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K 300-JIETHIO POCCHHCKOH AKAEMHUU HAVK

CELEBRATING THE 300TH ANNIVERSARY
OF THE RUSSIAN ACADEMY OF SCIENCES

https://doi.org/10.26898/0370-8799-2024-1-1 Tum crareu: 0030pHas
VIK: 63:001(091)(571.1/5) Type of article: review

IITPUXU K HCTOPUU ATPAPHON HAYKH B CUBUPU

C<X)KameBapos H.H."*

'Cubupcruil ghedepanvhviil HayyHblil Yyermp acpodouomexnonocutl Poccutickoli akademuu Hayk
HoBocubupckas obnacts, p.ii. KpacHooOck, Poccust

2Cubupckoe omoenenue Poccutickoti akademuu HayK

HoBocubupck, Poccust

(XD e-mail: kashevarov@sfsca.ru

Jan 0030p 3apokIeHus, pa3BUTHs, COBPEMEHHOTO COCTOSIHUS W HAyYHBIX JOCTHKEHUH arpapHOM
Hayku B CuOupu. [IpuBenenbl nctopuueckrie CBECHHUS O Pa3BUTHH CEIBCKOTO XO3SICTBA B MEPHOA
riepecesieHrsi MUJUITMOHOB KpecThsiH 13 EBpomneiickoif wactu Poccuiickoii nmmnepun. Onrcano Havyano
NEPBBIX CUCTEMHBIX HayuHBIX uccienoBanuii B Cubupu. [IpencraBnena ucropus coznanusi Cubup-
ckoro oraenennss BACXHWII anst KoopaAuHAUKM U YCHIICHHSI HAyUHBIX HCCIICIOBAHUI MO CEIbCKO-
XO3AWCTBEHHOW TeMaTHKe Ha OI'POMHOM BOCTOYHOW YacTW cTpaHbl. [IpuBeneHbl HaydIHO-HCCIIE0Ba-
TeIbCKUE MHCTUTYTHI, BXoAuBInre B Cubupckoe otnenenne. Onucansl Tansl pedopmupoanns CO
BACXHMIJI: Cubupckoe otnenenne Poccenpxozakanemun, dexepanbHoe areHTCTBO HAYYHBIX Opra-
Huzanuii (PAHO), Cubupckuii henepanbHbIil HayYHBIH IIEHTp arpodnorexHonoruii Poccuiickoii aka-
nemun Hayk (COHILIA PAH). Jlanbl cBeieHUs O HAyUHBIX JOCTUKCHUSIX CHOUPCKUX YUCHBIX: CO3/IaHbI
U IIMPOKO OCBOCHBI 0OJIee MOyTOpa THICSY HOBBIX COPTOB, Pa3paboTaHbl COTHU BBICOKOI(PEKTHB-
HBIX arpOTEXHOJIOTHIA BO3/IEIBIBAHUS 36PHOBBIX, KOPMOBBIX, IIOJOBBIX, OBOIIHBIX M JAEKOPATHBHBIX
KYJBTYP, ITOTyYEHBI JECSTKH MPOAYKTUBHBIX ITOPOJI, TUTIOB U JIMHUH KUBOTHBIX, Pa3pad0TaHbl HOBbIE
CeJTbCKOX03AHCTBEHHBIC MAIIMHBI M OPYVSI, TPETIaparhl, TECT-CHCTEMBI M BaKIIMHbI. Ha3BaHbI yueHble-
arpapu, JOOUBIINXCS BBIAAIOUIMXCS YCIIEXOB B PA3BUTHU CEITLCKOTO XO3SIHCTRA.

KnioueBbie ciioBa: arpapHas Hayka, TEXHOJIOTHH, YPOKaHHOCTb, yueHble Cubupu

TOUCHES ON THE HISTORY OF AGRARIAN SCIENCE IN SIBERIA

(<X)Kashevarov N.L."?

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

2Siberian Branch of the Russian Academy of Sciences

Novosibirsk, Russia

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

A review of the origin, development, current state and scientific achievements of agrarian science
in Siberia is given. Historical information about the development of agriculture during the period of
resettlement of millions of peasants from the European part of the Russian Empire is given. The be-
ginning of the first systematic scientific research in Siberia is described. The history of the creation
of the Siberian Branch of the V.I. Lenin All-Union Academy of Agricultural Sciences (VASKhNIL),
to coordinate and strengthen scientific research on agricultural topics in the vast eastern part of the
country is presented. The research institutes that were part of the Siberian Branch are given. The stages
of reforming the SB VASKhNIL are described: Siberian Branch of Rosselkhozakademy (the Russian
Academy of Agricultural Sciences), Federal Agency of Scientific Organizations (FASO), Siberian
Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences (SFSCA
RAS). Information is given about the scientific achievements of Siberian scientists: more than one and
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Touches on the history of agrarian science in Siberia

Kashevarov N.I.

a half thousand new varieties have been created and widely developed, hundreds of highly effective

agro-technologies of cultivation of grain, fodder, fruit, vegetable and ornamental crops have been de-

veloped, dozens of productive breeds, types and lines of animals have been obtained, new agricultural

machines and tools, preparations, test-systems and vaccines have been developed. Agricultural scien-

tists who have made outstanding achievements in the development of agriculture are named.
Keywords: agrarian science, technologies, yield, Siberian scientists
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The history of Siberia's development is in-
separable from the period of resettlement of mil-
lions of peasants from the European part of the
Russian Empire and is closely linked to ensuring
the population's self-sufficiency in food and an-
imal feed. It required thorough research into the
climatic and soil conditions of the vast uncharted
territory and, based on this, the development and
application of effective agricultural practices.

In 1906, the Russian Empire's government
recognized full freedom of resettlement and took
measures to provide economic assistance to the
settlers (the agrarian reform of P.A. Stolypin).
The flow of migrants to the eastern regions of
the country significantly increased: if from 1896
to 1906, 1.1 million people moved to Siberia,
then from 1906 to 1914 — 3 million. The first sci-
entific experiments in 1805—-1809 near Tobolsk
were conducted by von Kremmer on growing
perennial and annual grasses, as well as other
plants, for fodder. However, these were isolated
one-off experiments [1].

The first scientific, though not state (treasury)
institution — a Cossack experimental farm — was
established near Omsk in 1828, which began
studying plants, including forage crops. This
date is considered the beginning of systematic
scientific research in Siberia [2].

With the population growth in Siberia and
the development of trade, the cultivated land no
longer met the needs for grain and other crop
products, and bringing new lands into cultiva-
tion was a very costly endeavor. Grains began
to be allocated according to grain-producing ar-
eas, leading to decreased soil fertility and crop

yields. The search for ways to increase land pro-
ductivity began. In 1831, in the Turinsky district
of the Tobolsk province, P.V. Budrin applied
green-manured fallow, sowing lupine for green
fertilizer [3]. Intensive searches for scientifically
based methods to increase the yield of cultivated
crops began.

Along with this, doubts were expressed about
the possibility of agriculture in the harsh Siberi-
an conditions. "Siberia has never produced and
will not produce bread in quantities sufficient to
satisfy its consumers," claimed the Russian Min-
ister of Transportation M.I. Khilkov in 1896 [4].

Reality disproved this statement. From 1906
to 1914, grain crops in Siberia increased by 3.57
million dessiatines, or 86%. In 1913, 82 million
poods of grain were transported by rail, includ-
ing 23 million poods abroad. In 1911, there were
more than 3,000 butter factories in Western Si-
beria, as the butter was of very high quality. Si-
beria provided 25% of the world's and 85-90%
of Russia's butter export. In 1913, Russia ex-
ported 4.45 million poods of butter [5]. "Sibe-
rian butter-making produces twice as much gold
as all the Siberian gold mining industry," P.A.
Stolypin evaluated the significance of livestock
farming [6].

As the population in Siberia increased and
industry developed, especially during the Great
Patriotic War and the years of developing virgin
and fallow lands, it became clear that the level
of scientific support for agriculture did not meet
the emerging demands and needs. For instance,
only 10-15% of the sown areas in Siberia were
planted with locally bred varieties, while ran-
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IITpuxu k ucTopuu arpapHoii Hayku B Cubupu

Kamesapos H.1.

dom varieties, often unsuitable for local condi-
tions and yielding very low harvests, were sown
on the rest of the area. These and other problems
needed to be addressed.

The USSR Government Decree No. 867 of
November 14, 1969, on the establishment of the
Siberian Branch of the VASKhNIL (All-Union
Academy of Agricultural Sciences) and the con-
struction of an agrarian science center funded
by the earnings from the All-Union Communist
Subbotnik (voluntary unpaid work day), was
truly a historic decision. The development of
productive forces in Siberia and the construction
of the Baikal-Amur Mainline required coordi-
nation and strengthening of scientific research
in agriculture across the vast eastern part of the
country. This significant task was set before the
newly established Siberian Branch of VASKh-
NIL. Academician L.I. Sinyagin, who was ap-
pointed the head of the Organizational Bureau,
had to decide where the agrarian science center
would be located. After extensive and challeng-
ing explorations and meetings with the leader-
ship of Siberian regions, it was decided to build
the scientific town near Novosibirsk.

The experience of building and operating the
SB RAS (Siberian Branch of the Russian Acad-
emy of Sciences), along with the support of the
Novosibirsk Region leadership, later confirmed
the correctness of this decision. It is important
to note that the Sibacademstroy company played
a significant role in constructing the scientific
town, which was named Krasnoobsk.

When organizing the Siberian Branch of the
VASKhNIL in Novosibirsk, five institutes were
included: the Siberian Research and Technolog-
ical Design Institute of Animal Husbandry, Si-
berian Research Institute of Farming and Chem-
icalization of Agriculture, Siberian Research
Institute of Fodder Crops, Siberian Research
Institute of Mechanization and Electrification
of Agriculture, Siberian Research Institute of
Agricultural Economics, plus four experimental
farms and three institutes within the region —
the Siberian Research Institute of Agriculture
(Omsk), Far North Agriculture Institute (No-
rilsk), All-Russian Research Institute of Soybean
(Amur Region). In 1972, the first Presidium of
the SB VASKhNIL was elected, which includ-
ed academicians L.I. Sinyagin, A.P. Kalashnikov,
A.L Selivanov, M.1. Tikhomirov, the director of
the Institute of Cytology and Genetics SB RAS

D.K. Belyaev, and the rector of the Novosibirsk
Agricultural Institute, Professor I.I. Gudilin. A
comprehensive scientific agenda was formed,
covering all the problematic directions of the
Agricultural Industrial Complex of Siberia.
Irakli Ivanovich Sinyagin, a prominent scien-
tist, became the inspiration for the entire ideolo-
gy of the agro-town and the concept of scientific
research from Kurgan to Norilsk, BAM regions,
and Kamchatka. The role of the workers' settle-
ment of Krasnoobsk, which became the center of
agricultural science in Siberia, deserves special
mention. Thanks to the initiative, perseverance,
and organizational talent of Academician LI
Sinyagin, the institute buildings rapidly emerged
in the open field near Novosibirsk. Talented and
inquisitive scientists, both young and experi-
enced, from all over the country, converged on
Krasnoobsk. It can be said without exaggera-
tion: representatives from all the republics of the
Soviet Union worked here. Krasnoobsk hosted
and continues to host major scientific forums,
including international ones, and is well-known
to the scientific community in many countries
and to Siberian agricultural producers.
Unfortunately, due to health reasons, I.I. Sin-
yagin left his post in 1978, but the vast and com-
plex creative mechanism had been launched.
The construction of the town was gaining mo-
mentum. Along with scientific facilities, social
and cultural objects were being built, roads were
laid, and large-scale greening was carried out,
rapidly increasing the population. The scientif-
ic institutions intensively conducted research
across the Siberian region, actively and system-
atically assisting agriculture. L.I. Sinyagin was
convinced that "science only becomes a direct
productive force of society to the extent that so-
cial production utilizes its achievements" [7].
Academician Alexander Nikolaevich Kashta-
nov, a talented organizer and prominent agrono-
mist, succeeded I.I. Sinyagin. Despite his brief
tenure at the helm of the Siberian Branch of the
VASKhNIL, he left a notable mark on its history.
Special words of gratitude are due for the
work of Academician Pyotr Lazarevich Gon-
charov, who chaired the Siberian Branch from
1979 for 25 years, leading agricultural science
in Siberia. Under P.L. Goncharov's leadership,
new institutes were established, housing was
built, and the social sphere was strengthened. He
also made a significant contribution to creating
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new varieties of fodder and grain crops for Sibe-
rian conditions [8]. In 1979, by a decree of the
Council of Ministers of the RSFSR, research in-
stitutes, breeding and experimental stations, de-
sign offices, and experimental production farms
operating throughout Siberia and the Far East
were transferred to the jurisdiction of the Sibe-
rian Branch of the VASKhNIL. In 1988, the Far
Eastern Branch was separated from the Siberian
Branch of the VASKhNIL.

By the resolution of the Council of Ministers
of the RSFSR dated April 3, 1990, No. 107, the
Siberian Branch of the VASKhNIL was trans-
formed into the Siberian Branch of the Russian
Academy of Agricultural Sciences. The Siberian
regional branch of the Russian State Agricultur-
al Academy, which included 31 scientific insti-
tutions, including the Central Scientific Agricul-
tural Library, 7 breeding centers, and 26 experi-
mental production farms, represented a powerful
scientific and production complex. The activity
zone of the Siberian Branch covered 13 subjects
of the Russian Federation in Western and East-
ern Siberia and the Far North.

The extensive network of experimental pro-
duction farms, located across all soil-climatic
zones of Siberia, functioned quite effectively.
These farms served as sites for optimizing the
most modern agro-technologies and had an edu-
cational-demonstration function.

Throughout the years, the Siberian Branch
of the VASKhNIL received substantial business
support from the leadership of the Russian State
Agricultural Academy and personally from the
president of the academy, Academician G.A.
Romanenko.

From 2005 to 2016, the Siberian Branch was
led by Academician A.S. Donchenko, who faced
complex issues related to both the organization
and continuation of scientific research and the
processes of reforming agricultural science in
Siberia, which were already gaining momentum.

The merger of the Russian State Agricultural
Academy with the Russian Academy of Sciences
in 2013 and the formation of the Federal Agency
for Scientific Organizations (FASO) marked a
new challenging phase in the life of the Siberi-
an Branch of the Russian State Agrarian acade-
my. The scientific institutions and experimental
farms came under the jurisdiction of FASO.

In 2016, based on 12 scientific institutions, the
Siberian Federal Scientific Centre of Agro-Bio-

Technologies of the Russian Academy of Scienc-
es (SFSCA RAS) was formed, led by Academi-
cian N.I. Kashevarov. Over five years, complex
structural optimization of the institution was car-
ried out, research directions were clarified, new
youth laboratories were created, interaction with
agricultural producers was strengthened, and five
dissertation councils were established, including
in universities, in the main scientific directions.
The Siberian Research Institute of Agriculture
and Peat (Tomsk), Kemerovo Research Institute
of Agriculture, Research Institute of Veterinary
Medicine of Eastern Siberia, and the "Elitnaya"
experimental station were included in the Center
as branches.

Since 2021, the center's director has been Dr.
of Science in Biology, Corresponding Member
of the Russian Academy of Education Kirill
Sergeevich Golokhvast, who continues the work
on enlarging the center by incorporating the
Buryat, Irkutsk, and Tuva scientific institutions
as branches.

Under FASO's decision, scientific centers
were established: in Barnaul — the Federal Al-
tai Scientific Center for Agrobiotechnology led
by Candidate of Science in Agriculture Alexey
Anatolyevich Garkusha; in Omsk — the Omsk
Agrarian Scientific Center, director — Candidate
of Science in Engineering Maxim Sergeevich
Chekusov; and in Tyumen, Krasnoyarsk, Ya-
kutsk, which are currently subordinate to the
Ministry of Science and Higher Education of
Russia.

The scientific and methodological guidance
of agrarian profile institutions and universities
has been entrusted to the Siberian Branch of the
Russian Academy of Sciences (RAS). Construc-
tive interaction with the Siberian Branch of the
RAS is carried out through the joint scientific
council of the SB RAS on agricultural sciences
(see the figure).

Over the past decades, Siberian scientists
have created and widely implemented more than
one and a half thousand new varieties and devel-
oped hundreds of highly effective agrotechnolo-
gies for cultivating cereals, fodder, fruit, vegeta-
ble, and ornamental crops. More than 90% of all
crops in the Siberian Federal District are occu-
pied by Siberian varieties of cereals and fodder
crops, characterized by high yield and compre-
hensive resistance. Dozens of productive breeds,
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types, and lines of animals have been obtained,
and new agricultural machines and tools, prepa-
rations, test systems, and vaccines have been de-
veloped (see the table).

