
Pripyat 76 9,6 150 | 22,2 |36,17|21,98
Puma 70 11,3 | 146 | 19,9 | 36,66 (20,67
Sirelia 68 9,7 158 | 18,5 |39,0520,89
Ros 121 14,8 | 177 | 25,3 | 31,24 (23,78
LSD,, 3.8 1,3 7,6 | 2,1 | 3,6 | 2,1

The main property of varieties is yield, as it
is the result of manifestation of their biological
traits and properties in specific soil and climat-
ic conditions. The maximum seed yield of the
studied varieties was obtained in 2023, which
is associated with an increase in the sum of
active temperatures compared to the previous
years. On average for the period of research,
the yield varied from 16 (Amadea) to 25.3 c/ha

(Ros). As for the average yield between the
ripeness groups, its value in early maturing and
early maturing varieties did not differ practical-
ly: 19.78 c/ha (early-maturing) and 19.73 c/ha
(early-ripening). The medium-ripening samples
have higher yields because the growing sea-
son is longer. The soybean plant spends more
time on the formation of leaf apparatus, laying
of generative organs and seed formation. As a
result, there is a higher number of beans on the
plant, seeds in the bean (productivity) and high-
er seed collection per unit area (yield). It can be
concluded that medium-maturing soybean vari-
eties are more productive under optimal hydro-
thermal conditions of the region. On average for
the years of study, the varieties with the highest
seed yield were identified: Ros (25.3 c/ha), Zu-
sha (22.8), Sculptor (22.2), Pripyat (22.2), Lis-
bon (22.1 c/ha).

Qualitative indicators along with productiv-
ity determine the economic value of varieties.
The results of analyses for crude protein and
crude fat content in soybean seeds are presented
in Table 2.

On average for the years of research, high
crude protein content was observed in domestic
varieties Puma (36.66%), Mezenka (35.95), Os-
mon (35.75), Vera (35.34%). Among the foreign
samples, two French Sirelia (39.05%), Sultana
(38.27) and Belarusian yielding variety Pripyat
(36.17%) stood out in terms of protein content.

Crude fat content in seeds varied both by
year and by variety. Its content was highest in
all the varieties in 2021, when precipitation at
the beginning of soybean vegetation was almost
twice as much as in 2022 and 2023. Fat content
in 2022 for varieties of all ripeness groups ex-
ceeded the values of 2023 by 0.80-0.85%.

On average over the years of study, the
maximum value of fat was observed in the
following genotypes: Ros (23.78%), Mezenka
(23.72), Sculptor (23.18), Zusha (22.45), Sulta-
na (22.36%).

It should be noted that in soybean varieties
of the Krasnodar region Vita, Lira, Kora, Puma
and the Belarusian selection varieties Volma,
Pripyat and Ros with increasing vegetation pe-
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riod increased the content of crude protein and
crude fat.

CONCLUSIONS

1. According to the duration of the vegeta-
tion period in the conditions of the region, the
varieties are divided into three groups of ripe-
ness: early-maturing - Vita, Lira, Leader 10,
Amadea, Lisbon, Vera; early-ripening — Proti-
na, Volma, Kora, Zusha, Mezenka, Osmon,
Sultana; medium-maturing — Sculptor, Pripyat,
Puma, Sirelia, Ros.

2. On average by ripeness groups, plant
height increased with increasing vegetation pe-
riod: early-maturing — 75,8 cm, early-ripening
— 77,3, medium-maturing — 83,0 cm.

3. Four varieties (22%) with low first bean
attachment were identified: Vera, Kora, Pripy-
at, Sirelia, 11 varieties (61%) with medium:
Vita, Lira, Leader 10, Amadea, Lisbon, Volma,
Zusha, Osmon, Sultana, Sculptor, Puma, three
varieties (17%) with high distance to the lower
beans: Protina, Mezenka, Ros.

4. arieties with larger plump seeds were
selected: Sultana (176 g), Ros (177), Lisbon
(162), Vita (158), Vera (158), Sirelia (158 g).

5. Varieties with the highest seed yields
were identified: Ros (25.3 c/ha), Zusha
(22.8), Sculptor (22.2), Pripyat (22.2), Lis-
bon (22.1 c/ha).

6. In soil and climatic conditions of the
region, high crude protein content was formed
by the varieties of domestic selection: Puma
(36.66%), Mezenka (35.95), Osmon (35.75),
Vera (35.34%). Among the foreign samples,
French wvarieties Sirelia (39.05%), Sultana
(38.27), Belarusian variety Pripyat (36.17%)
stood out in terms of protein content.

7. Crude fat content in seeds varied both
by year and by variety. Its content was highest
in all the varieties in 2021, when precipitation
at the beginning of soybean vegetation was al-
most 2 times more than in 2022 and 2023. The
maximum value of fat was observed in the fol-
lowing genotypes: Ros (23.78%), Mezenka
(23.72), Sculptor (23.18), Zusha (22.45), Sulta-
na (22.36%,).
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Copra JbHA-I0JTYHIIA 0TE€4eCTBEHHOM CeJIeKIIUU
B ycJjoBusix TomMckou odacTu

XD TIomoBa I'A.!, IToasikosa O.U.%, Porasbckas H.B.!, Tpopumona B.M.!, Illyxaeiiko A.A.!
'Cubupcruil HayuHO-UCCIe008AMENbCKULL UHCMUMYNL CElbCKO20 XO035UCMEad U mopda —

Guauan Cubupckoeo hedepanbHoco HayUHO20 YeHmMpPa acpooUOmMexXHON0Ul

Poccuiickoii axkademuu nayx

Tomck, Poccus

*Hayuonanvhwiil uccieoosamenvckuti ToMckuil 20¢y0apcmeenublil YHUSEpCumem

Tomck, Poccus

(<De-mail: popovagbl@gmail.com

[IpencraBiensl pe3ynbraThl H3ydeHus 20 00pa3uoB KyabTypHOTo JbHa (Linum usitatissimum L.)
®denepanbHOr0 HayyHOro LeHTpa JayOsHbIX Kyasryp B 2021-2023 rr. [loneBble uccieqoBaHUS
NPOBOAMJIMCE B MOATaexkHOM 30He Tomckoil ob6nactu. [IpUpoAHO-KIUMATHYECKUE —YCIIOBHS
COOTBETCTBOBAIM TpeOOBaHMSIM BO3/ENBIBAHNSA JIbHA-JOITYHIA. B  pesymbrare MpOBEASHHBIX
WCCIICZIOBAaHUI BBIABICH IICHHBIM WM IUIACTHYHBIA WCXOOHBIM Marepuan A CO3JaHUs COPTOB C
NPU3HAKaMM BBICOKOHM mMpoxykTuBHOCTH. [1o oOmiel ¥ TeXHHUYECKOH JuiMHE creOiel BBIACIHINCDH
copTa rckoBckol ceneknuu Anteid, Bocxoa, Hopa, Lllanc, tBepckoii (Toprxkok) — [Tonet, YauBepcai,
cMmoneHckoi — @ennke, Ummnynbe u cranaapt [lamsatu Kpenkosa. [{nuna ctebneit oOmas nrocturana
90 cM u BbIlIe, TeXHUYECKas cocraBisuia Oonee 80 cm. Jluaepamu 1Mo COIEPKAHUIO BOJOKHA B
TEXHUYECKOH JacTH cTebieii ctanu copra TBepckoii cenexkmu (Topskok): Tonyc, Busut, nckoBckon —
Ksaprer, Opuon, Ilepeceer — 40% wu Bbime. HawBpicmiee 3Ha4eHHWE MO TPU3HAKY MBIKIOCTh
orMedeHo y copta Bocxon (681,0) u Ilepecser (652,6). 1o nmpu3Haky iMHEHHas IJIOTHOCTh CTEOIS
copTa MeXIy co00H pazanyalnch HE3HAYUTENIFHO, Y OOMBIIMHCTBA COPTOB 3HAYCHUSI HAXOAMUIIMCH B
npexnenax 5,0-6,0 mr/cm. Taxxe nzydeno Bnusinue ¢pakropa «lox Bkmouenus B [ocpeectp CL PO».
HawubOonbmee BiusHue (hakTop oKa3al Ha MPU3HAK cofepikaHue BoiokHa. Copra ¢ Ooliee paHHUMH
CpoKaMu BKJIIOUEHHSI B [ ocpeecTp moKka3bIBajiy HEBBICOKHIA BBIXO/ BoJIoKHA. CopTa IbHA POCCUHCKON
CEJIEKIIVH TPU3HAHBI IEPCIEKTUBHBIMU U BKIIIOUEHBI B CEJIEKIIHMOHHBIN ITPOLECC B KAUECTBE OTLOBCKUX
Y MaTePUHCKUX POAUTEILCKUX (POPM P rHOpUAN3aLIUY.

KuaroueBsble cioBa: nen-ponrynen (Linum usitatissimum L. f. elongata), cenexums, KoJUIeKuus,
copTa, MPOAYKTUBHOCTb, BOJIOKHO, CEMEHA, MBIKJIOCTh

Fiber flax varieties of domestic selection under conditions
of the Tomsk region

D Popova G.A.!, Polyakova O.1.2, Rogalskaya N.B.!, Trofimova V.M., Shuleiko A.A.!

ISiberian Research Institute of Agriculture and Peat — Branch of the Siberian Federal Scientific Centre
of AgroBioTechnologies of the Russian Academy of Sciences

Tomsk, Russia

*National Research Tomsk State University

Tomsk, Russia

(<De-mail: popovagbl@gmail.com

The results of the study of 20 samples of cultivated flax (Linum usitatissimum L.) of the Federal
Scientific Center of Bast Crops in 2021-2023 are presented. The field studies were conducted in the
sub-taiga zone of the Tomsk region. Natural and climatic conditions corresponded to the requirements
of fiber flax cultivation. As a result of the conducted research, valuable and flexible source material
for the creation of varieties with high productivity traits has been identified. The varieties of the Pskov
selection — Antey, Voskhod, Nord, Chance, Tver (Torzhok) selection — Polet, Universal, Smolensk se-
lection — Phoenix, Impulse and standard Pamyati Krepkova — stood out in terms of total and technical
length of the stems. The total stem length reached 90 cm and above, the technical stem length was
more than 80 cm. The leaders in terms of fiber content in the technical part of the stems were varieties
of the Tver selection (Torzhok): Tonus, Visit, Pskov varieties — Kvartet, Orion, Peresvet — 40% and
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higher. The highest value for the characteristic of stem slenderness (the ratio between technical length
and stem thickness) was observed in the varieties Voskhod (681.0) and Peresvet (652.6). In terms of
linear stem density, the varieties differed insignificantly among themselves, with most varieties having
values in the range of 5.0-6.0 mg/cm. The influence of the factor " The year of inclusion in the State
Register of BA of the Russian Federation" was also studied. The factor had the greatest influence on
the fiber content trait. Varieties with earlier dates of inclusion in the State Register showed low fiber
yield. Russian flax varieties are recognized as promising and are included in the breeding process as
male and female seed parents during hybridization.

Keywords: fiber flax (Linum usitatissimum L. f. elongata), breeding, collection, varieties, produc-

tivity, fiber, seeds, stem slenderness
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INTRODUCTION

The value of fiber flax is due to the variety
of its applications [1]. Linen fiber is used to
produce fabrics for various purposes: for cloth-
ing, household and technical, furniture and dec-
orative, industrial, as well as special purpose
fabrics (medical and defense industry). In EU
countries and China 30 — 50% of linen fabrics
production are textile fabrics for clothing, in
Russia production of technical fabrics is about
50%'[1, 2].

The technical part of the stem, the section
from the hypocotyl to the beginning of the inflo-
rescence, from which long fibers are obtained,
is of industrial interest’ [3]. One of the main
features determining the technological value of
flax straw in processing is the fiber yield [4].

Over the years, breeders have been improving
the fiber flax crop. The new breeding varieties
developed by various scientific institutions are
almost twice as high in fiber content as the first
varieties, which used thick flax as the source
material® [5]. Modern varieties are taller, have
higher deseeded flax and flax seed yields [5].

It should be noted that with a high yield po-
tential of flax products, new breeding varieties
are less adapted to soil and climatic conditions
of the area of cultivation. This is especially true
if the regions are highly differentiated in terms
of heat and moisture availability [5]. Climate
change is occurring, so previously developed
varieties may decrease in quantity and quality
and become less adaptive to growing conditions
and pathogens [5, 6]. For example, the climate in
the entire subtaiga of the West Siberian Plain of

\Grishina E., Gelman D., Belopukhov S., Starosvetsky D., Groysman A., Ein-Eli Y. Improvement of aluminum-—air battery perfor-
mances by the application of flax straw extract / ChemSusChem, 2016, vol. 9, N 16, pp. 2103-2111. DOI: 10.1002/cssc.201600298.

2Korepanova E.V., Goreeva V.N., Maslova M.P. Comparative evaluation of flax varieties in the conditions of the Middle Urals //
Vestnik of Ulyanovsk State Agricultural Academy, 2012, N 4 (20), pp. 9-14.

3Krepkov A.P. Selection of fiber flax in Siberia. Tomsk: Tomsk University, 2000, 186 p.
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the period from 1936 to 2015 changed towards
warming [7]. Therefore, the search and enrich-
ment of initial breeding material with increased
fiber quality indicators, resistance to biotic and
abiotic environmental factors remains relevant.
The purpose of the research is to study the
responsiveness of fiber flax varieties of different
origin to soil and meteorological conditions of
the sub-taiga zone of the Tomsk region for fur-
ther involvement in the breeding process for the
formation of stable high-yielding varieties.

MATERIAL AND METHODS

The material for the study was 20 samples of
cultivated flax (Linum usitatissimum L.) of the
Federal Research Center for Bast Fiber Crops:
8 high-fiber varieties of fiber flax of the Pskov
selection, 9 — Tver (Torzhok), 3 — Smolensk
(see Table 1)* Standards for productivity and
early maturity of varieties - Pamyati Krepko-
va (Krepkov settlement) and Tomsky 16. Stan-
dards for fiber quality — Svetoch variety of the
All-Russian Research Institute of Flax (VNIIL)
—now the Federal Research Center for Bast Fi-
ber Crops (FRCBFC) — and 2 samples of the
Orshansky 2 variety of the Belarusian selection,
the first sample was cultivated in the conditions
of the Tomsk region for more than 15 years, the
second sample was received from the collection
of the FRCBFC in 2021.

The collection nursery is one of the main
sources for the creation of the source materi-
al. Since 2022, the variety Pamyati Krepkova
has been used as a standard for comparison in
nurseries due to the fact that the FSBI “Gos-
sortkomissiya” for the West Siberian region
switched to using it.

Field studies were conducted from 2021 to
2023 in the Bogashevsky subdivision of the
SibNIISKHiT — Branch of the SFSCA RAS lo-
cated in the sub-taiga zone of the Tomsk district
of the Tomsk region.

The Tomsk region is located in the taiga zone
of the southeastern part of the West Siberian
lowland, the climate of the territory is continen-
tal-cyclic [7]. In the subtaiga, the frost-free peri-
od has an average duration of 115 days, the sum
of average daily temperatures above 10 °C is
1700 °C; precipitation during the growing sea-
son is 200-220 mm which is about half of the
annual norm. According to agroclimatic zoning,
the study area belongs to the 5th agroclimatic
zone and is characterized as moderately warm
and moderately humidified; the hydrothermal
coefficient of T.K. Selyaninov (HTC) varies
from 1.1 to 1.6° [7]. In some years, despite the
location of the territory in the zone of excessive
moisture, droughts and dry winds may occur.
In general, agroclimatic resources of heat and
moisture are close to the optimal conditions,
fully meet the needs for the cultivation of fiber
flax crop.

The varieties were studied for the following
traits:

— total stem length of fiber flax, cm;

— technical stem length of fiber flax, cm;

— stem diameter, mm,;

— straw mass of the technical part of the
stem, mg;

— fiber weight of the technical part of the
stem, mg;

— fiber content in the technical part of the
stem, %:;

— stem slenderness — the ratio of technical
length and stem thickness, mm/cm;

— linear stem density — the ratio of the mass
of the technical part of the straw stem to its
technical length, mg/cm;

— total number of bolls, pcs.;

— number of seeds from one plant, pcs.;

— number of seeds per one boll, pcs;

— weight of one seed, mg.

The normality of the distribution of traits was
tested using the Kolmogorov-Smirnov test. To
compare the morphological features with nor-

“The State Register of Breeding Achievements Approved for Use (plant varieties): //gossortrf.ru/wpcontent/uploads/2022/06/
Register%200f%20admission%202022.pdf Accessed on 18.11.2023.

SAzmuka T.I. Climate Resources. Natural resources of the Tomsk region. Tomsk: Tomsk University Publishing House, 1991,

pp. 83-103.
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Taoa. 1. XapakTepucTuka COpTOB JbHA-I0NTYHIIA B | OCY/1apCTBEHHOM peecTpe CENEKIIUOHHBIX 10CTH-

)KCHHﬁ, AONYIICHHBIX K UCIIOJIb30BAHUIO

Table 1. Characteristics of fiber flax varieties in the State Register of Breeding Achievements allowed for use

Variety Year Eiggtl::?fn Blr/;tlgi, State Region of coverage Maturity group
Pskov (SD Pskov NIISKh of the Federal Research Center for Bast Crops)

Antei 2003 North-Western, Volgo-Vyatsky Meduiirﬁf—;mam—

Voskhod 2000 Volgo-Vyatsky Early-maturing

Dobrynya 2011 North-Western, Volgo-Vyatsky »

Kvartet 2017 North-Western »

Nord 2009 North-Western, Volgo-Vyatsky »

Orion 2007 » » Medium-matu-
ring

Peresvet 2015 North-Western, Volgo-Vyatsky Early-maturing

Chance 2022 North-Western, Central, Volgo-Vyatsky »

Torzhok (SD Institute of Flax of the Federal Research Center for Bast Crops)

Alexandrit 2013 North-Western Medurlirlrllématu—

Vizit 2018 North-Western, Central »

Diplomat 2012 North-Western Late maturing

Nadezhda 2018 » Medium-matu-
ring

Polet 2019 » »

Sursky 2015 » »

Tonus 2016 » »

Universal 2017 North-Western, Central, Volgo-Vyatsky »

Caesar 2017 North-Western, Central »

Smolensk (SD Smolensk NIISKh of the Federal Research Center for Bast Crops)

Impulse 2002 Central Medium-matu-
ring

Leader 2005 North-Western, Central, West Siberian Early-maturing

Phoenix 2018 North-Western, Central Late maturing

Tomsk (SibNIISKHiT — Branch of SFSCA RAS)
Egg;yatl Krep- 2012 West Siberian Early-maturing
Tomsky 16 1990 » »
Fiber Quality Standards (FRC FC)

Svetoch 1936 VNIIL Medium-matu-
ring

Orshansky 2 1971 BeINIIZ »

mal distribution, one-factor analysis of variance
and the Newman-Keuls test were used. The
Kruskal-Wallis test and the Dunn test were used
to compare the morphological features with the
distribution different from the normal distri-
bution. Pearson's (“traits with normal distribu-
tion”) and Spearman's (“traits with distribution

other than normal”) criteria were used to study
the correlation relationship. One-factor analysis
of variance was used to identify the share of in-
fluence of the factor “Year of inclusion in the
State Register of Breeding Achievements of the

Russian Federation”.
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min 70.6 cMm min 60,0 cM min 1.2 MM

a J! Orshansky 2 ) 6 g! Orshansky 2 6 g! Orshansky 2
Svetoch | Svetoch obrynya
Orshansky 2 (2014) Orshansky 2 (2014) Peresvet
Tonus Tonus Voskhod
! T-16 (standard) Alexandrit Svetoch
Leader ! T-16 (standard) vartet
Caesar Caesar Sursky
Alexandrit Leader eader
Sursky Sursky Alexandrit
Kvartet Nadezhda Caesar
. \ .
Nadezhda Diplomat ! Pamyati Krepkova
Dobrynya Vizit (standard)
"Orion . ! T-16 (standard)
‘ Orion
Diplomat Orshansky 2 (2014)

Dobrynya )
'Peresvet Orion
) Kvartet
Vizit 5 ) ord
Polet eresve Polet
! Pamyati Krepkova (standard)

Nord mpulse
“Antei Polet Nadezhda
‘I Pamyati Krepkova No’:d Tonus
(standard) Unlv.ersal Chance
Universal Antei hoenix
Impulse Phoenix Vizit
Phoenix Chance ntet
Chance Impulse Universal
Voskhod Voskhod Diplomat

max 94,5 cm max 86,0 cMm max 1.4 mm

Puc. 1. TomoreHHsle TPYIIIBI, pacCuWTaHHBIE C TMomompbio Tecta Hpiomena—Keitnca (p < 0,05)
UIsT  MOP(OJOTHYECKUX MPHU3HAKOB COPTOB JHbHA-TOJTYHIIA PA3HOTO TIPOMCXOKIACHHUA: OOBIYHBIN
mpudt co 3HakoM ! — Tomck, momykupHbBIH — Top»OK, KypcHUBHBIM — IICKOB, MONYXUpPHBIH Kyp-
cuB — Cwmomenck m oOpmuHbI — OHI[ JIK. Copra pamkupoBamuch B MOPSIAKE OT MHUHUMAIHHO-
TO JI0 MaKCHUMajbHOTO 3HAYEHWs TMpHu3Haka. JIMHWM COeNMHSIOT copTa 0€3 B3HAaYNMBIX pa3iIHduil
B 3HAYCHUSX PU3HAKOB:

a — obmas yHa cTebis TbHA-I0NTYHIA; 6 — TEXHWYEeCKast JUTMHA CTeOs JIbHA-T0NTYHIA; 8 — THAMETP

Fig. 1. Homogeneous groups calculated using the Newman-Keuls test (p < 0.05) for morphological traits of
fiber flax varieties of different origins: regular lettering with ! sign — Tomsk, bold lettering — Torzhok, italic
lettering — Pskov, bold and italic lettering — Smolensk and regular lettering — FSC BC. The varieties were
ranked in order from the minimum to the maximum value of the trait. Lines connect the varieties without
significant differences in trait values:

a — total stem length of fiber flax; 6 — technical stem length of fiber flax; 6 — diameter

RESULTS AND DISCUSSION varieties, the total stem length exceeded 90 cm,

The traits that largely determine fiber yield
are the total and technical length of fiber flax
stem. According to these traits, the maximum
indicators were recorded in the variety Voskhod
(see Fig. 1). Eight varieties (Polet, Nord, Antei,
P. Krepkova, Universal, Impulse, Phoenix and
Chance) also registered high values. In all these

the technical stem length was more than 80
cm. The lowest values for the two lengths were
found in the varieties Orshansky 2 of the Tomsk
reproduction and Svetoch. On average for three
years, the total stem length of these two vari-
eties did not exceed 80 cm, the technical stem
length did not exceed 70 cm. At the same time,
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in all three years, the varieties Orshansky 2 of
the Tomsk reproduction and Svetoch had only
single specimens with total stem length of more
than 90 cm and technical stem length of more
than 80 cm. The varieties differed slightly in
stem diameter. Only the variety Orshansky 2 of
the Tomsk reproduction had a diameter of 1.2
mm, while the other varieties had a diameter of
1.3-1.4 mm.

There was a strong diversity between the
varieties in straw weight and fiber weight
(see Fig. 2). The variety Antei exceeded the va-
riety Orshansky 2 of the Tomsk reproduction
1.8 times in straw weight and 2.3 times in fiber
weight. But in terms of fiber content Antei did
not show the highest values. The five varieties
Tonus, Quartet, Orion, Visit and Peresvet were
the best in fiber content. The fiber content of
these varieties was 40% and higher. Also, the
Peresvet variety was the leader in the character-
istic of stem slenderness with a value of 652.6.
The highest value for stem slenderness trait was
observed in the variety Voskhod (681.0). In
terms of linear stem density, the varieties dif-
fered slightly among themselves, most varieties
had values in the range of 5.0-6.0 mg/cm.

The greater number of bolls, hence, the great-
er number of seeds was observed in the variety
Orshansky 2 of the Tomsk reproduction (see
Fig. 3). At the same time, this variety showed
average results in terms of seeds per capsule.
Although the Kvartet variety formed the least
number of bolls compared to other varieties, it
was the leading variety in terms of the number
of seeds in one boll; the seeds were rather heavy
(4.7 mg) compared to most of the studied vari-
eties. Seeds with heavy weight were observed
only in three varieties: Phoenix (4.8 mg), Nade-
zhda (4.8 mg) and Diplomat (4.9 mg).

The correlation matrix shows that fiber con-
tent and stem slenderness, which characterize fi-
ber productivity, are negatively correlated with
the traits characterizing seed productivity (see

Table 2). This is also evident from Figs. 1-3;
varieties with high fiber content and high stem
slenderness often had a low number of bolls
and, consequently, few seeds. A strong negative
correlation can be observed between stem slen-
derness and diameter, i.e. the varieties Dobryn-
ya, Peresvet and Voskhod with thinner stems
had a higher value of stem slenderness. A rather
high negative correlation is observed between
stem slenderness and linear stem density. Thus,
varieties with a high value of stem slenderness
(Voskhod, Dobrynya and Peresvet) had a stem
with a small linear density.

The analysis of variance showed that the fac-
tor “Year of inclusion in the State Register of
Breeding Achievements of the Russian Federa-
tion” had a different impact on the studied traits
(see Fig. 4). The factor had the greatest influ-
ence on the fiber content trait. The varieties with
earlier dates of inclusion in the State Register
showed a low fiber yield.

The main purpose of the fiber flax crop is
to obtain the fibers formed in its stems. The fi-
bers contain 20—30% of fibrous substances® (see
footnote 2) [3]. Of all the varieties studied in
our work, only two had fiber yields below 30%.
Five varieties had a fiber content of 40% or
more. Some of the varieties considered in our
work were also studied by other authors in their
regions, and the differences in fiber content by
region were not significant [4, 8]. It has been
repeatedly proved that the yield of almost any
crop is determined by 20-25% by variety. The
role of variety is especially great where soil and
climatic conditions are extreme for crops [9].
Small differences in traits of the same varieties
in different regions of cultivation can be consid-
ered as an indirect indicator of ecological plas-
ticity of a variety and the possibility of its use in
breeding programs.

One of the significant traits characterizing
fiber yield and quality is stem slenderness’. As
noted by V.P. Ponazhev and E.G. Vinogradova
[10], modern varieties of fiber flax showed a

®Romzhina T A. National collection of Russian flax as a source of resistance to unfavorable agro-climatic environmental factors //
Achievements of Science and Technology of AIC, 2003, N 11, pp. 17-18.

"Brach N.B., Sharov I.Ya., Paviov A.V., Porokhovina E.A. Diversity of flax traits associated with fiber formation and the influence
of growing conditions on their manifestation // Ecological Genetics, 2010, vol. 8, N 1, pp. 25-35.
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min 2.8 mT. min 19,1 wr. min 4,5 mrT. min 4,0 mr
ajKvartet 6 Woskhod 6 g Phoenix 2 gVoskhod

Nord Nord Voskhod Orion
Peresvet Phoenix 'Diplomat Universal
Polet Orion Leader Nord
Vizit Leader Svetoch Orshansky 2 (2014)
Orion Peresvet (Orshansky 2 (2014) Antei
Dobrynya Dobrynya Nord ! T-16 (standard)
Nadezhda Vizit Chance Sursky
Voskhod Kvartet 1! Pamyati Krepkova . Caesar
Leader Polet (standard) Peresvet
Tonus ! T-16 (standard) :Dobrynya Chance
Alexandrit Chance Orion Vizit
Antei Diplomat [Universal Polet
Chance Svetoch Sursky Dobrynya
! T-16 (standard) Tonus ! T-16 (standard) Svetoch
Caesar Nadezhda Impulse Tonus
Impulse Antei ‘Peresvet Impulse
Sursky Impulse Tonus Alexandrit
Svetoch ! Pamyati Krepkova ! Orshansky 2 ! Orshansky 2
Diplomat (standard) Caesar ! Pamyati Krepkova
Phoenix Alexandrit -Antei (standard)
Universal Caesar Vizit Leader
! Pamyati Krepkova Orshansky 2 (2014) ) Polet [ Kvartet
(standard) Universal Nadezhda Phoenix
Orshansky 2 (2014) Sursky Alexandrit Nadezhda
! Orshansky 2 ! Orshansky 2 Kvapter... Diplomat

max 4.6 mrT. max 29.9 mr. max 7,7 mr. max 4,9 mr

Puc. 3. TomoreHnsle Tpynmbl JUId TPU3HAKOB, XapaKTEPU3YIOIIUX CEMEHHYIO NMPOIYKTHBHOCTH COPTOB
JIbHA-JIONITYHIIA Pa3HOTO TIPOUCXOKICHUS, OOBIYHBIN IPUPT co 3HAKOM ! — ToMCK, Oy KUpHBIH — TOPIKOK,
KypcuBHBIH — [IckoB, momy)upHbIi KypcuB — CMoseHnck u o0brunbiil — @HI JIK. Copra panxupoBaiuch B
MOpSIIKE OT MUHUMAJIBHOTO JI0 MAKCUMAaJIbHOTO 3HaYeHUs Npu3Haka. JIMHUM COeMHSIOT copTa 0e3 3HAYH-
MBIX a3 B 3HAUEHUSIX MTPU3HAKOB, paCCUUTaHHBIE ¢ MOMOIIbI0 TecTa Jlanu (p < 0,05):

a — oblee YuCIo KOpoOoUeK; 6 — YHCIIO CEMsH; 6 — YUCIIO CeMsH Ha OJHy Kopobouky, i Tecta Hplomena — Keitnca

(» <0,05): 2 — macca oHOTO CEMEHU

Fig. 3. Homogeneous groups for the traits characterizing seed productivity of fiber flax varieties of different
origins, regular lettering with ! sign — Tomsk, bold lettering — Torzhok, italic lettering — Pskov, bold and italic

lettering — Smolensk and regular lettering — FSC BC.

The varieties were ranked in order from the minimum

to the maximum value of the trait. Lines connect varieties without significant differences in trait values

calculated using Dunn's test (p < 0.05):

a — total number of the bolls; 6 — number of seeds; ¢ — number of seeds per 1 boll, and Newman-Keuls test (p<0.05):

2—weight of 1 seed

decrease in stem slenderness from 620-650 to
420-450 units. However, in our work, the va-
rieties bred among the first ones showed low-
er stem slenderness values. This is probably
due to the fact that the main direction in flax
breeding work is the creation of early matur-
ing high-yielding varieties. With such selec-
tion, only early-flowering plants were included
in further work, and strong selective pressure
occurred, which in the end led to the varieties
becoming typical semi fiber flax varieties (see

footnote 3). At the same time, the development
of new varieties is mainly aimed at increasing
the index of stem slenderness [11, 12], so the
year of variety development did not have a
strong effect on this trait, which was shown by
the analysis of variance.

The number of bolls was positively correlat-
ed with the diameter and weight of both straw
and fiber. At the same time, the number of bolls
was negatively correlated with fiber yield and
stem slenderness. This may be due to the fact
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43

Cubupckuii BECTHHK CENbCKOXO3SHCTBEHHON HayKH * 2024 ¢ 54 « 8



Fiber flax varieties of domestic selection under conditions of the Popova G.A., Polyakova O.1., Rogalskaya N.B., Trofimova V.M.,
Tomsk region Shuleiko A.A.