In just the last two years (2022-2023), scien-
tific institutions and universities in Siberia have
created and are testing 62 varieties across 20
agricultural crops, with 51 varieties included in
the State Register of the Varieties Approved for
Use. According to 2020 data, the share of seeds
of Siberian selection varieties produced by Sibe-
rian scientific institutions accounted for 80% of
spring wheat, 84% of barley, and 95% of oats in
the total volume of varietal seeds.

This enables achieving grain crop yields up to
50 centners per hectare and milk yields over 9-10
thousand kg per year in production conditions,
comparable to the levels of advanced countries
but located in significantly more favorable cli-
matic zones. The agricultural complex of Siberia

SB RAS Presidium

Land cultivation

Crop production FRC Krasnoyarsk
Selection RC SB RAS
Seed production + 2 branches

Livestock production

N

is developing steadily thanks to the adoption of
scientific achievements, state support, the intro-
duction of modern high-performance equipment,
and the hard work of agricultural producers.
Over the years, more than 40 academicians
and about 30 corresponding members of the
VASKhNIL, the Russian State Agricultur-
al Academy, and the RAS have productively
worked in Siberia: legendary figures like twice
Hero of Socialist Labor, honorary academician
of the VASKhNIL T.S. Maltsev, Heroes of So-
cialist Labor academicians M.A. Lisavenko,
B.A. Neunylov, V.A. Moroz; academicians A.P.
Kalashnikov, A.I. Selivanov, M.M. Tikhomirov,
G.K. Kazmin, A.A. Sviridov, V.A. Tikhonov,
L.P. Kalinina, V.A. Kubyshev, V.R. Boev, A.N.
Vlasenko, N.G. Vlasenko, P.M. Pershukevich,
LF. Khramtsov; corresponding members K.P.
Afendulov, M.D. Chamukha, K.G. Aziev, V.G.
Shelepov, G.E. Chepurin, and many others.
Academicians of the RAS V.V. Alt, G.P.

Land cultivation
Crop production
Selection

Seed production
Livestock production
Veterinary medicine

f Mechanization

Omsky ARC
+ 4 branches

Yakutsk NIISKh-FRC
YaRC SB RAS

JAC SB RAS in Agriculture

SIBNIIRSIS —
Branch
of the ICiG SB RAS

£\ 3
Crop production
Selection

Livestock production

Veterinary medicine

AFRCA +

6 branches

SFSCA RAS +
9 branches

PN

Crop production
Selection
Seed production

Tyumen
RC SB RAS

£

Land cultivation

Land cultivation
Crop production

NSAU and other higher

Crop production education institutions

Livestock production
Veterinary medicine

Veterinary medicine
Mechanization
Processing
Economics

Crop production Selection Selection
Selection Seed production Land cultivation
Seed production Livestock production Crop production

Livestock production
Veterinary medicine
Economics

Scientific potential of ab. —t 1000 researchers (more than 840 researchers) including more than 400 candidates
and 110 doctors of sciences, 7 Academicians RAS, 13 corresponding members RAS

CrpyKkTypa KOMIIETEHIINI arpapHbIX HAyYHBIX YUPEXKACHUN U By30B, HAXOJAIINXCA MO HAyYHO-METOINYe-
CKUM pyKoBoAcTBOM Cubupckoro otnenenus PAH

Structure of competencies of agrarian scientific institutions and universities under the scientific and metho-

dological guidance of the Siberian Branch of the Russian Academy of Sciences
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Pesynprarsl nesitenbHOCTH CHOMPCKOTO OTIEICHUS
(BACXHWIJI) Poccenbxo3akageMun, HayYHO-HC-
CIJICIOBATEIILCKUX MHCTUTYTOB, MOABEAOMCTBEHHBIX
MuHucTepcTBy 00pazoBanus 1 Hayku PO B

CO PAH 3a 1969-2021 rr.

Results of activities of the Siberian Branch
(VASHNIL) of Rosselkhozakademy, research
institutes subordinate to the Ministry of Education
and Science of the Russian Federation in SB RAS
for 1969-2021

In the field of crop production, the following
varieties have been created 1639
In the field of agriculture, the following
scientific developments have been completed | 1241
In the field of livestock breeding the
following have been created:
breeds, 23
types (lines) 32 (15)
In the field of veterinary medicine the
following scientific developments have been
completed 1660
In the field of economics, the following
scientific developments have been completed | 1237
In the field of mechanization, the following
has been made: 518
experimental models of technology 102
appliances and devices
computer programs, databases and databanks 51
The following scientific developments have
been completed in the field of processing of
agricultural products 250
Patents and certificates obtained 2591

Gamzikov, N.P. Goncharov, A.S. Donchenko,
N.I. Kashevarov, V.A. Soloshenko, N.A. Su-
rin, corresponding members of the RAS A.V.
Goncharova, K.Ya. Motovilov, N.M. Ivanov,
L.I. Inisheva, E.V. Rudoy, L.N. Vladimir, L.V.
Budozhapov, A.Yu. Prosekov, N.A. Tsuglenok,
A.A. Shpedt, etc., continue their active scientific
work.

Over the years, many scientists have been
awarded state awards for their significant con-
tributions to the development of agricultural
science. Among the laureates of the All-Union
State Prize are V.S. Ilyin, [.LP. Kalinina, A.K.
Nikonov, O.A. Naumov, E.I. Panteleeva, T.M.
Pletneva, M.A. Prokofiev, S.N. Khabarov, I.T.
Skorik, F.F. Streltsov, E.E. Shishkina. A.P. Ka-
lashnikov, Yu.V. Kolmakov, B.S. Koshelev, N.V.
Krasnoschekov, I.T. Litvinenko, A.V. Makarov,
A.F. Neklyudov, N.V. Nyushkov, A.I. Ovsyan-

nikov, M.I. Ragimov, S.S. Sinitsyn, [.LK. Khleb-
nikov were awarded the State Prize of the Coun-
cil of Ministers of the USSR; and G.V. Alkov,
S.S. Bednarzhevsky, A.N. Vlasenko, V.N. Ta-
dykin, V.G. Tkachenko were awarded the State
Prize of the Russian Federation.

More than 100 people have been awarded
orders and medals and have received honorary
titles such as "Honored Scientist of the Russian
Federation," "Honored Worker of Agriculture,"
"Honored Agronomist of the Russian Federa-
tion," "Honored Inventor of the Russian Feder-
ation," "Honored Veterinary Doctor of the Rus-
sian Federation," "Honored Livestock Specialist
of the Russian Federation," "Honored Worker of
Culture." It is impossible to name all those who
contributed to the construction of the scientific
town in Krasnoobsk, scientific institutions in
Siberia, those who worked selflessly for many
years in laboratories, on experimental fields,
and farms in a short publication. These are tens
of thousands of people who have brought fame
to Siberia, demonstrating that it is possible and
necessary to achieve world-class results here.

Immense gratitude is extended to those who
continue to work despite certain temporary diffi-
culties and hardships. Thank you to all who are
now enjoying a well-deserved retirement after
many years of service in science. We preserve
the memory of our comrades who are no lon-
ger with us. On the eve of the 300th anniversary
of the establishment of the Russian Academy of
Sciences, it must be acknowledged that science
is going through a challenging period. However,
we will be able to find the right answers to all
the challenges of the times if we unite our efforts
and focus our scientific potential on solving is-
sues related to ensuring the food security of our
country.
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PASBUTHUE ’KUBOTHOBO/JACTBA B CUBUPHU

Marep C.H."2, C<)Conomenko B.A."?

'Cubupcruti ¢hedepanvuviil HayuHwlil yenmp azpobuomexnono2utl Poccutickotl akademuu Hayk
HoBocubupckas o6nacts, p.i. Kpacnoo6ck, Poccust

*Hosocubupckuti 20cy0apcmeeHHblil a2papHblil YHUGepcumem

HoBocubupck, Poccust
(XDe-mail: soloshenko@sfsca.ru

Cosznanne CHOMPCKOTO HAay4HO-HCCIIE0BATEIHCKOTO MHCTUTYTA KMBOTHOBOJACTBA MPHXOIUIOCH
Ha 1930-e rompl, BpeMsl, KOT/Ia BCSI CTPaHa, EPESIKUB KOJUICKTUBHU3AIIMIO U TOJIOJ, HaunHaia (OpMH-
POBaTh KyJIbTypHOE )KUBOTHOBOACTBO C IPOJYKTUBHOCTBIO CKOTA, CIIOCOOHOM 00ecreunTh HaceIeHne
peruoHa MOJIOKOM U MsicoM. OrpoMHasi IPOTSDKEHHOCTh TEPPUTOPHUI M pa3HOOOpa3ne KIMMAaTHIECKUX
yCIOBHH TpeOOBaIN CO3AaHMsI TOPO )KUBOTHBIX, CIIOCOOHBIX aJIallTUPOBATHCS K XOJIOAHOHN UTMHHON
3MME U JKapKOMY KOPOTKOMY JIETY, K KOTOPBIM HE ObUIH MPUCIIOCOONICHBI KyJIbTYPHbIE €BPONECHCKHUE
nopoJisl. B cBsi3u ¢ 3TUM nepes; CHOMPCKUMH yUeHBIMU CTaBUJIach 3aj7a4a CO3/aTh HOBBIE THUIIBI MO-
JIOYHOTO M MSICHOTO CTENHaJIN3UPOBAHHOTO KPYITHOTO pPOTaToro CKOTa, CBUHEH, OBell, JIOMaAeH, Cco-
YEeTaUIUX B ce0e BBICOKYIO NPOAYKTUBHOCTh M BBIKMBAEMOCTh B 3KCTPEMAIBHBIX yciIoBUsX. Eciu
BBICOKasl, TCHETHUECKU 00YCIIOBJICHHAS! IPOAYKTUBHOCTh JOCTHIaJIach 3a CUET COUYETaHHsI MECTHOIO
YAYYIIEHHOTO CKOTa C €BPONEHCKUM MOPOAUCTHIM, TO MPEB30WUTH JIyUIINEe UMIOPTHBIC MOPOABI MITH
XOTs1 OBI yZiepKaTh UX YPOBEHb ObLJI0O HEBO3MOXKHO M3-32 HECOOTBETCTBHSI IPUPOIHO-KINMATHIECKUX
YCIIOBUH M HECONMOCTAaBUMBIX YCJIOBHI KOpMIICHHS M colepkaHus. HeobxonnMo co3naBarbh HOBBIE
MIPOPHIBHBIE TEXHOJIOTUH B KOPMOIPOM3BOJCTBE M COZIEpPKAHWU >KUBOTHBIX C Oojiee 3Hepro3arpar-
HBIMH JIEMEHTAMH, KOTOpPbIE CIENAIOT NPOU3BOAUMYI0 B CHOMPH KMBOTHOBOIYECKYIO IPOMYKIHIO
KOHKYPEHTOCTIOCOOHOM B CpaBHEHHH C IOKHBIME pernoHamu Poccun, He roBops o I'epmanuu, Opan-
uu, CIIA, ABcrpanuu. [{ist 3Tol 1enw 1enecoo0pa3Ho 00ObeAMHUTD YCUINS (PyHIaMEHTAIBHON 1
NPUKJIaTHON HayK B pa3padOTKe MPOPBIBHBIX TEXHOJOTHH MOTYYEHUS MIMTHON JAETMKATECHON Mpo-
YKL, BOCTpeOOBaHHOH 3a pyOeskoM. HeoOXoanMbl SKOHOMHUUECKHUE MEXaHU3MBbI COJCHCTBUS yKa-
3aHHOMY TIPOILIECCY, CIIOCOOHOMY MPUHECTH OCBOEHHUE U 3aCEJIeHNE YIaJeHHbIX MaJIOOCBOEHHBIX TEP-
pUTOPUI.

KaroueBbie cioBa: CHOMpPCKHI HAyYHO-HCCIIEOBATENBCKHI WHCTHTYT XKUBOTHOBOJICTBA, TIPO-
TYKTUBHOCTB CKOTa, KOHKYPEHTOCIIOCOOHOCTbD, IPOPBIBHBIC TEXHOJIOTHU

LIVESTOCK BREEDING DEVELOPMENT IN SIBERIA

Mager S.N."2, (><)Soloshenko V.A.!:?

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

?Novosibirsk State Agrarian University

Novosibirsk, Russia

(XDe-mail: soloshenko@sfsca.ru

The establishment of the Siberian Research Institute of Animal Husbandry was in the 1930s, a
time when the whole country, having survived collectivization and famine, was beginning to form
a cultural animal husbandry with livestock productivity capable of providing the population of the
region with milk and meat. The vast extent of the territories and the diversity of climatic conditions
required animals capable of adapting to the cold long winters and hot short summers to which the
cultivated European breeds were not adapted. In this regard, Siberian scientists faced the task of cre-
ating new types of dairy and meat specialized cattle, pigs, sheep, horses, combining high productivity
and survivability in extreme conditions. If high genetically determined productivity was achieved by
combining local improved cattle with European pedigree cattle, it was impossible to surpass the best
imported breeds or at least maintain their level due to the inconsistency of natural and climatic con-
ditions and incomparable feeding and housing conditions. It is necessary to create new breakthrough
technologies in fodder production and animal housing with more energy-consuming elements, which
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will make the livestock products produced in Siberia competitive in comparison with the southern
regions of Russia, not to mention Germany, France, USA, Australia. For this purpose, it is advisable
to combine the efforts of fundamental and applied sciences in the development of breakthrough tech-
nologies for obtaining elite delicacy products demanded abroad. There is a need for economic mech-
anisms to facilitate this process, which in return will bring development and repopulation of remote

and underdeveloped territories.

Keywords: Siberian Research Institute of Animal Husbandry, livestock productivity, competitive-

ness, breakthrough technologies
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The development of animal husbandry in
Siberia is inseparably linked to the history of
its colonization. Unfortunately, many facts
about the settlement of vacant territories have
not been preserved. It is only known that the
pioneers with their indigenous livestock were
nomads, and later fugitives or settlers from the
European part of Russia. In this case, it is diffi-
cult to speak of uniformity, let alone the breed
of the livestock they brought [1, 2]. Despite the
harsh climatic conditions of Siberia, extensive
pastures allowed for the breeding of horses and
large horned cattle in unlimited numbers, which
provided butter, meat, milk, cheese with excel-
lent taste qualities [3].

The originality of livestock products, deter-
mined by the diversity of plant raw materials
and its special chemical composition, served as
the basis for the creation of a scientific division
in the Novosibirsk region in 1925 — the Zonal
Siberian Central Agricultural Experimental Sta-
tion — with a livestock department in its struc-
ture. In 1930, based on this department and the
regional dairy testing laboratory, the Siberian
Scientific Research Institute of Dairy Farming
was established, later transformed into the Si-
berian Scientific Research Institute of Animal
Husbandry, and then into the Siberian Research
and Technological Design Institute of Animal
Husbandry (SibNIPTIZh).

The leading branch of animal husbandry in
the Siberian region was dairy cattle breeding,
based on local Siberian cattle. Due to system-

atic underfeeding and primitive housing condi-
tions, it was small and low-productive. Yields
did not exceed 800-1000 kg of milk per year,
and in breeding sets of 16 thousand cows, it was
1734 kg. However, the milk fat content reached
4.5%, so Siberian butter accounted for about
73% of Russia's total exports, and in some years,
up to 95%, it was in demand abroad and sup-
plied to the tables of nobles.

Local breed cows had a high adaptation ca-
pacity to the sharply continental climate of Si-
beria, for feeding which straw from the roofs of
rural houses was often used.

The Siberian Scientific Research Institute of
Animal Husbandry and other scientific institu-
tions were tasked with creating high-productivity
dairy herds to feed the starving country's popula-
tion. The state leadership demanded to acceler-
ate the process of intensifying animal husbandry,
for which scientists recommended the method of
crossbreeding with high-yielding Frisian cattle.
Institute staff, realistically assessing the situa-
tion, were against such an approach. The feed
base, personnel training, and farm infrastructure
were not ready to accept foreign breeding stock
at that time. Scientists who disagreed with this
decision were subjected to repression.

From 1930 to 1960, under the coordination of
SibNIPTIZh, the Siberian branch of the Holstein
breed was formed in the region through absorp-
tive crossbreeding of Siberian cows with Frisian
bulls, later replaced by Holstein bulls. Materi-
al-technical base development lagged signifi-
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cantly behind. By the present time, the farms of
the region have a sufficient number of Holstein-
ized cattle for breeding work, with the popula-
tion of animals of the Holstein breed accounting
for 55%, Simmental — 30%, and Red Steppe —
15%. The process of absorbing domestic breeds
has gone so far that there are practically no pure-
bred herds of the Russian selection left, unique
in some economically useful traits [4].

Undoubtedly, the infusion of blood from
high-yielding foreign cattle has positively im-
pacted the milk productivity of the local herds,
reaching an average of 6,000 kilograms per
herd in the Siberian region, with the best farms
achieving 10—12 thousand kilograms of milk per
COW per year.