Taoa. 2. KoppensiunonHas MaTpuia 1o Npu3HaKaM, XapaKTepU3yIOMUM MOP(OIOTHIO PaCTEeHHS, BOJIOK-
HUCTYIO M CEMEHHYIO MPOAYKTUBHOCTb

Table 2. Correlation matrix for the traits characterizing plant morphology, fiber and seed productivity

Tech- Num-
Flax stem . . . . Stem | Linear | Total |Num-
Trait length total ntlcal D;:g?_ St.ral\:i Fl‘birt ci:;z:lt slender- | stem | number | ber of :zzgsf
stem weig weig| .
length length ness | density | of bolls | seeds per boll
Technical stem length 0.88
Diameter 0.27 0.02
Straw weight 0.61 041 | 0.79
Fiber weight 0.61 0.46 | 0.68 | 0.93
Fiber content 0.09 0.21 | —0.25 | -0.09 | 0.26
Stem slenderness 0.35 0.59 | -0.76 | -0.36 | —0.26 | 0.33
Linear stem density 0.28 |-0.01| 0.86 | 0.89 | 0.79 |—-0.20 | —0.66
Total number of bolls 0.22 0,00 | 0.71 | 0.65 | 0.51 | —0.35| -0.61 | 0.73
Number of seeds -0.04 | -0.19| 0.62 | 0.49 | 0.40 |-0.25| —-0.67 | 0.64 | 0.77
Number of seeds per boll -0.28 |-0.24 | 0.09 |-0.01 | 0.03 | 0.06 | —0.25 | 0.09 | —0.03 | 0.54
Weight of 1 seed -0.18 | -0.23| 0.09 | 0.14 | 0.12 | -0.06 | —0.22 | 0.25 | 0.65 |0.18 | 0.15
Note. Statistically significant correlation at p < 0.05 is highlighted in semi-bold.
40
35
30
25
20
15
10 -
N I .
,H B m H N n
total technical  diameter straw fiber fiber stem linear weight
stem stem weight weight content  slenderness stem per seed

length  jepemm density

Puc. 4. Bnusinue daxropa «l'ox Briarouenus B ['ocpeectp CIl PD» Ha npuzHaku, XapakTepusyromue Mopgho-
JIOTHIO PACTEHUsI, BOJOKHUCTYIO M CEMEHHYIO NPOAYKTHBHOCTD M UMEIOLINE HOpPMaJbHOE paciipeeieHue.
YpoBeHb 3HaUMMOCTH O BceM npu3HakaM p < 0,05

Fig. 4. Influence of the factor "Year of inclusion in the State Register of BA of the Russian Federation"
on the traits characterizing plant morphology, fiber and seed productivity and having normal distribution.
Significance level for all traits is p < 0.05
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that a thicker and heavier stem is needed for boll
formation to hold the bolls and keep the plants
from lodging. In contrast, the values of stem
slenderness were higher in thinner and longer
stems [6]. Also, stem slenderness was negative-
ly correlated with linear stem density, which
had a strong positive correlation with the num-
ber of bolls and seeds. Fiber with low density
is considered to be of the highest quality® (see
footnote 7). Consequently, the lower the straw
density, the lower the final fiber density will
be. It turns out that the varieties with high fiber
quality have strongly reduced seed production
characteristics. The problem of incompatibility
of high fiber quality and seed productivity was
also noted by other authors [13—15].

CONCLUSION

As aresult of the research, valuable and plas-
tic source material for the development of the
varieties with high productivity traits was iden-
tified. The varieties of the Pskov selection — An-
tei, Voskhod, Nord, Chance, Tver (Torzhok) —
Polet, Universal, Smolensk — Phoenix, Impulse
and the standard Pamyati Krepkova were dis-
tinguished by total and technical stem length.
The total length of the stems reached 90 cm
and higher, the technical length was more than
80 cm. The leaders in terms of fiber content in
the technical part of stems were varieties of the
Tver selection (Torzhok) Tonus, Visit, Pskov —
Kvartet, Orion, Peresvet — 40% and higher. The
highest value for the characteristic of stem slen-
derness was observed in the varieties Voskhod
(681.0) and Peresvet (652.6). In terms of linear
stem density, the varieties differed insignificant-
ly among themselves, most varieties had values
within the range of 5.0-6.0 mg/cm. The linear
stem density of the Voskhod, Peresvet and Do-
brynya varieties was one of the lowest, which,
together with a high stem slenderness index,
may indicate high quality fiber. Russian flax
varieties are recognized as promising and are
included in the breeding process as male and fe-
male seed parents in hybridization.
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AHaJu3 ruOpPUIHBIX NOMYJIAUN KapTo(eis
B ycaoBusix Marajganckoi 001acTu
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[IpuopuTeTHEIM HampaBlieHHEM B CeJeKIWU KapTrodenss B MaralaHCKOH OONacTH, YYWTHIBas
KOPOTKHUH MTEPHO]T BETETAINHU U IS(DUITUT TETIa, BISIETCS CO3AaHNe MPEUMYIIECTBEHHO PAaHHECIIEBIX
copToB. B crarhe mpenacTaBieHBl pe3yNbTaThl OIEHKU CEJCKIMOHHBIX 00pas3loB KapTodens o
MPOJIYKTHBHOCTH U CKOPOCIEIIOCTHU. 3a JIBa Tojla KCCIISI0BAHO OKOJIO 3 ThIC. 00pa3IioB 67 THOPUIHBIX
komOuHaimii. Mccenenosanust npopoxminu B 2022 w 2023 1T Ha ONBITHOM Tojie MaraaaHCcKoro
HAy4YHO-HCCIIEIOBATEIbCKOTO  MHCTHTYTa CEJILCKOTO  XO3sAHCTBA HA MOWMEHHBIX JIEPHOBO-
AJUTIOBUABHBIX TaJIeYHIKOBO-CYIIeCUaHbIX MMOYBaX. B MUTOMHWKE CesHIIEB M3ydeHO Oosee 2 ThIC.
00pa3IoB, MpeCTaBIeHHBIX 25 THOPUIHBIMA KOMOWHAIIMSAMU. BeifeneHpl ruOpuIHbie KOMOWHAIIHH,
XapaKTepHU3YIOIIHecs BEICOKOH 4aCTOTOM 0TOOpa mepcreKTUBHBIX (hopM: ApkTuka X Dnpoeiia, Yiada x
bennaposa, Kpone x bemnaposa, Hapout x bemnaposa, Kpone x Jlabanua, ApkTtuka X ['ana. B manHbIx
THOPUIHBIX KOMOMHAIMSX OTOOPAHO B BUIE KIIOHOB OT 7,6 10 17,9% 00pa3nos ot 0011ero KoiauyecTBa
BBICOKCHHBIX B I0JI€ CEsHICB. B muroMHuKe rHOpHIOB 1-T0 roma oToOpaHbl 00pasiibl ¢ BHICOKMMU
MOKa3aTeNsIMUA  TIPOAYKTHBHOCTH. MakcuMmalibHasi Macca KIyOHEH OJTHOTO pacTeHHs OTMeueHa B
nomyssiiusax Komom6a x Kpenwimn (2010 1), Ymaua x bemmapo3sa (1820), Apkruka x Dnsoetina (1825),
Yapout x bemmaposza (1800 r). B mutomHEKe THOPUAOB 2-TO TOAa MO TMOKA3aTesIM yPOKAHHOCTH
U XO3SIMCTBEHHO IICHHBIM MPU3HAKAM BBIJCJICHBI THOPUIBI C MPOIYKTUBHOCTHIO, IMPEBBIMIAOIICH
1000 r/xyct: Konmomba x Kpembim (2700 r/kyct), Ynaua x Bemnaposa (1950), Apkruka x Kpenbiin
(1670 r/xycTt). HacToTa 0TOOpa MPOMYKTUBHBIX KIOHOB 3/1ech mpeBbickia 50%. Jlanapie THOpUIHBIC
KOMOWMHAITUH PEKOMEHIYIOTCS JUTS CEeKIIMOHHBIX MCCIIeIOBaHUI B yCIOBHAX MaragaHcKoi 0OIacTH.

KaroueBbie ciioBa: kaproderns, CENeKIIMOHHBIC TMTOMHUKH, IEPCIIEKTUBHBIC CESTHIIBI, THOPH/IBI,
Marananckast 001acTb

Analysis of hybrid potato populations in the conditions
of the Magadan region

) Tishchenko G.V.

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

Magadan, Russia

(<De-mail: galinataiga@mail.ru

The priority direction in potato breeding in the Magadan region, given the short growing season
and heat shortage, is the creation of predominantly early-ripening potato varieties. The article presents
the results of the evaluation of potato breeding samples in terms of productivity and ripeness. Over
two years, about three thousand samples of 67 hybrid combinations have been studied. The research
was carried out in 2022-2023 on the experimental field of the Magadan Scientific Research Institute
of Agriculture on floodplain, sod-alluvial, pebble-sandy loam soils. More than two thousand samples
represented by 25 hybrid combinations were studied in the nursery of seedlings. Hybrid combinations
characterized by a high frequency of selection of promising forms are identified, such as Arctica x
Elbeida, Udacha x Bellarosa, Krone x Bellarosa, Charoite x Bellarosa, Krone x Labadia, Arctica x
Gala. In these hybrid combinations, from 7.6 to 17.9% of the samples from the total number of the
seedlings planted in the field were selected as clones. The samples with high productivity indicators
were selected in the nursery of hybrids of the 1st year. The maximum weight of tubers of one plant
was noted in the populations of Columba x Krepysh — 2010, Udacha x Bellarosa — 1820, Arctica x
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Elbeida — 1825, Charoite x Bellarosa — 1800. In the nursery of hybrids of the 2nd year, hybrids with
productivity exceeding 1000 g/bush, such as Columba x Krepysh (2700 g/bush), Udacha x Bellarosa
(1950 g/bush), Arctica x Krepysh (1670 g/bush), were identified in terms of yield and economically
valuable characteristics. The frequency of selection of productive clones here exceeded 50%. These
hybrid combinations are recommended for breeding research in the conditions of the Magadan region.
Keywords: potatoes, breeding nurseries, promising seedlings, hybrids, Magadan region
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INTRODUCTION

In our country, potato is one of the socially
important crops, because it is an indispensable
product in the diet of every person [1]. Among
tuber and root crops, it is the first in terms of
cultivation. The nutritional importance of pota-
toes is largely due to the high content of carbo-
hydrates, a significant amount of ascorbic acid,
anthocyanins, good digestibility of proteins, po-
tassium, calcium and magnesium salts [2].

Potato plays a significant role in ensuring
food security of the country. At the same time,
the efficiency of potato production by 70-80%
depends on the varietal component. In this re-
gard, the actual task of potato breeders is to
breed new varieties of different maturity groups
and directions of use, which should have high
adaptability to the conditions of cultivation [3].

One of the main and low-cost factors to in-
crease the yields is the use of new varieties. Va-
riety change allows selecting varieties that are
best adapted to the soil and climatic conditions
of the region, and provide growth in such im-
portant parameters as productivity, yield qual-
ity, resistance to diseases and pests, consumer
properties of products [4].

Variety determines yield and product quality,
it is the basis of cultivation technology, which is
aimed at the realization of genetic possibilities
of the crop, economic efficiency of production.
A variety is a commercial product that brings a
traditional product to the market in general, but

has certain consumer properties and parameters
(in potato growing it is starch, alcohol, dextrins)
[5].

Creation of new potato varieties possessing
certain economically valuable traits is currently
a priority task of domestic breeding, for which
the acceleration of the breeding process and in-
creasing its efficiency are important. To solve
this problem, it is necessary to identify new
sources of valuable traits for the most important
directions of breeding. Modern varieties should
combine such properties as high productivity,
suitability for processing, high culinary and
technological qualities, resistance to the most
harmful and widespread diseases [6].

One of the most important achievements of
modern potato breeding is the development of
the varieties possessing the whole complex of
traits, including the combination of high pro-
ductivity with resistance to diseases and pests.
Breeding practice shows that more resistant
forms should be selected during hybridization,
which transfer their resistance well to the prog-
eny obtained as a result of self-pollination and
crosses with these forms.

Important for breeding work is the use of
parent seeds with a whole complex of economi-
cally valuable traits. An important characteristic
of varieties is their suitability for use as female
and male forms in obtaining hybrid progeny [7].

The selection of parental pairs in potato
breeding is considered a key problem. The fer-
tility of the original parental forms is a funda-
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mental trait that determines the success of hy-
bridization [8].

Breeding of high-yielding varieties adapted
to the negative impact of the environment in-
volves the study, selection and isolation of ge-
netic sources with the best consumer qualities
for their inclusion in practical breeding in the
given directions. In the difficult natural and cli-
matic conditions of the Far Eastern region of
the Russian Federation, there is a need for com-
prehensive study of the source material for the
creation of modern competitive varieties with
ontogenetic adaptation, capable of adapting to
external conditions [9].

When selecting pairs for hybridization,
breeders use different approaches and methods,
including selection of parental pairs based on
ecological and geographical features, differenc-
es in productivity parameters, duration of veg-
etation phases or unequal resistance to diseases
and pests, as well as on the results of evaluation
of combinatory ability of parental forms [10].

The breeding work efficiency is decisively
determined by the ecological adaptability of
the initial variety or population. The worldwide
regularity is confirmed that the local breeding
varieties are the most appropriate to climatic
conditions of the region and technological ca-
pabilities of producers, they are more resistant
to local races and strains of phytopathogens. In
this regard, the issues of creating new varieties
with high adaptive potential to local agro-eco-
logical conditions and combining high produc-
tivity, high field resistance to diseases and early
accumulation of marketable yield are becoming
relevant [11].

Agricultural production in the Magadan re-
gion is associated with a number of critical fac-
tors that cannot be controlled. First of all, it is
heat deficit and a short vegetation period. The
key factor affecting potato productivity is the
heat factor [12]. All this implies the cultivation
of predominantly early maturing potato variet-
ies in this area.

In potato production in the northern regions
of Russia it is necessary to use the varieties of
early maturity group, adapted to soil and climat-

ic conditions, with high yield, nutritional value,
and resistance to major phytopathogens [13].

Providing the region with its own agricul-
tural products is an urgent and crucial task. In
this case, the costs of transportation of potatoes
and risks of losses during its transportation are
significantly reduced. The gross yield can be in-
creased by introducing new varieties and using
advanced cultivation technologies that take into
account the specific features of a particular re-
gion.

The purpose of the research is to analyze
new hybrid combinations of potato in different
breeding nurseries for the subsequent identifi-
cation of promising hybrids in the conditions of
the Magadan region.

For the first time in the Magadan region
breeding research on the development and in-
troduction of new highly adaptive potato vari-
eties into production was carried out from the
seedling stage.

MATERIAL AND METHODS

The studies were conducted in 2022 and
2023 in the area of the Ola settlement, on field
No. 16. Soils of the site are floodplain sod-allu-
vial pebble-sandy loam, predominantly medium
acidic (pH of salt extract 4.60—5.22). The con-
tent of basic nutrition elements is at the average
level: ammonia nitrogen — 0,54-0,79 mg/100 g
of soil, nitrate nitrogen — 0,65-0,96 mg/100 g of
soil, potassium — 8,13—-18,36 mg/100 g of soil.
The phosphorus content is quite high (93.0—
148.5 mg/100 g of soil), but under conditions of
high soil acidity and its low biological activity,
phosphorus is in a low-available state for plants,
so liming of soils was required.

The macrorelief is without peculiarities, the
plots are characterized by good levelness. Two-
field crop rotation was used: annual grasses —
potatoes.

In the III ten-day period of May, moldboard
plowing to a depth of 18-20 cm with simulta-
neous harrowing with a MTZ-80 tractor (plow
PLN-4-35) was carried out. Cutting of furrows
with row spacing of 70 cm was carried out by
the KRN-4,2 cultivator. Planting was carried
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out in pre-cut furrows on the scheme of 30 x 70
cm to a depth of 5-6 cm manually. Cultivation
was carried out in the phase of full sprouts, 14
days later hilling was carried out with a tractor
MTZ-80 with a cultivator KRN-4.2. Mineral
fertilizers (N, P, K,) were applied manually
locally at planting and before hilling under a
bush. Treatment with herbicides Lazurit (active
ingredient — metribuzin in concentration of 700
g/kg) and Otlichnik (active ingredient — chisa-
lofop-P-ethyl in concentration of 51.6 g/l) was
carried out. In the nursery of seedlings, a three-
fold treatment with IntaVir (active substance -
cypermethrin at a concentration of 37.5 g/kg)
was carried out against the larvae of burying
beetle.

Methodological guidelines on potato breed-
ing process technology 2006', methodology of
field surveys and postharvest quality control of
seed potatoes?, modern potato storage technolo-
gies® were used in the research work. Laying of
experiments was carried out in accordance with
the methodology of field experiment of B.A.
Dospekhov*. The methodology of agrotechni-
cal experiments, registration, observations and
analyses on potatoes of 2019 was also used®.

Botanical potato seeds were sown in pre-pre-
pared boxes on May 10-15 on the scheme 1 % 3
cm. Temperature regime of 16—18°C was main-
tained until the emergence of the seedlings.
Since the phase of mass sprouts, seedlings were
grown in a greenhouse at a daytime temperature
of 14-16 ° C, night temperature — 10-12 ° C.
Care of the seedlings consisted in weeding and
watering. Two-fold fertilization with mineral
fertilizer solution in the dose N, P K was car-
ried out. Visual assessment of potato plants in
terms of field resistance to diseases was carried
out on 9-point scale (see footnote 2) every ten
days starting from the moment of appearance of

the first signs of diseases.

The tubers were planted in the nursery of the
preliminary test on two-row plots on the scheme
30 x 70 cm in threefold repetition, the plot area
12.6 m? (60 tubers per plot). In the main test
nursery — on two-row plots on the scheme 30 x
70 cm in threefold repetition, the plot area 12.6
m? (60 tubers per plot).

Weather conditions of the growing season
2022 significantly differed from the mean an-
nual values both in temperature and moisture
conditions. May was almost 1°C warmer than
usual, which contributed to faster thawing of
soils. Precipitation was three times more than
the multiyear average (see Table 1).

The beginning of June was warm and favor-
able for agrotechnical works on potato plant-
ing, the soil at the depth of the plowing horizon
warmed up to 5-8 °C.

Temperature and humidity regime of July -
August favored the formation of a good crop,
but abundant precipitation in the III ten-day pe-
riod of August hampered harvesting operations,
as potatoes were very wet and strongly saturat-
ed with moisture, which increased natural loss
during the treatment period due to moisture loss
and tuber respiration intensity.

The beginning of the vegetation period in
2023 was characterized by a lower temperature
regime compared to the mean annual values.
Spring was cold and prolonged. There was prac-
tically no precipitation during the potato sprout-
ing period (1.2 mm fell in June, which is almost
28 times less than the average annual values)
(see Table 2).

The air temperature in July-August exceeded
the average values by 1-3°C. There was enough
moisture during the period of tuber formation
and growth. All this contributed to a good ac-
cumulation of yield. Heavy precipitation in late

"Methodological instructions on the technology of potato breeding process / compiled by E.A. Simakov. Moscow, 2006, 70 p.
“Methods of field surveys and post-harvest quality control of seed potatoes: methodical instructions. Moscow, 2005, 112 p.
*Modern potato storage technologies: practical recommendations. Moscow, 2004, 56 p. (Library ““ In Aid to the Consultant™).
*Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow: Agro-

promizdat, 1985, 351 p.

SMethods of conducting agrotechnical experiments, records, observations and analyses on potatoes: method. instructions.

Moscow, 2019, 120 p.
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August, although complicated the harvesting
process, but did not significantly affect the stor-
ability of tubers, but led to their severe cracking
in some hybrids. In general, the growing season
was favorable for growth and development of
plants and formation of high tuber yields.

Breeding nurseries

1. Seedling nursery: Crone x Bellarosa, Ter-
ra X Bellarosa, Betina x Bellarosa, Charoit %
Bellarosa, Labadia x Ricarda, Crone x Labadia,
Jewel x Labadia, Meteor x Gala, Florice x Gala,
Betina x Gala, Ricarda x Gala, Baltikrose x
Gala, Osiris x Gala.

2. Nursery of 1st year hybrids: Arctica x Har-
dy, Columba x Hardy, Luck x Bellarosa, Arcti-
ca x Bellarosa, Arctica x Gala, Crone x Bellaro-

Tao6a. 1. Mereoponorudeckue gannbie 3a 2022 1.
Table 1. Meteorological data for 2022

sa, Meteor X Gala, Crone x Labadia, Arctica X
Elbeida, Charoit x Bellarosa, Bettina x Gala.

3. Nursery of 2nd year hybrids: Bellarosa x
Kiwi — 2 hybrids, Bellarosa X Dubrava — 5 hy-
brids, Zlatka x Bellarosa — 5 hybrids, Krepysh x
Russian Souvenir — 3 hybrids, Batya x Laba-
dia — 2 hybrids, Favorite x Innovator — 1 hybrid,
Favorite x Labadia — 1 hybrid, Gulliver x Mi-
rage — 1 hybrid. Kolymsky variety — early-ma-
turing standard, Sante — middle-early standard.

4. Preliminary hybrid testing nursery: 1-4/20
(Bellarosa x Kiwi), 2-4/20 (Bellarosa x Kiwi),
25-4/19 (Bellarosa x Dubrava), 30-1/20 (Zlat-
ka x Bellarosa), 30-2/20 (Zlatka x Bellarosa),
30-3/20 (Zlatka x Bellarosa), 30-4/20 (Zlatka x

Ta6Jua. 2. Mereoposnornyeckue ganuble 3a 2023 1.
Table 2. Meteorological data for 2023

Air temperature, °C Air temperature, °C
Month - Month -
ten-day average monthly average ten-day average per month
1 11 11T 1 11 11T
Ma 0,9 3,0 4,2 3,7 Ma -1,0 2,3 5,5 2,4
Ylan | ey | @ (2.6) an | ey | @ (2.6)
Tune 7,0 6,1 6,9 6,6 Tune 8,7 7,6 12,3 9,5
(6,2) | (7,8) | (10,0) (8,0) (6,2) | (7.8) | (10,0) (8,0)
Tul 13,9 14,5 14,0 14,1 Tul 14,8 13,9 14,5 14,4
Wl gy | 124 | (128 (13.2) WOl a4y | (24 | 128 (13.2)
Aucust 13,6 14,5 12,8 13,6 Aueust 14,5 13,6 12,9 13,6
& (13,2) | (12,9) | (11,4) (12,5) £ (13,2) | (12,9) | (11,4) (12,5)
The sum of active temperatures above 5 °C The sum of active temperatures above 5 °C
during the growing season — 1343 (1327) °C during the growing season — 1349 (1327) °C
Total precipitation, mm Total precipitation, mm
Month ; )
on ten-day average per month Month ten-day average per month
1 1I 111 I 11 111
Ma - - - 56,5 May 0,0 26,0 7,0 33,0
Y -) ) ) (22,0) 6,00 | (7,00 | 9.0 (22,0)
Tune 9,2 20,1 4,5 33,8 June 0,4 0,5 0,3 1,2
! (10,0) | (14,0) | (17,0) (34,0 (10,0) | (14,0) | (17,0) (34,0)
1,5 0,8 34,0 36,3 28,5 3,8 57,8 90,1
July July
(14,0) | (22,0) | (25,0) (61,0) (14,0) | (22,0) | (25,0) (61,0)
Aucust 7,1 46,2 81,2 134,5 Auoust 4,5 6,0 44,5 55,0
£ (27,0) | (24,0) | (30,0) (81,0) & (27,0) | (24,0) | (30,0) (81,0)
Total precipitation for the growing season — Total precipitation for the growing season —
204,6 (176,0) mm 179,3 (176,0) mm

HTC (above 10 °C) — 2,0

HTC (above 10 °C) — 1,7

Note. In Tables 1 and 2, the mean annual value of the indicators is given in brackets.
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Bellarosa), 2-1/20 (Krepysh x Russian Sou-
venir), 2-2/20 (Krepysh x Russian Souvenir),
3-2/20 (Batya x Labadia). Kolymsky variety —
early-maturing standard, Sante — middle-early
standard.

5. Basic hybrid testing nursery: 18-3/18 (Al-
louette % Innovator), 14-8/18 (Kumach x La-
badia), 11-4/18 (2479) (Favorite x Labadia),
25-2/19 (Bellarosa x Dubrava), 3-3/19 (BP
808 x Signal), 28-1/19 (Labadia x Kiwi), 22-
4/19 (Bellarosa x Kiwi), Seedling 15-562 and
Seedling 3-4/19 (BP 808 x Signal). Kolymsky
variety — early-maturing standard, Sante — mid-
dle-early standard.

The initial breeding material (hybrid botan-
ical seeds) was obtained by hybridization. This
stage is conducted by the staff of the Russian
Potato Research Center named after A.G. Lorkh
according to the concluded contract. At the sec-
ond stage of our research, we used the method
of clonal selection.

RESULTS AND DISCUSSION

Seedling nursery

The nursery provides for the production of
the breeding material of the first tuberous gen-
eration. In 2022, more than one and a half thou-
sand samples of 12 hybrid combinations were
studied in the nursery of seedlings.

Planting of the seedlings was carried out on
June 20-29 at seedling height of 8-12 cm with
simultaneous abundant watering. During plant-
ing, plants were rejected for signs of stunting
or negative morphological features. During the
vegetation period, the plants were watered four
times and fertilized before hilling at a dose of
N, H, K, No diseases were observed during
the growing period of the seedlings.

Visually better development and good plant
alignment were observed in the combinations
with early maturing varieties Gala and Bel-
larosa: Arctica x Gala, Meteor x Gala, Bettina
x Gala, Krone x Bellarosa and Charoit x Bel-
larosa. At the same time, very strong cleavage
was observed in the population 29-3/02. The
source material was obtained by hybridization
and self-pollination of the Kolymsky variety.

Plants here differed significantly in height, de-
velopmental power, and color of flowers in the
flowering phase.

Mass development of any diseases was not
observed in the mentioned year. Affection was
low, mainly insignificant lesions of Alternaria
and single cases of black leg (mainly in pop-
ulations 29-3/02 (seeds from self-pollination),
Kolomba x Krepysh, Arctica x Bellarosa). No
signs of late blight were recorded in the nursery.
Among pests, a large number of burying beetle
larvae was recorded, against which appropriate
treatments were carried out.

During harvesting, the main rejection was
carried out on the basis of morphological fea-
tures associated with the unwholesome appear-
ance of tubers, the presence of cracks and splits.
The greatest number of such samples was ob-
served in the populations Meteor x Gala, Krone
x Labadia and Bettina x Gala. Tuber rejection
due to late maturity was predominant in the pop-
ulations Arctica x Bellarosa (19.8%) and Arcti-
ca x Krepysh (24.3% of late maturing samples).

At harvest time, there was strong variation in
shape, coloration, number of tubers per nest box
and tuber size in the Udacha x Bellarosa, Krone
x Bellarosa and Gala x Labadia populations.

Analysis of the samples selected for further
study shows that the highest frequency of se-
lection is characterized by hybrid populations
represented by the varieties Arctica, Bellarosa,
and Krone: Arctica x Elbeida (52.3% of the hy-
brids planted in the field were selected), Udacha
x Bellarosa (35.0), Krone x Bellarosa (36.0),
Charoit x Bellarosa (36.4), Krone x Labadia
(34.8), and Arctica x Gala (32.7%).

Phytopathological conditions for late blight
in 2022 were favorable and the hybrids showed
high resistance in the year of the trial.

In 2023, 832 seedlings of 13 hybrid combi-
nations were planted in the field. All combina-
tions are represented by ultra-early, early, medi-
um-maturing and middle-early varieties.

The maximum number of samples in the form
of clones could be selected in hybrid combina-
tions represented by the variety Bellarosa. The
combination of the early variety Bellarosa with
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the middle-early variety Krone was particularly
successful here. In this population, the propor-
tion of the selected clones amounted to 17.9%.
In the combinations of Bellarosa with ultra-ear-
ly and very early varieties Terra and Charoit, the
selection rate, although much lower, was also
high: Terra x Bellarosa — 7.6%, Charoit x Bel-
larosa — 8.9%. This is due to the large number
of tubers with ugly shape or cracks and splits.

High rates of selection of promising clones
were also noted in the combinations with the
early maturing variety Gala, especially in such
combinations as Meteor x Gala (16.7%), Ricar-
da x Gala (13.9% of the number of planted in
the field).

st year clone nursery

In 2023, 12 hybrid combinations were stud-
ied in the nursery of clones of the Ist year. The
clones differed in tuber size, which was re-
flected in the productivity indices that reached
the maximum in the following populations:
Kolomba x Krepysh (very early x early) —up to
2010 g / bush, Udacha x Bellarosa (early ma-
turing x ear ly) — 1820, Arctica x Elbeida (mid-
dle-early x early) - 1825, Charoit x Bellarosa
(ultra-early x early) — 1800 g. All selected com-
binations are represented by early and very ear-
ly varieties.

2nd year clone nursery

In 2022, 20 hybrids of eight hybrid combina-
tions were tested in the nursery. The first sprouts
appeared on the 22-29th day after planting,
mass sprouts — 5—7 days after the beginning of
sprouting. The budding phase was the earliest in
the hybrids of Zlatka x Bellarosa population —
two weeks after mass sprouting, 7-9 days later —
in the hybrids Favorit x Labadia and Gulliver x
Mirage. Flowering was uneven and delayed. In
the hybrids of Bellarosa x Kiwi and Bellarosa x
Dubrava populations, flowering intensity was
weak, while the mass flowering phase was not
observed in most hybrids. Hybrids of Zlatka x
Bellarosa, Batya x Labadia and Favorite x La-
badia populations were distinguished by power-
ful development. Maximum productivity of the
hybrids (more than 600 g / bush) was observed

in the combinations Bellarosa x Kiwi and Bel-
larosa x Dubrava, Zlatka x Bellarosa.

In 2023, 64 hybrids of 12 hybrid combina-
tions were studied in the nursery. The condition
of the plantings during the growing season was
good, the total haulm score of most hybrids was
maximally high and was within 6-7 points. The
combination Kolomba x Krepysh stood out in
terms of yield and economically valuable traits,
where a sample with a maximum weight of
2700 g/bush was obtained. A high frequency
of selection of productive clones (83.3%) was
also noted here. Hybrids of the combinations
Udacha x Bellarosa (maximum tuber weight of
one plant here was 1940 g), Arctica x Krepysh
(1670), Meteor x Gala (1380), and Arctica X
Gala (1380 g) are also characterized by high
productivity per plant.

Preliminary trial nursery

In 2023, most hybrids were characterized by
good initial development and capacity. Never-
theless, by these indicators they were not ahead
of the released standard varieties Kolymsky and
Sante. The hybrids bloomed abundantly and
formed berries. The exception is both hybrids of
the Bellarosa x Kiwi population, whose flower-
ing was weak, hybrid 1-4/20 (Bellarosa x Kiwi)
had no flowering at all.

Digging for early maturity, conducted on the
60th day from planting, allowed to select the
samples capable of forming a high early yield.
Most hybrids were tentatively categorized as
early hybrids based on the ratio of haulm weight
to tuber weight. However, none of the hybrids
formed an early yield higher than the standard
early variety Kolymsky, although tuber market-
ability was high — from 86.2 to 97.4% (see Ta-
ble 3).

Yield evaluation based on the results of the
nursery harvest showed that none of the hybrids
formed a tuber yield at least at the level of the
standard varieties. On average, the yield of the
hybrids under study was 1.5-2.0 times lower
than that of the standard varieties of the corre-
sponding ripeness group.

The main indicators of consumer demand
for potatoes are their taste qualities. The con-
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ducted research (evaluation on a scale from 1
to 9 points) showed that none of the hybrids
surpassed the released variety Kolymsky, de-
veloped at the Magadan Research Institute of
Agriculture, in terms of taste qualities. Only hy-
brid 3-2/20 (Batya x Labadia) was at the level
of the released standards in terms of taste quali-
ties (see Table 3).

Basic trial nursery

In 2023, the initial development of all hybrids
was good. The first friendly seedlings appeared
16-19 days after planting, and only hybrid
3-3/19 (BP 808 x Signal) was lagging behind in
development. In terms of overall planting eval-
uation, all hybrids were at or slightly above the
level of standard varieties. Abundant friendly
flowering was observed only in the standard va-
rieties and hybrids Seedling 15-562 and Seed-
ling 3-4/19 (BP 808 x Signal). Flowering of the
hybrids 11-4/18 (2479) (Favorite x Labadia),
25-2/19 (Bellarosa x Dubrava), 3-3/19 (BP
808 x Signal) was very weak (see Table 4).

Digging for early maturity was carried out
on the 60th day from planting. According to the
ratio of tuber weight to haulm weight, most hy-
brids showed themselves as medium-ripening.
In terms of early yield, most of them did not

exceed the yield of the standard medium-ripen-
ing variety, although they formed a tuber weight
of more than 20.0 t/ha. Insignificant excess (by
3 kg) of early yield compared to the standard
was observed only in hybrid 28 1/19 (Labadia x
Kiwi) (see Table 4).

None of the hybrids surpassed the standard
varieties in terms of final yield. The lag was
significant, despite the very high tuber market-
ability, exceeding 96% in most hybrids. In addi-
tion, hybrids 25-2/19 (Bellarosa x Dubrava) and
28-1/19 (Labadia x Kiwi) had a high number
of cracked and split tubers. In this regard, none
of the hybrids should be further investigated as
significantly inferior in yield to the standard re-
leased varieties (see Table 4).

CONCLUSION

The conducted research allowed identifying
hybrid combinations in the seedling nursery
characterized by a high frequency of selection of
the promising samples: Arctica x Elbeida, Uda-
cha x Bellarosa, Krone x Bellarosa, Charoit x
Bellarosa, Krone x Labadia, Arctica X Gala.

The nursery of the 1st year hybrids received
samples with high productivity reaching the
maximum in the representatives of hybrid

Tab6a. 3. YpokalfHOCTh M TOBAPHOCTHh THOPHUIIOB B TUTOMHHUKE MTPEABApUTEIHHOTO HeTbITanus (2023 1.)
Table 3. Productivity and marketability of the hybrids in a preliminary test nursery (2023)

Digging for early Deviation
Selection . o maturity . from the standard, t/ha Flayor
number Hybrid combination Early yield, | Marketabil- Yield, t/ha rating,
tha ity, % Kolymsky Sante score
1-4/20 Bellarosa x Kiwi 20,7 95,4 21,5 —41,4 -34,3 1
2-4/20 25,2 87,3 27,1 -35,8 -28,7 3
25-4/19 Bellarosa x Dubrava 24,0 97,4 21,3 -41,6 -34,5 3
30-1/20 Zlatka x Bellarosa 22,3 86,5 29,7 -33,2 -26,1 5
30-2/20 28,3 95,3 34,2 -28.,7 -21,6 3
30-3/20 33,0 90,7 39,1 -23,8 -16,7 1
30-4/20 23,1 86,8 27,5 -354 -28,3 3
2-1/20 Krepysh x Russian Souvenir 19,5 86,2 27,1 -35,8 -28,7 -
2-2/20 27,3 89,2 25,9 -37,0 -29.9 -
3-2/20 Batya x Labadia 29,5 87,8 33,7 -29,2 22,1 7
Kolymsky (standard) 49,3 99,0 62,9 0 7,1 8
Sante (standard) 29,3 98,0 55,8 -7,1 0 7
LSD 35,2
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combinations Kolomba x Krepysh (2010 g),
Udacha x Bellarosa (1820), Arktika x Elbeida
(1825), Charoit x Bellarosa (1800 g).

In the nursery of the 2nd year clones in 2022,
hybrids of the combinations Zlatka x Bellarosa,
Bellarosa x Kiwi and Bellarosa x Dubrava were
marked for high productivity. In 2023, hybrids
of the combinations Kolomba x Krepysh, where
a sample with a maximum productivity of 2700
g/ bush, Udacha x Bellarosa (1940 g / bush) and
Arctica x Krepysh (1670 g/ bush) were selected
for yield and economically valuable traits.

The samples selected in the nurseries of the
hybrids of the 1st and 2nd years can become the
basis for new high-yielding varieties, maximally
adapted to the severe natural and climatic con-
ditions of the Magadan region, capable of form-
ing a high tuber yield in early terms and provide
the population of the region with self-produced
products.

In the nurseries of the preliminary and main
trial it was not possible to identify any prom-
ising hybrids, which could significantly exceed
the performance of the standard varieties in
terms of their economically valuable traits.
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Pacnpocrpanenue Bpeaureneit Robinia pseudoacacia
Ha wre JaasHero Bocroka Poccun

CDKonsina H.A.
Dedepanvhblii HAYYHbIL YeHMP OUOPA3ZHO0OPaA3Us HazeMHOU buomsl Bocmounoi A3uu
Hanvrneeocmounoeo omoenenusi Poccutickoii akademuu Hayk

ITpumopckuii kpai, I. Yecypuiick, Poccud
(XDe-mail: Kolyadal8@rambler.ru

B nmocnennue roel oTHON M3 TIPOOIieM, CBS3aHHBIX ¢ HHTPOAYIIMPOBAHHBIMU BUIaAMH JIPEBECHBIX
pacTeHMH, SIBISETCA NMPOHMKHOBEHHE B MX BTOPHYHBIC apeayibl CBOMCTBEHHBIX MM BpeOUTENed U
Oonesneit. Takum uHBaiinepom B Poccnn, B Tom uncie Ha JlansHem Bocroke, siBisiercst Robinia pseu-
doacacia L. JIns oueHKU pacipoCTpaHEHUs! BpenuTesel 3Toro Bua Ha TeppuTopuu tora JlaibHero
BocToka 1 OIEHKM HaHOCMMOTO MMM BpeAa HEOOXOAMM MOHHMTOPHHI HACaKACHUH pacTeHUH B
HACEJIEHHBIX IMyHKTaX pervoHa. B craThe NMpHUBOIATCS JaHHBIE 1O PACIpPOCTPAHEHMIO BpenuTeNei
R. pseudoacacia — Euura tibialis (Newmann, 1837) (Hymenoptera: Tenthredinidae) u Obolodiplosis
robiniae (Hald., 1847) (Diptera: Cecidomyiidae) B [Ipumopckom kpae. OOcmenoBanus mocamaok R.
pseudoacacia moxa3bIBaIOT, uTo E. tibialis BcTpeuaercs B 9 n3 24 HaceneHHBIX MyHKTOB. Ha kaxxaom
9K3EMIUISIPE PACTCHUSI B TOM MM MHOM CTENEHU MOBPEXICHHBIMH OKa3aluch mpumepHo 2—3%, Ha
HEKOTOPBIX — 10 4%, TUCTOBBIX MIacTHHOK. CaMOi CeBepHON TOUKOW pacripoCTpaHEHHsT BPEIUTEIS
sBisiercst T. Jlyueropcek, iokHoW — nrtT. Cnaesinka. HambGonee nopaskensl I. Yccypuiick, ¢. Cunuit
laif. Tako#t Bpemmrens, kak O. robiniae, BcTpedaeTcs BO Bcex 24 00CIemOBAaHHBIX HACEIICHHBIX
myHakTax. CaMoil CeBEpHOH TOYKOH €ro pacmpocTpaHeHHUs sBIseTcs T. Jlyderopck, FOKHOW — TITT.
Xacan. Hanbonee mopakeHbl MaHHBIM BpeauteieMm I. Aprem, r. bompmioit Kamens, nrr. Xoposnsb,
c. Tappuuanka. HeoOxonum nanpHeWnii MOHUTOPUHT HacaKaAeHUH R. pseudoacacia B [Ipumopckom
Kpae ¢ LeJbI0 ONpe/IeNieHHs PacIpOCTPAHEHUs €ro BpenuTeseld U OIIeHKH HAHOCUMOTO MU BPEAa.

KuarwueBble ciaoBa: Ilpumopckuii kpait, Robinia pseudoacacia, spemutenu, Euura tibialis,
Obolodiplosis robiniae

Distribution of Robinia pseudoacacia pests in the south
of the Russian Far East

<D Kolyada N.A.
Federal Scientific Center of the East Asia Terrestrial Biodiversity
of the Far Eastern Branch of the Russian Academy of Sciences

Ussuriysk, Primorsky Territory, Russia
(C<De-mail: Kolyadal8@rambler.ru

In recent years, one of the problems associated with introduced woody plant species has been the
invasion of pests and diseases into their secondary habitats. Such an invader in Russia, including the
Far East, is Robinia pseudoacacia L. In order to assess the distribution of pests of this species in the
south of the Far East and to evaluate the damage caused by them, monitoring of plantations in populated
areas of the region is necessary. The article provides data on the distribution of pests R. pseudoacacia —
Euura tibialis (Newmann, 1837) (Hymenoptera: Tenthredinidae), Obolodiplosis robiniae (Hald.,1847)
(Diptera: Cecidomyiidae) in the Primorsky Territory. Studies of the R. pseudoacacia plantings show
that E. tibialis occurs in 9 of 24 localities. On each plant specimen, approximately 2—-3%, in some cases
up to 4%, of the leaf plates were damaged to a greater or lesser extent. The northernmost point of the
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pest distribution is the town of Luchegorsk, the southern point is the Slavyanka settlement. The most
affected are the city of Ussuriysk and the village Sinij Gay. A pest such as O. robiniae is found in all
the 24 surveyed settlements. The northernmost point of its distribution is the city of Luchegorsk, the
southernmost point is the Hassan settlement. The most affected by this pest is the town of Artem, the
town of Bolshoi Kamen, Khorol settlement, Tavrichanka village. Further monitoring of R. pseudoaca-
cia plantations in the Primorsky Territory is necessary in order to determine the distribution of its pests

and assess the damage they cause.
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INTRODUCTION

Both native and introduced species of woody
plants are widely used in landscape design.

One of the problems associated with intro-
duced plants is the penetration of dangerous
pests and diseases into their secondary habi-
tats. As a result, such plants reduce or lose their
functions when used in agriculture, forestry and
landscaping. In addition, there is a possibility of
transition of these pests to native related plants.

To protect introduced plantings, it is neces-
sary to carry out prospecting works aimed at
identifying alien pests, determining the state of
their populations, studying the peculiarities of
their biology and distribution within the new re-
gion [1].

One of the actively used introduced spe-
cies in landscape design is Robinia pseudoa-
cacia L., false acacia (Fabaceae Lindl., family
Legumes) — a fast-growing tree of the flora of
Northern America naturalized in many regions
of our planet [2-6].

Among the economically valuable proper-
ties of R. pseudoacacia are honey-bearing and
ornamentality [7]. Its wood is used [8]; it is

strong, gives a lot of heat and is resistant to rot
and insect damage. The plant is used to create
protective forest belts [9, 10], and in Japan it is
planted to prevent erosion and afforestation of
riverine areas. In addition, the species is used
for reclamation of rock dumps in places of min-
ing, optimization of plantations of various types
in arid areas [11]. It also has limited food and
medicinal value [12].

R. pseudoacacia is associated with a complex
of specialized phytophages, which often pene-
trate into the territory of the secondary range of
the plant [13] and also become invasive [14].

This is also observed in the south of the Rus-
sian Far East, where R. pseudoacacia has been
used in landscape design since the beginning
of the last century. Thus, in 2005, in four set-
tlements of the Primorsky Territory a new phy-
tophage Obolodiplosis robiniae (Hald., 1847)
(Diptera: Cecidomyiidae), a white-acacacia leaf
gall, which is already widespread in the neigh-
boring states of the Russian Far East, was found
on R. pseudoacacia.

In 2019, an alien phytophage R. pseudoa-
cacia — North American species Euura tibialis
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(Newmann, 1837) (Hymenoptera: Tenthred-
inidae) in the territory of the arboretum of the
Mountain-Taiga Station — Branch of the Feder-
al Scientific Center of the East Asia Terrestrial
Biodiversity of the Far Eastern Branch of the
Russian Academy of Sciences (FSC Biodiver-
sity of the Far Eastern Branch of the Russian
Academy of Sciences) was registered for the
first time in the Primorsky Territory [15].

In 2022, a phylophagous pest new to Rus-
sia, the North American mining moth, was dis-
covered at the Mountain Taiga Station, Branch
of the Federal Scientific Center of the East
Asia Terrestrial Biodiversity of the Far Eastern
Branch of the Russian Academy of Sciences
Chrysaster ostensackenella (Fitch, 1859) (Lep-
idoptera: Gracillariidae) [16].

In connection with a fairly wide use of R.
pseudoacacia in landscaping of the settlements
of the Primorsky Territory, further spread of its
phytophages is possible.

Therefore, in order to assess the distribution
of R. pseudoacacia pests in the south of the
Far East and to evaluate the damage caused by
them, monitoring of plantations in other popu-
lated areas of the region is necessary.

The purpose of the study was to describe
the current expansion of the pests of R. pseu-
doacacia — E. tibialis and O. robiniae — in the
Primorsky Territory and to assess their harmful-
ness for the region.

MATERIAL AND METHODS

Studies were conducted in June - October
2021-2023 by route method. Plantings of R.
pseudoacacia were studied in 24 settlements
of the Primorsky Territory which belong to
15 administrative districts. In each locality,
1020 plant specimens were visually inspect-
ed for the presence of phytophagous pests or
damage caused by them. Leaves damaged by
phytophages were collected in zip-lock poly-
ethylene bags for further analysis in laboratory
conditions.

To detect E. tibialis in different locations in
the Primorsky Territory, visual inspection of
R. pseudoacacia leaves was performed, dam-

age and feeding insects were recorded, and the
number of damaged leaf plates was counted.

Collection of leaf plates with larvae feeding
on them was carried out during summer from
July to September. In order to hatch adults,
plates with false caterpillars were placed in
Petri dishes and kept in the laboratory at room
temperature. In 2—3 weeks after the beginning
of pupation, live adults appeared from pupae,
their length reaching 7 mm.

The presence of O. robiniae was recorded by
visual inspection of R. pseudoacacia crowns.
The formed galls were examined in the labora-
tory. The curled edges of the gall were unfolded
and the number of larvae or pupae and their siz-
es were noted.

Photographs of the studied pests and the
damage caused by them were taken with a Sony
cyber-shot camera using a MBS-9 microscope.

RESULTS AND DISCUSSION

Studies have shown the presence of E. tibi-
alis (see Fig. 1, 2) in nine localities of the Pri-
morsky Territory (see Fig. 3): Luchegorsk set-
tlement — Pozharsky district, 46°27' N, 134°17'
E, Ussuriysk — 3°48' N, 131°57" E, Arsenyev —
44°10" N, 133°16' E., Partizansk — 43°08' N,
133°08' E, Khorol settlement — Khorol district,
44°25'30 “N, 132°04'30”E, Slavyanka settle-
ment — Khasansky district, 42°51' N, 131°23'
E, Gorno-Taezhnoye — Ussuriyskiy Munici-
pal District, 43°42'00 “N, 132°09'00 ”E, Syn-
yi Gai - Chernigovsky district, 44°27'29 N,
132°35"28” E., Razdolnoye — Nadezhdinsky
District, 43°32'00” N.

A small degree of damage to leaf plates of R.
pseudoacacia by the phytophage E. tibialis was
observed. In each plant specimen, biting marks
were recorded in about 2—-3%, and in some lo-
calities — in 4%, of the leaf plates (leaflets).
One, less often two young false caterpillars 1-3
mm long were usually observed on one leaf
plate. They were localized more often closer to
the center of the leaf plate (see Fig. 2). Larva
pseudocaterpillars of older ages are often found
on leaflets singly and reach 8 mm in length.
Adult larva pseudocaterpillars often nibble
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Puc. 1. Imaro Euura tibialis (Newmann, 1837)
Fig. 1. Imago of Euura tibialis (Newmann, 1837)

Puc. 2. Jloxnorycenuna Euura tibialis (Newmann,
1837)

Fig. 2. Larva pseudocaterpillar of Euura tibialis
(Newmann, 1837)
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Puc. 3. Pacupocrpanenue Euura tibialis
(Newmann, 1837) B [Ipumopckom Kpae

Fig. 3. Distribution of Euura tibialis (Newmann,
1837) in the Primorsky Territory

leaflets almost to the petiole or up to 2/3 of the
leaflet. The most affected by this pest are plan-
tations of R. pseudoacacia in Ussuriysk city,
village of Siny Gai. It should be noted that, in
general, there is no decrease in the ornamentali-
ty of plants. The damage caused is insignificant
and does not affect the condition of the trees. No
visible weakening of the trees was noted.

The northernmost point of distribution of the
phytophagous E. tibialis is Luchegorsk settle-
ment, the southern point is Slavyanka settle-
ment.

Studies on the distribution of O. robiniea
have shown that the invasive pest is observed in
24 settlements of the Primorsky Territory (see
Fig. 4): Spassk-Dalniy — 44°36' N, 132°49' E,
Cherngovka village — Chernigovsky district,
44°20" N, 132°34' E, Sibirtsevo settlement —
Chernigovsky district, 44°12'05 N, 132°26'40”
E, Khasan settlement — Khasansky district,
42°25'42* N, 130°38'44” E, Bamburovo -
Khasansky district, 42°55'42“ N, 131°19'35” E,
Luchegorsk settlement, Lesozavodsk —45°28'N,
133°24'E, Razdolnoye settlement — Nadezhdin-
sky district, 43°32'00 “N, 131°53'50 "E, Arte-
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Puc. 4. Berpeuaemocts Obolodiplosis robiniae
(Hald.,1847) (Diptera: Cecidomyiidae) B [Ipumop-
CKOM Kpae

Fig. 4. Occurrence of Obolodiplosis robiniae
(Hald.,1847) (Diptera: Cecidomyiidae) in the
Primorsky Territory

movsky settlement — Artemovsky Municipal
District, 43°22'45“ N, 132°17'20” E, Zavodskoy
settlement — Artemovsky Municipal District,
43°27'35 “N, 132°17'00 ”E, Gorno-Taezhnoye,
Arsenyev, Tavrichanka village -Nadezhedinsky
district, 43°19'40 "N, 131°51'35 "E, Syny Gai
village, Dmytrievka village — Chernigovsky
district, 44°23' 49 N, 132°39' 08” E, Novode-
vitsa village — Khorolsky district, 44°17'04“ N,
132°15'36” E, Khorol settlement, Nakhodka —
42°49' N, 132°53' E, Bolshoy Kamen — 43°07'
N, 132°21'E, Shkotovo settlement — Shkotovsky
district, 43°19' N, 132°21' E, Kamen-Rybolov
village — Khankaysky district, 44°4424 “N,
132°02'32 ‘E, Dushkino village — Nakhodka dis-
trict, 42°55'34 °N, 132°41'47 "E, Zolotaya Do-
lina village - Partizansky District, 42°56'05" N,
133°06'S5" E, Partizansk — 43°08'N, 133°08'E,
Ussuriysk, 3°48'N, 131°57'E.

During visual inspection, galls formed by
O. robiniea were detected on young leaves of
the lower and middle parts of R. pseudoacacia
crowns. Up to 4 galls may occur on a single

leaf, but 1-2 galls were most commonly ob-
served (see Figure 5). Observations showed that
during larval development the lateral edges of
leaf plates of the plant are twisted. Young galls
have light green coloration of their walls, then
as the larva grows, the gall expands and acquires
yellowish color. Once development is complete
and the gall has emerged, the galls turn brown-
ish in color and shrivel up. Gall formation leads
to damage of leaf plates of the plant and some
reduction of its ornamental value.

During the summer period, whitish-matt, al-
most transparent spindle-shaped larvae and red-
brown pupae of O. robiniea were found in the
galls. Our observations showed that they may
contain from 1 to 4 live larvae of different stag-
es, their sizes varying from 1 to 6 mm. The adult
size of the gall imago is about 8§ mm.

Analysis of insect distribution in the crown
of R. pseudoacacia showed that insects most

o k s

Puc. 5. Umaro Obolodiplosis robiniae (Hald.,1847)
(Diptera: Cecidomyiidae) u oOpa3yemble €10 Tajuibl
Ha Juctoukax Robinia pseudoacacia (cupasa)

Fig. 5. Imago of Obolodiplosis robiniae
(Hald.,1847) (Diptera: Cecidomyiidae) and galls
formed by it on the leaves of Robinia pseudoacacia
(on the right)
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often infest leaves on the lower shoots of the
plants. Galls are also found on coppice shoots.
The plants were most affected in Artem, Bol-
shoi Kamen, Khorol settlement, Tavrichanka
village, Novodevitsa village. The northernmost
point of O. robiniae distribution is Luchegorsk
and the southern point is Khasan settlement.
Despite the fact that damage to leaflets by galls
has so far resulted in a slight decrease in the
ornamental quality of R. pseudoacacia plants,
further spread of this phytophage may increase
the damage caused by it.

CONCLUSION

Pests of R. pseudoacacia such as E. tibia-
lis and O. robiniae are found in the Primorsky
Territory. E. tibialis was registered in nine set-
tlements, O. robiniae in all investigated settle-
ments. The northernmost point of distribution
of the phytophagous E. tibialis is Luchegorsk
settlement and the southern one is Slavyanka
settlement, while the phytophagous O. robiniae
—respectively Luchegorsk — Khasan settlement.

At present, these pests do not cause signif-
icant damage to the ornamental quality of R.
pseudoacacia damaging only a small part of
leaflets. No noticeable weakening of plants is
noted.

However, due to climate change and the ac-
tive use of R. pseudoacacia in landscape design
in the south of the Russian Far East, further
monitoring of plantations of this plant in the
Primorsky Territory is necessary to establish the
intensity of its pest distribution and assess the
degree of their harmfulness.
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I/ICCJIeIIOBaHI/Ie NMPOTHAKEHHBIX TOMO3UTOTHBIX paﬁOHOB XpoMoCcoM
Y Kyp nHopoabl UHTAJIBSAHCKAsA Kypolardaras
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Bcepoccuiickuii nayuno-ucciedosamensCckuti UHCIUMYmM 2eHeMUKU U Pa36e0eHs]
CeNbCKOXO3AUCMBEHHBIX HCUBOMHBIX — unuan PedepanbHo20 UCC1e008ameNbcKo20 YeHmpa
arcusomuosoocmaa um. akaoemura JI.K. Opncma

Cankr-IletepOypr, Poccus

CXDe-mail: mik7252@yandex.ru

Ceneknst ¥ COIMYTCTBYIOIIMH el WHOPHIMHT COCTaBISIFOT OCHOBY pa3BeICHHS
paznuuHbIX Mopon Kyp. C MOSBICHHEM COBPEMEHHBIX MOJIEKYJISPHBIX METOIOB OLICHKH
WHOPUIMHTA CTAJI0 BO3MOKHBIM UICHTH(UIIMPOBATH TeHbI U UX (QYHKIIMH B TOMO3HTOTHBIX
pationax (ROH) xpomocom kyp. B HacTosmmeM ucciejoBaHUN OCYIIECTBIICH MTOTHOTEHOMHBIN
aHaJIU3 TOMO3UIOTHBIX PAallOHOB XPOMOCOM Y Kyp HOpOIbl UTaJbsSHCKas KypoliaTdaTtas C
npumeHeHreM SNP uuma [1lumina Chicken 60K SNP iSelect BeadChip. B xone uccnenopanus
B XpOMOCOMax Kyp BBISIBICHO B cpeqiHeM 177 £ 5 ROH-nocnegoBarensHOCTEN Ha O/IHY MTHILY,
pH 3TOM cpenHuid ko3¢ dunmuent nHOpuauHTra coctaBmi 0,30 = 0,01. beuto ycraHoBieHo,
YTO B TeHOME Kyp npeobnanatot kopotkue ROH-nocnenosarensroctH (0,25-2 m.m.H.). ROH-
MOCJIEZI0BATEILHOCTH JITMHOM OoJiee 8 M.II.H., CBHIETEIbCTBYIOIINE O HETaBHEM UHOPUIUHTE,
coctaBIsOT He Oornee 2,2%. OnpeneneHo, uro B 1ieinoM ROH-nocnenoBaTebHOCTH IJI0THEE
pacmpezesieHbl B MUKPOXPOMOCOMax Kyp, HCKJIIOYEHHE COCTaBIsIeT XpoMocoMa 16, He
umeromas ROH-mocnenoBarensHOCTEH. ITOT (akT OOYCIIOBIEH TeTEPO3UTOTHOCTHIO
ajyieneil TeHOB, OTBETCTBEHHBIX 32 IMMYHHUTET U PACIIONIOKEHHBIX B MHUKpPOXpoMocome 16.
B xpomocomax 1, 5 u 14 o6napysxxerst ROH-octpoBku. 'enst BROH-0cTpOBKax 0TBETCTBEHHBI
3a BBIKJIEBbIBaHUE TiepheB (reH DMD), cocrossaue ummyHuteta (renbl TAB3, EIF2S3),
maccy Tena (reH ILIRAPLI), pH wmsca (reust EIF2S3, APOO, KLHL15), siueHOCKOCTh (TeH
APOO), ycoenue kopmoB (ren SAT1), arpeccuBHOCTD neTyxoB (reH SLITRKG), TpaHCTIOPT
BHYTPHUKJIETOYHBIX KOMIIOHEHTOB B Pa3BUBAIOIIMXCSI HEUPOHAX U 3aAIIUTY reTepoXxpoMaTHHa
B Si7Ipax KJIETOK HeWpoHOB (TeH NDE), ananTaiiyio Kyp K TPOITMYECKUM YCIOBUSIM OOUTaHUS
(ren CDINI). Takum oOpa3om, ROH-aHanu3 mo3Bonws BBIACTUTH T'€HBI, MOTEHLIUAIBHO
CEJICKTHPOBAHHbBIE B pe3yJIbTaTe pa3BeACHUs Kyp IMOPOIbI UTANbSIHCKAs KyporaTyaTasi.

KiroueBble cj10Ba: TOJHOTEHOMHBIM aHAIW3, OJHOHYKJICOTHIHBIH TOIMMOP(HU3M,
nnO6puauar, ROH, ROH-0cTpOBKH, KyphI

Study of extended homozygous chromosome regions in Italian partridge
breed of chickens

C<)Smaragdov M.G.

All-Russia Research Institute of Farm Animal Genetics and Breeding —
Branch of the L.K. Ernst Federal Research Center for Animal Husbandry
Saint Petersburg, Russia

CXDe-mail: mik7252@yandex.ru

Selection and accompanying inbreeding are the basis for breeding chicken breeds. With the
advent of modern molecular methods for assessing inbreeding, it has become possible to iden-
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Study of extended homozygous chromosome regions
in Italian partridge breed of chickens

Smaragdov M.G.

tify genes and their functions in the homozygous regions (ROH) of chicken chromosomes.
In this study, a genome-wide analysis of homozygous regions of chromosomes in Italian
partridge chickens was carried out using an SNP chip [llumina Chicken 60KSNPiSelectBead-
Chipchip. An average of 177 + 5 ROH-sequences per chicken were identified in the chicken
chromosomes, and the average inbreeding coefficient was 0.30 = 0.01. It was determined that
the chicken genome is dominated by short ROH-sequences of 0.25-2 Mbp. ROH-sequences
longer than 8 Mbp indicating recent inbreeding account for no more than 2.2%. It was found
that, in general, ROH-sequences are more densely distributed in chicken microchromosomes,
with the exception of chromosome 16, which does not have ROH-sequences. This fact is due
to the heterozygosity of the alleles of the genes responsible for immunity, located in micro-
chromosome 16. ROH-islands were found in the chicken chromosomes 1, 5, and 14. The
genes in ROH-islands are responsible for feather pecking in chickens (DMD gene), immune
status (74B3, EIF2S3 genes), body weight (ILIRAPLI gene), pH of meat (EIF2S53, APOO,
KLHLI5 genes), egg production (APOO gene), feed uptake (SAT1 gene), aggressiveness of
roosters (SLITRK6 gene), transport of intracellular components in developing neurons and
protection of heterochromatin in the cell nuclei of neurons (NDE! gene), adaptation of chi-
ckens to tropical living conditions (CDINI gene). Thus, ROH analysis allowed us to identify
genes potentially selectable as a result of breeding Italian partridge breed chickens.

Keywords: genome — wide analysis, single nucleotide polymorphism, inbreeding, ROH,
ROH-islands, chickens
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INTRODUCTION

The existing variety of chicken breeds in the
world is a consequence of domestication of birds
from both India and South-East Asia. There-
fore, chickens can be considered as a promis-
ing subject for genetic research. When breeds
of chickens were developed, selection was used,
inevitably leading to inbreeding. With the ad-
vent of modern molecular methods of animal
genome analysis, a more accurate assessment
of inbreeding has become possible. Inbreeding
leads to the emergence of homozygous regions
in chromosomes, which are called “regions of

high homozygosity” (runs of homozygosity,
ROH).

In the present study, a full genomic analysis
of Italian partridge (IP) chickens was used using
single nucleotide polymorphism (SNP) Illumi-
na Chicken 60K SNP iSelect BeadChip, which
allows genotyping of the chicken genome by
60 thousand SNPs. Software detectRUNS was
used to identify homozygous SNP sequences of
the chicken genome [1].

It should be noted that two approaches are
used in animal genome scanning: sequential and
frame scanning. It has been shown that sequen-
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tial scanning allows to detect ROH-sequences
more completely [2]. Therefore, this method of
genome scanning was used in the present study.
In animals, ROH-analysis is widely used in the
assessment of inbreeding. As a result of numer-
ous studies, a phenomenon called ROH islands
has been discovered. They are formed from the
same ROH-sequences found in many animals of
the analyzed population. It is assumed that ROH
islands are formed due to intensive inbreeding'.
Thus, genes in ROH-islands are the target of
inbreeding, and by analyzing their functions, it
is possible to estimate the direction of selection
when breeding a chicken breed.

Objectives of the study:

1) identify ROH-sequences in the chromo-
somes of chickens of the IP breed;

2) determine their number, length and distri-
bution in the chromosomes;

3) estimate the inbreeding coefficient based
on the ROH data;

4) detect ROH islands in chicken chromo-
somes;

5) determine gene functions in ROH islands.

MATERIAL AND METHODS

Italian partridge hen is a breed of egg-type
hens, originated from aboriginal Italian breeds.
Representatives of this breed are of medium
size, characterized by brown coat, wide, long
and deep body. Egg production of the birds for
52-56 weeks of life is 162185 eggs. Egg mass
of 52-week-old hens is 56-62 g. Live weight of
hens is 1,8-2,5 kg, roosters — 2,3-3,0 kg.

For the study, 19 chickens were randomly se-
lected from the population in the genetic collec-
tion of rare and endangered breeds of chickens
(All-Russian Research Institute of Genetics and
Breeding of Farm Animals). Only autosomes
were used in the study. Genotyping quality con-
trol was performed using PLINK 1.9% software.

In the first quality control step, SNPs with a
quality score (QS) less than 0.7 were removed.
Then, no more than 5% of non-genotyped SNPs
were left in the SNPs-data of the animals, and
SNPs with minor allele frequency (MAF) less
than 0.01 were removed. As a result of quality
control, 53,780 SNPs were obtained.