Unfortunately, alongside the increase in milk
yield, Holsteinized animals exhibited poorer re-
productive properties compared to their Siberian
purebred counterparts, lower productive lon-
gevity, increased feed requirements, and lower
quality milk and meat [5]. According to average
multi-year data (2006-2017), calf output from
Holsteinized herds in Russia decreased to 76%,
with productive longevity averaging 2.67 calv-
ings.

Changes in the economically valuable traits
of the dairy cattle population are influenced not
only by breed characteristics but also by the
quality of feed, housing conditions, and tech-
nologies copied from abroad, which are not
adapted to our climatic conditions, along with
an overall inadequate material-technical base.
All these listed shortcomings can lead to the loss
of unique adaptive qualities of local indigenous
cattle and high yields inherited from purebred
foreign animals.

The degeneration of the improved dairy and
beef cattle, starting from the 1930s, has recurred
in our country several times.

The statistically noted increase in productiv-
ity is linked to the expanded culling of low-pro-
ductivity cows, resulting in a decrease in their
number from 22 million heads in 1990 to 7 mil-
lion at present. The deterioration in milk quality,
and consequently butter and cheese, may be as-
sociated with the transition from feeding cattle
natural mixed grass or hay to a monoculture feed
of 2-3 crops cultivated on arable land. How-

ever, feeding cows with a productivity of over
6,000 kilograms of milk from pasture is a chal-
lenging task. Developing new feeding systems
and technologies for obtaining next-generation
feeds, which would enable the management of
the qualitative component of livestock products,
is a pressing issue in modern science achievable
only through the interaction of fundamental and
applied research.

The abundance of energy, land, and water re-
sources in the vast territories of Siberia creates
real conditions for increasing the production of
valuable livestock products, which are in de-
mand not only in Russia but also abroad.

In partnership with research institutes of Si-
beria, pedigree farms, and farm units, four types
of dairy cattle and the Siberian breed, called
Siberiachka, have been developed, ensuring an
average yield in the region of over 6,000 kilo-
grams of milk with a potential exceeding 12,000
kilograms. Key contributors to the dairy cattle
breeding program included A.S. Khramov, P.T.
Trebulkin, R.P. Matis, V.V. Kozyrev, L.D. Ger-
asimchuk, and many others. Research on in-
creasing milk productivity in cows was deemed
appropriate to accompany changes in the qual-
itative characteristics of milk, which were re-
strained by the absence of equipment.

A similar trend was observed in the
breed-forming process of meat cattle breeding,
pig farming, and sheep breeding. Through ab-
sorptive or complex reproductive crossbreed-
ing, domestic low-productivity breeds were
crossed with foreign breeds surpassing them in
productivity. This resulted in Siberian types of
beef cattle in Hereford (3), Simmental (1), and
Kazakh White-headed (1) breeds. The produc-
tive potential of these new types of specialized
beef cattle reaches 950-1360 grams per day, al-
though the average production figures for beef
in the Siberian region and the country as a whole
fluctuate within 600—650 grams per day, indicat-
ing insufficient feed base. The most promising
type of beef cattle for breeding in the extreme
conditions of Siberia is the meat-type Simmen-
tal known as the Bagansky. However, this type
requires improvement in meat qualities such as
tenderness and marbling through the creation
of hybrid herds based on them. Despite govern-
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ment resolutions on the development of special-
ized meat cattle breeding in the 1990s-2010s, the
industry only actively develops in the European
part of Russia thanks to state investments. Pre-
mium-class marbled meat at very high prices has
appeared in many regions of Russia. Apparently,
subsidies were lacking for Siberia, although all
conditions for intensifying the meat cattle breed-
ing industry are present. The current geopoliti-
cal situation demands subsidies. With 93 years
of accumulated knowledge, the Institute of An-
imal Husbandry could have done much for the
development of the industry, starting from farm
design, improvement of types and breeds, cre-
ation of efficient feed additives, and staff train-
ing. Significant contributions to the formation of
a new direction for Siberia, namely "specialized
meat cattle breeding," were made by N.G. Gam-
arnik, B.O. Inerbacv, as well as the directors of
breeding farms P.T. Zolotarev, the Mamaev fam-
ily, P.Ya. Beyfort.

During the Great Patriotic War, scientists at
the institute already had significant scientific
groundwork on the adaptation of various agri-
cultural animals to the Siberian climate. Among
these, the Siberian Northern and Kemerovo
breeds of pigs stood out, widely spread in the
Siberian region. Their products were in demand
on the front lines, in agricultural work, and were
indispensable for miners. The collective of au-
thors was rightly awarded the Stalin Prize (M.O.
Simon, A.l. Ovsiannikov, I.T. Skorik, P.I. Ter-
nitsky, E.G. Savina, A.F. Lysakov, I.I. Gudilin).
The improvement of pigs in Siberia culminated
in the creation of ultra-fast-growing individuals
of the Large White, early-maturing meat SM-1
breeds, and factory types such as Novosibirsky
and Achinsky. In the breeding process, the best
foreign meat breeds such as Landrace, Du-
roc, Pietrain were used, which, in combination
with the Large White breed, supplied products
to meat plants suitable for obtaining ribs, loin
chops, as well as fast-food raw materials. Un-
fortunately, domestic lard and lard-meat breeds
were liquidated in haste, although their products
are necessary for the production of sausages.
As a result, Russia is forced to purchase lard
abroad in large quantities, although it had all the
opportunities to produce higher-quality lard, as

evidenced by the results of meat tasting of the
Kemerovo and early-maturing meat (SM-1)
breeds, with lower cholesterol content compared
to Pietrain and other foreign hybrids. Studying
the qualitative characteristics of pork products
depending on feeding conditions, maintenance,
interbreeding combinations is a prerogative top-
ic for future joint research in applied and funda-
mental science [6]. Talented continuators of the
school of famous Siberian pig breeders include
A.G. Kryuchkovsky, V.A. Bekenev, A.P. Grishi-
na, A.A. Arishin, and others.

Sheep farming developed more dramatically
than other industries. Enormous effort was put
into transforming Siberian indigenous coarse-
wooled sheep into semi-fine and fine-wooled
ones — suppliers of raw material for producing
warm high-quality clothing. The best global pro-
ducers from Australia, the Caucasus Republics,
and the steppe zone of Ukraine were used as im-
proving breeds. Altai fine-wooled, Transbaikal
fine-wooled, Krasnoyarsk breeds, Siberian type
of Soviet meat and wool breeds, and the moun-
tainous Altai breed group were created. Work
was carried out comprehensively across the
entire Siberian region. Alongside breeding and
improving sheep breeds, projects for pedigree
sheep farms and fattening areas with elements of
comprehensive mechanization were developed.
Unjustified changes in energy prices had the
most painful impact on sheep farming. From be-
ing a highly profitable sector of Siberian animal
husbandry, producing a quarter of the fine wool
volume, it turned into a loss-making one, with
its cost exceeding the selling price by four times,
leading to a sharp reduction in sheep population.
For example, in agricultural enterprises of the
Novosibirsk region, the number of sheep de-
creased by 51.3 times from 1990 to 2010 (from
600,000 heads to 11,700). However, small scien-
tific teams of sheep breeders in Siberia continue
their pioneering work, creating meat types and
breeds of sheep. The Siberian school of sheep
breeding is known throughout Russia. Figures
such as S.S. Krymsky, V.Ya. Vovchenko, M.D.
Chamukha, I.F. Nozdrachev, F.M. Dobrogorsky,
A.E. Lushchenko, S.I. Sorozhuk, A.D. Volkov,
who created the breeding base and technologies
for the vast region, play a crucial role. Their role
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will increase manifold with the development
of complete processing of raw materials into
warm woolen clothing, footwear, delicacy dairy,
and meat products. Siberia, at its current pace
of development, will require the restoration of
the sheep farming industry. No synthetics in the
Arctic winter can replace the clothing of military
personnel, workers in extractive industries, rein-
deer herders, and other professions, not to men-
tion natural food products. The vast territories of
Siberia with diverse geobioclimatic conditions
require breeders to create livestock herds not
only with high productivity but also well-adapt-
ed to extreme local conditions, which foreign
breeds do not possess.

There is a need to intensify breeding and tech-
nological work in yak breeding, reindeer hus-
bandry, herd horse breeding, which are promis-
ing for Arctic regions, and to breed male sheep.
Our scientists have also bred two fish breeds —
Sarbayan carp and mirror carp (Z.A. Ivanova,
[.V. Moruzi, V.A. Korovin).

Since 1970, a fundamentally new system of
planning, organizing, and conducting compre-
hensive scientific research has been introduced
in SibNIPTIZh and its branches, the idea of
which belongs to Academician A.P. Kalash-
nikov. The research of scientists from various
specialties focused on the development of tech-
nologies for milk, beef, pork production, and
sheep farming products. More than 100 projects
were developed, of which 18 were approved by
the State Agrarian Industry of the RSFSR and
recommended for mandatory use in agriculture.
Based on this, the first mechanized dairy com-
plex for 1200 cows, achieving a productivity of
about 5,000 kg per lactation, was designed and
built in the USSR at the Borovskoye state farm,
which was an outstanding result for those times.
More than 80 technical innovations were devel-
oped and implemented for mechanized farms of
various livestock directions, 30 of which were
included in the zonal and federal machinery
systems with the organization of their produc-
tion at industrial enterprises of the region. For
the mentioned cycle of work, the institute's team
was awarded by the Council of Ministers of the
USSR and the Government of the Russian Fed-
eration (1975, 1991). Most of the institute's de-

velopments (413) are protected by author's cer-
tificates and patents.

As part of a large team of scientists (more
than 30 research institutes and universities), Sib-
NIPTIZh employees developed detailed feeding
standards, which underwent three reprints and
are still a handbook for livestock specialists, sci-
entists, and students. Thanks to these standards,
improved breeds of dairy cattle show productiv-
ity of over 6,000 kg of milk in many regions of
Russia, with the growth of young animals during
fattening reaching 650—700 g per day, and pigs —
around 700 g. [7].

The feed base is of considerable importance,
the quality of which was constantly worked on
by institute scientists. The most complex prob-
lem of sugar deficit in feed, reaching 50%, was
solved by SibNIPTIZh together with OOO "Sib-
biopharm" through the production of feed syrup
from grains little demanded by the population
(rye, triticale, fodder wheat, barley). Equipment
for these purposes allows solving the problem of
dosing vitamins, trace elements, urea, and oth-
er low-volume components of rations [8]. From
1970 to 1975, the institute laid the foundation for
the use of complete feed mixtures in animal hus-
bandry, later widespread throughout the world.

The technology of preserving succulent feeds
with electroactivated NaCl solution was ap-
proved by the Scientific and Technical Council
of the Ministry of Agriculture of the Russian
Federation in 1990 and spread throughout the
Siberian region and Belarus. The equipment
and raw materials (water, salt, electricity) were
domestic and used in feed preparation for over
30 years. The institute's design bureau mastered
the production of a wide range of equipment for
feed preparation and animal husbandry: auto-
mated cow tie-ups, stall equipment, compound
feed units, press oil separators, grain crushers,
extruders, micronizers, thermoplastics, labora-
tory equipment for animals, and more. Thus, a
technological breakthrough in animal feeding
and management was achieved, which requires
periodic improvement and renewal [10]. Digital
technologies replaced the mentioned equipment:
herd management programs, feeders, robot-
ic milking machines, sensors for assessing the
physiological condition of animals. Unfortu-
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nately, years of underfunding of applied agricul-
tural science led to a noticeable lag of domes-
tic animal husbandry behind advanced foreign
ones, especially in the field of breeding and pro-
duction and processing technologies of livestock
products.

During the years of the institute's opera-
tion, its employees have developed 10 breeds
of farm animals (each requiring 25-30 years),
3 breed groups, 12 factory types, 5 factory lines
and crosses, 4 varieties of fodder root crops, 6
livestock product production technologies, 3
feed preparation technologies, approved by the
Scientific and Technical Councils of the State
Agrarian Industry of the USSR and the RSFSR,
100 projects and project proposals for livestock
farms, including those approved by the State
Agrarian Industry of the RSFSR — 18, mod-
ernized and new technological means — 85, 29
handbooks and monographs have been pub-
lished [11, 12].

SibNIPTIZh has made a significant contribu-
tion to the training of scientific personnel. 524
people have completed postgraduate studies at
the institute, from 1976 to 2014, 549 disserta-
tions were defended at the dissertation council
of the institute, including 95 for the degree of
Doctor of Sciences and 454 for the degree of
Candidate of Sciences.

For scientific developments, SibNIPTIZh and
its experimental production farm "Borovskoye"
were awarded the Jubilee Honorary Badge of
the Central Committee of the CPSU, the Pre-
sidium of the Supreme Soviet of the USSR, and
the All-Union Central Council of Trade Unions
(1979), the Order of "Badge of Honor" (1980),
the passing Red Banner of the Council of Min-
isters of the RSFSR and the All-Union Central
Council of Trade Unions (1982). For partici-
pation in regional, regional, and international
exhibitions-fairs at the All-Union Exhibition of
Achievements of the National Economy of the
USSR and the All-Russian Exhibition Center
of the Russian Federation, the scientific devel-
opments of the institute and their authors were
awarded numerous silver and gold medals, di-
plomas, and certificates.

The listed achievements of the institute be-
came possible thanks to the visionary lead-

ership of prominent scientists: D.I. Petukhov
(1930-1932), LI. Vildman (1932-1934), Pro-
fessor L.I. Ukhin (1934-1938), E.G. Mayorova
(1938-1943), VASKhNIL Corresponding Mem-
ber M.O. Simon (1943—-1952 and 1955-1970),
VASKhNIL Academician A.l. Ovsiannikov
(1952-1955), Academician of the Russian
Academy of Agricultural Sciences A.P. Kalash-
nikov (1970-1979), Corresponding Member of
the Russian Academy of Agricultural Sciences
M.D. Chamukha (1979-1989), Academician of
the Russian Academy of Agricultural Sciences
V.G. Gugli (1989-1998), Academician of the
Russian Academy of Sciences V.A. Soloshen-
ko (1998-2016). Since 2016, the institute has
been headed by Doctor of Biological Sciences
S.N. Mager.

As part of the Federal Scientific Center of
the Russian Academy of Sciences, SibNIPTIZh
will attempt to restore the coordination of sci-
entific research in the field of animal husbandry
throughout the network of scientific research in-
stitutions in Siberia, as it was before. The merger
of the three academies under the auspices of the
Russian Academy of Sciences with the subordi-
nation of all research institutes to the Presidium
of the Russian Academy of Sciences and the res-
toration of the coordinating network of leading
institutes creates prerequisites for expanding the
spectrum of research, especially related to the
quality of livestock products, with a reasonable
combination of classical methods of animal sci-
ence, the use of genomic technologies, and oth-
er fundamental discoveries applicable in animal
husbandry.
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HACAKJIEHU B 3EJIEHOM 30HE ACTAHBI

(<) Kouerapos U.C.!, KabanoBa C.A.!, KabanoB A.H.!, Jlanuenko M.A.?

'Kaszaxckuil HayuHo-ucciedosamenbCKuil UHCIMUmym 1eCHO20 X03AUCMEA U azpONecoMeNUoPayun
um. A.H. Byxeiixana

AxMonuHckas o0nacTs, I. [llyunnck, PecriyOnuka Kasaxcran

*buonozuueckuil uncmumym ToMcKo2o 20cy0apcmeeHno2o ynusepcumema

Tomck, Poccus

(XDe-mail: Garik 0188@mail.ru

Co3naHue 1 cofiepKaHue 3eIeHOM 30HbI BOKPYT CTOMHIIBI PecyOnuku Kazaxcran —r. AcraHa — OCIIOK-
HACTCA HE TOJIBKO PE3KO KOHTHUHCHTAJIbHBIM KIIMMAaTOM, HO M 3aCOJICHHOCTBIO ITOYBBI. B cBs13u ¢ aTHM JUTA
03€JICHeHHS IaHHBIX TEPPUTOPHI BBIONPAIOT PACTEHUS, XapaKTePHU3YIOIIHECs] YCTOMINBOCTRIO K 3aCyXe,
MOpO3aM U 3aCOJIEHHIO TIOUBBL. M30exaTh WM MUHUMHU3HPOBATH BO3JCHCTBHE HETATUBHBIX MTOCIIECACTBHN
TIpY OOJIECEHNH 3aCOICHHBIX YYACTKOB MOXKHO, TIOHMMAs CyTh MEXaHU3MOB, OJ1arofapst KOTOPBIM JIECHBIC
JICPEBbsl ¥ KyCTApHUKU CIIOCOOHBI BEDKMBATh B TaKUX YCJIOBUSX. LIenbro MCCIENOBaHUS SBISUIOCH U3Y-
YEHHUE COJCPIKAHMUs COJICH B MOYBE IMOJI JICCHBIMU KYJIBTYpaMH B 3€JICHOW 30HE I ACTaHa M MX BIIMSHUS
Ha COCTOSIHUE JPEBECHBIX pacTeHuid. OObeKTaMU UCCICIOBAHNS CTAIN UCKYCCTBEHHBIC HACAKICHUS BsI3a
MIPU3EMHUCTOTO | KJIeHa siceHencTHoro 2015 roma mocanku. B xadecTBe OCHOBHOTO METOIa MCCIIEI0Ba-
HUSI KCTIOJTF30BAITH 3aKJIA/IKY TIPOOHBIX IDIOIIAIEH B 3/I0POBBIX, OCTIA0IEHHBIX U MTOTHOIIX HACAKICHHSIX.
KneH siceHenmcTHBIN OKa3alicst yCTOWYHBee K 00Jiee BRICOKOMY COIEPYKaHHUIO COJIEH B ITOYBE, UEM BsI3 TIPH-
3EMUCTBII. YCTAHOBJICHO, YTO BBICOKOE COJCPIKAHNE TOKCUYHBIX MOHOB M HU3Kasl KOHIICHTPAIS KaTHO-
HOB B I0YBE CBSI3aHbI C COCTOSIHUEM KYJIBTYP, IPUYEM O0Jiee TOKCHYHBIN THI 3aCOJICHHS TIPeolIiaiacT Ha
YYacTKax ¢ OCTaOJCHHBIMU M TIOTHOIIMME HacKaeHUsIMH. [1o pe3ymsraraM MCCIIeIOBaHUIN BUIHO, YTO
TI0YBa 37I0POBBIX YYACTKOB OTIIMYAETCS OOJBIIMM colepkanreM karnoros Ca’’, Mg?" u Na', uem mousa
ocnabnennpix Hacaxaenuid. Aunonsl HCO, ", CI' u SO,* npucyTCTBYyIOT B 3HAYUTENHHOM KOJIMYECTBE B
TIOYBE MO OCIA0NEHHBIMM KyJIbTypamu, a cofepsxanre nonos HCO,™ Ha yyacTkax ¢ moruOmmmu aepe-
BbSIMH HAMHOTO BBIIIIE, YTO MOXET OBITh OJJHOW W3 MPUYHMH CUJILHOTO 3aCOJICHUS ITOYBBI M THOCIIN pacTH-
TeNnbHOCTU. Takke ObLIO OMPEJIEsICHO, YTO CY/Ib(aTHO-XJIOPHIHO-THAPOKAPOOHATHOE 3aCOJICHUE M Mar-
HUEBO-KAIILIMEBBIA XUMU3M € TOKCHYHOCTEIO Oosiee 0,17 mr-sks. HCO,™ HEratuBHO BIHMSIIOT HA COCTOS-
HUE pacTeHuil. Ha 3710poBBIX yyacTkax npeodraaeT Cyab(haTHO-XIIOPHIHBIA THII 3aCOTICHUs, B OCIa0IIeH-
HBIX ¥ TIOTUOIIHMX HACAKICHUSIX — 00Jiee TOKCHYHBIN CYIb(haTHO-XJIOPHIHO-TUAPOKAPOOHATHBIH THIT.

KuaroueBble cjioBa: cojiepikaHue COJICH B IIOYBE, JIECHBIC KYJBTYPBI, B3 IPU3EMHUCTHIH, KIICH SICEHE-
JIUCTHBIN, TOKCUYHBIC MOHBI, OCJIA0JICHHBIC ¥ TOTHOIINE KYJIBTYPBI, CYIb()aTHO-XIIOPUIHO-THAPOKAP-
OOHATHOE 3aCOJICHHE

EFFECT OF SOIL CONDITIONS ON THE STATE OF TREE PLANTATIONS IN THE
GREEN ZONE OF ASTANA

(XD Kochegarov L.S.!, Kabanova S.A.!, Kabanov A.N.!, Danchenko M.A.?
'A.N. Bukeikhan Kazakh Research Institute of Forestry and Agroforestry
Shchuchinsk, Akmola region, Republic of Kazakhstan

*Biological Institute of Tomsk State University

Tomsk, Russia
(XDe-mail: Garik 0188@mail.ru

Creation and maintenance of a green zone around the capital of the Republic of Kazakhstan, As-
tana, is complicated not only by sharply continental climate, but also by soil salinity. In this regard,
plants characterized by resistance to drought, frost and soil salinity are chosen for landscaping of these
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Ha COCTOSIHUE JIPEBECHBIX HACAXK/ICHUH B 3€JICHOM 30HEe ACTaHbl

areas. Avoiding or minimizing the impact of negative consequences of afforestation of saline areas can
be achieved by understanding the mechanisms by which forest trees and shrubs are able to survive in
such conditions. The purpose of the study was to investigate the salt content in the soil under forest
crops in the green zone of the Astana city and their influence on the condition of woody plants. The
objects of the study were artificial plantations of the dwarf elm and maple ash planted in 2015. The main
research method used was the establishment of sample plots in healthy, weakened and dead plantations.
Maple ash was found to be more tolerant to higher salt content in soil than the dwarf elm. It was found
that high content of toxic ions and low concentration of cations in the soil are related to the condition
of crops, with more toxic type of salinization prevailing in the areas with weakened and dead planta-
tions. According to the research results, it can be seen that the soil of healthy plots is characterized by a
higher content of Ca**, Mg*" and Na" cations than the soil of the weakened plantations. HCO,, Cl" and
SO, anions are present in significant amounts in the soil under weakened crops, and the content of
HCO, ions is much higher in the areas with dead trees, which may be one of the reasons for severe
soil salinization and vegetation death. It was also determined that sulfate-chloride-hydrocarbonate sa-
linization and magnesium-calcium chemistry with toxicity greater than 0.17 mg-eq HCO,™ negatively
affected plant health. Sulfate-chloride type of salinization prevails on the healthy plots, in the weakened
and dead plantations — the more toxic sulfate-chloride-hydrocarbonate type is found.

Keywords: soil salt content, forest crops, dwarf elm, maple ash, toxic ions, weakened and dead
crops, sulfate-chloride-hydrocarbonate salinization
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INTRODUCTION

Creating and maintaining a green zone
around the capital of Kazakhstan, Astana, is
complicated not only by the sharply continen-
tal climate but also by soil salinity. To minimize
the impact of adverse soil-climatic factors, a
certain assortment of plants resistant to drought,
frost, and soil salinity is selected. At the same
time, the presence of toxic salts in the soil has
a certain influence on the growth and condition
of adapted tree and shrub species. Avoiding
negative consequences when afforesting saline

areas can be achieved by having a sufficient un-
derstanding of the mechanisms through which
forest cultures of the used trees and shrubs can
survive in these conditions [1].

Soil salinization weakens plants and increas-
es their susceptibility to diseases [2], being one
of the most significant stress factors adversely
affecting growth and development. This leads
to changes in the morphology and biochemical
characteristics of plants, disrupts nitrogen me-
tabolism'. Increased osmotic pressure, alkaline
soil reaction, toxicity of readily soluble salts,

"Anisova Zh.M., Sak M.M., Budkevich T A., Yakushev B.I. Exogenous regulation of mineral nutrition of coniferous and deciduous

species under saline conditions // Mechanisms of resistance of plants and microorganisms to adverse environmental conditions: pro-
ceedings of the Annual Meeting of the Society of Plant Physiologists of Russia, All-Russian scientific conference with international
participation and school of young scientists. Irkutsk, 2018, vol. 2, pp. 1029-1033.
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and poor soil water-physical properties also
contribute to the negative impact on plants. As
a result, the availability of macro- and micro-
nutrients decreases, mineral starvation occurs,
susceptibility to pathogens and pests increases,
which, in turn, leads to a decrease in plant sur-
vival and potential soil fertility?[3, 4]. Climate
aridization, promoting salt accumulation, also
has a significant impact on soil salinization [5,
6]. In addition, ions contained in saline soils can
have a toxic effect on plants, which is another
negative effect of salinization [7, §].

Bacteria and fungi positively affect the
growth and resistance of plants growing on sa-
line soils [9], but anthropogenic impact on sur-
face humus reduces the activity of soil microor-
ganisms [10].

It is widely recognized that the ecological
condition, growth, and development of planta-
tions are largely determined by a complex of
various chemical and physical soil properties.
The interaction of natural and anthropogenic
factors leads to changes in the soil surface and
the formation of sharp boundaries between hori-
zons, which can negatively affect the condition
of trees and shrubs, especially in arid climates
[11,12].

As indicated by literary sources, not only a
dry climate affects soil salinization but also con-
ditions of increased humidity due to the rise of
groundwater levels. Under such conditions, the
development of degradation processes, such as
secondary salinization and salt crust formation,
is possible [13].

Based on the above, it can be concluded that
in the green zone of Astana, chemical amelio-
ration is necessary, as well as the application of
organic and mineral fertilizers to improve soil
fertility and quality.

MATERIAL AND METHODS

The purpose of the study is to determine the
salt content in the soil under forest crops in the
green zone of Astana.

The object of the study is forest crops of
dwarf elm (Ulmus pumila L.) and maple ash
(Acer negundo L.) planted in 2015. The main
research method was the laying of test plots in
areas of forest crops. Test plots were laid out
in the areas with healthy, weakened, and dead
plantations, the categories of which were initial-
ly determined visually based on the condition
of the trees, and then confirmed based on the
methodology for determining viability by V.A.
Alexeyev? with the help of a formula

1001, +70n, + 40n, + 4n,
H= ~ : (1)

where H — relative vitality of the stand, %; n, —
number of healthy trees, pcs.; n, — number of
weakened trees, pcs.; n, — number of severe-
ly weakened trees, pcs.; n, — number of dying
trees, pcs.; N — total number of the trees in the
test plot, pcs.

A stand was considered healthy if it had a
vitality index of 80 to 100, weakened if it had
a vitality index of 50 to 79, and severely weak-
ened if it had a vitality index of 20 to 49.

Soil pits were dug to the depth of the root
zone layer (up to 60 cm) in triplicate on each
test plot. Soil samples from the pits were sent
for water-chemical analysis to the Kazakh Re-
search Institute of Soil Science and Agrochem-
istry named after U.U. Uspanov. In the chamber
conditions, based on the results of the analysis
of water extraction (1:5), an assessment of sa-
line soils was carried out, based on two criteria:
the type of salinization and the degree of soil
salinization under plantations characterized by
different degrees of weakening®*>.

2Ingole S.P. A review on role of physicochemical properties in soil quality // Chemical science review and letters, 2015, vol. 4,

pp. 57-66.

3Alekseev V.A., Chertov O.G., Sergeichik G.A. Forest ecosystems and atmospheric pollution. L.: Nauka, 1990, 200 p.
4Bazilevich N.I., Pankova E.I. Experience of soil classification by salinization // Eurasian Soil Science, 1968, N 11, p. 316.
SBazilevich N.I., Pankova E.I. Experience of soil classification by the content of toxic salts and ions // Dokuchaev Soil Bulletin,

1972, N 5, pp. 36-42.
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When determining the types of soil salinity,
some authors use ratios of anions in water ex-
traction (C1/SO,>, HCO,/Cl" +SO,*), while
others find it more convenient to use percentage
ratios of anions®. Only those anions whose con-
tent exceeds 20.0% of the sum of the equivalent
weight of substances (mg-equiv.) are proposed
to be included in the name of the salinity type.
In this case, the dominant anions are listed last
in the name.

In this study, we used a classification of nine
types of soil salinity based on the anion com-
position. If the soil contained CO,> ions in an
amount of less than 20.0% of the sum of the
equivalent weight of anions, but more than 0.03
mg-equiv./100 g of soil (the toxicity threshold
of CO,*), then the name of the salinity was se-
lected according to the determined type. Toxic
salt calculations were made depending on the
presence of bicarbonate soda exceeding the tox-
icity threshold of HCO, ions (0.8 mg-equiv.).
If the elevated content of HCO, was due to the
presence of Mg (HCO,),, the salinity type was
determined as hydrocarbonate one.

The determination of the soil salinity chem-
ical behavior based on the anion composition
was supplemented with the data on the com-
position of cations. The division of soil salin-
ity chemistry based on the cation composition
within the methodology of N.I. Bazilevich, E.I.
Pankova was based on the ratios of individual
cations, not their sum (Na* + K* x Ca*" + Mg?"),
since all Mg salts are considered toxic.

N.I. Bazilevich, E.I. Pankova and other au-
thors” ® [14] proposed to evaluate the chemical
behavior and degree of soil salinity based on the
content of toxic ions, expressed as a percentage
of the mass of absolutely dry soil.

The content of toxic salts was determined by

the following formula [14] (see footnotes 7, 8):

o=c*K,

)

where @ — mass fraction of toxic salts, % of the
mass of absolutely dry soil; ¢ — concentration of
the ion being determined, mol (equiv.)/100 g of
soil; K — dimensionless conversion coefficient
depending on the type of ion: K(CO,>") = 0,03;
K(HCO,)=0,061; K(Cl')=0,0355; K(SO,> ) =
0,048; K(Na') = 0,023; K(Ca*) = 0,0204;
KMg*)=10,0122.

RESULTS AND DISCUSSION

In Figure 1, it is visually evident that with an
increase in the sum of salts, the growing condi-
tions become extreme, leading to the death of
trees. The average values of salt content range
from 0.044 to 0.071% in the soil under the dwarf
elm stands and from 0.048 to 0.065% under the
maple ash stands.

The minimum values of salt content range
from 0.014 to 0.022%, while the maximum
values range from 0.069 to 0.108%. Therefore,
the magnitude of the sum of salts in the soil af-
fecting the condition of the dwarf elm and the
maple ash stands is similar. However, maple
ash can withstand a higher content of salt in
the soil compared to dwarf elm. It can also be
noted that the concentration of salts in the soil
significantly affects the condition of the plants
(healthy, weakened, or dead): healthy planta-
tions grow on soils characterized by lower salt
content, while with an increase in salt content,
trees weaken and die.

It was found that in the areas occupied by
the maple ash stands, the predominant type of
soil salinity is sulfate-chloride-hydrocarbon-
ate, accounting for 83.3% on all the test plots
regardless of the condition of the stands. The
second type of salinity is sulfate-soda (10.0%).
The share of sulfate and sulfate-chloride types is
3.3% each. In the areas with healthy stands, the
sulfate-chloride-hydrocarbonate type predomi-
nates (84.6%), while in weakened stands, sul-
fate-chloride-hydrocarbonate (70.0%) and sul-
fate-soda (30.0%) are predominant. In the areas

®Egorov V.V, Ivanova E.N., Friedland V.M. Classification and diagnostics of soils of the USSR. Moscow: Kolos, 1977, 225 p.
"Pankova E.IL, Vorobyeva L.A., Gadzhiev .M. Saline Soils of Russia. Moscow: Akademkniga, 2006, 854 p.

$Manual on saline soil management / Edited by R. Vargas, E.I. Pankova, S.A. Balyuk, P.V. Krasilnikov, G.M. Hasankhanova;
Food and Agriculture Organization of the United Nations, Rome, 2017, 153 p.
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Fig. 1. The amount of salts in the soil under forest crops of Ulmus pumila L. and Acer negundo L.

of various states

with dead maple ash stands, 100% sulfate-chlo-
ride-hydrocarbonate salinity is observed.

It was established that the soils under stands
with the vitality categories "weakened" and
"dead" are characterized by a high content of
toxic ions (Na*, HCO,", SO,*’) and a lower level
of cations (Ca?, Mg?") (see Fig. 2). In partic-
ular, the "dead stand" category has the highest
levels of some of these ions in the soil, which
may negatively affect the growth and health of
plants. Calcium cation Ca®" is more common
in the soil under healthy trees, while sodium
cation Na* predominates under weakened and
dead stands. Regardless of the category, bicar-
bonate anion HCO," is most frequently found in
the soil, while under weakened and dead stands,
chloride anion CI predominates. The content
of all these soil components under weakened
and dead cultures is higher than under healthy
plants, except for bicarbonate anion HCO,, the
concentration of which was lower in areas with
dead stands than in healthy ones.

It was determined that CO,*is only present
in the areas with healthy stands, where it has
a concentration ranging from 0.03 to 0.04 mg-

equiv., indicating that this anion is not a signif-
icant component deteriorating the condition of
maple ash (see Table 1).