Sequential ROH-scanning of the chicken ge-
nome was performed according to the following
parameters:

1) sequential runs on autosomes with the use
of 20 SNP;

2) the minimum size of ROH-sequences is
assumed to be 250 bp (thousands of nucleotide
pairs);

3) the maximum distance between ROH-se-
quences is assumed to be 1 Mb;

4) heterozygous SNPs in ROH sequences are
prohibited.

The detectRUNS program allows the de-
tection of ROH islands. When scanning ROH
islands, heterozygous SNPs in them were pro-
hibited. In the detected ROH islands, identical
ROH sequences were found in at least 89% of
hens.

Chromosome rank was calculated using the
following formula:

ROH number in chromosome / length

chromosome 7 /
h ki= .
chromosome rami 1 sum of all sum of the lengths of
ROHs 28 chromosomes

The inbreeding coefficient according to ROH
data was calculated by the formula

FROH - LROH / L

Lgenome®
where L, — total length of ROH-sequences
in the genome of each hen; L, — cumulative
length of chicken autosomes covered by SNPs.
Genes located in ROH islands were identi-
fied using the Ensembl BioMart database [3].
The functions of genes in ROH islands were

determined based on the materials of scientif-

"Peripolli E., Munari D.P, Silva M.V.G.B., Lima A.L.F, Irgang R., Baldi F. Runs of homozygosity: current knowledge and
applications in livestock // Animal Genetics, 2016, vol. 48, N 3, pp. 255-271.

2Purcell S., Neale B., Todd-Brown K., Thomas L., Ferreira M.A.R., Brender D., Maller J., Sklar P, de Bakker P1.W., Daly M.J.,
Sham P.C. PLINK: A tool set for whole-genome association and population-based linkage analyses // American Journal of Human

Genetics, 2007, vol. 81, pp. 559-575.
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ic articles submitted to PubMed?® and Google
Academy*.

RESULTS AND DISCUSSION

General characterization of ROH sequenc-
es. As a result of ROH-scanning of the genome
of IP chickens, an average of 177 + 5 ROH-se-
quences were detected. Figure 1 shows the dis-
tribution of the ratio of the number of ROH se-
quences in a chicken to their total length. The
figure shows a shift in the number of chickens
with this indicator to higher values of ROH-se-
quence lengths, which indicates the predomi-
nance of an increased number of ROH-sequenc-
es in the genome of many chickens compared
to other individuals. Table 1 shows data on the
quantitative distribution of ROH sequences de-
pending on their length. Short sequences with
lengths from 0.25 to 2 m.bp (million nucleotide

190- . "

170- -

200 250 300 350

Number of ROH-sequences

Sum of the ROH sequences lengths, m.b.p.

Puc. 1. Pacnpenenenue kyp nopoasl UK no cootno-
MIEHUIO0 CYMMapHOU ITHHBI 1 urcity ROH-mocemo-
BaTEJIbHOCTEN

Fig. 1. Distribution of IP breed of chickens by the
ratio of total length and number of ROH-sequences

Ta6ua. 2. Panr xpomocom kyp nopoast UK

Tao6a. 1. Yucno ROH-nocnegoBaTensHOCTEH
U UX JI0JIA B IATHU KJIaccax AJuH y Kyp nopoast UK

Table 1. Number of ROH-sequences and their
proportion in five length classes in chickens
of the IP breed

Length class, | Number of ROH Share of ROH se-
m. b.p. sequences quences, %
0,252 2633 0,781

2-4 440 0,131
4-8 223 0,066
8-16 59 0,018
> 16 14 0,004

pairs) predominate, and long sequences (more
than 16 m.bp) are extremely rare. This distri-
bution is due to recombination of long homo-
zygous sequences resulting in their shortening.
Table 2 presents chromosome ranks that
characterize the density of the ROH-sequences
distribution in chromosomes. There is a tenden-
cy to a denser distribution of ROH-sequences in
chromosomes of intermediate size, starting from
chromosome 10, and in microchromosomes. It
is known that the recombination frequency in
microchromosomes is 2.8 times higher than in
macrochromosomes®, which should lead to the
gradual fragmentation of ROH-sequences into
the shorter ones. Thus, the increased frequency
of recombination in microchromosomes should
lead to their greater quantitative occupancy than
in macrochromosomes. Special attention should
be paid to chromosome 16, in which ROH-se-
quences are absent. This chromosome contains

Table 2. Chromosome rank of the IP breed chickens

Rank 3,459 2,987 2,937 2,751 2,471 2,236 2,074 2,014 1,901 1,883
Chromosome 25 23 22 27 28 17 24 14 18 21
Rank 1,878 1,809 1,668 1,620 1,484 1,454 1,416 1,400 1,229 1,181
Chromosome 19 20 11 15 12 26 9 10 6 13
Rank 1,154 1,115 1,041 0,882 0,880 0,879 0,800

Chromosome 7 8 5 1 2 4 3 16%*

*In chromosome 16, ROH sequences are absent.

*https://pubmed.ncbi.nlm.nih.gov/
*https://scholar.google.com/

SMegens H.J., Crooijmans R.P, Bastiaansen J.W., Hindrik H.H.D., Coster A., Jalving R., Vereijken A., Silva P, Muir W.M.,
Cheng H.H., Hanotte O., Groenen M.A.M. Comparison of linkage disequilibrium and haplotype diversity on macro- and
microchromosomes in chicken / BMC Genetics, 2009, vol. 10, Art. 86.
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genes responsible for immunity, including the
histocompatibility complex®. The alleles of
these genes tend to be heterozygous. Perhaps,
this fact explains the absence of ROH-sequenc-
es in this chromosome. The distribution of chro-
mosome ranks is normal (Shapiro-Wilk normal-
ity test at p = 0,05 confirms the normality of
distribution). However, chromosome 25 differs
from the mean chromosome rank value by 2.4
standard deviations and can be considered as a
pop-out value. Thus, in general, ROH sequenc-
es in the chromosomes of the chickens of the
IP breed tend to be more densely distributed in
microchromosomes.

The average inbreeding coefficient in chick-
ens calculated on the basis of ROH data was
0.30£0.01 (maximum value — 0.39, minimum —
0.19). Visually, the distribution of chickens ac-
cording to the value of inbreeding coefficient is
presented in Fig. 2. It shows the predominance
of chickens with inbreeding coefficient of 0.27—
0.35. Thus, there is a rather high inbreeding in
the population of IP chickens due to the breed-
ing of this breed of chickens.

Gene function in ROH islands. Three ROH
islands were detected in chromosome 1. The
first one is located in the area of 115442689
and 117794006 bp, found in 89% of chickens.
It contains three genes. The dystrophin gene
(DMD) is associated with feather pecking [4].
Its functions are related to the immune system,
circadian rhythm and food seeking behavior
[5]. The second gene, TGF-beta-activated ki-
nase (TAB3), is one of the genes responsible
for immunity to Salmonella and Campylobacter
[5]. The third gene interleukin 1 receptor auxil-
iary protein, similar to ILIRAPLI in local Chi-
nese chicken breeds, is associated with chicken
weight [6].

The second ROH island in the region of
118294809 and 118993016 bp is found in
89% of chickens and includes several genes.
The gene is a subunit of the zinc finger protein

FROH
035

0,30

0,25.

>

0,20-

Puc. 2. PactipeneneHre mIOTHOCTH ko3 duimeHTa
nHOpuaAKMHra Kyp opost MK

[IuprHa n300paXKeHUsT HA PUCYHKE BIIOJIb OCH X
COOTBETCTBYET YaCTOTE BCTPEUAEMOCTH JAHHOTO

3HadyeHus F .

Fig. 2. Distribution of the inbreeding coefficient
density of chickens of the IP breed

The image width along the X-axis in the picture
corresponds to the frequency of occurrence of

a given I, value

(ZFX) is a transcription activator [7]. Together
with other genes, ZFX modulates the growth of
stem cells — precursors of chronic myeloleu-
kemia in humans [8]. Replication of the NDV
virus that causes Newcastle disease depends
on the virus protein translation apparatus. The
eukaryotic translation initiation factor gamma
subunit 2 (EIF2S3) gene, located in this ROH
island, is the candidate gene for controlling vi-
ral replication. The study by A.P. Del Vesco et
al. [9] found that the expression of the genes
dependent on the EIF2S3 gene may contribute
to differential resistance to NDV, as well as to
the understanding of the interaction between
protein synthesis shutdown and virus control
in chickens. In Leghorn chickens, the EIF2S3,
apolipoprotein (APOO) and Kelch-like protein
15 (KLHL15) genes located in this ROH island
are candidate genes involved in meat pH forma-
tion’. The APOO gene was also associated with
egg production of hens [10, 11].

Other genes from this ROH locus are spermi-
dine/spermine N1 acetyltransferase 1 (S477), in
meat-type chickens involved in feed digestion®,
and the acyl-CoA thio esterase 9 (ACOT9) gene

*Miller M.M., Taylor R.L. Brief review of the chicken Major Histocompatibility Complex: the genes, their distribution on
chromosome 16, and their contributions to disease existence // Poultry Science, 2016, vol. 95, N 2, pp. 375-392.

'Li X., Liu X., Nadaf J., Bihan-Duval E.L., Berri C., Dunn I, Talbot R., De Koning D.J. Using targeted resequencing for
identification of candidate genes and SNPs for a QTL affecting the pH value of chicken meat // G3: Genes, Genomes, Genetics,

2015, vol. 5, N 10, pp. 2085-2089.
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affecting the pH of the breast muscle of chick-
ens’.

The third ROH island in the region of
149990492 and 150459263 bp is found in 94%
of chickens. The SLITRK6 gene is located in
this region. It is known to be associated with a
genetic nervous disorder called Tourette's syn-
drome. Its differential expression in the brain
cortex of Luxi fighting roosters has been found,
which may be responsible for their aggressive-
ness [12].

In chromosome 5 in the region of 31004853
and 31434045 bp, there is a ROH island, which
is found in 94% of chickens. It contains a nu-
clease interacting nuclease 1 (CDINI). This
gene has been associated with the adaptation of
chickens to tropical habitats [13].

The SNP in chromosome 14 (GGalu-
GA102488) is homozygous in 89% of chickens.
It is located in the NDEI gene, which encodes
a scaffold protein important for brain develop-
ment. The key role of this gene in the protection
of heterochromatin in the nuclei of neuronal
cells has been established [14]. Ndel protein
belongs to highly conserved proteins that play
an important role in dynein-controlled transport
of intracellular components in growing neurons
[15].

CONCLUSION

Thus, an average of 177 + 5 ROH-sequenc-
es were detected in chickens of the IP breed.
Sequences with the length of 0.25-2 m.bp.
ROH-sequences with the length of more than
8 m.bp., indicating recent inbreeding, are rare
(their share is 2.2%). In general, the density of
ROH-sequences is higher in chicken micro-
chromosomes.

ROH-sequences are distributed unevenly in
chromosomes. ROH-sequences are absent in
chromosome 16, which may indicate increased
heterozygosity of gene alleles in it. The average
inbreeding coefficient in chickens was found
to be 0.30 £ 0.01. ROH islands were found in

chromosomes 1, 5 and 14. They contain the
genes responsible for immunity and behavior
(DMD), immunity to Salmonella and Campylo-
bacter (T4B3), resistance to Newcastle disease
(EIF2S3), egg production (4P0O0), feed diges-
tion (SATI), aggressiveness of Luxi roosters
(SLITRK®6), adaptation of chickens to tropical
habitats (CDINI), and transport of intracellular
components in growing brain neurons (NDET).
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Mukpo0Hn0J10ru4ecKoe u reHeTH4eCKoe THIMHPOBAHUE ATUITHYHBIX
MHUKOOAKTepUil, BLIABJICHHBIX HA TeppuTopun HoBocudupckoi odsiactu

CXDUonuna C.B.!, lonuenko A.C.!, I'yceabnukoBa E.I1.2, TopneeBa E.N.?

'Cubupcruii ghedepanvuviil Hayunsiil yenmp azpodouomexnonocutl Poccutickotl akademuu Hayk
Hosocubupckas oonacts, p.im. KpacHooOck, Poccus

2Hosocubupckutl HayuHo-uccie008amenbCKull UHCmunym myoepkyiesa

Munucmepcmea 30pasooxpanenust Poccutickoii @edepayuu

HoBocubupck, Poccus

(C<XDe-mail: labtub@mail.ru

s u3onsuy Bo3OyauTens TyOepKyle3a, MUKPOOHOIOTUIECKOTO U TeHETHYECKOTO THITHPOBAHUS
BBIJICJICHHBIX KYJIBTYP aTUIHYHBIX MHKOOAKTepHil uccienoBanbl 219 nmpo6 Omonormueckoro mare-
prana )KHBOTHBIX M 54 mpoObl 0OBEKTOB BHEIIHEH CPEIBI ¢ TEPPUTOPUH X035HCcTB HoBOCHOMpCKOM
oOacTu, OJaromoIyyHBIX MO TYOEpKYJIe3y KPYITHOTO pOraToro CKoTa. MHUKpoOWomornveckas amua-
THOCTHKA BKJIIOYala KyJIbTYPajbHBIH METOJ, OMOXMMUYECKHE TECThl U OCTAHOBKY OMOJIOTHYECKOH
poOk1. [Ipu 06paboTke OmoMaTepuana >KUBOTHBIX BhIZIEICHO S50 KyIbTyp, B3 00bEKTOB BHEITHEH cpe-
16l — 20. BeizieneHHbIe KyIbTYphl HA OCHOBE MX KYJIBTYpajJbHO-MOP(OIOTHUSCKUX CBOWCTB U OaKTe-
PHOCKOITUK OTHECEHBI K MUKOOakTepusiM. [1o OMOXMMUUECKUM XapaKTepucTHKaM u3 70 W3y4eHHBIX
KynsTyp 27 nzonaros (38,6%) npuHAIeKATH K aTHITUYHBIM MUKOOAKTEPHSIM Pa3IMdHbIX BUAOB. 13
HuX 26 KyasTyp (96,3%) otHecens! k 11l rpymnme, 1 kynbrypa (3,7%) — x IV rpynme cornacHo kiaccu-
¢ukaunn Panpona. OcyliecTBieHa MOCTAaHOBKA OMOIOTHYECKOH MPOObI HHUIIMPOBAHUEM HEJTHHEH-
HBIX OCNbIX MBIIIEH CyCreH3usMu 27 HAeHTH(PHUINPOBAHHBIX KYJIBTYp aTHIMYHBIX MHUKOOAKTEPHil.
[Ipu BCKPBITHU U MATONOT0-aHATOMHYECKOM M3YYCHUHU JTa0OPaTOPHBIX )KUBOTHBIX XapaKTEePHBIS LIS
TyOepKyJie3a U3MEHEHHUS] BO BHYTPEHHHX OpTraHax He OOHapy)KEHbI, UTO TOJITBEPIKIACT MPUHAIIICHK-
HOCTH HCCIIETYEMBIX KYIBTYP K aTHITUYHBIM MUKOOAKTEpHsM. B pe3ynbsraTe MONeKyIspHOI crucTtemMa-
TU3AIM{ U30JIMPOBAHHBIX KYJIBTYp yCTaHOBIEHO Hannuue Mycobacterium avium (20 xynsryp, 74%),
M. nonchromogenicum (5 xkynwryp, 18,5%), M. intracellulare (1 xynwrypa, 3,7%) u M. fortuitum
(1 xymsrypa, 3,7%). Takum oOpa3zom, MO UTOTaM KOMIUIEKCHOTO M3ydeHHUs 70 KynbTyp aTHIHUYHBIX
MUKOOAKTepUii, U30JUPOBAHHBIX M3 OMOMaTepuaia KUBOTHBIX U OOBEKTOB BHEIIHEW CPEIbl C Tep-
putopun xo3siictB HoBocuOupckoit obnactu, 61aronoiyyHsix 0o TyOepKyse3y KpyImHOTO poraroro
CKOTa, BBISBIIN 27 W30JATOB, MIPUHAIICKAIMNX K aTUMTHIHBIM MuKoOakTepusM 111 u IV rpymm co-
raccHo kinaccudukanuu Parpona. Ha ocHOBe TUTTHPOBaHUS yCTaHOBIICHO, YTO BEYIIYEO POJIb CPEIH
WACHTHU(QHUIMPOBAHHBIX MMaTOT€HOB 3aHUMAIOT aTUNH4YHble MukoOaktepuu Il rpynmbl, B yacTHOCTH
M. avium. DTHOIOTHIO HECTIENN(PUISCKUX TYOSPKYITMHOBBIX PeaKIIUi B O61aromoOIyIHBIX TI0 TYOepKy-
Jie3y CTajiaX KPYIMHOTO POraToro CKOTa MOYKHO OOBSICHUTH M30JISIIIHEH 13 00bEKTOB BHEIIHEW CPe/bl U
MEPCUCTUPOBAHNEM B OPraHU3ME 3I0POBBIX JKUBOTHBIX aTUIIMYHBIX MUKOOaKkTepuii Tyoepkynesa I11 u
IV rpymm cornmacho knaccudukanuy Panbona.

KuaroueBsie ciioBa: TyOepKysie3, MUKOOAKTEpHUH, MUKPOOHOIOTHUECKask XapaKTePUCTHKA, MOJIEKY-
JSIPHO-OMOJIOTHYECKOE TUITUPOBAHNE

Microbiological and genetic typing of atypical mycobacteria identified
in the Novosibirsk region

(>DTIonina S.V.!, Donchenko A.S.!, Guselnikova E.P.2, Gordeeva E.I.?

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

2Novosibirsk Tuberculosis Research Institute of the Ministry of Health of the Russian Federation

Novosibirsk, Russia
(XDe-mail: labtub@mail.ru

219 samples of biological material from animals and 54 samples of environmental objects from
farms in the Novosibirsk region, which are free from bovine tuberculosis, were examined for isolation
of the tuberculosis pathogen, microbiological and genetic typing of isolated cultures of atypical
mycobacteria. Microbiologic diagnosis included culture method, biochemical tests and biological
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identified in the Novosibirsk region

assay. During the treatment of animal biomaterial 50 cultures were isolated, and 20 cultures were isolated
from the environmental objects. The isolated cultures were classified as mycobacteria on the basis of
their culture and morphological properties and bacterioscopy. According to biochemical characteristics,
out of 70 cultures studied, 27 isolates (38.6%) belonged to atypical mycobacteria of different species.
Of these, 26 cultures (96.3%) were categorized as Group III and 1 culture (3.7%) as Group IV according
to Runyon's classification. Next, a biological assay was performed by infecting nonlinear white mice
with suspensions of 27 identified cultures of atypical mycobacteria. At autopsy and pathological-
anatomical study of laboratory animals, changes in internal organs characteristic for tuberculosis were
not found, which confirms that the cultures under study belong to atypical mycobacteria. Molecular
systematization of the isolated cultures revealed the presence of Mycobacterium avium (20 cultures, 74%),
M. nonchromogenicum (5 cultures, 18.5%), M. intracellulare (1 culture, 3.7%) and M. fortuitum (1 culture,
3.7%). Thus, based on the results of a comprehensive study of 70 cultures of atypical mycobacteria isolated
from animal biomaterial and environmental objects from the territory of farms in the Novosibirsk region,
free from bovine tuberculosis, 27 isolates belonging to atypical mycobacteria of groups III and IV were
identified according to Runyon’s classification. On the basis of typing, it was found that the leading role
among the identified pathogens is occupied by atypical mycobacteria of group 11, in particular M. avium.
The etiology of nonspecific tuberculin reactions in tuberculosis-free herds of cattle can be explained by
the isolation of atypical Mycobacterium tuberculosis groups Il and I'V according to Runyon classification
from environmental objects and their persistence in the organism of healthy animals.

Keywords: tuberculosis, mycobacteria, microbiological characteristics, molecular biological

typing
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INTRODUCTION the environment that are not part of the M. tu-
berculosis complex but are opportunistic patho-
gens for domestic and wild animals [3]. Because
of their ecological nature, atypical mycobacte-

ria are widespread throughout the world and

The genus Mycobacterium contains 259 spe-
cies and 24 established subspecies, including
both atypical (including saprophytes) and ex-
pressed pathogens [1, 2]. Some of them (e.g.,

M. bovis and M. tuberculosis) are considered to
be the most significant and widespread patho-
gens causing tuberculosis in cattle and humans
in veterinary practice. However, it has been es-
tablished that certain species of atypical myco-
bacteria can cause mycobacterial infections in
laboratory and farm animals. In addition, they
pose one of the major problems in conducting
lifetime and postmortem diagnosis of tubercu-
losis in herds when examined by tuberculin (in-
tradermal) sampling.

Atypical mycobacteria are more than 20 spe-
cies of acid-fast bacteria widely distributed in

have been isolated from a variety of sources, in-
cluding water, feed, soil and dust. In some cas-
es, usually associated with immunosuppressive
processes, they can infect animals and humans
and act as opportunistic microorganisms. Atyp-
ical mycobacteria are highly adaptive and can
remain viable in environmental objects for long
periods of time, even under unfavorable condi-
tions, resulting from a combination of several
biological features related to their exceptional
hydrophobic and lipid-rich impermeable cell
wall, biofilm phenotype, and widespread sym-
biosis with protozoa. The basic metabolism of
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this mycobacterial species allows them to adapt
to changing conditions, making them less sus-
ceptible to TB drugs and disinfectants, as well
as to anaerobiosis, starvation, low pH, and high
temperatures [4].

Animals infected with atypical mycobacte-
ria often have nonspecific tuberculin reactions
because such saprophytic mycobacteria cause
immune reorganization of the organism. In ad-
dition, pronounced single macroscopic lesions
found in the internal organs of animals are
sometimes indistinguishable from the changes
caused by M. bovis and, in many cases, M. tuber-
culosis. As a consequence, in veterinary prac-
tice, atypical mycobacteria complicate the diag-
nosis of tuberculosis during intradermal testing
in cattle, can cause misinterpretation of the test
results, which leads to economic losses due to
unjustified slaughter of tuberculin-responsive
animals. The initial lack of scientific knowledge
about the clinical and epizootic significance of
atypical mycobacteria led to their disregarding
for many years, even when describing cases of
granulomatous lesions in the internal organs of
animals. Therefore, information on infections
caused by atypical mycobacteria (mycobacte-
riosis) in animals is currently of great impor-
tance, as it is associated with a wide range of
diseases and false positive tuberculin reactions
[4]. At the same time, active surveillance for the
detection of atypical mycobacteria is not always
foreseen and is much less mandatory in the con-
trol of farm animal health. In some cases, this
leads to premature slaughter of healthy produc-
tive livestock, thus causing significant econom-
ic damage, which is associated with the loss of
litter, milk, meat and other agricultural products
[5-10].

The main methods to confirm the presence of
Mycobacterium tuberculosis in internal organs
and lymph nodes of animals are standard lab-

oratory tests: bacterioscopy, culture, biochem-
ical and biological tests for pathogen isolation
and identification. A number of methodological
problems, including the long incubation time of
mycobacteria, require the development of more
sensitive, reliable and rapid methods, such as
molecular genetic studies, which should be used
in the comprehensive diagnosis of tuberculosis
and contribute to the effective detection of my-
cobacteria. [11, 12].

The purpose of the study is complex micro-
biological and genetic identification of atypical
mycobacteria isolated from biological material
of the animals and environmental objects on the
territory of different districts of the Novosibirsk
region.

MATERIAL AND METHODS

Microbiological studies of animal biomate-
rial and environmental samples from various
sources were conducted in the laboratory of
tuberculosis of farm animals of the Institute of
Experimental Veterinary Science of Siberia and
the Far East (IEVSS&FE SFSCA RAS) by cul-
ture method, biochemical tests and biological
assay.

The culture method consisted of pre-sow-
ing treatment of biomaterial according to the
method of A.P. Alikaeva and sowing of the ob-
tained sediment on the Lowenstein-Jensen and
Finn II egg nutrient media, direct microscopy
of the smears from isolated cultures stained
by Ziel-Nielsen staining according to GOST
26072-89 (ST SEV 3457-81)" 2. Biochemical
tests included determination of the presence of
colony growth of atypical cultures at 22; 37 and
42 °C, formation or absence of pigment, resis-
tance of the cultures to sodium salicylic acid and
5% NaCl, hydrolysis of tween 80, nitrate reduc-
tion, determination of arylsulfatase and amidase
activity>*[13]. Differentiation of the cultures by

!GOST 26072-89 (ST SEV 3457-81). Agricultural animals and poultry. Methods of laboratory diagnostics of tuberculosis. Mos-

cow: Publishing house of standards, 1989, 14 p.

“Laboratory diagnosis of tuberculosis: method. recommendations / compiled by: B.Y. Khaykin, N.M. Kolychev, N.S. Boganets,

L.M. Karimova. Omsk, 1988, 68 p.

3Methodical instructions for conducting studies in mycobacteriosis of animals. Moscow: Publishing house VIEV, 2012, 85 p.
‘Zykov M.P, Ilyina T.B. Potentially pathogenic mycobacteria and laboratory diagnosis of mycobacterioses. Moscow: Medicine,

1978, 161 p.
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cultural, morphological and biochemical prop-
erties was carried out according to “Bergey's
Bacterial Identifier” (2000) and GOST 27318-
87 (ST SEV 5627-86)°. The biological method
of research was carried out by infecting nonlin-
ear white mice (average weight 23 g) with sus-
pensions of the studied mycobacteria containing
1 mg of bacterial mass of the pathogen cultures
dissolved in 1 ml of physiological solution. Sus-
pensions were administered intraperitoneally by
1 ml. Laboratory animals were euthanized af-
ter 30 days with autopsy and determination of
pathological and anatomical changes in internal
organs. Experiments on experimental animals
were performed in accordance with the “Guide-
lines for Laboratory Animals and Alternative
Models in Biomedical Technologies™ and “Di-
rective 2010/63/EU of the European Parliament
and of the Council of the European Union on
the protection of animals used for scientific pur-
poses 7.

Molecular biological identification of field
isolates of atypical mycobacteria obtained from
the Laboratory of Tuberculosis of Farm Ani-
mals of the IEVSS&FE SFSCA RAS was car-
ried out in the bacteriological laboratory of the
FSBI “Novosibirsk Research Institute of Tuber-
culosis ” of the Ministry of Health of Russia:
mass spectrometrically — on a Microflex MAL-
DI-TOF device (Bruker, Germany), molecular-
ly and genetically — by hybridization method
on a microchip test-system MIKO-BIOCHIP
(Engelhardt Institute of Molecular Biology of
the Russian Academy of Sciences).

RESULTS AND DISCUSSION

Laboratory studies were conducted in 2021—
2024. Animal biomaterial and environmental
samples for isolation and identification of my-
cobacteria were taken from the territory of bo-
vine tuberculosis-free farms in the Ordynsky,

Karasuksky, Krasnozersky, Kochkovsky, Dovo-
lensky, Zdvinsky and Vengerovsky districts of
the Novosibirsk Region.

A total of 219 samples of biomaterial (lymph
nodes of cattle and pigs, lungs and sections of
small intestine of cattle, internal organs of pi-
geons from livestock farms) were examined.
From the total number of these samples 50 cul-
tures were isolated. 20 cultures were isolated
during processing of 54 environmental samples
(water from various sources, manure, soil from
pastures and grazing areas, fodder (silage, straw
and haylage)).

Direct bacterioscopy of smears of the iden-
tified cultures, stained by Ziel-Nielsen staining,
showed the presence of thickened short red ac-
1d-fast granular bacilli, indicating that they be-
longed to Mycobacterium tuberculosis. Out of
70 mycobacteria obtained, 27 cultures (38.6%)
were attributed to atypical mycobacteria of dif-
ferent species on the basis of culture-morpho-
logical and biochemical properties. At the same
time, 26 cultures (96.3%) out of 27 had the fol-
lowing general characteristics: the beginning of
growth from biomaterial (lymph nodes of cattle
and pigs, lungs and sections of small intestine of
cattle) on the 14-19th day; medium-sized colo-
nies of mucous and rough consistency (S and R
shapes) of light beige color, merged with each
other; absence of pigment formation.

Colonies grew at 22 and 37 °C, while growth
was absent or weak at 42 °C. The cultures were
resistant to Na salicylate and unstable to 5%
NaCl. Hydrolysis of Tween 80 was observed on
day 9-11. Arylsulfatase activity of the isolated
colonies was weak to positive. Amidase activity
is positive, nitrate reduction varies from nega-
tive to weakly expressed. The obtained results
indicate that these cultures belong to atypical
mycobacteria of group III according to Run-
yon's classification.

During the study of 1 culture (3.7%) of

SGOST 27318-87 (ST SEV 5627-86). Agricultural animals. Methods of identification of atypical mycobacteria. Moscow:

Publishing House of Standards, 1987, 16 p.

®Manual on laboratory animals and alternative models in biomedical technologies: textbook / edited by N.N. Karkishchenko, S.V.

Grachev. Moscow, 2010, 358 p.

"Directive 2010/63/EU of the European Parliament and of the Council of the European Union on the protection of animals used

for scientific purposes. St. Petersburg, 2012, 50 p.
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27 nontuberculous mycobacteria, its primary
growth from biomaterial (internal organs of pi-
geons from the territory of the farms) was re-
corded on the 30th day in the form of small col-
onies of mucous consistency (S form) of beige
color, separate from each other and merged with
each other in the form of a solid plaque with the
formation of pigment in the dark. At 22 and 37
°C, abundant growth of colonies was observed;
at 42 °C, the growth was scanty. The culture
is resistant to Na salicylate and 5% NaCl. Hy-
drolysis of Tween 80 on day 10. Arylsulfatase,
amidase activity and nitrate reduction were
positive. Identification features of this culture
indicate that it belongs to group IV of atypical
mycobacteria according to the Runyon classifi-
cation.

After the biological test on nonlinear white
mice with inoculation of suspensions of the
studied cultures, pathologoanatomical examina-
tion of the laboratory animals revealed a slight
enlargement of the lungs, liver and spleen with
the presence of single purulent foci in the liver
and spleen.

Molecular biological identification of 27 cul-
tures of atypical mycobacteria revealed the pre-
dominance of M. avium - 20 cultures, 74.0% of
the total number of the studied isolates. Such
species of atypical mycobacteria as M. non-
chromogenicum (5 cultures, 18.5%), M. intra-
cellulare (1 culture, 3.7%) and M. fortuitum
(1 culture, 3.7%) were also identified (see the
Figure). The distribution of typical species of
atypical mycobacteria on the territory of bovine
tuberculosis-free farms in different districts of
the Novosibirsk Region is presented in the table
below.

CONCLUSION

Cultural and morphological methods of in-
vestigation of 70 field cultures isolated from
219 samples of animal biomaterial and 54 sam-
ples of environmental objects on the territory of
bovine tuberculosis-free districts of the Novosi-
birsk Region revealed their identity with Myco-
bacterium tuberculosis.

Biochemical tests showed that 27 cultures
(38.6%) belonged to atypical mycobacteria of
groups III (26 cultures, 96.3%) and IV (1 cul-
ture, 3.7%) according to the Runyon classi-
fication. The biological test with infection of
nonlinear white mice with cultures of atypical
mycobacteria and the subsequent pathologoana-
tomical study of internal organs of laboratory
animals confirmed that these cultures belonged
to atypical mycobacteria.

Molecular-biological typing made it pos-
sible to carry out their most detailed identifi-
cation and to distinguish among the identified
cultures such mycobacterial species as M. avi-
um, M. nonchromogenicum, M. intracellulare
and M. fortuitum. The leading role of M. avium
(74%), belonging to group III according to the
Runyon classification, was established. Based
on the conducted scientific studies, it is possible
to explain the etiology of nonspecific tuberculin
reactions in bovine herds free from tuberculo-
sis by isolation from environmental objects and
persistence in the body of healthy animals of
atypical Mycobacterium tuberculosis of groups
IIT and IV according to Runyon's classification.

Pacripoctpanenue aTUMAYHBIX MUKOOAKTEPU HA
TeppuTopuu paiionoB HoBocubupckoii obnactu
Distribution of atypical mycobacteria in various
areas of the Novosibirsk region

300TEXHUS U BETEPUHAPHS

Species
District M. avi- M. non- M. intra- | M. for-
um chr(?mo- cellulare | tuitum
genicum
Ordynsky 8 1 1 -
Karasuksky 4 - - -
Krasnozersky 2 - - 1
Vengerovsky 1 - - -
Zdvinsky - 1 - -
Kochkovsky 1 2 - -
Dovolensky 1 1 - -
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3.7%

3.7%

B M avium
B M. nonchromogenicum
B M. intracellulare

M. fortuitum

BuioBoli cocTaB aTUMUYHBIX MUKOOAKTEPUH, BbIIC-
JICHHBIX Ha Teppuropur HoBocuOupckoit odonactu

Species composition of atypical mycobacteria
isolated in the Novosibirsk region
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MHoroMepHbIi aHAJIU3 MOP(POJTOrHYeCKONM U3MEHYUBOCTH MCXOHOI0

CTaJla BHYTPUIIOPOAHOIO0 THIIA capOosiHckoro kapua (Cyprinus carpio L.)

Esmceena E.A.!, PazokoB H.H.!, CX)Mopy3u U.B.!, Kosasnesa B.10.%, Epumos B.M.?
'Hosocubupckuil 20cy0apcmeenHblil acpapHblil YHUepcumen

HoBocubupck, Poccus

2Unemumym cucmemamuru u 9Kkono2uu dcueomuvix Cubupckoeo omoeneHus
Poccuiickoii akademuu nayx

HoBocubupck, Poccus

(C<De-mail: Irina.moruzi@yandex.ru

[Ipencrasien ananu3 MOPQPOIOTHIECKON N3MEHIHBOCTH UCXOAHOTO CTa1a BHYTPUIIOPOAHOTO THITA
capOosiackuii kapi (Cyprinus carpio L.) METOIOM INIaBHBIX KOMITIOHEHT. McclieioBaHUS MPOBEICHBI B
2022, 2023 rr. B HoBocubupckoii oomactu. Ctago capOOsSHCKOTO Kapra (CaMIilbl U CaMKH) U3 PhIOOBO-
JTHOTO XO3SIICTBA M3yY€HO 110 BOCKMH OOHUTHPOBOYHBIM MIPOMEPaM: Macce Tela, aOCONIOTHOH UTHHE
Tena, JUInHE Tena 06e3 XBOCTOBOTO IIaBHUKA, HANOOJbIEH BhICOTE, MMpUHE U 00xBary. [IpoBenen
CPaBHUTENBHBIN aHAIH3 0COOEHHOCTEH TEeIOCIOKEHNS CapOOSHCKOTO Kapria, IPUHAIJISKAIIETo K de-
teipeM rarmiotunam (H1, H15, H16, H17). MopdoMeTpuueckure pu3Haky capOosTHCKOTo Kapria o0pa-
0OTaHbI IPU MOMOIIH METO/Ia TIIABHBIX KOMIIOHEHT. YCTAHOBJICHO, YTO ITOJIOBOM AUMOP(H3M OTMEUCH
0 MPU3HAKY OOIIMX pa3MepoB: CaMKU UMEIOT OoJiee KpyIHbIE pa3Mephl, ueM caMilbl. B u3ydaemom
CTajie phI0 YCTAaHOBJICHA TEHACHITUS K pa3nuanio Mexay ramorunamMu H1 u H16. Oco6u B rammoTu-
e H1 oTHOCcHTENnsHO Oo0Jiee TOJICTOTENbIE W KOPOTKHE 10 cpaBHeHUIO ¢ H16. B cTpykType maHHBIX
MMeeTCs TpymIa pbl0 ¢ HEM3BECTHBIMH TaIlUIOTHITAMHU, BCE OHU JIEMOHCTPUPYIOT CABHUTI B HalpaBJe-
HUU TPEThe KOMIIOHEHTHI OTHOCHTENhHO H1, T.e. MMeIoT OoJiee BBICOKYIO CIIMHY W MEHBIIYIO TOJ-
IMHY Teia. [annoTUnueckux pa3jinyuil He BBISBICHO B KOMIIOHEHTE, MOKA3bIBAKOIICH OUCBUIHYIO
00paTHYIO 3aBUCHMOCTD MPHU3HAKA UIMHBI TOJIOBBI, JUTMHBI TEJIa U a0CONOTHOMN AJTHHBI peIObl. MHO-
TOMEPHBIH aHanu3 MOP(OIOrHUECKON N3MEHYMBOCTH TaKXKe ITOKa3all, YTO pacrpeliesieHre ocooeil B
TpexmepHoM npocTtparcTBe PC2 — PC3 — PC4, cBoOOIHOM OT pa3MepHO-BO3PACTHON M3MEHIMBOCTH,
MTO3BOJISIET TIPEIBAPUTEIHFHO 0TOOPATh AJIsl AalTbHEHIIIEro BOCIIPOMU3BOICTBA PHIO ¢ TpeOyeMBIMHU TIPO-
MTOPIUSMHU MOP(OIOTHUECKUAX MPU3HAKOB.

KuaroueBbie c1oBa: capOOSHCKUIN KapIl, TaIUIOTHITE, OOHUTUPOBOYHBIE TIPOMEPHI, METOJ TJIABHBIX
KOMITOHEHT

Multivariate analysis of morphological variability of the initial stock
intrabreed type of Sarboyan carp (Cyprinus Carpio L.)

Eliseeva E.A.!, Razokov N.N.', X)Moruzi L.V.!, Kovaleva V.Y.2, Efimov V.M.2
'Novosibirsk State Agrarian University

Novosibirsk, Russia

Institute of Systematics and Ecology of Animals of the Siberian Branch

of the Russian Academy of Sciences

Novosibirsk, Russia

(<De-mail: Irina.moruzi@yandex.ru

The analysis of morphological variability of the initial stock within the breed type Sarboyan carp

(Cyprinus carpio L.) by the principal component method is presented. The research was conducted
in 2022, 2023 in the Novosibirsk region. The Sarboyan carp stock (males and females) from the fish
breeding farm was studied according to eight valuation measurements: body weight, absolute body
length, body length without tail fin, maximum height, width and girth. A comparative analysis of the
body features of the Sarboyan carp belonging to four haplotypes (H1, H15, H16, H17) was carried
out. The morphometric features of the Sarboyan carp were processed using principal component
method. It was found that sexual dimorphism was noted on the basis of total size: females have larger
sizes than males. In the fish stock under study, a trend towards the difference between H1 and H16
haplotypes was established. The individuals in the H1 haplotype are relatively thicker and shorter
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Multivariate analysis of morphological variability of the initial stock
intrabreed type of Sarboyan carp (Cyprinus Carpio L.)

Eliseeva E.A., Razokov N.N., Moruzi I.V.,
Kovaleva V.Yu., Efimov V.M.

compared to H16. There is a group of fish with unknown haplotypes in the data structure, all of which
show a shift towards the third component relative to H1, i.e. they have a higher back and smaller
body thickness. No haplotypic differences were found in the component showing an apparent inverse
relationship between head length trait, body length and absolute fish length. Multivariate analysis of
morphological variability also showed that distribution of the individuals in the three-dimensional
space PC2-PC3-PC4, free from size-age variability, allows pre-selection of fish with the required
proportions of morphological features for further reproduction.
Keywords: Sarboyan carp, haplotypes, bonification measurements, principal component method
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INTRODUCTION

In Russia, the main object of pond fish farm-
ing is carp (Cyprinus carpio L.) [1, 2]. Cur-
rently, there are more than 50 different breeds,
forms and varieties of carp, each of which has
different characteristics, such as productivity,
size, weight and scale covering [3, 4]. The most
common carp breeds in commercial fish farm-
ing in the Novosibirsk region are the Sarboyan
and the Altai mirror carp breeds [5].

The Sarboyan breed was created by a com-
plex crossing of unbred mirror carps with the
Amur carp and the Ropshinsky carp by V.A.
Korovin and A.S. Zybin'. This breed is bred
specifically for harsh climatic conditions of Si-
beria. It is characterized by increased fecundity,
cold tolerance, including the ability to feed and
reproduce at low temperatures. Depending on
the proportion of blood on the Amur carp, there
were three zonal types within the breed: Omsk,
northern and steppe®. From 1990 to 2005 carps
of the steppe and Omsk types disappeared. The

descendants of the northern type of the Sarboy-
an carp are preserved in the Moshkovsky dis-
trict of the Novosibirsk region in the fish farm
“ECO-PARK” [6].

One of the most common methods of multi-
variate statistical analysis is the method of prin-
cipal components [7]. This method allows re-
ducing the number of correlated variables in the
statistical matrix and reducing losses from the
obtained information [8]. Recently, this method
has been widely used in monitoring studies in
agriculture, including fish farming [9-15].

The purpose of the study was to analyze the
morphological variability of the initial herd
of the inbreed type Sarboyan carp (Cyprinus
carpio L.) using the principal component meth-
od.

MATERIAL AND METHODS

The object of the study were females and
males of the Sarboyan carp of the fish farm
000 “ECO-PARK”, Moshkovsky District, No-

'Author's certificate No. 4317. Sarboyan carp / V.A. Korovin, A.S. Zybin; applicant SibNIIPTIZh SB VASKhNIL; applied
18.01.1985; published 25.03.1987; entered in the State Register of Breeding Achievements Allowed for Use. Animal Breeds (2001)

under No. 9357412 in 1993.

2Korovin V.A. Breeding methods and current state of the Sarboyan carp breed // Fish breeding. Moscow: Agropromizdat, 1989,

pp. 195-210.
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MHOroMepHsIil aHaan3 MOP(OIOTHIECKOH H3MEHIHBOCTH
HCXO/IHOTO CTajia BHYTPHIIOPOIHOTO THIIA CapOOSTHCKOro Kapra
(Cyprinus carpio L.)

Enuceesa E.A., Pazokos H.H., Mopy3u 11.B.,
Kogasesa B.1O., Epumos B.M.

vosibirsk Region. Biological material for the
study was collected while alive. A fragment of
the dorsal fin measuring 15-20 mm was cut off
and fixed in 96% ethyl alcohol at the sites of
the material collection. The studied individuals
were chipped.

The morphological analysis was carried out
according to the method of I.F. Pravdin (1966)°
using the scheme of measurements of carp fish-
es by L.S. Berg (1948)*. The following measure-
ments were chosen for selection: fish weight
(Q), body length (/), absolute body length (L),
head length (C), back height (H), girth (V) and
body thickness (B).

The initial data were processed using the sta-
tistical packages PAST4°, Jacobi4 [12], Micro-
soft Office Excel 2007 and the statistical pro-
gramming language of the data analysis envi-
ronment RStudio (1.2.5033).

Morphometric features of the Sarboyan carp
were processed using the principal component
analysis (PCA)° method. This method solves the
following problem: to find the direction along
which the maximum dispersion of the object
“cloud” projection is achieved. The principal
component method searches for the entire set
of directions that preserves information about
the cloud and has one additional property: if the
directions are ordered by the magnitude of vari-
ability, the total variance of any number of the
first components is maximized. The main com-
ponents do not correlate with each other by con-
struction, so the variability of any of the compo-
nents does not manifest itself in the rest. From
the geometrical point of view, the transition to
new features means only a rotation of the whole
“cloud” in space without changing the distances
and mutual location of the objects, so the infor-
mation is neither added nor disappeared. Each
new feature is a linear combination of the initial

ones. The opposite is also true: each old feature
is a linear combination of the new ones, which
emphasizes the preservation of the original in-
formation during these transformations.

In the case of morphometric traits, the
“cloud” of objects, as a rule, has an ellipse-like
shape, and the first component always rep-
resents the total dimensions, since almost all or
even all traits give a contribution of the same
sign, often close in magnitude’. However, since
it involves many traits, these “new” dimensions
are defined more reliably and universally than
if only one of them, such as body length, were
used. In the second and subsequent components,
significant in terms of dispersion, the contribu-
tions of the traits reflect proportions (or in other
terminology - indices), which do not depend on
the size-age component of the traits, since this
variability has already been “taken over” by the
first main component. Given that the first com-
ponent “removes” the size variability, and the
main contribution to the second and subsequent
components is made by the traits on which se-
lection was made, it is reasonable to believe that
the variability in these components reflects the
differences between individuals, largely due to
hereditary factors, i.e., differences in the genet-
ic programs of development of the individuals
(see footnote 6).

RESULTS AND DISCUSSION

Previously, we investigated phylogenetic
relationships between the modern breeds, sub-
species, and species of the genus Cyprinus by
the method of constructing a median haplotype
network based on the nucleotide sequences of
the COX1 mtDNA gene [6]. It is shown that the
herd of Sarboyan carp bred in the Moshkovsky
district in the farm of OOO “ECO-PARK” con-
tains four haplotypes (H1, H15, H16, H17).

3Pravdin LF. Guide to the study of fish. Moscow: Pischepromizdat, 1966, 365 p.
‘Berg L.S. Fish of fresh waters of the USSR and the neighboring countries. Part 1, MOSCOW: AS SSSR, 1948, 467 p.
SHammer O., Harper D., Ryan P. PAST: Paleontological Statistics Software Package for Education and Data Analysis //Palacon-

tologia Electronica, 2001, vol. 4, pp. 1-9.

*Pearson K. On lines and planes of closest fit to systems of points in space // The London, Edinburgh and Dublin Philosophical
Magazine and Journal of Science, 1901, vol. 2, N 11, pp. 559-572. DOI: 10.1080/14786440109462720.

"Polunin D., Shtaiger I, Efimov V. JACOBI4 software for multivariate analysis of biological data // BiOrxiv, 2019, p. 803684.

DOI: 10.1101/803684.
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Haplotypes H1 and H16 are the most numerous
in the studied herd of fish. It should be noted
that this study of morphometric variability did
not include all individuals from the above-men-
tioned work, but only 56 exemplars.

We measured exterior parameters of the Sar-
boyan carp in sexually mature individuals in
haplotypes. Average values of exterior param-
eters of sexually mature individuals of different
haplotypes are given in Table 1.

Individuals of haplotype H1 outperformed
the individuals of other haplotypes in body
weight, absolute length, body length, body
thickness, and head length.

The component analysis of morphological
variability showed the following results. The
first four main components include 96.14%
of the total variance of morphometric traits of
the sample, so their consideration can be just
enough.

The maximum dispersion (75.16%) corre-
sponds to the first principal component (PC1).
It is formed by positive contributions of all mor-
phometric traits and reflects the size-age vari-
ability of the Sarboyan carp sample. Fig. 1, a
shows that the total size of individuals increases
in accordance with age, the maximum disper-
sion on this component is observed in 7-year-
old individuals. Sexual dimorphism was noted
in terms of total size: females have larger sizes
than males (see Fig. 1, 6). At the same time, no
differences in total size were observed among
the individuals of different haplotypic groups
(see Fig. 1, g).

The second principal component, free of size-
age variability, accounts for 9.02% of the total

Ta6a. 2. Koaddurmentsr koppemnsiuu (x1000)
r1aBHBIX KoMItoHeHT (PC) ¢ mopdomerpudeckumu
NpU3HAKaMK capOOsHCKOTO Kapra

Table 2. Correlation coefficients (x1000) of the
main components (PC) with morphometric features
of the Sarboyan carp

Trait PC1 | PC2 | PC3 | PC4
Fish weight, g 971 | 94 | =29 | 82
Absolute fish length, cm 931 | 244 | —-66 |-235
Body length, cm 929 | -246 | —66 |-250
Head length, cm 789 | —395|-204 | 424
Back depth, cm 822 | 104 | 479 | 100
Thickness, cm 730 | 530 | 412 | 46
Body girth, cm 869 | 234 | 250 | 93
A 75,16 9,02 | 7,33 | 4,64
)y 75,16 (84,18| 91,5 96,14

Note. PC1-PC7 - numbers of the components; A — share of
of the total dispersion attributable to each component, %;
¥ — total accumulated dispersion of the components, %.

variance. It reflects an increase in fish thickness
associated with a decrease in head (C), body (1)
and absolute length (L). At PC2 > 0, the study
sample consists of relatively thicker and short-
er specimens compared to relatively longer and
narrower specimens at PC2 < 0 (similar body
types are observed in humans: hypersthenics
and asthenics). There is a trend towards a dif-
ference between H1 and H16 haplotypes on this
trait. H1 are relatively thicker and shorter than
H16 (see Fig. 1, 6).

Ta6a. 1. DKcTephepHBIC MMOKa3aTeIN capOOsSHCKOTO KapIia pa3HbIX rarioTUIIOB
Table 1. Exterior indicators of the Sarboyan carp of different haplotypes

Average values of individuals by haplotype
Haplotype
0 L i c H B 14
H1 5410+ 161,5 68,6+ 0,8 |59,04+1,37| 13,3+0,71 17,7+ 0,17 11+0,17 46,9 + 0,5
H15 4000 59 51,5 11,5 16,5 10 42
H16 4823,1 £259,7| 66,2+ 1,41 56,8 £1,2 12,8+ 0,36 | 17,8 +0,39 10,2 +£0,3 46 £1,09
H17 4000 61 53 11,5 15,5 10 41,5

Note. In haplotypes H15 and H17, the mean and error of the mean have not been calculated because they include only one

individual each.
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MHoromepHsIil aHai3 MOP(OIOTUUECKON H3MEHYHBOCTH
MCXOJIHOTO CTaJla BHYTPUIIOPOJHOTO THIIA CApOOSHCKOrO Kapra
(Cyprinus carpio L.)

Enuceesa E.A., Pazokos H.H., Mopy3u 11.B.,
Kogasesa B.1O., Epumos B.M.
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Puc. 1. Pacnipenenenue ocobdeit capOOSHCKOTO Kapria

Ha rmiockoctd koMmmoHeHT PC — PC2:

a — B HanpaBieHnu PC1 mposiBiisieTcss ©3MEHUYMBOCTL Pa3MePOB B 3aBUCUMOCTH OT Bo3pacTa ocobel; 6 — B Hampasiie-
Hun PC1 nposiBisieTcst U3MEHYHBOCTh Pa3MepoB B CBSA3U C MOJIOM; 6 — B HanpaBieHuu PC1 He mposBiseTcs n3MeHYH-
BOCTH pa3MepoB 0CO0EH pasHBIX TalIOTHITMYECKUX TPYIIT; B HarpasieHun PC2 HamewaeTcs TeHACHIINS PACXOXKICHUS
mexay ramorunamu H1 u H16; p = 0,051

Fig. 1. Distribution of the Sarboyan carp individuals on the plane of PC1 — PC2 components:

a — in the direction of PCl1, size variability is manifested depending on the age of the individuals; 6 — in the direction
of PC1, size variability is manifested due to the gender; ¢ — in the direction of PC1, there is no variability in the size
of the individuals of different haplotypic groups; in the direction of PC2, there is a tendency for divergence between

haplotypes H1 and H16; p = 0,051

The third principal component includes
7.33% of the total variance of the traits and
characterizes the direction of morphological
variability of the individuals associated with the
opposite behavior of back height and fish thick-
ness: individuals with a deep-bodied back have
a relatively smaller body thickness and vice ver-
sa (see Fig. 2). Based on the available data, no
differences between the haplotypes for this com-
ponent were found. However, it draws attention
to the fact that in the data structure there is a
significant group of individuals with unknown
haplotypes and all of them demonstrate a shift
in the direction of the third component relative

to H1, i.e., they have a deeper back and smaller
body thickness. It is possible that adding infor-
mation on this group will reveal the differences
between the haplotypes in these proportions.

The fourth principal component, the last of
the considered ones (4.64% of the total vari-
ance), demonstrates an obvious inverse rela-
tionship between the head length and body
length traits and the absolute length of the fish.
No haplotypic differences in this component
were revealed.

Distribution of individuals in the three-di-
mensional space PC2 — PC3 — PC4, free from
size-age variability (PC1), allows to pre-select
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Fig. 2. Distribution of the Sarboyan carp individuals
on the plane of PC1 — PC3 components
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UMeroNIre HauOonpiue 3HayeHust o PC2 u Hawm-
MenbIue 1o PC3 (BbAeIeHO MITPUXOM)

Fig. 3. Distribution of the Sarboyan carp individuals
on the plane of PC2 — PC3 components. The most
promising individuals for selection are those with
the highest PC2 values and the lowest PC3 values
(highlighted by dashed lines)

for further reproduction of fish with the re-
quired proportions of morphological features
(see Fig. 3). This method has long been known
and is called selection index (or breeder's index).
For its more reasonable use, it is necessary to
know the heritability of the breeding-important
traits, which is the direction of further research.

CONCLUSIONS

1. Asaresult of the study of morphological
traits of the Sarboyan carp in the Moshkovsky
district of the Novosibirsk region, it was noted
that the total size of the individuals increases
in accordance with age, the maximum variance
in this component is observed in 7-year-old in-
dividuals. Sexual dimorphism is observed in
terms of total size: females are larger in size
than the male individuals.

2. The studied sample consists of relatively
thicker and shorter specimens compared to rela-
tively longer and narrower specimens at PC2 <
0. According to this trait, there is a tendency for
a difference between H1 and H16 haplotypes.
H1 are relatively thicker and shorter compared
to H16.

3. The individuals with a deep-bodied
back have a relatively smaller body thickness
and vice versa. Differences between haplotypes,
based on the available data, were not revealed.
However, there is a group of individuals with
unknown haplotypes in the data structure and
all of them show a shift in the direction of the
third component relative to H1, i.e., they have a
deeper back and a smaller body thickness.

4. No haplotypic differences were revealed
in the component that reflects an obvious in-
verse relationship between the trait of head
length, body length and absolute length of fish.
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Oco0eHHOCTH KMBOH MACCHI MOJIOTHAAKA IUTAWCKOH MOPO/bI
B MEPHOJI MOJCOCA B CBA3U CO CPOKAMU CYAATHOCTH OBLEMATOK

XD Ocranmuyk I1.C.

Hayuno-uccneoosamensvckuii uncmumym cenbcko2o xossicmea Kpviva
Pecny6nuka Kpsim, . Cumdepomnons, Poccus

(<De-mail: ostapchuk p@niishk.site

B crarbe n3yueHa CONPSHKEHHOCTb AJIMTENBHOCTU CYSITHOCTH OBLIEMAaTOK LIMTaiCKON MOPOABI C
0COOCHHOCTSIMU POCTa M Pa3BUTHS MOJIOJHSIKA OBELl B IIepro mozcoca. s anannsa BeIOpaHbl JaThl
OCEMEHEHUN M OKOTOB JUIsl pacyeTa JUIMTENbHOCTH CYATHOCTH MaroK M ITOKa3aTel >KMBOM Macchl
MOJIOJHSIKA MPHU POKACHUM U MPU OTHEME C MOCIEAYIOIIMM pPacdyeToOM KOPPESIIUOHHBIX CBsA3EH
MEXJly 3TUMH TNpu3HakamMu. CpeaHss JUIMTENbHOCTh CYSTHOCTH OBIIEMATOK cocTaBiuger 157,76 +
0,61 cyt (C = 7,6%). SApouku-onuuusl suaun Ne 01684 npu oTbeme no xuBol Macce Ha 6,9%
(»<0,001), mo cpennecyTouHbIM IprpocTaM Ha 6,0% (p < 0,001) mpeBbIIIatoT CpeaHIE TOKA3aTeIH 110
BeIOOpKe. bapanunku-oaunns! muHur Ne 80077 UMEIOT AOCTOBEPHOE MTPEUMYIIECTBO 10 )KUBOW Macce
ipu otbeme Ha 9,1% (p < 0,01), a mo cpeanecyTounbiM npupoctam —Ha 11,8% (p <0,05). bapanunku-
omuHIb! TuHuM Ne 01684 1 66796 nipy MOHMKEHHOMW JKUBOM Macce PpH POXKIACHUN 00Jiee MHTCHCHBHO
pacTyT: JOCTOBEPHOE MTPEUMYIIIECTBO IO MTOKa3aTesIM )KMBOH Macchl IPH OThEME U CPETHECYTOUHOMY
npupocTy coorBercTBeHHO Ha 12,1% (p <0,001) 1 9,6% (p < 0,01) BbIlllc B CPaBHEHUU CO CPESIHUMHU
3HaYEHUSAMH 110 BBIOOpKe. JIBoiHEBBIC spouku jguHUH Ne 80077, mpu MEHBIIEH KMBOW Macce MpH
poxnennu Ha 0,2% 1 OBBIIEHHON Macce Tpu poxieHuH Ha 0,4%, pa3HHIIa KOTOPOH TaKKe HE SABIISAETCS
JIOCTOBEPHOM, UMEIOT TOCTOBEPHOE MPEUMYLIECTBO IO CPEJHECYTOUHOMY IIPHUPOCTY B CPABHEHUHU CO
cpenauM —Ha 9,1% (p <0,001), B TO Bpemst Kak OapaHYMKHU-IBONHY HE UMEIOT JIOCTOBEPHOMN Pa3HUIIbI
M0 TIOKa3aTessAiM IepHoAa Tojacoca. MONIOYHOCTh OTPHUIIATENFHO COMpsDKEHA C JUIMTENbHOCTHIO
CYSITHOCTH MaTOK U IOJIOXKHUTEJIBHO — C )KUBOW Maccoi Ipu oTbeMe y SIrHAT. [lis 3aKiIa Ky IMHUN Ha
MIOBBIILIEHHOE MHOTOIUIOANE CJIEAYeT OTOUPATh B PEMOHTHOE CTaJ0 SIPOYEK M3 IBOMHEBBIX IIOMETOB
B juHur Ne 80077. I1oBBIIEHHYIO KHMBYIO Maccy MOJIOJHSKA M3 OIMHIIOBBIX IOMETOB (hOPMHPYET
poautenbckoe noronosbe JuHUKA Ne 01684, 20832, 65204 u 80077. [IpenmyiiectBo OGapaHYUKOB-
JIBOEH 10 KUBOW Macce HaJl CpeIHUMH 3HAYeHUSIMHU He JTI0Ka3aHo.

KiroueBble ciioBa: nuraiickas mopoja, CysIrHOCTh OBIIEMAaTOK, SIPOYKH, OapaHIMKH, )KUBasi Macca,
KOppesuus

Live weight peculiarities of the Tsigai breed young sheep during the
suckling period in connection with the terms of sheep ewes’ gestation

<) Ostapchuk P.S.

Research Institute of Agriculture of Crimea
Simferopol, Republic of Crimea, Russia
(XDe-mail: ostapchuk p@niishk.site

The correlation of the Tsigai breed ewes’ gestation period with the patterns of growth and develop-
ment of the sheep growing stock during the suckling period was explored in the article. The dates of
inseminations and calvings were selected for analysis to calculate the duration of ewes' gestation and
indicators of live weight of young animals at birth and at weaning with subsequent calculation of cor-
relations between these traits. The average duration of the ewes’ gestation period is 157.76 = 0.61 days
(C,=7.6%). The single-born ewe lambs of the No. 01684 line were higher in live weight by 6.9%
(»<0.001), and higher in average daily gain by 6.0% (p <0.001) than the sample averages at weaning.
The single-born ram lambs the No. 80077 line have a significant advantage in terms of live weight at
weaning by 9.1% (p <0.01), and in terms of average daily gains by 11.8% (p < 0.05). Single-born ram
lambs of the No. 01684 and No. 66796 lines with a reduced live weight at birth grow more intensively:
a significant advantage in terms of live weight at weaning and average daily growth, respectively, is
12.1% (p < 0.001) and 9.6 % (p < 0.01) higher in comparison with the average sample values. Twin
ewe lambs of the No. 80077 line with a lower live weight at birth by 0.2% and an increased weight at
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Live weight peculiarities of the Tsigai breed young sheep during
the suckling period in connection with the terms of sheep ewes’
gestation

Ostapchuk P.S.

birth by 0.4, the difference of which is also not reliable, nevertheless have a significant advantage in

average daily growth compared to the average —

by 9.1% (p < 0.001), while the twin ram lambs have

no significant difference in the indicators of the suckling period. Milkiness is negatively associated
with the duration of pregnancy of ewes and positively with the lambs live weight at weaning period. In
order to establish a line for increased multiplicity, it is necessary to select ewe lambs to be used in the
replacement stock from twin litters in the line No. 80077. The increased live weight of young animals
from single litters is formed by the parent livestock of No. 01684, 20832, 65204 and 80077 lines. The
advantage of twin ram lambs in terms of live weight over the average values has not been proven.
Keywords: Tsigai breed, ewes’ gestation period, ewe lambs, ram lambs, live weight, correlation
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INTRODUCTION

At present, sheep of the Tsigai breed remain
a planned breed in the breeding sector of the Re-
public of Crimea. Animals with a strong consti-
tution, increased live weight and early maturity
combine also good adaptability to the extreme
conditions of the Steppe Crimea [1].

It should be noted that the Tsigai breed is still
widespread on the Eurasian continent [2—7]. The
expediency of saving the genetic resource of the
Tsigai breed has been proved, since such a unique
genotype is resistant to extreme environmental
conditions [8]. This work, in addition, is actual-
ized by modern challenges in the light of import
substitution — the need to orient sub-branches of
the agricultural sector of our country in the di-
rection of food independence [9].

Optimal growth and development of young
sheep is an important link in breeding, because
selection is, in fact, a purposeful search for par-
ents with the best offspring [10]. In all branches

of livestock breeding, the evaluation of parental
stock by progeny occupies a significant part of
work in the course of breeding activities' [11—
13]. The expediency is dictated by the addition
of selection of producers by the progeny phe-
notype, which increases the efficiency of selec-
tion several times [14], therefore reproduction
occupies a large part of the breeding work with
the herd: it is important to get at least one lamb
a year from a ewe mother [15], and the optimal
development of young stock in the early period
of ontogenesis will allow forming a highly pro-
ductive herd [16].

The gestation of the ewe lamb is one of the
most important production cycles for the forma-
tion of the healthy young [13]. This period is
relatively short (about 150 days), and litter sizes
usually consist of one, and rarely two lambs, so
the profitability of a sheep breeding enterprise
is closely related to the reproductive efficiency
[17].

'Kononova L.V, Vasilev E.A., Rachkov I.G., Plotnikov S.N. Genealogical lines of breeding mares as biological resources of a
thoroughbred horse breed bred in the Stavropol Krai // IOP Conference Series: Earth and Environmental Science, Zernograd, Rostov
Region, August 27-28, 2020. Zernograd, Rostov Region, 2021, p. 012101. DOI 10.1088/1755-1315/659/1/012101.
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OCOoOEHHOCTH KHUBOW MACChl MOJIO/IHSIKA IIUTAHCKOW TTIOPOJIBI
B IIEPHOJI IIOJICOCA B CBSI3U CO CPOKAMHU CYSITHOCTH OBLIEMATOK

Ocranuyk I1.C.

Reproduction rates are related to the overall
productivity of the herd?, so the importance of
assessing the reproduction rates and produc-
tivity of sheep in the complex is relevant at all
stages of improvement of certain breeds and in-
tra-breed types [18].

The purpose of the study is to investigate
the relationship between pregnancy rate and
the growth and development of young animals
during the suckling period to form an optimal
level of reproduction of the Tsigai sheep.