Therefore, the quantity of ions in the soil, es-
pecially the high content of some of them, such
as Na’, HCO, and u SO,*, may indicate neg-
ative consequences for the growth and health
of plants. It is also noteworthy that the cation
Ca’" is most prevalent in the soils in healthy ar-
eas, while in the areas with weakened and dead
stands, the cation Na* predominates. The nega-
tive charge is highest for the HCO, anion in the
areas with weakened and dead stands, and for
the Cl" anion in healthy areas. The content of
all components in the soil under weakened and
dead trees is higher than in healthy areas, which
may be associated with more intensive chem-
ical processes in the soils with reduced fertili-
ty. However, the content of the HCO,™ anion in
the soils under dead plants is higher than in the
soils under healthy cultures. It can be assumed
that intensive decomposition of organic matter
(leaves, branches, etc.) occurs in healthy areas,
leading to a decrease in soil pH and a reduction
in the content of this anion.
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Fig. 2. Content of easily soluble salts in the soil under forest crops of Acer negundo L. of different

condition

Ta6a. 1. Pe3ynbrarsl aHaM3a BOIHOW BBITSHKKY MTOYBBI IO JISCHBIMU KybTypamu Acer negundo L.,

Mr-3kB./100 r mouBbI

Table 1. Results of the analysis of soil water extract under forest crops of Acer negundo L., mg-eq/100 g

of soil
Chemical element
Stand condition Amount Ca** Me?* Na* HCO,” cr S0 co,

Healthy Min 0,100 | 0,100 | 0,000 0,120 0,040 | 0,020 =
Max 0,570 | 0390 | 0,050 0,680 0,150 | 0390 | 0,040
Average 0373 | 0232 | 0022 0,428 0,061 | 0,159 | 0,003

Weakened Min 0290 | 0,100 | 0,000 0480 | 0040 | 0,010 -
Max 0,690 | 0390 | 0,780 0,840 0,110 | 0390 -
Average 0458 | 0253 | 0,176 0,636 0,062 | 0203 -

Dying Min 0,390 | 0,200 0,040 0,600 0,040 0,020 -
Max 0,690 | 0480 | 0210 0,680 0,380 | 0,280 -
Average 0474 | 0267 | 0,139 0,646 0,120 | 0,114 -
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Furthermore, the degree of soil salinity was
determined by isolating toxic ions from the total
salt content (see Table 2). According to the re-
sults of the calculation of the sum of toxic salts,
the degree of salinity was determined depend-
ing on the soil salinity chemical behavior on test
plots of maple ash. It was found that in the soils
under healthy forest stands, the ion content was
0.05 mg-equiv., indicating non-saline soils. In
the test areas with weakened and dead stands,
the content of HCO, ions was higher, at 0.18
and 0.17 mg-equiv. respectively, indicating the
presence of weak salinity.

Based on the obtained data, it can be assumed
that sulfate-chloride-hydrocarbonate salinity
by anion composition and magnesium-calcium
chemical behavior by cation composition with a
toxicity of more than 0.17 mg-equiv. HCO, neg-
atively affect the condition of maple ash causing
its weakening. However, to determine the exact
cause of the deterioration of the plant condition,
further research is needed, taking into account
other factors such as soil physicochemical prop-
erties, climatic conditions, and the level and
mineralization of groundwater.

From Figure 3 and Table 3, it can be seen that
the content of readily soluble salts in the soil
varies in areas with stands in different condi-
tions. The content of Ca**, Mg?" and Na* cations
in the soil under healthy stands is higher than in
the soils where weakened trees grow.

Anions HCOs, CI and SO4* are present in
greater quantities in the soils under weakened
stands. In the soils under dead stands, the con-
tent of Ca?", Mg?" and ClI ions is significantly
lower, while Na*, HCOs™ and SO+*" are higher
than in the soils where healthy and weakened
cultures grow. Additionally, the soils under
dead trees contain a small amount of the tox-
ic ion CO,*", which is absent in the areas with
healthy and weakened plants.

It has been identified that in the areas oc-
cupied by forest stands of dwarf elm the most
common type of salinization is sulfate-chlo-
ride-hydrocarbonate (72.2% of the total). In the
areas with weakened and dead dwarf elm trees,
the percentage of sulfate-chloride-hydrocarbon-
ate salinization is lower than in the healthy ar-
eas, at 75.0%, 42.9%, and 84.6%, respectively.
In equal proportions, sulfate and sulfate-chlo-
ride salinization is found in soils under healthy
cultures (7.7% each). Areas with weakened
stands are characterized by the prevalence of
chloride-sodium and sulfate-sodium saliniza-
tion (6.3% each), as well as sulfate saliniza-
tion (12.5%). On the plots with dead dwarf elm
trees, sulfate-sodium (42.9%) and chloride-so-
dium salinization (14.3%) are observed.

It has been established that in test areas with
dead dwarf elm trees, there is strong salinization
(0.39 mg-equiv.), while the soils under healthy
and weakened cultures are not saline, with the

Ta6ua. 2. Crenens 3acojeHNs MTOYB 10 COACPIKAHNIO TOKCUYHBIX COJIEH U CyMMe BCeX COJel

B 3aBUCHUMOCTH OT XHUMH3Ma 3aCOJICHUS

Table 2. The degree of salinization of soils by the content of toxic salts and by the sum of all salts

depending on the chemistry of salinization

Wood species Stand condition HCO, (toxic), The sum of toxic salts, % Degree of soil salir.n'zation
mg-eq. by the sum of toxic salts
Dwarf elm Healthy 0,08 0,09 .
Nonsaline
Weakened 0,11 0,12 N
Dead 0,39 0,41 Highly saline
Maple ash Healthy 0,05 0,07 Nonsaline
Weakened 0,18 0,20 Slightly saline
Dead 0,17 0,19 N
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Fig. 3. Content of toxic salts in the soil under forest crops of Ulmus pumila L. of different condition

Ta6a. 3. Pe3ynbrarsl aHaiM3a BOIHOW BBITSHKKY MOYBBI IO/ JICCHBIMU KynbTypamu Ulmus pumila L.,

Mr-5kB./100 r mouBbI

Table 3. Results of the analysis of soil water extract under forest crops Ulmus pumila L., mg-eq/100 g of soil

Chemical element
Stand condition Amount o | mg | ne | oo | o | sor | co
Healthy Min 0,100 | 0,100 | 0,000 | 0,160 | 0,000 | 0,000 -
Max 0,490 | 0,390 | 0,200 | 0,600 | 0260 | 0,230 | -
Average 0,349 | 0,218 | 0,023 | 0431 | 0,052 | 0,116 | -
Weakened Min 0,100 | 0,100 | 0,000 | 0,200 | 0,000 | 0,000 -
Max 0,690 | 0,390 | 0,180 | 0,640 | 0,150 | 0,490 | ~—
Average 0,371 | 0,238 | 0,063 | 0480 | 0,055 | 0,148 | -
Dying Min 0,100 | 0,100 | 0,000 | 0,520 | 0,040 | 0,000 -
Max 0,490 | 0,290 | 1,060 | 1,120 | 0,080 | 0,290 | 0,080
Average 0,323 | 0211 | 0,367 | 0,709 | 0,051 | 0,157 | 0,017
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content of HCO,™ ions in them being 0.08 and
0.11 mg-equiv., respectively. This indicates that
the high content of HCO3— ions in the test areas
with dead stands may be one of the reasons for
strong salinization, which, in turn, leads to the
death of vegetation.

Based on the presented results, it can be
assumed that the degree of salinization deter-
mines the change in the condition of woody
vegetation. In the soil under weakened and dead
cultures, the more toxic sulfate-chloride-hydro-
carbonate type of salinization predominates,
while in the soil under healthy stands, the sul-
fate-chloride type predominates. Additionally,
in the areas with weakened and dead plants,
a higher percentage of soil salinization is ob-
served compared to healthy stands. It is also
worth noting that the soils under weakened and
dead trees contain a greater amount of toxic
salts (chlorides and sulfates) than in the areas
with healthy cultures.

Therefore, measures need to be taken to pro-
tect and restore the soil cover in forest manage-
ment areas, and systematic monitoring of soil
conditions should be carried out to timely iden-
tify and mitigate the negative consequences of
anthropogenic impact on the environment.

CONCLUSION

The quantity of anions and cations signifi-
cantly affects the viability of forest cultures
of woody plants. The main ions affecting the
degree of soil salinity under forest stands in
the green zone of Astana are Ca*, Mg**, Na“,
HCO,, CI, SO .- The content of these ions on
the test plots differs from their content in areas
with healthy cultures.

It cannot be unequivocally stated that the
content of salts serves as the sole cause of weak-
ening and death of stands. Many other factors,
including planting technology disruption, un-
timely care, damage by pests and diseases, as
well as anthropogenic factors, also affect the de-
terioration of plant condition. Nevertheless, soil
salinity and fertility play a fundamental role in
the preservation, stability, and growth of forest
cultures in the green zone of Astana.

To increase soil fertility and reduce the de-
gree of salinity, regular monitoring, the appli-

cation of proper soil cultivation and treatment
systems, and the implementation of ameliora-
tive measures are necessary.
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HNCHOJIB30BAHUE MAIINMHHOI'O OBYUYEHUS U BETETALHMOHHBIX
UHJEKCOB JIJISI TIPOTHO3UPOBAHUS YPOXKAMHOCTH SIPOBOUI
HNITEHAULbI

CTapadyraunosa J.B., ®enopos /I.C., Katnukun B.K., Makcumosnu K.1O., Kosaoun C.A.
Cubupckuil ¢hedepanvhviil HayuHblll YyeHmp azpoduomexnonoutl Poccutickoll akademuu Hayk
HoBocubupckast ob6nacts, p.mn. Kpacnoo6ck, Poccus

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

[IpencraneHsl pe3ysbTaThl KCCIIEAOBAHUS M0 Pa3pabOTKE U OLIEHKE TOYHOCTH MPEAUKTUBHBIX MO-
Jiesiell ypokKailHOCTH SipOBOM MIIEHHUIIBI HA OCHOBE MCIOJIb30BAHUS JAHHBIX JIUCTAHIIMOHHOTO 30H-
TUPOBaHMS 3eMITH W METOIOB MalIMHHOTO 00yueHus. B paboTe nCrons30BaHbl TaHHBIE YPOKaliHO-
CTH SpOBOW TIeHHUIBI copra HoBocubupckas 31, moirydeHHBIE B MOJIEBOM ONBITEC B IIEHTPATbHOU
necocrenu HoBocuOupckoit obmactu B 2019-2022 rr. Ilpu co3manuu mopesneil yYUTHIBAINCH Kak
KaueCTBEHHBIC MPEAUKTOPHI (YPOBEHb MHTEHCU(UKALIMK arpOTEXHOJIOTHI), TaK M KOJIMYCCTBEHHbIE
(armocepHble ocaaku B KpUTHUECKUE (a3bl pa3BUTHS PacTEHHH MIIECHHIBI U TIOKA3aTeIu Berera-
IIUOHHBIX WHAEKCOB, XapaKTepU3YyIOIINX COCTOSHUE MTOCEBOB). VIcmonbp30BaHNne pa3IMyHbIX METOI0B
MHTEIJIEKTYaIbHOTO aHAIN3a JJAHHBIX, a TAK)Ke COYeTaHNe TTapaMeTPUIECKUX U HemapaMeTPUIeCKUX
TOJTXO/IOB B UCCIIEIOBAHNHU O0ECIIEYIIIN JTOCTATOYHO BBICOKYIO TOYHOCTH MMPOTHO3UPOBAHUS ypOXKaii-
HOCTHU SIPOBOM MIUEHULBI. (751 MpOrHO3UPOBAHUS YPOKAUHOCTH SIPOBOM MILEHULBI UCIOIb30BAIN
METOZbI, BKJIIOYAIOIINE JIMHEHHYIO PErPECCHI0, HEIMHEHHYIO MOJIENb HAa OCHOBE PErpecCHOHHOIO
crutaiina (Regression Splines), nepeBo pemienuii (CART), cirydaiinbiii nec (Random Forest), anantus-
HbIH OyctuHr (AdaBoost) u rpanuenthsiii OyctuHr (Gradient Boosting). YcraHoBieHO, 4TO MOjEIH
Ha OCHOBE aJITOPUTMOB CITy4YaiHbIH Jiec, TPaIMEHTHBIN U aAallTUBHBIA OyCTUHTH XapaKTepHU30BaINCh
Hanboee BHICOKUMH TIPOTHOCTHYECKUMHU BO3MOKHOCTAMHA YPO)KaWHOCTH KYJIBTYPHl B 3aBUCHMOCTH
OT CKJIJIbIBAIOIINXCSI YCIIOBUI BEreTalliy M yrpasisitomero Bosaeiicteus (R* = 0,74-0,80). Paspa-
0OTKa MPEIUKTUBHBIX MOJENICH YPO)KaHHOCTH C HCIOJNb30BaHUEM JAUCTAHIMOHHOTO 30HIAMPOBAHMS
3eMJIM M MAIIMHHOTO OOYUYCHHMS MPEJCTABISIOT ONPEIeICHHYIO HayYHYIO0 HOBH3HY U IMPAKTHYECKYIO
3HAYUMOCTb TS 3PPEKTUBHOTO YIPABICHUSI TPOILYKTUBHOCTHIO TIOCEBOB B M3MEHSIOLIMXCS TOYBEH-
HO-KJINMaTHYEeCKUX 1 XO3SHCTBEHHBIX YCIOBUAX. [IpOrHO3HOE MOIETMpPOBAaHNE CTATKUBAETCS C MHO-
TOYPOBHEBOIM HEOINPEACIEHHOCTBIO OKPY’KAIOLIEH Cpellbl U BBICOKOM BapUaTUBHOCTBIO PE3YJIBTUPY-
IOILKX [OKAa3areaeil Ha KOHKPETHOM 3€MEJIbHOM y4yacTKe. B CBS3M ¢ 3TUM MHOIOYpOBHEBBIH MOIXO0/
MOXET TPEICTABIATh NEPCIEKTUBHOE perieHue i 3(hHEeKTHBHOTO MPOTHO3UPOBAHMS YPOKAHHOCTH
SIPOBOM IILIEHUIIBL.

KuroueBble cJjioBa: BereTallmoHHbIE HHJIEKCHI, TUCTAHIIMOHHOE 30HANPOBaHNE, MAIIIMHHOE 00yde-
HUE, YPOXKaHOCTh SPOBOIl MIIIEHUIIBI, YPOBEHb HHTEHCHU(PHKAIIN

UTILIZING MACHINE LEARNING AND VEGETATION INDICES FOR SPRING
WHEAT YIELD FORECASTING

(<) Garafutdinova L.V., Fedorov D.S., Kalichkin V.K., Maksimovich K.Yu., Kolbin S.A.
Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(C<XDe-mail: garafutdinovalv@sfsca.ru

The results of research on the development and assessment of the accuracy of predictive models of
spring wheat yield based on the use of remote sensing data and machine learning methods are present-
ed. Yield data of spring wheat variety Novosibirskaya 31 obtained in a field experiment in the central
forest-steppe of the Novosibirsk region in 2019-2022 were used in this work. Both qualitative predic-
tors (the level of agrotechnologies intensification) and quantitative predictors (atmospheric precipita-
tion in critical phases of wheat plant development and indicators of vegetation indices characterizing
the condition of crops) were taken into account when creating the models. The use of various methods
of intellectual data analysis, as well as the combination of parametric and non-parametric approaches
in the study provided a sufficiently high accuracy of spring wheat yield forecasting. The methods used
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Garafutdinova L.V., Fedorov D.S., Kalichkin VK.,
Maksimovich K.Yu., Kolbin S.A.

Utilizing machine learning and vegetation indices
for spring wheat yield forecasting

to predict spring wheat yield included linear regression, nonlinear Regression Splines based model,
decision tree (CART), Random Forest, Adaptive Boosting (AdaBoost) and Gradient boosting. It was
found that the models based on random forest, gradient and adaptive boosting algorithms were char-
acterized by the highest predictive capabilities of crop yield depending on the emerging conditions of
vegetation and controlling influence (R* = 0.74-0.80). The development of predictive yield models
using remote sensing and machine learning represent a certain scientific novelty and practical signif-
icance for effective management of crop productivity in changing soil-climatic and economic condi-
tions. Predictive modeling is faced with multilevel environmental uncertainty and high variability of
the resulting indicators on a particular land plot. In this regard, the multilevel approach may represent
a promising solution for effective forecasting of spring wheat yield.

Keywords: vegetation indices, remote sensing, machine learning, spring wheat yield, level of in-
tensification
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INTRODUCTION condition of agricultural crops [3—7]. NDVI is
a combination of the reflectance coefficient in
the visible and near-infrared regions (VIS-NIR),
associated with the absorption of specific solar
radiation during photosynthesis. Its magnitude
is primarily determined by the type of underly-
ing surface, and changes in the index indicate
the influence of adverse weather conditions,
damage by pests and diseases, or inadequate
nutrient supply [8]. Measuring NDVI is crucial
for monitoring and managing crop productivity
since changes in this indicator are closely related
to plant growth processes, yield, and enable the
assessment of areas with anomalous crop devel-

The yield of agricultural crops is one of the
most important indicators of agricultural pro-
duction. Yield forecasting allows for the opti-
mization of processes involved in cultivating
agricultural crops and facilitates informed deci-
sion-making in planning agricultural technolo-
gies used in farming. Currently, remote sensing
of the Earth is actively employed for spatial as-
sessment of vegetation conditions. The utiliza-
tion of electromagnetic radiation spectra in the
visible and infrared regions is successfully ap-
plied for monitoring vegetation cover, soil mois-

ture, nitrogen deficiency, and crop yield [1, 2].
In particular, vegetation indices such as Nor-
malized Difference Vegetation Index (NDVI)
and Normalized Difference Moisture Index
(NDMI) ! ? are widely used for assessing the

opment. An important characteristic of NDVI is
that changes in index values become more no-
ticeable in arid vegetation conditions due to its
close relationship with crop moisture levels® [9,
10]. In addition to NDVI, NDMI is used for a

Sakharova E.Yu., Sladkikh L.A., Kulik E.N. Satellite monitoring of grain crops condition using vegetation index // Interexpo

GEO-Siberia, 2015, vol. 4, N 1, pp. 47-52.

2Telnova N.O. 1dentification and mapping of multi-year NDVI trends to assess the contribution of climate change to the dynamics
of biological productivity of agroecosystems of forest-steppe and steppe zones of Northern Eurasia / Modern problems of Earth
remote sensing from space, 2017, vol. 14, N 6, pp. 97-107. DOI: 10.21046/2070-7401-2017-14-6-97-107.

3De Keersmaecker W., Lhermitte S., Hill M.J., Tits L., Coppin P, Somers B. Assessment of regional vegetation response to
climate anomalies: A case study for Australia using GIMMS NDVI time series between 1982 and 2006 // Remote Sensing, 2017, vol.

9,N 1, pp. 34. DOI: 10.3390/rs9010034.

32  Siberian Herald of Agricultural Science ¢ 2024 « 54 « 1

Agriculture and chemicalization



Hcnonp30Banre MalIMHHOTO 06y‘IeHI/IH 1 BErCTAMOHHBIX MHICKCOB
JUIA IIPOTHO3UPOBAHUS ypomaﬁHoc*m ﬂpOBOﬁ ITIICHUIIBI

Tapadyraunosa JI.B., ®enopos /1.C., Kannukun B.K.,
Maxkcumosuu K.10., Konoun C.A.

more accurate assessment of overall crop mois-
ture levels. This index provides an indicator to
evaluate the degree of vegetation water stress*>.

The drawback of the vegetation indices is that
they provide indirect information about actual
crop yields. To improve the accuracy of agricul-
tural crop yield forecasting, it is necessary to use
not only vegetation indices but also additional
information about the environment and manage-
ment interventions. In this case, it is advisable to
utilize machine learning capabilities when form-
ing predictive models of crop yield, as one of
the branches of artificial intelligence. Among the
most well-known and applied machine learning
algorithms are neural networks (NN), random
forest (RF), support vector machine (SVM), and
extreme gradient boosting (XGB). These models
utilize meteorological data, management meth-
ods, and vegetation indices [11-13]. Overall, a
comparative analysis of predictive models of
spring wheat yield using vegetation indices and
machine learning can be useful for determining
the most effective approach to substantiating op-
timal management interventions.

The purpose of the research is to develop
models for predicting spring wheat yield based
on field experiment data, remote sensing of the
Earth, and the application of machine learning
methods.

MATERIAL AND METHODS

To build machine learning models, data on
the yield of spring wheat variety Novosibirskaya
31 obtained from 2019 to 2022 in field station-
ary experiments conducted at the Federal Sci-
entific Centre of Agro-BioTechnologies of the
Russian Academy of Sciences (SFSCA RAS)
were utilized. The experiment was located at the
Elitnaya Experimental Farm of the SFSCA RAS
in the central forest-steppe of the Novosibirsk
region (54°5527.45" N, 82°57'14.05" E). The
soil of the experimental site is classified as me-
dium loamy calcareous chernozem, medium-hu-

mic. The experiment consisted of continuous
sowing of spring wheat cultivated at two levels
of intensification, conventionally characterized
as low-intensity (annual application of a starter
dose of N, ) and high-intensity (application of
N,, targeting the planned yield). The experiment
employed a complex of plant protection mea-
sures against weeds, pests, and diseases (herbi-
cides, fungicides, and insecticides). Primary soil
tillage was performed using SibIME plows to a
depth of 25-27 cm.

Remote sensing data of spring wheat crops,
available in the public domain, were obtained
using sentinel-hub (https://www.sentinel-hub.
com) from the Sentinel-2 satellite with high
spatial resolution (10 m). Multi-zone satellite
images consist of 13 spectral channels with
resolutions of 10, 30, and 60 m. For analysis,
images acquired in June and July of each ob-
servation year were utilized, with the following
spectral ranges: red — 650.0-680.0 nm, infra-
red — 784.5-899.5 nm, and short-wave infrared
—1564.5-1654.5 nm. Processing of the obtained
materials (36 cloud-free images) was conduct-
ed using QGIS with open architecture (https://
qgis.org/ru/site/). Normalized Difference Vege-
tation Index (NDVI) and Normalized Difference
Moisture Index (NDMI) were used to visualize
the vegetation condition and moisture content of
Crops.

NDVI is a relative value representing the ra-
tio of the difference in spectral reflectance of the
Earth's surface in the near-infrared (NIR) and
red (Red) ranges to their sum:

NIR — Red
NIR + Red

NDVI is an indicator of radiative heat ex-
change; however, due to its high correlation with
the amount of green biomass, it is used as an
indicator of vegetation cover condition. At the
same time, it is an indicator of the total amount
and condition of agrocenosis biomass, not the

NDVI =

‘Wang S., Baig M.H.A., Zhang L., Jiang H., Ji Y., Zhao H., Tian J. A simple enhanced water index (EWI) for percent surface
water estimation Landsat data // IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, 2015, vol. 8,

pp.- 90-97. DOI: 10.1109/JSTARS.2014.2387196.

SMcCall D.S., Zhang X., Sullivan D.G., Askew S.D., Ervin E.H. Enhanced soil moisture assessment using narrowband reflectance
vegetation indices in creeping bentgrass // Crop Science, 2017, vol. 57, N S1, pp. 161-168. DOI: 10.2135/cropsci2016.06.0471.
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yield of agricultural crops. Research shows that
a larger biomass does not always correspond to
high yield.

NDMI indicates the moisture content in
plants and is determined as the ratio between the
difference and the sum of the refracted radiation
in the near-infrared (NIR) and short-wave infra-
red (SWIR) regions. It is a reliable indicator of
the level of water stress in agricultural crops and
is calculated by the formula

_ NIR - SWIR
NIR + SWIR

The value of the moisture content indicator
in plant leaves is a key indicator for assessing
hydration levels. Interpretation of the absolute
value of NDMI allows the identification of ag-
ricultural crops experiencing water stress. One
of the factors significantly affecting the accura-
cy of determining moisture content in plants is
deviations caused by leaf internal structure and
dry matter content. However, the combination
of NIR and SWIR allows for the elimination
of these deviations and increases the accuracy
of moisture determination [14]. The amount of
water present in the internal leaf structure plays
a key role in controlling the spectral reflectance
capability of the sample. Therefore, NDMI was
used to assess the moisture level of wheat crops.
The values of the mentioned indices range from
-1to 1.

To account for atmospheric humidity, me-
teorological data from the Ogurtsovo weath-
er station located 1 km from the experimental
site (http://www.pogodaiklimat.ru/monitor.
php) were utilized. Moisture conditions during
the growing seasons were considered in three
temporal periods corresponding to the stages of
spring wheat development: the first period — ger-
mination to tillering (late May to mid-June), the
second period — tillering to stem elongation (late
June to early July), and the third period — stem
elongation to flowering (late July). Atmospher-
ic moisture during these periods varied across
the study years. For instance, in 2019 and 2020,
there was a high level of moisture (precipitation
exceeded the multi-year average) during all pe-
riods. In 2021 and 2022, the first period was dry,
the second period relatively moist, and the third

NDMI

period dry during the crop vegetation (see Table
1).

The choice of statistical analysis methods
was driven by the relatively small sample size,
data distribution not conforming to the normal
distribution law, and the presence of both qual-
itative and quantitative factors. To confirm the
assumption of a relationship between spring
wheat yield and atmospheric moisture, vegeta-
tion indices, and intensification background, and
to determine the degree of deviation of probabil-
ity distribution from normality, several statistical
tests were conducted: Shapiro—Wilk, Lilliefors
tests, and Q-Q plots. Pairwise comparisons of
data variants in the experiment were performed
using the non-parametric Mann—Whitney test.
Spearman's rank correlation coefficient, analysis
of variance (ANOVA), and principal component
analysis (PCA) were applied to assess the rela-
tionship between spring wheat yield and quan-
titative characteristics. The significance level
(p-value) was assessed at 0.05. Box plots were
constructed to visualize the structure of the raw
data and analysis results.

During the study, a group of models was
built, including linear regression, a nonlinear
model based on regression splines, decision tree
(CART algorithm), random forest (RF algo-
rithm), adaptive boosting (AdaBoost algorithm),
and gradient boosting (Gradient Boosting algo-
rithm). The original database consisted of 448
observations, which were divided into training
and test samples in the ratio of 80 and 20% re-
spectively.

Statistical calculations and graphical plots
were performed using the Python programming
language in the Jupyter interactive notebook and
statistical computing and graphics language R in
the integrated development environment R-Stu-
dio.

RESULTS AND DISCUSSION

The yield of spring wheat in the experiments
varied depending on the year of the study and
the level of intensification of cultivation tech-
niques (see Fig. 1).

On average over the years of observation, the
crop yield at the low-intensity level was 2.1 t/ha,
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Taoua. 1. YcnoBus armocdepHOro yBIa)KHEHHUS 110 TIEPHOJIaM BEreTalluy sPOBOH MIIEHUIIBI, MM

Table 1. Conditions of atmospheric moistening by periods of spring wheat vegetation, mm

Spring wheat vegetation period Total precipitation

Year (III ten-day period of May-
Ist 2nd 3rd July)
2019 63 36 66 165
2020 55 32 54 141
2021 32 66 4 102
2022 39 49 21 109
Average annual amount 47 36 46 129

Note. Here and in Table 2. Ist period — sum of precipitation for the third ten-day period of May and I-II ten-day
periods of June; 2nd period — sum of precipitation for the third ten-day period of June and I ten-day period of July;
3rd period — sum of precipitation for the second and third ten-day periods of July.

while at the high-intensity level, it was 3.2 t/ha.
The lowest and highest yield values were record-
ed in 2019 and 2020, at 1.2 t/ha for the low-in-
tensity level and 4.2 t/ha for the high-intensity
level, respectively. The least variability in spring
wheat yield was observed at the low-intensity
level in 2021 and 2022, with a minimum yield
of 1.4 t/ha and a maximum of 2.6 t/ha. At the
high-intensity level, the least variability was ob-
served in 2020 and 2022, with a minimum grain
yield of 3.0 t/ha and a maximum of 3.7 t/ha.
Such fluctuations in spring wheat yield are ex-
plained by natural factors, primarily quantitative
changes in atmospheric moisture. For example,
the low yield in 2019 was due to atmospheric
drought in June, when precipitation was 47% of
the multi-year average, and low mean daily air
temperatures of 15.4 and 16.9°C. The decrease
in yield in 2021, regardless of the level of inten-
sification, may have been influenced by the at-
mospheric moisture conditions during the early
spring period.

The average values of vegetation indices
over the years of study in June varied during the
vegetation period from 0.4 NDVI units and 0.1
NDMI units. In July, NDVI values increased in
all years of study due to biomass accumulation
and averaged 0.7 units. NDMI values varied
from 0.2 to 0.6 units during the study years due
to changes in plant moisture content.

To create yield forecasting models, various
factors influencing model accuracy must be con-
sidered. Identifying these factors and selecting
the most informative predictors is a key step in
improving predictive models' accuracy. Several
methods are applied for these purposes. For ex-
ample, the analysis of variance (ANOVA) meth-
od, used for preliminary data processing, helps
determine the statistical significance of differ-
ences between factor groups. However, besides
ANOVA, other methods can be used for prelim-
inary data processing. For instance, principal
component analysis (PCA) allows reducing the
dimensionality of the original dataset by creat-
ing new variables that are linear combinations of
the original variables®. Such an approach retains
the maximum amount of information while re-
ducing its volume, simplifying the analysis and
processing of the original data.

Various methods were used to identify the
most significant factors influencing crop yield
under the analyzed conditions and to include
them in the formation of spring wheat yield
models. The results of the preliminary process-
ing of the data sample are presented in Table 2.

A significant contribution determining the
importance of influencing factors on crop yield
was made by the level of intensification of cul-
tivation technologies. With an increase in the
level of intensification, including through in-

®4hmad ., Pasha I, Saeed M., Shahid M. Principal component analysis and correlation studies of spring wheats in relation to cookie
making quality // International Journal of Food Properties, 2017, vol. 20, N 10, pp. 2299-2313.DOI: 10.1080/10942912.2016.1236273.
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Fig. 1. Box-plot of spring wheat yield values

In the figure, the center line shows the median value, the borders of the rectangle correspond to the values of the low-
er and upper quartiles (25th and 75th percentiles), the width of the rectangle is the size of the total sample, the height
of the rectangle is the interquartile range (IQR), the length of the upper (lower) "whiskers" of the diagram show the
boundaries of the distribution of the largest (smallest) value, which is within 1.5xIQR.

creased doses of mineral fertilizers, some lev-
eling of the influence of vegetation conditions
was established. In particular, the significance
of the atmospheric moisture factor decreased to
a certain extent at the high level of agricultural
technology. For example, when analyzing field
data on crop yield obtained at the high level of
cultivation, none of the factors showed statisti-
cally significant influence (p-values > 0.05) on
yield. At the low-intensity level, when analyzed
by the same method, "precipitation in the second
period" showed a statistically significant rela-
tionship (p-value < 0.05). Correlation analysis
revealed that at the intensive level, "precipita-
tion in the 1st and 3rd periods" had the stron-
gest correlation with spring wheat yield (p-value
< 0.05). At the low-intensity level, high cor-
relation with crop yield was found for "NDMI
in July" and "NDVI in June" (p-value < 0.05).
Principal component analysis (PCA) with subse-
quent regression analysis identified statistically
significant components for each dataset variant
regarding yield, depending on the level of agri-
cultural technology intensification. At the inten-

sive wheat cultivation level, these were compo-
nents PC2 and PC5 (p-value < 0.05).

It is important to note that atmospheric pre-
cipitation during the observed crop development
periods was statistically significant in all con-
ducted non-parametric analysis methods (p-val-
ue < 0.05). It was established that NDMI and
NDVI indices, reflecting vegetation condition,
are important predictors of crop yield, especially
in different time periods. These indices allow for
a more accurate assessment of crop conditions
and prediction of their future productivity. The
most significant and informative predictors of
spring wheat yield identified were used to create
machine learning models.

To forecast spring wheat yield, the following
models were applied: linear regression, non-
linear regression using splines, decision tree
(CART), random forest (RF), gradient boost-
ing (Gradient Boosting), and adaptive boosting
(AdaBoost). Ridge regression was optimized by
iterating through regularization coefficients to
control model overfitting, considering variable
interdependencies. The regression spline was
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Tabua. 2. IlepeueHb CTATUCTUYECKU 3HAYUMBIX
MPEAUKTOPOB, BIUSIOMIUX HA YPOXKANHOCTH SIPOBOI
TIIICHALIBI

Table 2. Statistically significant predictors
affecting spring wheat yields

Method Significant factors identified

NDVI (July): p =0,0087
Precipitation (1st period): p = 0,0231
Precipitation (2nd period): p = 0,0004
Precipitation (3rd period): p = 0,0001

NDMI (July): correlation 0,67
NDVI (June): correlation 0,60
NDVI (July): correlation 0,61

ANOVA

Correlation
analysis

PC1: Precipitation (3rd period), Precip-
itation (2nd period), Precipitation (1st
period)

PC2: Precipitation (2nd period), Precip-
itation (1st period), Precipitation (3rd
period)

PC3 Precipitation (1st period), Precipi-
tation (3rd period), NDMI (June)

PC4: NDMI (July), NDVI (July), Pre-
cipitation (1st period)

PC5: NDMI (June), NDMI (July),
NDVI (June)

Principal
component
method

optimized by spline degree (2nd degree chosen),
allowing flexible modeling of complex nonlin-
ear relationships in the data. Determination of
the optimal spline degree was based on metrics
such as MAE (mean absolute error), RMSE
(root mean square error), and R? (coefficient of
determination). Decision tree (CART) usage en-
abled data splitting into different groups based
on predictor values, identifying the most import-
ant factors influencing wheat yield, and making
forecasts. Random forest (RF) was used to create
an ensemble of decision trees, allowing for var-
ious data variations and obtaining more stable
and accurate forecasts. Gradient boosting and
adaptive boosting were utilized to create model
ensembles that combine several weak models to
produce the strongest variant.