MATERIAL AND METHODS

The work was carried out in 2015 in the
breeding plant of the State Unitary Enterprise
“Chernomorskoye” of the Republic of Crimea.
Objects of research were ewe lambs and young
cattle of the Crimean type Tsigai breed of the fol-
lowing breeding lines: Ne 1128, 65204, 80077,
20832, 66796, 01684, 82104 and 884. Materi-
al of the research: indicators of live weight of
young animals at birth and at weaning at the age
of 4.5-5.0 months; duration of gestation of ewe
lambs in order to study the conjugation of this
indicator with indicators of growth and devel-
opment of young animals. Age of ewes — second
and older lambing time.

Calculation of the pregnancy duration was
carried out according to the presence of the re-
cords in the primary documents by calculating
the difference in days between the dates of mat-
ing and calving. Young animals were weighed
at birth and at the time of weaning (4.5-5.0
months) on area scales with an accuracy of
0.1 kg. Calculation of average daily gain is de-
scribed by Y.A. Kolosov et al. [19]. Processing
of statistical parameters was carried out accord-
ing to the work “Evaluation and use of selec-
tion-genetic parameters in sheep breeding” [20].

RESULTS AND DISCUSSION

In the breeding nucleus of the Tsigai breed
the following features of the formation of preg-

nancy depending on the sex of the lamb and the
multiple fertility of the uterus were revealed.

In single ewes the average pregnancy dura-
tion varies from 156,8 to 158,9 days (see the
figure, a); in single rams — from 156,8 to 159,0
days (see the figure, 6). In twin fetus the preg-
nancy duration is formed in the following way:
ewe lambs — from 159,5 to 162,3 days (see the
figure, ) — with insignificant increase in preg-
nancy duration in comparison with single fe-
tus-analogues, rams — from 155,7 to 158,6 days
(see the figure, 2) — with some reduction in com-
parison with single fetus-analogues.

The increase or decrease in the duration of
pregnancy of ewe lambs carrying twin fetuses
is probably due to the fact that carrying twins
or triplets requires more energy to support fetal
growth than in ewe lambs carrying a single fe-
tus®, hence the conflicting data were reported.

In the literature available to us, another fac-
tor affecting the organism of the ewe-mother
during the pregnancy period is the increase in
the concentration of L-homoarginine, the cumu-
lation of which increases in twin mothers ten
times, affecting the period of pregnancy, which
allows to compensate for the increased load on
the body of the uterus when increasing multiple
births. L-homoarginine is a product of catabo-
lism of L-arginine. Its role in the course of car-
diovascular, hepatic and neurological functions,
as well as in the regulation of glucose metabo-
lism and hormonal status of ewe lambs at any
multiple birth, forming healthy, normal young
(see footnote 4) has been proved. In our stud-
ies, both at birth and in the further period of de-
velopment, the twin youngsters are somewhat
behind their single counterparts. This fact prac-
tically does not affect the survival rate, because
the average level of this indicator of the whole
studied group of sucking lambs during the peri-
od of keeping with mothers amounted to 93.5%.

Table 1 shows the growth and development
of single ewes from birth to weaning.

2Corner R.A., Kenyon P.R., Stafford K.J., West D.M., Morris S.T., Oliver M.H. The effects of pasture availability for twin- and
triplet-bearing ewes in mid and late pregnancy on ewe and lamb behaviour12 to 24 h after birth // Animal, 2010, vol. 4, N 1, pp.

108-115. DOI: 10.1017/S1751731109990899.

3Hou Y, Hu Sh., Jia S., Nawaratna G., Che D., Wang F., Bazer F.W., Wu G. Whole-body synthesis of L-homoarginine in pigs and
rats supplemented with L-arginine // Amino Acids, 2016, vol. 48, pp. 993-1001. DOI:10.1007/s00726-015-2145-4.
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I[J'II/ITCJ'II)HOCTB CYSATIHOCTH OBLIEMATOK:

a — SIPOYKHU-OUHIIBI; 6 — OapaHYNKH-OJUHIIBI; 8 — IPOYKU-IBOMHN; 2 — OapaHUYNKU-TBOWHHI

Ewes' gestation duration:

a — single-born ewe lambs; 6 — single-born ram lambs; ¢ — twin ewe lambs; ¢ — twin ram lambs

The highest live weight at birth was 3.6 kg
(3.6 kg) in lambs of lines No. 82104, 01684,
1128, 66796 and 20832: in comparison with the
data of line No. 65204, the difference is highly
reliable (p < 0.001). At weaning, the advantage
is preserved in the ewes of the line No. 01684
(by 11.5%, p < 0.001) in comparison with the
lowest data in the ewes of the line No. 80077.

Above the average values (30.7 kg), the advan-
tage is maintained only in the ewes of lines No.
66796 and 20832, but the difference with the
ewes with the lowest values is not reliable. A
significant advantage in average daily gain re-
mains only in the ewes of the line No. 01684:
compared to the lowest values with the ewes of
the line No. 80077, this difference 1s 12.3% (p

Taoba. 1. OcoOeHHOCTH Pa3BUTHS SIPOUYCK-OAMHIIOB U MOJIOYHOCTH MaTOK
Table 1. Peculiarities of the development of single-born ewe lambs and ewe milkness

. Live weight of young animals, kg Average daily Milk yield of
Line number n . . . .
at birth at weaning weight gain, g females, kg
80077 18 3,5+0,07 29,4+ 0,77 171,8 + 5,64 19,2+ 0,55
884 16 3,4+0,05 30,3 +0,85 182,3 £ 8,22 19,9 +£ 0,61
82104 20 3,6 = 0,05%** 30,7+ 0,37 182,9 + 3,92 20,1 +0,25
01684 13 3,6 £ 0,05%** 32,8 £ 0,51*%** | 193,0£2,50%** 21,6 +0,36%***
1128 14 3,6 £ 0,07%** 30,2+ 0,55 182,8 + 5,95 19,7+ 0,39
66796 12 3,6 £ 0,05%** 31,2+0,92 180,6 9,73 20,4 + 0,67
20832 8 3,6 = 0,06%** 31,0+ 1,15 177,8 + 8,37 20,3+ 0,82
65204 27 3,39+ 0,03 30,86 0,57 186,56 + 3,53 20,4 +0,40
Average value for females
L 128 3,524+0,02 30,68 £0,25 182,11 +£2,03 20,1 +0,17
with single ewes

Hereinafter in the tables — reliability of the difference: * p < 0,05; ** p < 0,01; *** p < 0,001.
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< 0.001). When comparing the difference with
the sample average, only lines Ne 82104 and
01684 are characterized by reliable advantag-
es: the difference in live weight differs from the
sample average by 3.1% (p < 0.05) and 2.8% (p
< 0.05), respectively. However, the reliable ad-
vantage is preserved only in the ewes of the line
No. 01684 in the later period: at weaning this
difference is 6.9% (p < 0.001), in terms of aver-
age daily gain of 6.0% (p < 0.001). The ewes of
the line No. 65204 have a significant decrease
in birth weight compared to the average values:
the difference is 3.7% (p < 0.001). Milk yield
of females of the line No. 01684 significantly
exceeds the average value by 7.5% (p < 0,001).

Table 2 shows the data on growth and devel-
opment of single rams. Comparison was made
with the sample average. The lambs of line
No. 80077 have a significant advantage in live
weight at weaning compared to the sample av-
erage by 9.1% (p < 0.01), in average daily gain
by 11.8% (p < 0.05). The sample of rams of the
line No. 01684 significantly decreases from
the average values: at birth by 3.0 (p < 0.01),
at weaning age by 3.2% (p < 0.05). The rams
of the line No. 66796 significantly have lower
sample values in live weight at birth by 6.3%
(p < 0.01); the reliable advantage is also pre-
served in live weight at weaning and average
daily gain by 12.1% (p < 0.001) and 9.6% (p <
0.01), respectively. Milk yield of females of the

line No. 80077 prevails over the average value
by 10.0% (p <0.01). However, reliable lines for
this trait were also noted: No. 01684 and 66796,
respectively, lower values by 3.2% (p < 0.05)
and 12.8% (p < 0.001).

The peculiarities of early ontogenesis of
twin ewes are presented in Table 3. Ewes of the
line No. 80077, with lower unreliable live birth
weight by 0.2% and increased birth weight by
0.4, the difference of which is also not reliable,
nevertheless have a reliable advantage in aver-
age daily gain compared to the sample average
of 9.1% (p < 0.001). Only in ewes of the line
No. 66796 the value of average daily gain was
significantly lower than the average data for the
sample by 15.0% (p < 0.001). In terms of milk
production, line No. 80077 had an advantage
over the average value by 9.04% (p <0,01).

According to the growth and development
data during early ontogenesis, twin rams have
no significant difference compared to the sam-
ple average. Tendentially, rams of the line No.
884 have an advantage, and at birth young lambs
of the line No. 82104 (see Table 4). In terms of
milk yield, due to the low number of rams in
the sample, no significant advantages from the
average value were observed, only significantly
lower was observed in the lines No. 80077 (by
9,5%, p <0,01), 82104 (by 8,6%, p <0,01) and
01684 (by 16,8%, p <0,001).

Ta6a. 2. OcobeHHOCTH pa3BUTHS OapaHYMKOB-OJUHIIOB U MOJIOYHOCTh MaTOK

Table 2. Peculiarities of the development of single-born ram lambs and ewe milkness

. Live weight of the born young, kg Average daily Milk yield of
Line number n . .

at birth at weaning weight gain, g females, kg

80077 13 3,9+0,11 38,8 £1,18% 236,3 +10,58* | 25,8+ 0,81**
884 17 3,6 0,04 34,2+ 0,55 210,0 £ 5,99 22,7+0,41
82104 18 3,9+0,04 34,3 +£0,67 198,3 £ 6,37 22,5+0,49
01684 21 3,7+ 0,04 344 +0,45 208,6 + 4,20 22,7+0,31
1128 14 3,8+0,08 36,6 £0,79 207,3 £ 6,02 24,3 +£0,53
66796 9 3,6 £ 0,09 31,2+0,90 191,1 £ 8,73 20,5 + 0,63
20832 16 4,1+0,08 35,1 +1,11 206,4 + 7,13 23,0+£0,78
65204 40 3,92 +0,04 36,39 + 0,56 216,02 + 3,26 24,1 +0,39
Average value for females , ] .

o 148 3,84+ 0,02%2 35,53 £0,29%2 211,36 + 2,07 23,47 £0,2":2

with single rams

Note. Reliable advantage of the mean over the lines: ! Ne 01684; 2 Ne 66796.
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Taoa. 3. OcoGeHHOCTH pa3BUTHS IPOUCK-IBOCH U MOJIOYHOCTH MaToOK

Table 3. Peculiarities of the development of twin ewe lambs and ewe milkness

Line number i Live weight of the born young, kg Average daily weight | Milk yield of
at birth at weaning gam, g females, kg

80077 33+ 0,04 20,4+ 0,81 186,5+ 435%%*% | 20,0+ 0,55%%%
884 334008 28,0+ 1.92 153.9 % 7,00 183+ 137
82104 17 3340,03 28,4 + 0,60 170,2 = 4,27 18,6 + 0,46
01684 5 3.240,02 292+ 1,18 169.4 + 3,81 192+ 0,87
1128 5 3,4+ 0,08 28,0+ 0,89 165,6 3,21 182+ 0,62
66796 3 334005 277+ 141 1452 + 623 18,1+ 1,03
20832 4 3,4+ 0,09 315+ 1,13 178,6 = 10,01 20,4 + 0,48
65204 19| 336+0,03 30,00 £ 0.48 171,59 = 3.52 19.74 + 035
Average value for females | g4 | 3334 0,02 2925+ 031 170,88 + 1,97 1924031

! Reliable advantage of the mean over the line No. 66796.

Thus, the largest single ewes are born in
line No. 01684, which retain an advantage over
their peers during the whole period of keeping
on suckling with mothers; no such advantage
was observed in twin ewes. Single rams of the
line No. 01684, on the contrary, have lower data
on live weight from the average values, and the
advantage is characterized by young stock of
the line No. 80077; this trait is also connected
with increased milk production of mothers of
this line. Also, the increased milk production is
characterized by mothers of the line No. 80077.
Twin rams with increased live weight are born

from the mothers of lines No. 884 and 82104.

Table 5 shows the correlation between the du-
ration of pregnancy in mothers and live weight
of the progeny during the suckling period.

In single ewes, duration of pregnancy was
not correlated with milk yield and live weight
at birth and weaning; however, a strong positive
correlation was observed between live weight
at birth and weaning (0.571 £ 0.073, p < 0.001)
and a medium one between milk yield and live
weight at weaning (0,228 + 0,087, p < 0,001).

The duration of pregnancy during the suck-
ling period was negatively weakly associated

Ta6a. 4. OcobeHHOCTH Pa3BUTHS OapaHYMKOB-IBOEH H MOJIOYHOCTH MaTOK
Table 4. Peculiarities of the development of twin ram lambs and ewe milkness

. Live weight of the born young, kg Average daily Milk yield of
Line number n . .
at birth at weaning weight gain, g females, kg
80077 6 3,4+ 0,06 30,2 + 1,00 184,1 +£3,79 19,8 £ 0,72
884 7 3,6 £ 0,09 35,0+ 1,76 190,2 + 6,80 232+ 1,24
82104 8 3,5+£0,02 30,5+ 0,84 176,9 + 5,54 20,0 + 0,63
01684 3 3,4+ 0,04 28,0+ 0,38 174,2 £ 7,04 18,2 +0,31
1128 1 3,3 30,0 157,0 19,8
66796 3 3,4+ 0,05 32,7+ 1,80 169,5 £ 6,19 21,7+ 1,31
20832 10 3,4+£0,02 33,2+ 0,70 175,6 £ 4,09 22,1 +0,52
65204 17 3,48 £0,03 33,06 += 0,80 189,73 + 4,83 21,9+ 0,58
Average value for females o
. . 55 3,46 0,02 32,30+ 0,44 182,56 + 2,25 21,9 +£0,415%3

with twin rams

Note. Advantage of the mean over the lines: 1No. 80077 (p < 0,01); 2No. 82104 (p <0,01); 3No. 01684 (p <0,001).
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Taoda. 5. ConpssKeHHOCTh MEX]Ty MOKA3aTeNIIMU KUBOM MacChl B IEPUOJ MOACOCA U MOJIOUHOCTBIO OB-
LIEMAaTOK ITUTaliCKOI MOPOIbI

Table 5. Correlation between the live weight during the suckling period and the milk yield of the Tsigai

breed ewe lambs

Coupling index Period Pregnancy duration Li\./e weight of young animals.
at birth at weaning
Single ewes
Live weight of At birth —-0,090 + 0,089
young animals | At weaning —0,003 = 0,089 0,571 & 0,073%3*
Milkiness —0,071 + 0,089 —-0,090 + 0,089 0,228 £ 0,087***
Single rams
Live weight of At birth —0,100 + 0,082
young animals | At weaning -0,220 + 0,080* 0,744 + 0,055%**
Milkiness —0,227 + 0,080%* 0,705 £ 0,059%** 0,998 + 0,005%**
Twin ewes
Live weight of At birth -0,208 +£ 0,127
young animals | At weaning -0,206 + 0,127 0,420 £ 0,118%***
Milkiness —0,200 + 0,128 —-0,208 + 0,127 0,983 + 0,024 %**
Twin rams
Live weight of At birth —-0,066 + 0,135
young animals | At weaning 0,394 £ 0,124%** 0,457 £ 0,120%**
Milkiness —0,314 +0,128%* 0,161 + 0,133 0,685 + 0,098%**

with live weight in single rams during the wean-
ing period (-0.220 + 0.080, p <0.05). Milk yield
of mothers was negatively related to duration
of pregnancy (-0.227 £+ 0.080, p < 0.01). Live
weight at birth and at weaning had a positive
strong correlation (0.744 + 0.055, p < 0.001),
and live weight was positively related to milk
yield (p <0.001) at both ages (0.705 £+ 0.05 at
birth and 0.998 + 0.005 at weaning).

In twin ewes, live weight at birth and at
weaning is significantly and positively correlat-
ed (0.420 +0.118, p <0.001) and live weight at
weaning is conditioned by the milk yield of the
mothers (0,983 + 0,024, p <0,001).

In twin rams, there was a negative signifi-
cant relationship between the duration of their
mothers' pregnancy duration and live weight at
weaning (-0.394 + 0.124, p < 0.001) and milk
yield (-0.314 + 0.128, p < 0.01). Probably, this
pattern is caused by some decrease in the period
of their mothers' pregnancy, while this factor did
not affect the further development of this group
of animals and their safety during the suckling
period, while the pattern of twin ewes was pre-

served: live weight at birth and weaning (0.457
+0.120, p <0.001) and live weight at weaning
and milk yield of their mothers. (0,685 + 0,098,
p <0,001).

Thus, in our studies, milk yield is inversely
related to the duration of pregnancy, but posi-
tively affects live weight at weaning of young
animals.

CONCLUSION

According to the results of the analysis of
the obtained data, the Crimean type of the Tsi-
gai sheep is adapted to the difficult climatic con-
ditions of the steppe Crimea, which indicates a
low level of lamb waste during the suckling pe-
riod. In the percentage ratio of singles to twins,
the Tsigai breed mothers reproduce in the fol-
lowing ratio: out of 160 heads of mothers who
gave birth to ewes, 32 heads had twins (20% of
the herd); out of 176 head of mothers that gave
birth to rams, only 15,6% of this herd gave birth
to twins. In general, in the studied sample, this
ratio is as follows: for one female lambed with a

300TEXHUS U BETEPUHAPHS

Cubupckuii BECTHHK CENbCKOXO3SHCTBEHHON HayKH * 2024 ¢ 54 « 8 97



Live weight peculiarities of the Tsigai breed young sheep during
the suckling period in connection with the terms of sheep ewes’
gestation

Ostapchuk P.S.

single lamb, there are 0.18 females lambed with
twin lambs. The average duration of pregnan-
cy with single ewes is 157.83 + 1.02 days, with
single rams — 157.88 £ 1.07 days, with twin
ewes — 160.58 + 1.50 days and with twin rams —
154.29 + 1.38 days. Thus, the average duration
of pregnancy is 157.76 + 0.61 days for the Tsi-
gai breed females (C, = 7,6%).

For further laying of lines selected for in-
creased multiple fertility, it is necessary to se-
lect in the replacement stock the ewes from
twin litters in line No. 80077, because in this
line twin ewes exceed the average values of
average daily gain during the whole period of
keeping with mothers by 9.1% (p < 0.001) in
comparison with the sample average; increased
live weight of young animals from single litters
is formed by parental stock of lines No. 01684,
reproducing ewes with increased live weight
by 2.8-6.9% (p < 0.05 ... p <0,001) during the
whole period of keeping with mothers and rams
from the lines No. 20832, 65204 and 80077, the
advantage of which over the average values is
3,1-12,1% (p < 0,05 ... p <0,001). Milkiness
was found to be negatively related to the dura-
tion of pregnancy and positively related to live
weight at weaning in all groups of lambs.

The advantage of twin rams from the aver-
age values is not proved, therefore it is not rea-
sonable to carry out breeding for selection of
replacement young rams from twin litters for
the formation of line founders with increased
multiple fertility, these observations should be
expanded with the involvement of a larger array
of indicators.
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CelleKIIHOHHO-TEeHETHYECKHe MapaMeTPhbl OBell ATHHCKOI MOPO/bI
3yrajiaiickoro Tumna

<) Xamupyes T.H.
Hayuno-uccneoosamenvckuti uncmumym eemepunapuu Bocmournoti Cubupu — ¢punuan Cubupcrkoeo
Gedepanvroco nayunozo yenmpa acpoouomexnonocuti Poccuiickoi axademuu Hayx

3abaiikanbckuit kpaii, Yura, Poccus
<De-mail: tnik0979@mail.ru

[IpencraBieHbl pe3ylnbTaThl WU3yYEHHUS CEICKIIMOHUPYEMBIX MPH3HAKOB, JKCTEPhEPHO-KOHCTH-
TYIIMOHAIIBHBIX OCOOCHHOCTEW MOMYrpyOOIIEPCTHRIX OBEIl arMHCKOW TMOPOJbl 3yrajaiiCKOrO THIIA.
[IpuBeieHB! JaHHBIC KOPPEISAIIMOHHO-PETPECCUOHHOTO, JUCIICPCUOHHOTO aHaIu3a, M0 Pe3yJibTaraM
KOTOPBIX CIIPOSKTUPOBAHBI MOJISIIN MAPHOH U MHOTO(aKTOpHOM perpeccuu. Haubobiieli Bapruadeb-
HOCTBIO Y U3y9JaeMBIX OBEIl OTIMIAIOTCS Macca tena (6,4-12,6%), mmaa myxa (19,3-19,7%) u octr
(13,1-16,9%) n oboxsat msictu (9,1%). [lo mameKcaM Temocmoxenns OapaHbl BBICTSIOTCS OOIbIIei
JUTHHHOHOTOCTBIO, JIyUYIIINM Pa3BUTHEM TPYyIH, 00Iee KPEIKUM KOCTSIKOM, OBIIEMAaTKH — Ooliee pacTs-
HYTBIM, COUTBIM U MAaCCHBHBIM TEJIOM C Jy4Ille Pa3BUTON 3aHel yacThio. KoppesainoHHbIi aHamu3
CEJICKITMOHUPYEMBIX MPU3HAKOB C IKCTEPhEPHBIMH CTATSIMHU CBUICTEIBCTBYET, UTO JKMBas Macca U
HACTPUT IEPCTH y OapaHOB MMeeT 00Jiee TECHYIO CONPSIKCHHOCTh ¢ JIMHEHHBIMU TIPOMEPaMH B CPaB-
HEHUU C OBIIeMaTKaMu. Kak y caMIIoB, Tak M 'y CaMOK JKHBasi Macca CHIIbHEE KOPPETUPYET C IMUPUHOM
B MaKJIOKax, HACTPHUT IIEPCTH — C ITMPHUHON B MaKJIOKax y 0apaHOB, y OBIIEMATOK CBs3b ObLIa C1aboin
WM IPaKTUYECKU OTCyTCTBOBaja. KoadhuimenT muHelHON perpeccu CBUIETEIbCTBYET, UTO MPH-
POCT KMBOW MacChl M HACTPUTA IIEPCTH Y OapaHOB MPOTHO3UPYETCS MPU YBEIUYCHUU HA EIHHUILY
M3MEpEHHUs IpoMepa MIMPUHBI B Makiiokax (4,37 abc. mpupocra; r = 0,824; p < 0,001 u 0,13 abc.
npupocta; » = 0,792; p < 0,001). Koadduipent nerepMuHanng nokasai, 4to y 0apaHoB H3MEHCHUS
’KMBOI Macchl M HacTpura miepctd Ha 67,9 u 62,8% 00yclnoBIeHbI IUPUHON B MAKJIOKaX, BIHUSHUE
ocTanbHBIX (akTopoB — 32,1 u 37,2% cooTrBercTBeHHO. B MOnensix MHOTO(aKTOPHOW perpeccuu nu3-
MEHEHHSI Macchl Tejla M HacTpura mepcetu y 6apanoB Ha 90,3 u 78,0% oOBsICHSAIOTCS BO3IEHCTBUEM
KOMILJIEKCA JIMHEWHBIX TPOMEPOB, Y OBIIeMaToOK — Ha 25,7 u 17,5% coOTBETCTBEHHO, OCTaBLIASICS 10JIA
OTBOJIUTCS Ha BIUSHHUE APYTrUX (PaKTOPOB COOTBETCTBEHHO.

KuioueBble ¢JI0Ba: OBIIBI, aTHHCKAS TIOPOJA, 3yTalaliCKUA THI, CEICKIIMOHHO-TCHETUYCCKUE TIa-
paMeTphl, )KUBask Macca, HACTPUT MIEPCTH, KOPPEISIIIHS, PETPECCHs, TUCTICPCHS

Selection and genetic parameters of sheep of the Aginskaya breed
of the Zugalay type

C<)Khamiruev T.N.

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

Chita, Transbaikal Territory, Russia

(<De-mail: tnik0979@mail.ru

The results of the study of selectable traits, exterior-constitutional features of medium wool sheep
of the Aginskaya breed of the Zugalay type are presented. The data of correlation-regression, variance
analysis are given, according to the results of which paired and multifactor regression models have
been designed. Body weight (6.4-12.6%), down length (19.3—-19.7%) and awn length (13.1-16.9%)
and cannon bone girth (9.1%) are characterized by the greatest variability in the studied sheep. In
terms of physique indices, rams are distinguished by longer legs, better breast development, stronger
bones, ewe lambs are distinguished by a more stretched, bunched and massive body with a better
developed hind part. Correlation analysis of the breeding traits with external body parts indicates that
live weight and wool clip in rams has a closer correlation with linear measurements in comparison
with ewe lambs. In both males and females, live weight was more strongly correlated with the width
in the dippers, wool clip — with the width at hips in rams, in ewe lambs the relationship was weak
or practically absent. Linear regression coefficients indicate that live weight and wool clip gain in
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rams are predicted by an increase per unit in hip width (4.37 abs. gain; » = 0.824; p < 0.001 and 0.13
abs. gain; » = 0.792; p < 0.001). The coefficient of determination showed that in rams the changes in
live weight and wool clip by 67.9 and 62.8% were explained by the width at hips, the influence of
other factors — 32.1 and 37.2%, respectively. In multifactor regression models, 90.3 and 78.0% of
changes in body weight and wool clip in rams are explained by the influence of a complex of linear
measurements, in ewe lambs — by 25.7 and 17.5%, respectively, the remaining share is attributed to

the influence of other factors, respectively.

Keywords: sheep, Aginskaya breed, Zugalay type, selection and genetic parameters, live weight,

wool clip, correlation, regression, dispersion
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INTRODUCTION

The basis of the process in the creation of
new selection forms and improvement of breeds
is the restructuring of the correlation systems.
In this regard, in pedigree sheep-breeding the
result of selection depends largely on the com-
plex of selectable traits and the nature of their
interrelationships, and accurate evaluation
and skillful use of these systems are crucial in
breeding [1].

Knowledge of breeding-genetic parameters
of animals and their competent use will allow
breeders to more effectively select promising
individuals of desirable type in selection work.
In addition, they should be the basis for scientif-
ically based methods of planning breeding work
and forecasting the level of productivity of the
progeny of selected animals [2].

In modern conditions it is required to use
new parameters of exterior, more accurately
characterizing the value of the breed and deter-

mining its variability in conditions of high phe-
notypic homogeneity! for selection of animals
to improve their productive qualities.

A.Yu. Krivoruchko and colleagues (2021),
applying the method of principal component
analysis for lifetime estimation of meat produc-
tivity of sheep of the Dzhalgin Merino breed,
suggest using measurements of shoulder, lower
arm and thigh circumference, and for sheep of
the North Caucasian breed — thickness of thigh
muscle and fat, lower arm circumference, which
have shown high significance [3, 4].

Live weight and exterior-constitutional
characteristics are the most important selec-
tion parameters for improving the productive
qualities of farm animals [5, 6]. Body weight
of animals, unlike linear measurements, which
are not significantly affected by paratypical fac-
tors, depends to a greater extent on feeding and
housing conditions. In this regard, selection on
live weight is more effective not directly but in
correlation with morphometric parameters [7].

IScholz A.M., Biinger L., Kongsro J., Baulain U., Mitchell A.D. Non-invasive methods for the determination of body and carcass
composition in livestock: dual-energy X-ray absorptiometry, computed tomography, magnetic resonance imaging and ultrasound:
invited review // Animal, 2015, vol. 9, Is. 7, pp. 1250-1264. DOI: 10.1017/s1751731115000336.
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However, correlation does not show the
amount of change in one trait when changing
the other by one unit. In this regard, in order
to analyze the results of selection, to predict
the development of one trait when selecting for
another, it is necessary to determine regression
indices, which allow predicting the increase
or decrease of the evaluated trait when others
change by a certain amount within the studied
animal populations?.

The method of correlation-regression analy-
sis is an accessible way to build regression mod-
els for predicting productive qualities of farm
animals and can be used in the development of
the selection programs with different breeds.

The purpose of the research is to study se-
lection and genetic parameters of medium-wool
breed of sheep of the Aginskaya breed of the
Zugalay type.

MATERIAL AND METHODS

The studies were carried out in 2022, 2023.
Full-aged medium-wool breed rams (J) and
ewe lambs (9) of the Aginskaya breed of the
Zugalay type (AGZ) of the pedigree breeding
unit OO0 “Gerel” of the Mogoytuisky district
of the Transbaikal Territory served as the re-
search material.

Live weight of the experimental animals was
determined by individual weighing on electron-
ic scales with an accuracy of 0.05 kg, wool clip
— individually during shearing of sheep.

Measurement of the main linear measure-
ments of the body height at the withers (HW),
chest girth (CG) and heel girth (HG), chest
width (ChW) and depth (ChD), height at hips
(HH), oblique body length (OBL), oblique quar-
ters length (OQL) were carried out according to
generally accepted methods. On the basis of the
obtained results, the following body build in-
dices were calculated: long-leggedness (LLN),
lengthiness (L), chest (Ch), pelvis-chest (P-Ch),
blockiness (Bl), massiveness (M), quarters de-
velopment (QD) and boniness (Bn).

The digital material was processed biometri-

cally according to the methods of E.K. Merkurie-
va (1970) and N.A. Plokhinskii (1980), as well
as by means of the methods of variation statis-
tics according to Student using a personal com-
puter, Microsoft Excel program of the “Data
Analysis” package using built-in functions of
descriptive statistics, correlation, regression,
straight-line regression equations and PAST
version 3.25 within the following significance
levels: ' — p <0,05;2—p<0,01;°—p<0,001.

RESULTS AND DISCUSSION

Table 1 shows data on live weight, wool
shearing and linear measurements of medi-
um-wool breed AGZ sheep.

The presented results indicate that in the
population of medium-wool breed AGZ sheep
in rams the selection on live weight, length of
down and awn is the most effective, in ewes —
on length of down and awn, as the coefficients
of variation for these traits have the highest
variability. In addition, the obtained data indi-
cate that in selection work with rams it is nec-
essary to pay attention to such features as width
of the quarters at hips and cannon bone girth,
in ewes — on wool clips and cannon bone girth.

Table 2 shows the results of calculation of
body build indices of medium-wool breed AGZ
sheep.

The analysis of body build indices of medi-
um-wool breed AGZ sheep indicates that me-
dium-wool breed sheep have proportionally
developed physique. At the same time, males
are characterized by longer legs, better chest
development in width and depth, stronger
bones, while females are characterized by more
stretched, bunched and massive body with bet-
ter developed hindquarters.

The highest coefficient of variation in both
males and females was observed in the bone
structure index, which, as well as the cannon
bone girth, indicates the possibility of selection
on this index.