Statistical indicators assessing the accuracy
of spring wheat yield forecasting models using
machine learning algorithms are presented in
Table 3.

Below is a graph demonstrating both the ac-
tual crop yield values and the values predicted
by each of the considered models (see Fig. 2).

The analysis of modeling results and the as-
sessment of their predictive accuracy showed
that random forest (RF), gradient boosting, and
adaptive boosting algorithms had the highest
forecast accuracy (R? = 0.74-0.80). The highest
coefficient of determination was achieved using
the gradient boosting algorithm (GB), indicating
its effectiveness in predicting crop yield in this
study.

The high predictive ability of the boosting
algorithm lies in the fact that each subsequent
model in the ensemble is built taking into ac-
count the minimization of the error of previous
models. The ensemble modeling principle sig-
nificantly increases the accuracy of forecasts in
conditions of relatively small datasets subject to
high variability.

The linear regression model had the low-
est prognostic characteristics, emphasizing the
complexity of biological systems, the absence of
linear relationships, multilevel variability of en-
vironmental conditions, and controlling factors
affecting spring wheat yield.

CONCLUSION

Forecasting spring wheat yield is one of the
important factors in agricultural activities. This
process is the basis for decision-making aimed
at optimizing production and efficiently allo-
cating resources. To forecast crop yield, several
factors need to be considered. Based on the ob-
tained results, precipitation in different time pe-
riods, NDMI (July), and NDVI (June and July)
are the most important factors for forecasting
spring wheat yield.

The use of machine learning models allows
for automatic processing of large volumes of data
and finding hidden patterns, revealing non-obvi-
ous factors influencing spring wheat yield and
improving forecast accuracy. It has been estab-
lished that the application of machine learn-
ing methods is an effective tool for forecasting
yield. Particularly effective were ensemble mod-
els based on random forest, gradient boosting,
and adaptive boosting algorithms, which had the
highest predictive abilities (R? = 0.74-0.80).

The implementation of an ensemble approach
(a set of predictive models) using vegetation in-
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dices significantly increased the accuracy of CIIMCOK JIMTEPATYPbBI
forecasting potential crop productivity. This ap- |
proach is promising for solving the tasks of fore-
casting spring wheat yield considering the mul-
tilevel uncertainty of the environment and high
variability of resulting indicators on a specific
land plot.

Berger K., Verrelst J., Féret J., Wang Z., Wo-
cher M., Strathmann M., Danner M., Mauser W.,
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Ta6a. 3. CrarucTryeckne moKa3areiar TOYHOCTH MOJIeIe MAIIMHHOTO O0yYeHHSI
Table 3. Statistical measures of accuracy of machine learning models

Metrics

Ne Method Predictor categories | MAE (mean absolute | RMSE (root mean R?(determination

error) square error) coefficient)

1 |Linear regression Quantitative 0,54 0,74 0,13

2 | Regression spline » 0,35 0,51 0,64

3 | Decision tree Quantitative and 033 0,48 0,67
qualitative

4 |Random forest The same 0,29 0,44 0,74

5 | Gradient Boosting » 0,29 0,40 0,80

6 | Adaptive Boosting » 0,28 0,42 0,78
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Fig. 2. Predicted values of spring wheat yield and corresponding values from the test sample
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CEMEHOBOACTBO APOBbIX 3EPHOBBIX KYJIBTYP
HA BA3E ®EJJEPAJIBHOI'O ATPAPHOT'O HAYUYHOI'O IEHTPA
CEBEPO-BOCTOKA um. H.B. PYJHUIIKOT'O

CDXKuaun H.A., CaurupeBa O.M., CepkoBa I.A.

Dedepanvhblii acpapusiii Hayunoli yeump Cesepo-Bocmoka um. H.B. Pyonuykoeo
Kupos, Poccus

(XDe-mail: zhilin.nickolaj@gmail.com

CeMEHOBOJICTBO SIPOBBIX 3EPHOBBIX KYJBTYp SBISCTCS (PYHIAMEHTOM NPOAOBOILCTBEHHOM
0e30macHOCTH COBPEMEHHOI0 rocygapcTBa. COBMECTHO € CEJICKIMEH CEeMEHOBOJICTBO 00ECIIEeUNBACT
MOJTy4eHHUE POAYKIMH BBICOKOTO KauecTBa B Tpebyemom o0beme. B KupoBckoii o6mactu 0CHOBHBIMH
MIPOU3BOIUTENISIMU OPUTHHAIBHBIX CEMSH SBIIsAI0TCA DenepanbHblil arpapHblid HayuHbl HeHTp CeBe-
po-Bocroka um. H.B. Pyauunkoro (PAHLL Cesepo-Bocrtoka) u Bsarckuii rocynapcTBeHHBIN arporex-
Hosnornyeckuid yausepcurer. PAHL] CeBepo-Boctoka B 2017 1. ObU1 peopraHu3oBaH, B pe3ysibrare
yero B Hero Bouln CeBepo-BocTouHbIN pernoHanbHbIN arpapHblil HaydHbIM 1eHTp, PanéHckas ce-
nekunoHHas cranuus, Hikeropoackuii, Maputickuii, MopaoBckuii 1 UyBalickuil HayqYHO-UCCIEN0-
BaTEJIbCKNE NHCTUTYTHI cebckoro xo3siictea. B ®AHILL Cesepo-Boctoka B . Kupose ¢ 1974 1. me-
TOAOM MHAMBUAYaAJIbHO-CEMEHHOI0 0TOOpa MPOU3BOAATCSI OPUTHHAIBHBIE CEMEHA SIPOBBIX 36PHOBBIX
KyJ16Typ. OpUrHHaJIbHBIE CEMEHa €XKEroJHO MpojatoTcs B xo3siicTBa KupoBckoit o0nactu u Apyrux
pernonoB Poccuiickoii denepanuu Uisl ICIOIb30BAHNA B TUTOMHHUKAX PA3MHOXKEHHS U CYIIEPIIIHUTHI.
B crarpe npoananusupoBana pabora otnena cemenoBocTsa 3a 2019-2021 rr., oroOpakeHa METOIHU-
Ka TI0JIy4YeHHs OPUTHHAIIBHBIX CEMSH SPOBBIX 3€PHOBBIX (OBCa, MIICHHUIIBI, SYMEHS), ONMCaHbI COpTa,
HaunOosee BocTpeOoBanHble B Kuposckoii oOnactu. Ilnomans noceBa OpuruHaIbHBIX CEMSH SPOBBIX
3epHOBBIX Ha onbITHEIX noisx PAHIL Cesepo-BocToka 3a paccmarpuBaeMblil TIEpUOJ] BbIpOCa Ha
23,4%, nocturnys B 2021 1. 49 ra. M3-3a 3acyumuBoi morozs! B 2021 1. BaoBo# cO0p KOHAUIIMOHHBIX
CEeMSIH ApOBBIX 3€pHOBBIX ocTasca Ha ypoBHe 2019 1. u cocraBuin 60,9 1. Belpyuka oTiena ceMeHOBOJ-
ctBa PAHI] CeBepo-Bocroka oT peanmzannu opuruHanbHbIX ceMsiH Bozpocna B 2021 1. Ha 47,53%
1o cpaBHeHuto ¢ 2019 r. u foctura 2,5 MiH p. OpuriHanbHbIE CEMEHA, KaK MPaBUIIO, PEaTU3YIOTCS
NPEANPUATHSIM, 00JIaIal0IIMM CBOMMH NoApasieneHusiMu cemenoBoncTa: AO «Arpodupma “Zopo-
Huun”», CIIK «IlnemsaBon “Kpacusriit Oxrsi0ps™», CIIK «Cenbckoxo3siiictBenHas apreins “KpacHast
Tamuua”», OO0 «3ypunckuii arpokomiuiekey, OO0 «lIpenypanbey». Takum oOpazom, oTaen ceme-
Hosoacrea @AHII Cesepo-BocToka siBisieTcst BaKHBIM 3B€HOM B 00€CIEYEHUH POAOBOIbCTBEHHOM
0€3011acHOCTH PEruoHa.

KuroueBbie cjioBa: ceMEHOBOACTBO, TUTOMHHUKHM HMCIBITAHUS IOTOMCTB M Pa3MHOXEHHUS, IIOCEB-
HBI€ TUIOIIAIU, YPOKAHHOCTD

SEED PRODUCTION OF SPRING CEREALS AT
THE FEDERAL AGRARIAN SCIENTIFIC CENTER
OF THE NORTH-EAST NAMED AFTER N.V. RUDNITSKY

(XD Zhilin N.A., Snigireva O.M., Serkova G.A.

Federal Agrarian Scientific Center of the North-East named after N.V. Rudnitsky
Kirov, Russia

(XDe-mail: zhilin.nickolaj@gmail.com

Seed production of spring grain crops is the foundation of food security of a modern state. Together
with breeding, seed production provides high quality products in the required volume. In the Kirov
region, the main producers of original seeds are the Federal Agrarian Scientific Center of the North-
East named after N.V. Rudnitsky (FASC of the North-East) and Vyatka State Agrotechnological Uni-

42 Siberian Herald of Agricultural Science * 2024 * 54 « 1 Plant growing and breeding



CeMeHOBOJICTBO SIPOBBIX 3€PHOBBIX KyJIBTYp Ha 0aze denepaibHOro Kumun H.A., Caurupesa O.M., Cepkosa [ A.
arpapHoro HayuHoro ueHrpa Cesepo-Bocroka um. H.B. Pyanunkoro

versity. FASC of the North-East was reorganized in 2017 to include the North-East Regional Agrarian
Research Center, Falyonskaya Breeding Station, Nizhny Novgorod, Mari, Mordovian and Chuvash
Agricultural Research Institutes. The FASC of the North-East in Kirov has been producing original
seeds of spring grain crops since 1974 by the method of individual-family selection. Original seeds
are sold annually to the farms of the Kirov region and other regions of the Russian Federation for use
in the nurseries of propagation and super elite. The article analyzes the work of the seed production
department for 2019-2021, displays the methodology of obtaining original seeds of spring cereals
(oats, wheat, barley), describes the varieties most in demand in the Kirov region. The area of sowing
original seeds of spring cereals in the experimental fields of the FASC of the North-East increased by
23.4% during the period under review, reaching 49 ha in 2021. Due to dry weather in 2021, the gross
harvest of conditioned spring cereal seed remained at the same level as in 2019 at 60.9 tons. The re-
venue of the seed division of the FASC of the North-East from the sale of original seeds increased
by 47.53% in 2021 compared to 2019 to reach 2.5 million rubles. Original seeds are usually sold to
the enterprises that have their own seed production units: AO Agrofirma "Doronichi", APC "Plemza-
vod "Krasny Oktyabr", APC "Agricultural Artel "Krasnaya Talitsa", OOO "Zurinsky Agrocomplex",
00O "Preduralye". Thus, the Seed Production Department of the FASC of the North-East is an im-
portant link in ensuring food security in the region.

Keywords: seed production, progeny nursery-gardens and propagation nurseries, sown areas, yields
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INTRODUCTION 4) sugar beetroot (hybrids)) — 80-90%.

Additionally, up to 20% of crops for certain
crops are sown with non-varietal seeds, leading
to significant yield losses, low quality of the re-
sulting products, and the occurrence of epiphy-
totic outbreaks [3].

Due to the peculiarities of the territorial loca-
tion of the Kirov region (being part of the Non-
Black Earth Zone), the agriculture of the region
is oriented towards the production of livestock

The quality of seed material determines the
yield of agricultural crops, the gross harvest, and
ultimately the financial results of producers. For
the Russian Federation, the full development of
the breeding and seed production system under
modern conditions becomes of paramount im-
portance due to sanctions imposed by certain
countries, territorial closures during epidemics,
pandemics, and other factors. Currently, the de- X .
mand of agricultural producers for high-quality products [4]. According to .the MH?IS“-‘/, of Ag-
domestic seed material is not fully met [1]. Ac- rlcul‘gure and Food of thc? Kirov region, in 2021,
cording to S.A. Golikova [2], the share of im- the size of sown areas in the region amounted

ported seeds in the Russian market volume is: to 834.5 ¢/ ha, with the main shgre in the struc-
1) grains — 10 5%: ture of agricultural land occupied by hayfields

2) corn for grain (hybrids) — 60-70%: and pastures, and only 319.8 t/ha accounted for
3) sunflower (hybrids) — 70-80%; grain crops"”.

'Official website of the Ministry of Agriculture and Food of the Kirov region [Electronic resource]. URL: http://www.dsx-kirov.
ru (date of reference: 20.10.2022).

2Vasina V.N. General assessment of agriculture in the Kirov region // Modern Science Success, 2017, vol. 1, N 6, pp. 135-139.
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Seed production of spring cereals at the Federal Agrarian Scientific
Center of the North-East named after N.V. Rudnitsky

Zhilin N.A., Snigireva O.M., Serkova G.A.

The main direction of using spring barley,
spring wheat, and spring oats in the region is for
grain and forage. Only with the comprehensive
solution of a number of problems is it possible
to satisfy the needs of the region's livestock in-
dustry in the necessary volumes of fodder grain
[5]. On one hand, this involves expanding areas,
which leads to significant expenses, and on the
other hand, it involves the use of technologies
adapted to the territory's conditions and regular
variety renewal and rotation [6].

Therefore, the objectives of this study are
to examine the current state and identify trends
in the development of the seed industry in the
Kirov region.

MATERIAL AND METHODS

In the Kirov region, the main producers of
original seeds are the Federal Agrarian Scientific
Center of the North-East named after N.V. Rud-
nitsky (FASC of the North-East) and the Vyat-
ka State Agrotechnological University (Vyatka
SAU) [7].

The FASC of the North-East operates a seed
breeding department, which was established in
1974. The main activities of the department are
as follows:

1) primary seed breeding of zoned varieties
of grain crops and perennial grasses;

2) development of efficient technologies for
managing the production process of spring grain
crops, ensuring the production of quality seeds
in the conditions of global climate change.

Initially, the seed breeding department
produced seeds of zoned varieties: barley —
Moskovsky 121, Viner, Vostok; spring wheat
— Leningradka, Rubin, Falyonskaya; oats — Na-
dezhny, Falyonsky 1; peas — Krasnoufimsky 70;
buckwheat — Kalininskaya. Later, the produc-
tion of original seeds of the varieties developed
at the FASC of the North-East began. Currently,
the department is engaged in the production of
original seeds of spring grain crops: wheat — Ba-
zhenka, Priokskaya, Svecha; barley — Zazersky
85, Ekolog; oats — Sapsan, Vyatsky, Persheron.

The Bazhenka spring wheat variety was cre-

ated by intraspecific hybridization followed by
targeted individual selection. Zoned and prom-
ising varieties of the world gene pool with dif-
ferent ecological and geographical origins were
taken as parental varieties. The progenitor of the
variety was the hybrid population Tulaikovska-
ya Jubilee x Priokskaya, which in the second
hybrid generation (F2) was crossed with the Iren
variety. The authors of the variety are: Yu.E.
Vederikov, L.V. Volkova, L.A. Koryakovtseva,
A.V. Kharina. Originator: FASC of the North-
East. The variety is mid-ripening (matures in
79-80 days), of medium height (average stem
height 75-90 c¢cm). The average yield reaches
3.5 t/ha, with a maximum of 5.9 t/ha. Highly re-
sistant to lodging, shedding, root sprouting. In-
cluded in the list of high-quality wheat varieties.
Grain weight 753 g/, vitreousness 56%, crude
gluten content of the first quality group 27%,
1000 grain weight 35.4 g. The volume yield of
bread from 100 g of flour is 560 ml, the overall
bread-baking score is 4 points. Characterized by
high resistance to kernel smut, moderate suscep-
tibility to loose smut, and juvenile resistance to
Fusarium root rot [8]. The variety responds well
to fertilizer application and is recommended for
cultivation using intensive technologies’.

The Priokskaya spring wheat variety was de-
veloped by individual selection from a hybrid
population (line 1833-76H427 x Moskovska-
ya 35) F1 x Saratovskaya 54. Originators: Mos-
cow Scientific Research Institute of Agriculture
"Nemchinovka", Ryazan Scientific Research
Institute of Agriculture, Vladimir Scientific Re-
search Institute of Agriculture. The bush of this
variety is semi-erect, the stem is thick, of medi-
um height. The spike is loose, cylindrical, yellow
with a cream tint, of medium length. The grain
is round, red, with an orange tint in wet years, of
medium size, with a 1000 grain weight of 29-38
g. Mid-ripening. Resistance to lodging is above
average — high (4-5 points). Drought resistance
is average - below average. It is characterized
by rapid growth after emergence. Moderately
affected by loose smut, moderately susceptible
to damage by frit fly. Baking qualities are good.
Included in the list of high-quality wheat variet-

3Koryakovtseva LA, Volkova L.V., Kharina A.V. Creation of early maturing variety of spring soft wheat Bazhenka // Agricultural

Science Euro-North-East, 2012, N 5 (30), pp. 8-10.
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ies. Protein content in grain 13.1-15.3%, crude
gluten 32.2-36.3%, bread volume from 100 g of
flour 900-1110 ml, overall bread-baking score
3—4 points*.