Fig. 1 shows the correlation of live weight
with wool clip and length, as well as with linear

2 Kolosov Yu.A., Zasemchuk 1.V. Correlation variability and inheritability of economically useful traits in young sheep of the
Salskaya breed // Don Agrarian Science Bulletin, 2011, N 4 (16), pp. 64-67.
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Taoa. 1. )Kusas macca, HaCTpUT, IJIMHA HIEPCTH U
npomepsl Tena oser] Al'3

Table 1. Live weight, clipping, wool length and
body measurements of the AGZ sheep

Group
Indicator d,n=31 7, 1n=6
_ C, _ .
X+S, o X£5, C, %

LW, kg 73,3+9,20 |[12,6 | 56,6+3,64 | 6,4

WC, kg 3,6 £0,28 7,8 2,8+0,28 9,9

Linear

measure-

ments, cm:

DL 8,0+2,23 193 6,7+1,33 19,7
AL 193+2,52 | 13,1 | 17,8+3,01 | 16,9
HW 69,1 +£4,22 6,1 | 655+2,50 | 3,8
OBL 78,1 +£3,73 48 | 752+2,84 | 3.8
OQL 24,6 + 1,63 6,6 | 24,1+0,96 | 4,0
ChG 93,4+ 6,66 7,1 1 909+4,12 | 4,5
ChD 33,5+2,76 8,2 | 323+1,49 | 4,6
Chw 19,2 + 1,54 8,0 | 183+1,21 6,6
WH 18,7+ 1,74 93 | 188+1,17 | 6,2
CBG 8,7+0,79 9,1 8,0+0,73 9,1

Taoa. 2. Nunexce Tenocinoxenus osen Al'3, %
Table 2. Body indices of the AGZ sheep, %

Group
Indicator g, n=31 ?n=69
X=£S, i;:’ X5, C,%
LLG 51,7£295 | 5,7 | 50,6+227 | 4,5
L 113,3+£532 | 4,7 | 1149+4,85 | 4,2
Ch 57,7+5,00 | 8,7 | 56,6+3,99 | 7,1
P-Ch 1029+7,00 | 6,8 | 97,5+6,98 | 7,2
BI 119,6 £6,27 | 5,2 | 121,0+£ 5,49 | 4,5
M 135,1+£9,43 | 7,0 | 138,9+6,76 | 4.9
QD 31,L5+ 1,54 | 49 | 32,1+ 1,51 | 4,7
Bn 126+1,16 | 92 | 122+1,12 | 9,2

body measurements.

In medium-wool breed males pairwise con-
jugation of traits is stronger than in females. At
the same time, the closest positive correlation
of live weight at a high level of reliability was
established with wool clip (= 0,929, p <0,001)
and external body parts (» = 0,702-0,824, p <
0,001), except for oblique hindquarters length
(r=10.610, p <0.001) and cannon bone girth (»
=0.486, p <0.01), and down and awn length (»
= 0.001 and » = 0.137), between which mod-
erate, weak and no relationship was found, re-
spectively. Low levels of conjugation between

a
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\
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A N\ ~\
0,4 \\ / \
o2l \\__/
0 \\/ A
WC DL AL/ HW OBL OQL ChGChD ChW WH\CB!
02 \
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0,6
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03 A
02 [\
o1l [\
NN [T~

LLG L—€h QCh Bl M /0D Bn

o2 NF—~"\
03 N \
04 \

’ \
0,5

Puc. 1. Koppensuus xuBoil maccsl y oerr Al'3
&,n=31;,n=069):

@ — C HACTPUTOM, JIITHHOM NIEPCTH B IPOMEPaMHU
Tena; f — ¢ MHACKCAMH TEJIOCIOKEHHSI

Fig. 1. Correlation of live weight in the AGZ sheep
&,n=31;9,n=069):

a — with clipping, coat length and body
measurements; 6 — with body indexes
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live weight and down and awn length, similar to
ours, were found in coarse-wool sheep of Brlik
type of the Edilbaev breed [8].

In sheep females of both positive and neg-
ative orientation the correlation of live weight
with the studied parameters was in the range
from » = -0,365 to » = +0,459. The closest pos-
itive correlation, similar to rams, of live weight
with wool clip should be noted (» = +0,459, p <
0,001, the nature of the relationship is weak). It
is necessary to note a closer negative conjuga-
tion with the cannon bone girth (» = -0,365, p
< 0,001). A weak or practically absent positive
and negative correlation was revealed with the
other traits.

A strong correlation between live weight and
hip width in Cornigliese sheep, similar to our
results, was observed in the work [9].

Close correlation of body weight with oblique
body length has been revealed in North Cauca-
sian meat-wool sheep [10], in Qatar sheep and
crossbred sheep breeds — with chest girth [11,
12], in Corriedale sheep — with abdominal girth
[13], in aboriginal breeds of Saudi Arabia —
with height at hips [14], in Ethiopian mountain
sheep — with height at the withers?®.

The analysis of the correlation between live
weight and body build indices in medium-wool
breed AGZ sheep indicates the ambiguity of the
results obtained. Thus, in rams it varied from r =
-0,353 (with LLN index, p <0,05) to » =+0,357
(with Bl index, p < 0,01), in ewes - from r =
-0,444 (with Bn index, p < 0,001) to » =+0,107
(with LLN index).

In general, in AGZ sheep, with the excep-
tion of the massiveness index, live weight has a
weak and practically absent correlation with all
body build indices of different orientation.

Fig. 2 shows the results of studying the cor-
relative relationship of wool clip with the length
of down, awns and linear body measurements.

The analysis of the presented data indicates
that wool clip, as well as live weight in medi-
um-wool breed AGZ males, is in a closer rela-

tionship with the studied traits than in females.
Thus, they showed positive conjugation of
moderate and strong relationship of wool clip
with all linear measurements of the body (» =
0,562-0,792, p < 0,001), except for the cannon
bone girth (r = 0,479, p < 0,01, the nature of
the relationship is weak) and weak relationship
with the length of down (» = 0,221) and awn
(r=10,365, p < 0,01). Similar results were ob-
tained in coarse-wool sheep of the Saryarka fat

1
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06 /\VM
0,4 / \
w2l L

L

0 N ——
DL AL HW OBL OQL ChG.ChD.ChW WH CBG
-0,2 e N
0,4
6
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02 [\

N
ol N~

o1 LG L I/GhN Bl M QD Ban
02 / — \
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04

—J4 =%
Puc. 2. Koppensamust HacTpura mepcetu y osers AI'3
(@,n=31;2,n=069):
@ — ¢ IJIMHOW MyXa U OCTH, IPOMEPaMH TeJla;
0 — ¢ MTHIEKCAMU TEJIOCIOKEHHUS
Fig. 2. Correlation of wool clipping in the AGZ
sheep (&, n=31; @, n=69): a — with the length of
down and spine, body measurements; 6 — with body
indexes

STesfay H.H., Banerjee A.K., Mummed Y.Y. Live body weight and linear body measurements of indigenous sheep population in
their production system for developing suitable selection criteria in Central Zone of Tigray, Northern Ethiopia // African Journal of

Agricultural Research, 2017, vol. 12, pp. 1087-1095.
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tailed breed, and in sheep of the Edilbaev breed
of different genotypes*>.

The closest relationship was found with
width at hips (= 0.792, p < 0.001), chest girth
(r=0.761, p <0.001), chest depth (» = 0.737,
p <0.001) and oblique body length (r = 0,730,
p <0,001).

In AGZ sheep females, practically absent
positive and negative correlation of wool clip
with all traits was revealed (r=-0,254... +0,198).
It should be noted that wool clip, as well as live
weight in females negatively correlates with the
metacarpal girth (r =-0,254, p <0,05).

When constructing the graph of pair correla-
tion relationship of wool clip with body build
indices in AGZ sheep, a similar regularity with
the graph obtained when studying the conjuga-
tion of live weight with the studied traits was
revealed. In males it was from » = -0,330 (with
LLN index) to » = +0,361 (with Bl index), in
females — from » = -0,281 (with Bn index, » <
0,05) to » = +0,246 (with LLN index, » < 0,05).

In general, in AGZ sheep, wool clip has a
weak and practically absent correlation with all
body build indices of different directions.

Low variability of linear measurements and
high correlation with live weight allow using
dimensions of exterior body parts for predicting
productive and breeding qualities of cattle®.

Table 3 shows the regression coefficients of
live weight with exterior body parts of AGZ
rams.

Regression coefficients were calculated for
the traits having strong interrelation with live
weight and wool clip (» > 0.7), for sheep fe-
males all exterior body parts were excluded
from further study due to practically absent and
weak interrelation of traits.

The calculated coefficients of paired lin-
ear regression between live weight and linear
measurements in AGZ rams indicate that with
the increase of exterior body parts per unit of
absolute growth we can predict an increase in
live weight by 1.53—4.37 of their absolute gains.

Tao6a. 3. Ko>duumentsl perpeccun xuBoii Maccsl 6apanos AI'3 (&, n = 31)
Table 3. Regression coefficients of live weight of the AGZ rams (&, n = 31)

Model Predictor Coefficient SE v v r
Constant -8,4 10,48 -0,80 0,428
1 " 0,8243
WH 4,37 0,56 7,83 0,000
Constant -15,9 12,53 -1,27 0,214 \
2 ChD 2,67 0,37 7,15 0,000™ 0,799
Constant -28.5 14,77 -1,93 0,064
3 ” 0,789°
ChG 1,09 0,16 6,91 0,000
Constant -77,0 22,46 -3,43 0,002
4 - 0,7793
OBL 1,92 0,29 6,70 0,000
Constant -8,0 15,14 -0,53 0,602
5 " 0,707?
ChD 4,24 0,79 5,39 0,000
Constant -324 19,97 -1,62 0,115 \
6 HW 1,53 0,29 5,31 0,000™ 0,702

Note. Here and in Table 4: SE — standard error, z_ - t-statistics, P statistical significance of the regression coefficients,
r — correlation coefficient; ™ — statistically significant; 3 —p < 0,001.

*Adylkanova Sh.R. Genetic parameters of the selectable traits of the Saryarka coarse-wool fat-tailed sheep breed // Agrarian

science, 2010, N 7, pp. 27-28.

STraisov B.B., Esengaliev K.G., Davletova A.M. Conjugacy of the breeding traits in the Edilbayev breed ewe lambs // Sheep,

goats, wool business, 2013, N 3, pp. 16-17.

*Gerasimov N.P,, Kayumov F.G., Tretyakova R.F., Ryabov N.I. Formation of the exterior of steers of different genotypes in the
relationship with the level of feeding // Animal Husbandry and Fodder Production, 2018, vol. 101, N 2, pp. 17-24.
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Assessment of significance of regression coeffi-
cients P, indicates a high level of validity and
reliability of the obtained results and excludes
randomness in our study (at a significance level
0f 0.05).

The highest live weight gain in AGZ males
is expected when the absolute increase in width
per unit of absolute gain in the hips is increased
—model 1 (4,37 abs. gain; »=0,824; p <0,001).

Table 4 shows the wool clip regression coef-
ficients with exterior body parts of AGZ rams.

The results of the regression analysis pre-
sented in Table 4 indicate that wool clip, as well
as live weight, is most closely correlated with
the width at hips — model 1 (p < 0,001). At in-
crease of the specified external body part per
unit of absolute growth it is possible to predict
increase of the analyzed sign on 0,13 of its abs.
gains (r =0,792; p <0,001).

The adequacy of the obtained regression co-
efficients of wool clip in terms of linear mea-
surements of rams is confirmed by the signifi-
cance of P at the significance level of 0,05.

Studies have shown that in the Malya sheep
breed, the greatest increase in body weight is
provided by the increase in cannon bone girth’,
the Cornigliese breed — breast girth [9], the Cor-
riedale breed — belly girth [13], the Kashmir
Merino breed — height at the withers [15].

The models of multiple and pair regression
equations can be used in predicting the live
weight, as well as in the selection of medi-

um-wool breed AGZ sheep in the breeding pro-
cess (see Table 5).

The correlation and regression analysis of
live weight on exterior body parts of the AGZ
allowed compiling 13 regression models: six
multiple and six pairwise regression models for
rams and one multiple regression model for ewe
lambs.

Table 5 shows four of the six compiled mul-
tiple regression models were of good quality,
two models were of acceptable quality (Rgv =
0.792 and Rgv =0.793 at p < 0.001), and one of
the six paired regression models was of reason-
able quality. The remaining five paired regres-
sion equations had worse quality, with correla-
tion and determination coefficients lower than
model 5 (predictor — width at hips).

The obtained equations of multifactor re-
gression indicate that the resultant factor “live
weight” in medium-wool breed of the AGZ
sheep using all linear measurements has pos-
itive and negative interaction (model 1). In
models 2— 4 of multifactor regression, the equa-
tions differ only by positive interaction. Minus
in front of the regression coefficient for linear
measurements indicates their negative influence
on the resultant factor.

The variance analysis of the regression equa-
tions by F-criterion testifies to their statistical
significance and indicates the reliability of the re-
gression equations for both rams and ewe lambs
(F > F_, at the significance level of 0.05).

Ta6a. 4. Koshduuuentsl perpeccun Hactpura mepceru 6apanos A3 (4, n =31)

Table 4. Regression coefficients of wool clipping from the AGZ rams (3, n = 31)

Model Predictor Coefficient SE . P o r
. Constant 1,2 0,35 3,45 0,002* 0,792}
WH 0,13 0,02 6,99 0,000 ’
Constant 0,6 0,48 1,24 0,224
2 - 0,7613
ChG 0,03 0,01 6,30 0,000
3 Constant 1,1 0,43 2,50 0,018 0.737
ChD 0,08 0,01 5,86 0,000* ’
4 Constant -0,7 0,76 -0,94 0,354 0.730°
OBL 0,06 0,01 5,74 0,000™ ’

'Cilek S., Petkova M. Phenotypic correlations between some body measurements and prediction of body weight of Malya sheep
//Bulgarian Journal of Agricultural Science, 2016, vol. 22 (Suppl. 1), pp. 99-105.
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Tadua. 5. YpaBHeHHs MHOXECTBEHHOM M MAapHOM perpeccun xuBoi Macchl oBely Al'3

Table 5. Equations of multiple and pair regression of live weight of the AGZ sheep

Mod- Equation R F —-F R
el est crit qv.
&, n=31
LW =-88,4 + 0,43 HW + 0,44 OBL — 0,03 OQL — 0,02 ChG + 0,99 ChD + .
I |57,98 Chw + 0.41 WH + 2,56 CBG 0,950° | 24,4 >2.42" | 0,903
5 IW\K}/I =740+ 0,52 HW +0,23 OBL+ 0,25 ChG + 0,83 ChD + LIO ChW + 1,04 | 0 0405 | 30,5 2,51 | 0,884
3 |LW=-648+0,52 OBL + 0,39 ChG + 1,13 ChD + 1,22 WH 0,921° | 35,1 >2,76™ | 0,849
4 |LW =-44.4+ 0,48 ChG + 1,25 ChD + 1,68 WH 0,911° | 443 >2,96™ | 0.8313
5 |LW=-84+437WH 0,824 | 61.4> 4,187 | 0,679°
Q,n=069
LW = 50,9 + 0,41 HW — 0,01 OBL + 0,40 OQL — — 0,04 ChG — 0,23 ChD — \ . 1
6 10.63 ChD + 0,66 WH — 2,41 CBG 0,507°| 2,6>2,01" | 0,257

Note. R — multiple correlation coefficient; F'— Fisher's criterion (estimated, critical),
R, - coefficient of determination (0,8—1,0 — model of good quality, 0,5-0,8 — acceptable and 0,0-0,5 — poor);
™ — the regression equation is statistically significant; ' — p < 0,05; 3 —p < 0,001.

The value of the coefficient of determina-
tion in AGZ sheep increases with the addition
of independent factors to the equation, its high-
est value was obtained in model 1 for all linear
measurements.

Model 6 of multiple regression of live weight
in ewe lambs, despite the revealed statistical
significance, is characterized by poor quality.

The values of determination coefficients for
multiple equations show that in rams the change
in live weight by 83.1-90.3% can be predicted
by their linear body measurements in various
combinations. Evaluation of pairwise regres-
sion equations revealed that body weight of
males was more influenced by the effect of the
width at hips by 67.9% (p < 0,001, SE = 5,303,
model 5 of reasonable quality).

Similar results have been obtained in the
studies [9, 13, 15, 16].

The models of multiple and pair regression
equations can be used in predicting live weight,
as well as in selecting medium-wool breed AGZ
sheep in the breeding process (see Table 6).

On the basis of correlation-regression analy-
sis of wool clip by linear measurements of rams
seven equations of pair, seven — multiple re-
gressions and one — multiple regression for ewe
lambs were compiled.

Table 6 presents three models characterized
by the best values of coefficients of multiple
and pair correlation and determination. Like
body weight, wool cut in medium-wool breed
AGZ sheep has both positive and negative inter-
actions with linear body measurements, which
were observed for the models that used all inde-
pendent variables.

In the regression equations, strong and mod-
erate multiple correlation was established at a
high level of reliability (R > 0.5-0.7, p <0.001),
in ewe lambs the multiple correlation had a
weak character of connection.

At estimation of regression models of wool
clip in terms of exterior body parts on adequacy
their statistical significance for rams (F_ > F_,
at the significance level of 0,05) was found, for
ewe lambs the equation of multiple regression
was insignificant (F < F_, at the significance
level of 0,05) and of poor quality (qu <0,5).

The coefficients of determination show that
all the designed multivariate regression models
are characterized by acceptable quality, while
of the seven paired regression models only four
were of acceptable quality (R, >0.5) and three
were of poor quality (qu < 0.5, predictors —
HW, ChD, OQL).
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Taba. 6. YpaBHeHHs MHOXKECTBEHHOI M MapHOM perpeccuu HacTpura mepct opery Al'3

Table 6. Equations of multiple and paired regression of wool shearing from the AGZ sheep

Model Equation R F ,-F, R,
&, n=31
WC =-0,6+0,01 HW + 0,01 OBL — 0,001 OQL + 0,01 ChG + 0,02 ChD
1|+ 0.883° | 9.7>2.40" | 0,780}
+0,02 ChW +0,04 WH + 0,04 CBG
2 |WC=12+0,13WH 0,792 | 48,9>4.18" | 0,628°
Q,n=069
WC =23+ 0,03 HW + 0,01 OBL + 0,03 OQL + 0,01 + ChG — 0,06 ChD — . .
3 120.04 ChW +0,004 WH - 0,13 CBG 0419° | 1,6<2,10" | 0,175

Note. R —multiple correlation coefficient; F'— Fisher's criterion (estimated, critical),
R — coefficient of determination (0,5-0,8 — model of acceptable quality and 0,0-0,5 — of poor quality); * — the regression equation
is statistically insignificant ™ — the regression equation is statistically significant; > — p < 0,001.

As a result, it has been found that the change
in wool clip in medium-wool breed AGZ sheep
can be predicted with greater accuracy (by
78.0%) by the complex of linear measurements
of the body, and with less accuracy (by 62.8%)
by the predictor of width at hips.

CONCLUSION

The use of correlation-regression analysis
allows understanding the nature of variability
of the selected traits and contributes to obtain-
ing reliable results for their further effective use
in the breeding process in medium-wool sheep
breeding in the Transbaikal region.

The revealed correlation-regression interre-
lations indicate the importance of the studied
factors in the formation of the breeding traits
of productivity of medium-wool AGZ sheep
which are largely conditioned by their exteri-
or-constitutional characteristics. The exterior
characteristics of sheep, which are the basis of
the designed models, will allow predicting the
productivity of animals both in terms of body
weight and wool clip, as well as selecting sheep
corresponding to the desirable type.

The reliability and significance of the fore-
cast is higher with a greater choice of factors, as
indicated by the obtained coefficients of multi-
ple correlation, determination and Fisher's crite-
ria at a high level of confidence.
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DakTOpbl 3MMHEr0 MNepeABHKEHUs] BJIATM B NMAXOTHBIX MOYBaX
NmuMcKoN cremnu

C<VKpasuos 10.B.
Hosocubupckuii 2ocyoapcmeenuvlii nedazo2udeckutl YHugepCumenn

Hosocubupck, Poccus
(XD e-mail: kravtsov60@mail.ru

Ha ocHOBe MaTepnamoB MHOTOJICTHUX IIOJICBBIX HAOMIONCHWNA B IOKHBIX paiioHax OMCKOH
o0yacTy ompenesneHo, Kakue (akTopbl BIMSAIOT HA 3MMHEE I[EPEIBIKCHHE BJard B IAXOTHBIX
nouysax Wmmmckoil crenu. [myOunHoil mponukHoBeHus: Temneparypsl 0 °C 0OyclOBICHBI HMKHSS
rpaHuIla U BepTHUKaJbHas MOIIHOCTb CJIOS HaMep3aHHUs Biaru. PaccTosHMEe MeXAy €ro HUKHHUM
kpaeM ¥ r1youmHod nponukHoBeHHst 0 °C cocrapnsier 20-40 cm. [mybuna nponuknoBenus 0 °C
3aBUCHT OT TEMIepaTypbl BO3yXa M MOIIHOCTH CHEKHOTO TMOKPOBA M JIOCTHTAaeT HAa M3ydaeMOH
teppuropun 170-240 cm. C rpaHyIOMETPHUESCKUM COCTABOM CBSI3aHBI ()OPMBI TOMHHHPYIOIICH B
[I0YBE BJIard. B TSDKENOCYNIMHMCTBIX BBICOKOMJIMCTBIX MOYBEHHO-TPYHTOBBIX Toimax Wmmmckoit
crenu npeoOnazaer IuieHouHas Biara. ConepKaHue KanWUISIPHO-NIOATIEPTHOH W CBOOOAHOM
IPaBUTALlMOHHOW BOJBI HE TpeBbIIaeT 6% oT o0beMa MOYB MpPH IMOJHOH BJIATOEMKOCTH, YeM
o0yclioBlieH Mauiblii 00beM Hamep3anusi Biard (o 50 mm). TepmorpaaueHTHas MUTpalus BIard
TOJIEBBIMH METOZAMH OTIPEEIISIETCS B BBICOKOYBIIA)KHEHHBIX TTIOYBEHHO-TPYHTOBBIX TONIIAX. Bricokas
BJIAYKHOCTb II0YB U ITOPOA MIIMMCKOH CTEIH CBsI3aHa C UX IPAHYJIIOMETPUYECKUM COCTAaBOM U OJIM3KUM
3ajeranveM rpyHToBbIX Box. Eciu Bo Il mekane okTsiOpst rpyHTOBBIE BOABI (PUKCUPYIOT Ha IIyOuHE
MeHee 3 M, CJIOH HaMep3aHus BIaru B KOHLIE MapTa OTMEYaeTcs B MPOMEXyTKe ryOun ot 40-80
10 160-200 cM, 00beM KPUOTEHHOM aKKyMYISILUKM TpH 3ToM cocTaBisieT 30—50 MM, B TOM 4ucIie B
BEpPXHEM MeTpoBOM ciioe — 10-25 mMm. Eciu oceHbr0 rpyHTOBBIC BOJIbI OOHAPYKUBAIOT HA TIIyOUHE
Oonee 3 M, cioit Hamep3aHus GukcupyroT Ha orMeTkax oT 80 g0 160-200 cm, mpubaBka Biaru B
Hem coctapiser 15-30 mmM, B cioe 0—100 cM BiarocosepxkaHue He u3MeHseTcsl. Pojib KpUOreHHOH
AKKyMYJISILMK B BOCIIOJIHEHMHU BJIard IOCJIE BETreTallMOHHOTO Ae(HUUTa B KOPHEOOUTAEMOM CIIOE
10 SIPOBBIM 3€PHOBBIM KYJBTYPaM HE3HAUYUTENbHA. DTOT MPOLECC OKa3bIBaeT OOJBIIOE BIMSHHUE Ha
(dopMHpoBaHHME YCIOBUH aHa’dpoOHo3HMca W pa3BUTHE COBPEMEHHOTO THAPOMOpP(H3Ma B HUKHUX
TOPHU30HTAX MOYB U MOIMOYBEHHOMN TOJIIIE.

KuaroueBsble cioBa: riryOnHa npoHukHOBeHHs 0 °C, TpaHyJIOMETpPHYECKHH COCTaB, BIAKHOCTbH
[104B, yPOBEHb I'PYHTOBBIX BOJI, KOPHEOOUTAEMBIil €101, KpHOTEHHAsI aKKYMYJIALIUS BIIard

Factors of winter moisture movement in arable soils of the Ishim steppe

) Kravtsov Yu.V.
Novosibirsk State Pedagogical University

(<) Novosibirsk, Russia
e-mail: kravtsov60@mail.ru

Based on the materials of long-term field observations in the southern regions of the Omsk
region, the influence of the main factors on the winter movement of moisture in arable soils
of the Ishim steppe was traced. The penetration depth of 0 °C determines the lower boundary
and vertical thickness of the moisture freezing layer. The distance between its lower edge and
the penetration depth of 0 °C is 20—40 cm. The penetration depth of 0 °C is predetermined
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of the Ishim steppe

by the air temperature and the thickness of the snow cover and reaches 170-240 cm. The
forms of moisture dominant in the soil are associated with the granulometric composition.
Film moisture prevails in the heavy loamy, highly silty soil-ground strata of the Ishim steppe.
The content of capillary-backed and free gravitational water does not exceed 6% of the soil
volume at full moisture capacity, which determines the small volume of moisture freezing
(up to 50 mm). Thermogradient migration of moisture is determined by field methods in
highly moistened soil-ground strata. High humidity of the soils and rocks of the Ishim steppe
is associated with their granulometric composition and the close occurrence of groundwater.
If in the second ten days of October groundwater is recorded at a depth of less than 3 m, the
layer of moisture freezing at the end of March is noted in the depth range between 40—80 and
160-200 cm, the volume of cryogenic accumulation is 30—50 mm, including in the upper me-
ter layer — 10-25 mm. If groundwater is detected at a depth of more than 3 m in the autumn,
the freezing layer is fixed at 80 to 160—200 cm, the moisture gain in it is 15-30 mm, in the
0—-100 cm layer the moisture content does not change. The role of cryogenic accumulation in
replenishing the post-vegetation moisture deficit in the root layer of spring grains is modest.
This process is significant for the formation of conditions for anaerobiosis and the develop-

ment of modern hydromorphism in the lower soil horizons and in the subsoil strata.
Keywords: penetration depth 0 °C, granulometric composition, soil moisture, groundwa-
ter level, root layer, cryogenic moisture accumulation
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INTRODUCTION

The Ishim steppe (Ishim-Irtysh steppe in-
terfluve) is an important agrarian region of Si-
beria [1, 2]. At the same time, this territory is
characterized by the presence of the factors that
complicate obtaining high stable yields of agri-
cultural crops. One of such factors is the limited
resources of soil and atmospheric moisture. On
this basis, monitoring of moisture reserves and
establishing ways to optimize them in arable
soils of the region is of transcendent importance
(3, 4].

Siberian steppe soils in the cold season of
the year are deeply and permanently frozen to
negative temperatures, which causes the move-
ment and accumulation of soil moisture in the

seasonally frozen layer. In summer, soils warm
up, which predetermines the migration of soil
moisture in the opposite direction. Therefore,
seasonal moisture movements are an important
element of the water regime of Siberian steppe
soils, and redistributed moisture is a significant
component of their water balance [5, 6]. At the
same time, thermogradient migration of mois-
ture occurs in the soils [7].

The relevance of the problem of moisture
movement in Siberian steppe soils is empha-
sized by long-term fluctuations in the natural
and climatic conditions of the region [8-11],
under the influence of which the indicators of
seasonal migration of soil moisture can change.
It is still unclear how such dynamics affects the
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parameters of soil moisture movement, espe-
cially in winter time. To forecast the character-
istics of moisture migration under the influence
of dynamic environmental factors and for eco-
nomic assessment of the changing size of cryo-
genic moisture accumulation, it is necessary to
identify the main factors of its winter movement
and to establish quantitative dependencies of
soil moisture movement parameters on these
factors. At the same time, generalized data on
the impact of natural factors on moisture redis-
tribution in soils of Ishim steppe during the cold
season are absent.

The purpose of the study is to establish the
influence of certain natural factors on winter
moisture movement in arable soils of the Ishim
steppe.

MATERIAL AND METHODS

In the course of the study, the data of field
work in the eastern part of the Ishim-Irtysh
steppe interfluve, on the territory of the Russ-
ko-Polyansky and, partly, Novovarshavsky mu-
nicipal districts of the Omsk region were gen-
eralized.

The relief of the Ishim steppe is represented
by a lowland (with absolute heights of 110135
m) weakly articulated plain, within which there
are micro depressions (up to 1 m deep, up to 100
m in diameter) and large depressions (up to 5—6
km in diameter, up to 20 m deep). The earth sur-

face is covered by middle and upper quaternary
cover sediments up to 10 m thick.

The annual air temperature is 2.2 °C (based
on the observations of the Russkaya Polyana
weather station of the Ob-Irtysh Department of
Hydrometeorology and Environmental Mon-
itoring, located 5 km north of the reference
transects). The average July temperature reach-
es 20 °C. The area is characterized by a long
(130-140 days) winter. The average tempera-
ture in January is 17.2 °C. During the year 360
mm of precipitation falls on average [12, 13].
Heat resources are sufficient for evaporation of
500-700 mm of water [14]. The hydrographic
network of the area is represented by shallow
lakes.

Within the arable lands (plowing of the terri-
tory at present reaches 85-95%) dark dispersed
carbonate gypsum-containing saline agrozems
developed on plateau areas are spatially dom-
inant. Dark clayey-illuvial quasi-gleyey
agrozems are recorded in micro depressions. In
large hollows, dark dispersed carbonate gyp-
sum-containing saline quasi-gleyey agrozems
are developed [15]. All soils and subsoil rocks
are characterized by heavy loamy granulomet-
ric composition with high (up to 45%) content
of silt fraction. Spring grain crops prevail on ar-
able land.

Field observations were carried out in 1986-
1990 and 2002-2022 on the reference soil tran-

OHOpHLIC TOYBCHHBIC Pa3pe3bl U X MECTOIIOJIOKEHUE

Supporting soil sections and their location

Sec- Geographic Absolute . .
tion coor%linztes height, m Terrain Soil
1 53°43°47.14" N 111 Site of the first Dispersed carbonate saline qua-
74°03'35.59"E terrace above flood-plain si-gleyey agrozem
of the mesocotyl basin
2 53°43°47.16" N 112 Site of the second Dispersed carbonate agrozem
74°03'35.57"E terrace above flood-plain
of the mesocotyl basin
4 53°43'50.26" N 110 Slope of the first  terrace above Dispersed carbonate saline qua-
74°03°45.49" E flood-plain of the mesocotyl basin si-gleyey agrozem
7 53°43712.52" N 121 Flat interfluve, microhill Dispersed carbonate agrozem
73°57°01.65" E
8 53°43722.83" N 120 Flat interfluve, microdepression Clay-illuvial quasi-
73°57°03.42" E gleyey agrozem
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sects located within the arable land (see the
table). The volume of frozen moisture and the
location of its seasonal accumulation layer were
established by comparing moisture profiles con-
structed from observation materials in the II-11I
ten-day periods of October and in the III ten-
day period of March. Samples for construction
of moisture profiles were taken in the process
of manual drilling to the depth of groundwater
table and processed by the thermostat-weight
method. In the drilled wells the groundwater
level was revealed in parallel by measuring the
depth of their occurrence. Snow cover thick-
ness and moisture reserves in it were deter-
mined during snow survey in the third ten-day
period of March, when maximum snow cover
thickness is observed in the Ishim steppe. The
temperature of the edaphonic-earth cover was
measured with fume thermometers in the depth
range of 20-320 cm in parallel with soil sam-
pling for humidity.

RESULTS AND DISCUSSION

It was found that in the lower part of the
Ishim steppe soil profiles and in the subsoil
stratum the moisture content increases at the
end of the winter season compared to the au-
tumn months. The layer of moisture intention
in spring grain crops is observed at depths from
40-80 to 160-200 cm, i.e. below the root-habi-
tat layer dried up to wilting moisture and below.
Moisture gain in the layer of winter accumula-
tion varies from 10 to 50 mm, while in the up-
per meter layer of the soils the gain can reach
25 mm. Humidity of the rooting layer and rock
strata below the seasonally freezing layer prac-
tically does not change during winter. Ground-
water level, which is fixed in the second ten-day
period of October at depths from 200 to 450 cm,
decreases by the third ten-day period of March
by 30-90 cm.

To explain the material presented, it is neces-
sary to consider the factors determining winter
moisture movement in soils.

The most important factor determining the
winter migration of soil moisture is the depth
of penetration of 0 °C temperature into eda-

phonic-earth cover. It predetermines the posi-
tion of the lower boundary and the thickness
of the cryogenic moisture accumulation layer.
The depth of penetration of 0 °C depends on air
temperature and snow cover thickness. At the
same snow cover thickness, the depth of 0 °C
penetration depends on the air temperature: the
lower it is, the greater the depth. For example,
in transect 4 in seasons with the same snow cov-
er thickness (26 cm in the third ten-day period
of March), the 0 °C penetration depth was 180
(at an air temperature of 13.1 °C) and 200 cm
(at a temperature of 14.1 °C). In section 2, at
a snow cover thickness of 16 cm and at an air
temperature of 14.1 °C, the penetration depth of
0 °C was 240 cm, and at a temperature of 10.4
°C—-210 cm.

Snow cover prevents soil freezing. Thus,
during the season with a temperature of 14.1 °C,
a snow cover with a thickness of 42 cm caused
penetration of 0 °C into the soil of transect 7 to
a depth of 190 cm, which is 50 cm less than in
transect 2 with a snow cover of 15 cm (penetra-
tion depth of 240 cm). During a particular cold
season, the penetration depth of 0 °C depends
on the snow cover thickness: the greater the
thickness, the shallower the penetration depth
is.

Thus, due to different air temperatures and
unequal snow cover thickness, the depth of pen-
etration of 0 °C into the soil of the same sec-
tion differs from year to year. However, 0°C
in the third ten-day period of March is always
observed in the highly moistened stratum under
the layer of summer desiccation. For example,
in the soil of transect 2 during three consecutive
winter seasons, 0 °C was recorded at depths of
180, 240, and 210 cm. In accordance with the
depth of penetration of 0 °C, the position of the
layer of seasonal moisture freezing (at 80-160,
80— 200 and 90-170 cm) and the addition of
moisture in it (29, 42 and 34 mm) change. The
distance between the depth of penetration of 0
°C in the III ten-day period of March and the
lower boundary of the layer of moisture inten-
tion is 20—40 cm. Thus, the greater the depth
of penetration of 0°C, the greater is the vertical
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thickness of the freezing layer and the greater is
the volume of moisture freezing in it.

The most important factor determining win-
ter movement of soil moisture is the granulo-
metric composition of soils and parent rocks.
The granulometric composition determines the
predominant forms of moisture in soils and,
consequently, the volume of mobile water and
conditions of its movement. In the edaphon-
ic-earth cover of the Ishim steppe due to heavy
loamy high-silt granulometric composition,
film-sticky and sorption-closed moisture domi-
nates; capillary-supported and free gravitational
water contains no more than 4-6% of the soil
volume with moisture at the level of full wa-
ter capacity. The small content of capillary and
gravitational water causes relatively low val-
ues of winter moisture migration in the soils of
the Ishim steppe — up to 50 mm. At the same
time, winter moisture gain in the 0—100 cm lay-
er of hydromorphic soils of the Barabinsk Plain
reaches 80—100 mm.

Another factor important for seasonal mois-
ture migration is high moisture content of the
edaphonic-earth cover (80% of the lowest water
content (LWC) and higher). Moisture migration
is manifested at such high moisture content.
Significant moisture content of soils and rocks
is predetermined by the granulometric compo-
sition and high position of groundwater (lying
at a depth of 200-450 cm) due to their anthro-
pogenic rise in the second half of the twentieth
century.

Moisture accumulation in the seasonally fro-
zen layer does not cause drying of subperma-
frost strata; moisture withdrawal from them is
compensated by capillary moisture inflow from
groundwater, causing their lowering. If ground-
water in October is observed at the depths from
200 to 450 cm, the moisture gain in the freezing
layer in the soils of the Ishim steppe is propor-
tional to the groundwater level drop during Oc-
tober-March (see the figure).

Thus, within the Ishim steppe, the most im-
portant factors predetermining the volume of
cryogenic moisture accumulation in the season-
ally freezing layer are the position of groundwa-

ter close to the earth's surface and the associated
high initial humidity of the seasonally freezing
strata. A similar situation is observed in heavy
loamy soils of the Barabinsk Plain, as well as in
sandy loam soils of the Kulunda Plain.

To predict the parameters of winter moisture
movement in the edaphonic-earth cover of the
Ishim steppe, it is possible to be guided by the
autumn depth of groundwater table and dynam-
ics of its level during October—March. Summer
and then autumn position of groundwater level
on arable land for spring cereals depends on the
sum of atmospheric precipitation of the previ-
ous winter season. For 2009-2022 the follow-
ing proportionality between the sum of winter
precipitation (x, mm) and groundwater table
depth (y, mm) was obtained, for example, for
the reference transect 7:

y=-0,0125x + 4,6362

at reliability of approximation R*= 0,8327.

If in the second and third ten-day periods
of October ground waters are observed at the
depths of more than 3 m, then in the soil pro-
files of spring grain crops the layer of summer
drying is fixed up to the depth of 80 cm. There-
fore, the layer of moisture intrusion in March
is traced from the depth of 80 cmy; its vertical
thickness may exceed 100 cm. The groundwater
table drop by March is 30—70 cm; the volume of

n
i
1

wn
1
T

<=
}

Moisture gain, mm
S
}

W W b
hdl
T

n
h
T

60 70 80 90 100
Fall in ground water level, cm

\=3

]
8}
e

50

[TponopIHOHANTEHOCTE MEXK/TY MaJACHUEM YPOBHS
IPYHTOBBIX BOJI B TCUCHHE OKTAOPS — MapTa H Mpu-
OaBKkoli Baru B ciioe Hamepsanus (2017-2018 rr.)

Proportionality between groundwater level drop
during October — March and moisture gain in the
freezing over layer (2017-2018)

IpoGnemsr. CyxaeHus

117

Cubupckuii BECTHHK CENbCKOXO3SHCTBEHHON HayKH * 2024 ¢ 54 « 8



Factors of winter moisture movement in arable soils
of the Ishim steppe

Kravtsov Yu.V.

moisture accumulation in the seasonally freez-
ing layer reaches 15-30 mm; in the upper meter
layer the moisture increase during winter is un-
likely to occur.

At groundwater position in the middle of Oc-
tober at the depths of less than 3 m, the thickness
of summer evapodesic drying layer will be less
than 80 cm. For example, at groundwater table
290 cm the layer thickness will reach 70 cm, at
210 cm — 40 cm, etc. In such cases (for the same
crops of spring cereals), the lower boundary of
the summer evapodrying layer is marked at dif-
ferent levels (from 40 to 80 cm), so the layer of
moisture intrusion can be different in thickness
at the same depth of penetration of 0 ° C into
the edaphonic-earth cover. Moisture content in
the seasonally frozen layer increases by 30-50
mm, including by 10-25 mm in the upper me-
ter layer. A more accurate answer regarding the
volume of frozen moisture can be obtained in
the third ten-day period of March not only by
comparing layer-by-layer moisture reserves in
the edaphonic-earth cover, but also on the basis
of groundwater level decrease during October—
March, which is 40-90 cm. When the level drops
by 40 cm, the moisture gain in the freezing layer
reaches 25-30 mm, when the level drops by 90
cm, the gain will increase to 50 mm.

As a result, the moisture content in the freez-
ing layer may exceed the water table. If in au-
tumn groundwater is observed at the depths of
more than 3 m, in spring and early summer,
due to soil warming, a part of the moisture fro-
zen above the level of the lowest water content
flows to deeper layers; a part in the form of cap-
illary-suspended moisture remains in place, thus
creating conditions for anaerobiosis and devel-
opment of modern subsurface hydromorphism.
If in autumn groundwater is located above 3 m,
due to freezing, moisture content can exceed the
lowest water content level in the lower part of
the 0—100 cm layer. However, in spring and ear-
ly summer time moisture content reduction to
the optimal level at the depth of 60—100 cm, as a
rule, does not occur due to the close position of
mineralized groundwater (occurring at the depth
of 150-250 cm). Due to high humidity and close

position of mineralized groundwater in the lay-
er of 60—100 cm aeration porosity often falls to
critical values (less than 10%), there is a high
concentration of easily soluble compounds (up
to 1% and higher). These factors predetermine
unfavorable conditions for the development of
root systems of spring grain crops, create con-
ditions for the emergence of anaerobiosis and
manifestations of hydromorphism.

Thus, at present, in the Ishim steppe, when
spring grain crops dominate in the crop struc-
ture, moisture freezing in the seasonally freez-
ing layer of the edaphonic-earth cover is rather
a negative factor complicating the development
of root systems of spring grain crops at close
groundwater table (at a depth of less than 3 m in
the autumn period).

CONCLUSION

As a result of the analysis, the influence of
three main factors on winter moisture move-
ment in seasonally frozen soils of the research
area has been traced out.

The vertical thickness and position of the
lower boundary of the moisture intrusion layer
are predetermined by the penetration depth of 0
°C. The penetration depth of 0 °C is determined
by the air temperature of winter months and
snow cover thickness and reaches 170-240 cm.

Forms of dominant soil moisture are relat-
ed to the granulometric composition of soils
and rocks. In heavy loamy high silty strata of
the Ishim steppe film moisture prevails. Cap-
illary and free gravitational water in micropo-
rous strata contains no more than 4-6% of the
soil volume with moisture at the level of full
water holding capacity. Therefore, the size of
cryogenic water accumulation in the seasonally
freezing layer of the Ishim steppe is generally
smaller than in sandy loam and loamy soils of
Kulunda and Baraba.

Moisture movement is characteristic of high-
ly moistened horizons. High autumn moisture
content of the edaphonic-earth cover under the
rooting layer of spring cereals dried up to wilt-
ing moisture and below is connected with their
granulometric composition and with close oc-
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currence of groundwater. The volume of freez-
ing moisture and location of cryogenic accu-
mulation layer in the edaphonic-earth cover are
predicted by autumn groundwater position.

Moisture freezing during winter is not im-
portant in replenishing the moisture deficit in
the root-inhabited layer of soils in spring grain
crops. However, its role in creating conditions
of anaerobiosis and development of hydromor-
phism in the lower part of soils and in the sub-
soil stratum remains noticeable.
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HALIN FOBUJIAPBI
OUR JUBILJARS

K 85-i1eTuro Buraaust AjiekceeBuua bexkenéBa

[maBHOMY Hay4yHOMY COTPYIHHUKY J1abopaTopuu pasBeneHusi cBuHed CHOUPCKOro Hay4dHO-HC-
CJIEI0BATEIBCKOTO M MPOEKTHO-TEXHOJOTUYECKOro MHCTUTYTa *)UBOTHOBoAcTBa COHIIA PAH,
JIOKTOPY CEJIbCKOXO035UCTBEHHBIX HAYK, podeccopy, 3aciyKeHHOMY fesTento Hayku PO Buranuro
AnexceeBuuy bekeHéBy 23 aBrycra HCIOJHUIOCH 85 JIET.

Buranuii Anekceesud poawiics B 1939 r. B a. [lenvreit Onékmunckoro paiona Axyrckoii ACCP
B KPECTBSIHCKOM CEMBE.

[Tocne okoHyaHusi cpeaHei mkobl B 1957 I. mOCTyNUiI HA 300TEXHUYECKOE OTIEICHUE CEJlb-
CKOXO3SIICTBEHHOTO (haKysabpTeTa SIKyTCKOTro rocyaapcTBeHHOro ynusepcurera. B 1960 1. Obi1 Ha-
IIpaBJIeH JJIsl IPOAOIDKEHHS Y4eObl U MOATOTOBKHU MpernogaBaTenbckux kaapos ans Al'Y Ha 300-
TeXHUYeCKH (pakyabTeT MOCKOBCKON BETEpUHAPHON aKaJeMUH, KOTOPYI0 OKOHYMI B 1962 1., mo-
JYyYUB CTICHHAIBHOCTDh «y4eHBIH 300TeXHUK». C 1962 mo 1963 r. Butanuii AnexceeBnu padotan
Ha TPOM3BOJACTBE 300TEXHUKOM, 3aBEeIYyIOIUM NTHLEdEepMOil coBxo3a «XaTacckuit» SIKyTCKOM
ACCP. B 1963 r. moctynui B acnupantypy CHOMPCKOTo HaydHO-UCCIIEA0BATEILCKOTO HHCTUTYTA
JKUBOTHOBOJICTBA. Hay4HBIM pYKOBOAHMTENEM €ro ObLT IUPEKTOP WHCTUTYTA YICH-KOPPECTIOHICHT
BACXHMJI M.O. Cumon. Kangupgarckyro auccepranuio «BiusiHue amanTUBHBIX CBOWCTB Ha
nposiBiieHHe P QeKTa rerepo3uca Mpu CKpelMBaHUM CBUHEW» Burtammii AnekceeBud 3aliuThI B
1968 1. Ha OOBETMHEHHOM YYEHOM COBETE MO0 OMOJOTHYECKUM HaykaMm B MTHCTUTYyTE IIUTOIOTHHU U
renetuku CO PAH CCCP no crienuaibHOCTH «T€HETHKAY.

C 1967 r. Buranuii AnekceeBud padoran B CuOHMMXKe cragana crapmmM, 3ateM BeaylIIuM
HAYYHBIM COTPYIHHUKOM, 3aBEYIOIIUM CEKTOPOM, OTAEIIOM TEXHOJIOTUHU MPOU3BOJCTBA CBUHUHBI, C
1989 no 2014 1. — oTAenOM pa3BeIeHUsI U TEHETUKHU CEIIbCKOXO35MCTBEHHBIX KUBOTHBIX, ¢ 2015 T
10 HACTOSIIIEE BPEMsI — TIaBHBIM HAYYHBIM COTPYIHUKOM, 3aBEAYIOIINM JabopaTopueil pa3BeicHUs
cBuHEl. PaboTaeT B mHCTUTYTE O3 mepepriBa 60 JieT.

[Tocne opranmzanun Cubupckoro oraenenust BACXHWII 6611 nepBeiM npencenarenem Coseta
MOJIOJIBIX YUEHBIX, WwieHoM CoBera Mosonbix yueHsix npu [{K BJIKCM.

B 1990 r. Buranuii AnekceeBud 3amiuTui Bo BeepoccniickoM HayqyHO-UCCIIE0BATENBCKOM HH-
CTUTYTE T€HETUKU U Pa3BEJCHUS CEIbCKOXO3SHCTBEHHBIX >KMBOTHBIX JOKTOPCKYIO TUCCEPTALIUIO
«CoBepIIeHCTBOBaHNE TeHETUYECKOTO TOTEHITMAIA U aJalTAllid CBHHEH B YCIOBHUSIX WHTCHCH(U-
Kaiuu otrpacin» no cnenuanbHocth 06.02.01 «Pa3Benenue, cenekuus 1 BOCIIPOU3BOJCTBO CEJIb-
CKOXO3SIHCTBEHHBIX KMBOTHBIX).
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HALTN OBUJIAIPHI

B.A. bekeHéB — cnenuaiucT B 00JaCTH pa3BeCHHUs, CEJICKIIUN U TeHETUKU CETbCKOXO03SICTBEeH-
HBIX JKUBOTHBIX, TEXHOJIOTUU MPOU3BOACTBA MPOAYKTOB )KUBOTHOBOJICTBA, aBTOp 283 HayuyHBIX pa-
00T, n3 HUX 12 pexomeHaanui, 8 MmoHorpaduil u 14 aBTOPCKUX CBUIETEILCTB U IMATEHTOB, B TOM
yycne 3 — Ha CeNIeKIIMOHHBIe ToCTIKeHus. MM omyOnukoBanbl MoHOTpaduu «Cenekins CBUHEN,
«OKMBOTHOBOJCTBO B KPECTBSIHCKOM XO3SIMCTBE», «T€XHONOrUsl pa3BEACHUS] U CONEPKAHUS CBU-
Hely, «[ eHeTHYeCKre METOIBI B CENICKIIMN CBUHEH), «Be3aecyine cBOOOHbIC paIuKaIIbI B 310PO-
Bb€, PEIPOAYKIMHU, )KUBOTHOBOAUECKON MPOTYKIIANY.

B cucteme nutuposanust Web of Science u Scopus omyonmnkoBano 24 crats, B )xypHanax CLIA,
KHP, OAD, lIseiitapuu, Muauu, Pymbinnm — 11 crareil.

OcHoBHbIe HayuHbIe pe3ynbTaThl B.A bekenépa: pa3zpaOoTaHbl pEKOMEHAANNN TI0 YITYYIICHUIO
MSICHBIX Ka4€CTB CBUHEW MyTEeM MPOMBIIIUIEHHOTO CKPEIIMBAHUS C TOPOAMH MSCHOTO HarpaBJiie-
HUS TPOIYKTUBHOCTH; MpPEJIOKeHa HOBas TMIIOTe3a OObSCHEHHUs SIBICHUS IeTepo3Hca; yCOoBep-
IIICHCTBOBAHBI CYIIECTBYIOIINE M CO3AaHbI HOBBIE CHOCOOBI YAYYIICHHUS aJalTalllH >KUBOTHBIX
U CTPECCOYCTOMUYMBOCTH B YCIIOBUSX WHTEHCHUBHBIX TEXHOJIOTMM MPOMBINIJIEHHBIX KOMILIEKCOB;
pa3paboTaHbl HOBBIE J03bl YIBTPA(PHUOIETOBOTO OOTYUEHUSI CBUHEH B YCIOBHSIX IMPOMBILIUICHHOMN
TEXHOJIOTUH, TTO3BOJISIFOIINE YIIy4IIaTh IIO0BUTOCTh CBUHOMATOK, )KM3HECIIOCOOHOCTh U MHTEH-
CUBHOCTH POCTa MPHUIUIONAA; BIIEPBBIC O0OHAPYKEHBI PE3KHE OTINMYUS HEKOTOPHIX TTOPOT TI0 YPOBHIO
CBOOOTHOPAIMKAIBHOTO OKUCIICHUS UX TKaHEH, CBS3aHHBIE C PA3IMYHBIM COJEpKAaHUEM >KHpa B
TyIIaX U )KUPHBIX KUCIOT U XOJIECTEPUHA — BO BHYTPUMBIILIEYHOM KUPE U Cajle; MOKa3aHO YXy.-
IICHUE Ka9eCTBA MSICHBIX MPOAYKTOB MPU HAIHYUU B CTPYKTYpe OOJBIIOrO KOJHUYECTBA IMOJHHE-
HACBIILEHHBIX JKUPHBIX KUCIIOT, 0COOEHHO JIMHOJIEBOM M JUIONPOTENHOB HU3KOM TUIOTHOCTH, KO-
TOPBIMH OOTaTa CBUHHWHA HEKOTOPBIX MMIIOPTHBIX MOPO; BBISBICHO, YTO TAKUE AaHTHUOKCUAAHTHI,
KaK Karajia3a U THOJIOBBIE COCTUHEHHSI, COEPIKANTUECS B KPOBH XPSIKOB U CBUHOMATOK, CITOCOOHBI
MIPOTUBOJEHCTBOBATH pa3pyLIAIOIIEMy BO3JIEHCTBUIO aKTHUBHBIX (DOPM KUCIOPOAA MPU OIJIOAOT-
BOPEHUH, BIMATH Ha IJIOJOBUTOCTb, MACCy THE3/1a IIPU OMOPOCE; BIEPBHIE IKCIEPUMEHTAIbHBIM
IyTEM MOJYyY€HO JTOKA3aTeIbCTBO, UTO CBUHOM JKHp, COMEpP KA OO0JIbIlIe HACHIIIIEHHBIX YKUPHBIX
KHCIIOT, HO MEHbIIIE MTOJMHEHACHIIIEHHBIX JKUPHBIX KUCIOT, 0COOCHHO JIMHOJIEBOM KUPHOM KUCIIO-
ThI U XOJIECTEPUHA, MOJIOKUTEIBHO BIUSET HA MPOYKTUBHOCTb U CEPACUHO-COCYIUCTYIO CUCTEMY,
CHIDKAET aTepOTeHHBIH WHJIEKC; €Tr0 MPEIIOKECHHUS BKIIFOYCHBI B HH(POPMAIIMOHHO-TEXHUYECKUN
CIIPABOYHUK MO HaWIy4dluM A0CTYMHBIM TeXHOoJoTusIM UTC 41-2023 «MHTEeHCHBHOE pa3BeeHUE
CBUHEN.

Buranmii AnexceeBrd y4acTBYeT B IOATOTOBKE KaJpOB BBICIICH KBaTU(PHUKAINN, HEOTHOKPAT-
Ho 0wt mpencenareneM [AK B HI'AY, moaroroBun neBATh KaHIUAATOB HAYK M JBa JOKTOpa HayK.
HeomHokpaTHO OBLIT YWIEHOM COBETOB MO 3alIUTE JOKTOPCKHUX M KaHIUAATCKUX TUCCEPTAlUM, SIB-
nsieTcst HayuyHbIM dKcriepToM PAH. B TeueHne HECKOBKUX JIET ObLT YWICHOM Hay9YHO-TEXHHYECKOTO
COBETa IIPH OT/AEJICHUH )KUBOTHOBOJCTBA U BeTepuHapuu Poccenbxo3akaaeMun.

C coo01ieHus MU 0 pe3ylibTaTax CBOMX Hay4dHbIX paboT B.A. bekeHEéB BrIcTymasl Ha MHOTHX BCe-
COO3HBIX, a TAKKE MEKIYHAPOIHBIX KOH(PEPEHIHUIX, B TOM drciie B CeBepo-BocTouHOM cenbeko-
x03s1icTBEeHHOM yHUBepcutete Kuras, B [lencunbBanckom n Muunranckom yauepcuterax CIIA.

B 1989 r. B.A. bekeHéBy npucBOEHO 3BaHUE «3acIyKEHHbIN AesaTenb Hayku PDy». Homunaupo-
BaJICS KaHIUJIaTOM B usieHbI-koppecnonaeHTsl PAH nmo OTtaenennio cenbCKOX03sICTBEHHBIX HayK.

Harpaxnen 3omotoit menansio «Jlaypear BBL» PO, megansmu um. .. Cundaruna, «40 net
CO Poccenbxozakagemun 1969-2009», «80 ner HoBocubupckoit obiactuy, «3acmyKeHHbIH BeTe-
pan CO PAH».

Komnexkrus CuOHUIITUKa COHIIA PAH no3apasnser Buranus AnekceeBuda ¢ ro0uieeM u
JKeNaeT KPEMKOro 3I0pOBbs, OIaronoayyus, HOBBIX yCIEX0B B PO(HeCCHOHAIBHOMN AeSITEeNbHOCTH
U MHOTHX JIET UHTEPECHON PabOTBHI.
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AUTHOR GUIDELINES

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

The journal publishes original articles on fundamental and applied issues by the following directions:

general agriculture and crop production;

plant breeding, seed production and biotechnology;

agrochemistry, soil science, plant protection and quarantine;

fodder production;

infectious diseases and animal immunology;

private zootechnics, feeding, technology of feed preparation and production of livestock products;

breeding, selection, genetics, and animal biotechnology;

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

food systems.

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

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

Section name L. core . .
Scientific Specialties, for which academic degrees are awarded

4.1.1. General agriculture and crop production

Agriculture and chemicalization f N . .
£ 4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.1.1. General agriculture and crop production

Plant growing and breeding 4.1.2. Plant breeding, seed production and biotechnology

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

4.1.1. General agriculture and crop production
Fodder production 4.1.2. Plant breeding, seed production and biotechnology
4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.2.3. Infectious diseases and animal immunology

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

4.2.5. Breeding, selection, genetics, and animal biotechnology

Mechanization, automation,

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

Agriproducts processing 4.3.3. Food systems

4.1.1. General agriculture and crop production

4.1.2. Plant breeding, seed production and biotechnology

4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.2.3. Infectious diseases and animal immunology

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

4.2.5. Breeding, selection, genetics, and animal biotechnology

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

4.3.3. Food systems

Problems. Opinions

Scientific relations

From the history of agricultural
science

Brief reports

From dissertations

RECOMMENDATIONS TO THE AUTHOR BEFORE SUBMITTING AN ARTICLE

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

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

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

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

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

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

Accompanying documents to the manuscript of an article:

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

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

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

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

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

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

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

ARTICLE DESIGN PROCEDURE

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

Article design structure:

UDC

2. Title of an article in Russian and English (no more than 70 characters).

3. Surnames and initials of the authors, full official name of the scientific institution where the research was con-
ducted in Russian and English.

If authors from different institutions took part in the preparation of the article, it is necessary to indicate the affilia-
tion of each author to a particular institution using the superscript index.

4.  Abstract in Russian and English. The size of the abstract should not be less than 200-250 words. The abstract
is a brief and consistent presentation of the material of the article on the main sections and should reflect the main con-
tent, follow the logic of the presentation of the material and description of the results in the article with the provision of
specific data. The abstract should not include the newly introduced terms, abbreviations (with the exception of common
knowledge), references to the literature. The abstract should not emphasize the novelty, relevance and personal contri-
bution of the author; the place of research should be indicated to the district (region), specific organizations should not
be mentioned.

5. Keywords in Russian and English. There should be up to 5—7 words by the topic of the article. It is desirable
that the keywords support the abstract and the title of the article.

6.  Information on the conflict of interests or its absence. The author should notify the editor on the real or po-
tential conflict of interests by including the information in the appropriate section of the article. If there is no conflict of
interests, the author should also inform the editor about it.

Example wording: “The author declares no conflict of interest”.

7. Acknowledgements in Russian and English. This section lists all sources of funding for the study, as well as
acknowledgements to people who contributed to the article but are not the authors.

8. The main body of the article. When presenting original experimental data, it is recommended to use subheadings:

INTRODUCTION (problem statement, goal and tasks of the study)

MATERIAL AND METHODS (conditions, methods (methodology) of research, object description, place and
time of research)

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES. The number of sources must be at least 15. The list of references includes only peer-reviewed
sources: articles from scientific journals and monographs. Self-citation of no more than 10% of the total number. The
bibliography list should be designed as a general list in the order of mention in the text, it is desirable to refer to sources
2-3 years old. The rules for the list of references are in accordance with GOST R 7.05-2008 (requirements and rules for
compiling a bibliographical reference). In the text the reference to the source is marked by a serial number in square
brackets, for example [1]. Literature in the list is given in the languages in which it was published. In the bibliographic
description of the publication, it is necessary to include all authors, without abbreviating them by one, three, etc. It is
unacceptable to abbreviate the names of articles, journals, publishing houses.
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1. Ifitis necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manu-
als, GOSTs, information from websites, statistical reports, articles in socio-political newspapers, etc., such information
should be placed in a footnote at the end of the page. Footnotes are numbered in Arabic numerals and placed page by
page through continuous page numbering.

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, keywords,
list of references.

EXAMPLE OF REFERENCES in Russian and English and FOOTNOTES

REFERENCES (in Russian):

Monograph

Klimova E.V. Field crops of Zabaikalya: monograph. Chita: Poisk, 2001. 392 p.

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture
in southern forest-steppe of Western Siberia// Resource-saving tillage systems. Moscow: Agropromizdat, 1990. pp.
230-235.

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V,, Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage // Siberian Herald of Agricultural Science. 2018. vol. 48. Ne 4. pp. 27-35. DOI:
10.26898/0370-8799-2018-4-4.

REFERENCES (in English):

References are compiled in the same order as the Russian version, according to the following rules:

Names and surnames of the authors are given in the established way of transliteration, English title of the article,
transliteration of the name of the Russian-language source (for example through the site: https://antropophob.ru/trans-
lit-bsi) = English title of the source. The order of presentation for a monograph is the following: city, English name of
the publisher, year, number of pages; for a journal: year, volume, number, pages. (In Russian).

Example: Author A.A., Author B.B., Author C.C. Title of article.

Transliteration of the authors. English title of the article.

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Transliteration of the source = English name of the source

Monograph

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990,
pp- 230-235. (In Russian).

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2018, vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

FOOTNOTES:

Quated text,.

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

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

Example:

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

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

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

FIGURES, GRAPHS, TABLES, SCREENSHOTS, PHOTOGRAPHS AND FORMULAS

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

Tables should be of good quality, suitable for printing. Tables suitable for editing are preferred, not scanned or as
figures. All tables should have headings. The title of the table should be translated into English. Tables should be num-
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bered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not numbered.
References to tables should be formatted as follows: “Table 3 states that ...” or “It is stated that ... (see Table 3)”. The
title of the table includes a table number and its title: “Table 2. Description of Vital Processes.” The translation of the
table title should be placed after the table title in Russian.

Photos, screenshots must be uploaded separately as files of the following format* jpeg files (*.doc and *.docx if the
image has additional marks). The resolution of the image should be >300 dpi. The image files should be given a name
corresponding to the figure number in the text. In the description of the file a caption should be given separately, which
should correspond to the name of the picture placed in the text.

Graphs, charts, histograms, etc. should be attached as a separate file in Microsoft Excel program.

Attention should be paid to the spelling of formulas in the article. All formulas must be editable, i.e. it must be
possible to make changes to them. To avoid confusion, it is necessary to write Greek (a, B, 7, etc.), Russian (A, a, B, b,
etc.) letters and numbers in straight font, Latin letters in italics (W, Z, m, n, etc.). Mathematical signs and symbols should
also be written in straight font. It is necessary to clearly indicate upper and lower superscript characters (W, I, etc.).

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR

The Editorial Board asks the authors to be guided by the above stated rules when preparing the article.

All the articles submitted to “Siberian Herald of Agricultural Science” go through preliminary check for compliance
with formal requirements. At this stage the Editorial Board reserves the right to:

* accept the article for review;

« return the article to the author (authors) for revision with a request to correct the mistakes or add the missing data;

* return the article which is designed not according to the journal’s requirements to the author (authors) without
consideration;

» reject the article due to its inconsistency to the journal’s goals, lack of originality and little scientific significance.

Correspondence with the authors of the manuscript is maintained through a key contact mentioned in the manu-
script.

All scientific articles submitted to the editorial board of the journal “Siberian Herald of Agricultural Science” un-
dergo obligatory double-blind reviewing (author and reviewer do not know about each other). Manuscripts are sent in
accordance with their research profile for reviewing to the members of the Editorial Board.

In controversial cases, the editor may involve several specialists in the review process, as well as the Editor-in-Chief.
If the reviewer’s opinion is positive, the article is submitted to the editor for preparation for publication.

In case a decision is made to have the manuscript revised, reviewer’s comments and remarks are passed to the au-
thor. The latter is given two months to make amendments. If, within this period, the author has not notified the editors
about the actions planned, the article is removed from the publication waiting list.

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author.

The designated author (contact author) is sent the final version of the manuscript accepted for publication, which
he/she must check.

REVERSAL OF EDITOR/ REVIEWER’S DECISION

In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision
made. In order to do this, the author should:

» amend the manuscript in compliance with the comments substantiated by reviewers and editors;

* clearly outline their stance on the issue under question.

The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due
to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be
rectified in the manuscript for it to be accepted for publication.

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA FALSIFI-
CATION DETECTION

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles for
scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Committee on
Publication Ethics (COPE) and demands that all those involved in the publishing process should obey these principles.

ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL

In case of error detection that affect understanding of an article but do not distort the results of research, they can
be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
drawal is sent to data bases where the journal is indexed.
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