The Ecolog spring barley variety was ob-
tained by selection from a hybrid population
(Domen x Keystone) x Domen. Authors: N.A.
Rodina, S.A. Kutz, Z.N. Domracheva, N.F. Pro-
kasheva. Originator: FASC of the North-East.
The variety is mid-ripening (matures on average
in 81 days), high-yielding (average yield is 6.5 t/
ha, maximum - 8.0 t/ha). High yield is achieved
due to good productivity of long (over 7 cm),
weakly collapsing spike and large grain (1000
grain weight is 40-53 g). The variety is charac-
terized by group resistance to diseases - geneti-
cally protected from loose smut, practically re-
sistant to black and kernel smut, moderately re-
sistant to stripe disease, comparatively resistant
to root rots. Resistant to lodging and collapsing
of the spike. It has high malting qualities, good
brewing qualities [9].

Variety of spring barley Zazersky 85 was
obtained through hybridization with the mutant
variety Favorite (NE 481), isolated by exposure
to X-rays (100 Gy). Originators: Tula Scientif-
ic Research Institute of Agriculture, Tver State
Agricultural Academy, Vladimir Scientific Re-
search Institute of Agriculture. It's an intensive
type variety. It has high lodging resistance (7-9
points). It is moderately affected by loose smut
and net blotch. The grain is of medium size, with
a weight of 1000 grains ranging from 38 to 43 g.
The protein content in the grain is 13.4%, starch
60.2%. It is characterized by good brewing qual-
ities. It is a medium-late variety, with a growing
period of 86—100 days°.

Variety of spring aristulate oats Sapsan. Or-
igin: (Freya x Ulav) x Ulav. Authors: G.A.
Batalova, M.V. Tulyakova, I.I. Rusakova, E.N.
Vologzhanina, N.V. Krotova, G.P. Zhuravleva.
Originators: Federal Agricultural Scientific Cen-
ter of the North-East, and Falyonskaya Breed-
ing Station, a branch of the Federal Agricultural

Scientific Center of the North-East. Mutica vari-
ety — white grain, awnless. It has an erect growth
habit. It is a versatile variety. It's medium-ear-
ly, adaptive, productive in grain (up to 9.1 t/ha)
and dry matter yield (up to 9.64 t/ha), flexible,
with high grain quality. It belongs to the cate-
gory of tolerant to edaphic stress caused by low
pH and aluminum ion toxicity. The grain has
increased protein (13.62%), fat (4.02%), and
starch (40.73%) content. The yield of groats is
68.2%. It is resistant to lodging and shattering,
resistant in field conditions to loose smut, crown
rust, and stem rust. Suitable for production of
grain of high energy value for fodder and food
purposes, production of green mass®.

Variety of spring naked oats Vyatsky was ob-
tained by individual selection from a sample of
the VIR Adam collection (Czech Republic), fol-
lowed by multiple culling based on the charac-
teristic of the aristulate condition. Authors: G.A.
Batalova, L.N. Efremidi, N.S. Solovyova, N.A.
Lobanova, M. V. Tulyakova, I.I. Rusakova, N.V.
Yemeleva. Originator: Federal Agricultural Sci-
entific Center of the North-East. Inermis variety.
Intermediate growth habit. Aristulate condition
in the grain is absent. The grain is of medium
size. The weight of 1000 grains reaches 26-32 g.
The average yield in the region is 2.7 t/ha, with
a maximum yield of 6.7 t/ha. It's medium-early,
with a growing period of 78-92 days. It is re-
sistant to lodging, with drought resistance at the
level up to average standards. Valuable in qual-
ity. The protein content is 14.9-16.5%. Grain
weight is 570—680 g/L. It is susceptible to bacte-
rial blight, highly susceptible to loose smut and
crown rust’ [10].

Variety of naked oats Percheron. Origin: OA
503/1 (Canada) x Ulav (Russia). Authors: G.A.
Batalova, N.A. Lobanova, M.V. Tulyakova, A.L
Churakova, I.I. Rusakova, S.V. Permyakova,
O.A. Zhuykova, E.N. Vologzhanina. Origina-
tor: Federal Agricultural Scientific Center of the
North-East. Inermis variety. Naked-grain variety.
Intermediate growth habit. The plant is medium

*Davydova N.V., Kazachenko A.O. Features of selection of source material for selection of spring soft wheat in the conditions of
the Central Non-Black Earth Region // Bulletin of Altai State Agricultural University, 2013, N 5 (103), pp. 5-9.

SSemenov V.A., Grib S.I. New variety of spring barley Zazersky 85 // Breeding and Seed Production, 1986, N 5, pp. 32-34.

®Batalova G.A., Mukhamadyarov F.F., Rusakova 1., Antonov V.G., Tulyakova M.V., Shikhova L.N. On the creation of adaptive
varieties of filmy oats Sapsan and Avatar // Agricultural Science Euro-North-East, 2013, N 2 (33), pp. 4-7.

"Batalova G.A. Oats in the Volgo-Vyatsky region. Kirov, 2013, 288 p.
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in height. Awns are absent or very weak. The
grain varies from small to medium in size. The
weight of 1000 grains ranges from 20 to 31 g.
The average yield in the region is 2.4 t/ha, with
a maximum yield of 5.2 t/ha. It's medium-early.
It is resistant to lodging, with drought resistance
at the level of standard varieties Vyatsky and
Tyumensky naked oats. Valuable in quality. The
protein content is 13.7-22.1%. Grain weight is
560-690 g/L. Highly susceptible to loose smut.
In field conditions, it is moderately damaged by
frit fly®.

Production of original seeds is carried out at
the experimental field of the Federal Agricultur-
al Scientific Center of the North-East located in
the village of Krasnoye. The soils of the experi-
mental field are moderately clayey podzolic. The
climate of this area is moderately warm with un-
even precipitation. The plant vegetation period
lasts 157-160 days, of which 115-120 days have
an average daily air temperature above 10°C,
which is favorable for the growth and develop-
ment of spring cereal crops.

The soil of the plot ranges from light to heavy
clayey loam and is formed on the eluvium of
Permian clays. According to the results of the
agrochemical research conducted at the Agro-
chemical Service Center "Kirovsky," the content
of available phosphorus ranged from high (197
mg/kg) to very high (483 mg/kg), exchangeable
potassium ranged from medium (128 mg/kg) to
high (223 mg/kg), and the humus content ranged
from 1.17% to 1.87%. The soil solution reaction
(pH) varied from strongly acidic (3.9) to neutral
(6.4), depending on the field.

The main and pre-sowing soil treatments
were carried out in accordance with zonal rec-
ommendations: plowing to a depth of 20-22
cm in autumn, followed by double harrowing
with heavy-toothed harrows in two passes in the
spring of the following year and cultivation in
two passes to a depth of 7-8 cm. Fertilizer appli-
cation (basic background) — nitroammophoska
at a rate of N, P, K . per I ha (between cultiva-
tions) [11].

The production of original seeds of spring ce-
real crops is carried out using the method of indi-

vidual-family selection according to the "Meth-
odological recommendations for the production
of elite grains, legumes, and cereal crops." The
method includes the selection of elite spikes, the
establishment of test nurseries for the offspring
of the 1st and 2nd years (P-1 and P-2) and repro-
duction nurseries for the 1st and 2nd years (R-1
and R-2). A statistical analysis is conducted on
the grain mass of elite spikes and families using
the Microsoft Excel computer program. The av-
erage arithmetic characteristics (x) and standard
deviation (o) are determined. Only typical off-
spring whose grain mass falls within x — ¢ (low-
er limit) and x + 2c (upper limit) are used for
establishing test nurseries.

RESULTS AND DISCUSSION

The yield and area harvested of grain crops
in the Kirov region for 2019-2021 are presented
in Table 1.

During 20192021, there was a significant in-
crease (by 38,957 ha) in the harvested areas oc-
cupied by grain crops in the Kirov region, due to
the expansion of the areas cultivated with spring
wheat and oats. Consequently, there has been a
growing demand for planting material year by
year. Due to unfavorable conditions in 2021,
there was a 27.2% reduction in the yield. As not-
ed by I.G. Generalov [12], there is a strong influ-
ence of yield on the profitability of agricultural
producers and, as a result, a decrease in the pop-
ulation's quality of life. All these aspects require
ensuring the availability of high-quality varieties
adapted to the growing conditions in this region.

For 48 years, the seed production department
of the Federal Agricultural Scientific Center of
the North-East has been engaged in primary
seed production of barley, wheat, oats, and oth-
er crops, supplying original seeds to elite seed
farms in the Kirov region and other regions for
elite production. The department has been led
by the Candidate of Science in Agriculture Yu.E.
Vederikov for 24 years.

The start of original seed production in the
department is associated with the selection of
elite spikes. Each year, during the full ripening
phase of the crops in purebred nursery fields,

8Batalova G.A. About completed scientific developments on oat breeding // Agricultural Science Euro-North-East, 2009, N 4

(15), pp. 14-19

’Bolshakov N.V., Kuvarin V.V., Khorshev V.V. Methodical recommendations on production of elite seeds of cereals, leguminous

and cereal crops. Moscow, 1990, 39 p.
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2.5-3.0 thousand elite plants (typical for the va-
riety, healthy, without signs of pest damage and
disease) are selected. In the laboratory, the spikes
are manually threshed, the seeds from each plant
are weighed separately and placed in individual
bags. Then, a mathematical analysis of the grain
mass from the elite plant is conducted for further
selection and establishment of nursery P-1.

In the first-year progeny testing nursery,
seeds from one plant are sown in a single row 1
meter long (row by row) using a cassette seeder
SKS-6-10. After every 40 rows, a control row is
sown (seeds from the second-year multiplication
nursery).

During the vegetation period in nursery P-1,
progeny selection is carried out: rows with low
field germination, atypical morphological char-
acteristics for the variety, prone to lodging, dis-
ease-affected, or low survival are removed. All
selected progenies are manually harvested row
by row, threshed individually using a bundle
thresher MTPU-500, placed in separate bags la-
beled inside and outside, weighed in the labora-
tory. Then, a statistical analysis based on grain
mass from the family is conducted: progenies
within -6 < x <+ 20 are retained. The best prog-
enies are sown in nursery P-2 the following year.

The second-year progeny testing nursery is
established on the plots of different sizes (from
1.3 to 3.7 m?) depending on the amount of seeds.
Sowing is done with a small-sized portion seeder
SSFK-6. A control plot is placed every 40 plots.
Throughout the vegetation period, phenologi-
cal observations, care, and selection of atypical,
sparse, lodged, and disease-affected progenies
(plots) are carried out.

The best families from nursery P-2 are har-
vested by combine harvester Sampo-130, dried
in chamber-type dryers in seed mode. Seed sort-
ing for grain crops is done using grain cleaning
machines SM-0.15 (progeny testing nurseries)
and "Petkus Gigant" K 531A (multiplication
nurseries).

Combined families from nursery P-2 are
sown in the first-year multiplication nursery and
subsequently in the second-year multiplication
nursery using seeder SZ-4.2, and harvesting
is carried out using combine harvesters Niva
Nova-340 and Sampo-500.

Data on the yield and volume of the obtained
original seeds of spring grain crops from mul-
tiplication nurseries R-1 and R-2 at the experi-
mental field of the Federal Agricultural Scien-
tific Center of the North-East for 2019-2021 are
presented in Table 2.

The area of planting original seeds over three
years increased by 23.4%, reaching 49 hectares,
which is associated with an increased demand
among farms for original seeds of spring grain
crop varieties adapted to local conditions. How-
ever, the gross seed harvest slightly decreased.
This can be attributed, firstly, to changing weath-
er conditions during the growing season (for ex-
ample, in 2021, there was dry weather from May
to August, which hindered the full potential of
varieties and resulted in lower yields), and sec-
ondly, to changes in the assortment of cultivat-
ed varieties (for example, the Vyatsky naked oat
variety yields low harvest, and increasing the
planting area for this variety reduces the overall
gross seed harvest).

Taoa. 1. YpoxxaitHOCTb U yOOpOUHast TUIOIIAb 36PHOBBIX KyNbTyp B KupoBckoii obnactu (0e3 KyKypy3bl)

Table 1. Yield and harvesting area of grain crops in the Kirov region (without corn)

2019 2020 2021 2021 to 2019
Culture lﬁgesﬁid Yield, tha :r"e“a”‘fli Yield, t/ha S&Z“ﬁi Yield, tha ife“avm/g Yield, %

All grain crops | 280880 | 2,61 | 310207 | 2,00 | 319837 | 190 +13,87 | 27,20

Including:

wheat 74 160 2,40 74783 1,90 79 412 2,50 +7,08 +4,17

barley 99 828 290 | 103849 | 2,50 99 083 2,10 0,75 | -27,59

oats 43 807 2,81 44 112 2,20 45 063 1,80 42,87 | 35,94
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Taoa. 2. Ilnomans mocesa, yposkaitHOCTb U BaJIOBOH COOp CEMSH SIPOBBIX 3€PHOBBIX KYJIBTYD B IIHTOM-

nukax [1P-1 u I1P-2

Table 2. Area, yield and gross harvest of spring grain seeds in nurseries PR-1 and PR-2

. . Conditioned seeds ob-
: Sowing area, ha Yield, t/ha .
Culture Variety N?éfiircyt’i;i tained, tons
P 2019 2020 2021 2019 2020 2021 2019 2020 2021
Wheat Priokskaya PR-1 — — 9,0 - - 2,5 - — 15,2
PR -2 11,0 - — 1,86 — — 15,6 - -
Bazhenka PR -1 - 8,2 - — 2,2 - - 13,7 -
Barley Ecolog PR -1 4,0 5,5 - 2,1 2,2 - 6,4 9,8 -
Zazer- PR -1 - 27,0 | 23,0 — 1,85 1,8 — 40,0 | 29,8
sky 85
PR -2 12,0 - - 3,0 - - 24,2 - -
Oats Persheron PR -1 10,0 - - 2,26 - - 16,5 - -
PR -2 - 7,0 — - 1,2 - — 49 -
Sapsan PR -1 - - 8,0 - - 1,9 - - 9,7
Vyatsky PR -1 1,9 - 9,0 1,3 — 1,0 1,4 - 6,2
PR -2 - 3,0 - - 1,9 - - 4.4 -
Total 39,7 50,7 | 49,0 64,1 72,8 60,9

Note. «—» — this reproduction was not grown this year.

Nevertheless, the revenue of the seed pro-
duction department of the Federal Agricultural
Scientific Center of the North-East increased by
47.53% and reached 2.542 million rubles due to
the increase in the selling price of the seeds and
the sale of seed material from previous years.
Original seeds are sold to large enterprises in the
region and other regions of the Russian Federa-
tion, such as AO "Agrofirm Doronichi" (Kirov
region), "Krasny Oktyabr" collective farm (Vol-
gograd region), "Krasnaya Talitsa" agricultur-
al cooperative (Kirov region), OOO "Zurinsky
Agrocomplex" (Udmurtia), OOO "Preduralye"
(Perm Krai).

CONCLUSION

The production of high-quality food and feed
products largely depends on the quality of the
seed material used. Moreover, crop yield and
gross harvest largely depend on the quality of
seed material. Achieving a higher volume of
marketable products from a smaller area has a
positive financial effect and influences the cost
price of the products. This effect can only be
achieved by using tested and regionally suitable
varieties and hybrids.

In the Kirov region, grain-forage crops are in
high demand. From 2019 to 2021, the areas oc-
cupied by grain crops in the region increased by

38,957 hectares. Consequently, there is a grow-
ing annual demand for seeds of zoned varieties
of spring grain crops highly adapted to local
conditions. In addition to ongoing breeding and
research on the potential of new varieties and
hybrids, specialists at the Federal Agricultural
Scientific Center of the North-East named after
N.V. Rudnitsky are engaged in the multiplica-
tion of the most promising samples. Responding
to demand, the seed production department of
the Federal Agricultural Scientific Center of the
North-East systematically increases the plant-
ing areas of the entire seed production structure,
conducts trials of new varieties, and cultivation
techniques. Thus, the area of planting original
seeds increased by 23.4% during the specified
period (up to 49 hectares), and the revenue of the
department increased by 47.53% (up to 2.542
million rubles). Currently, the seed assortment
includes seven varieties of various spring grain
crops. Over the years of research, the depart-
ment has produced 197.8 tons of original certi-
fied seeds of grain crops.

The production of original seeds of varieties
and hybrids highly adapted to the region's con-
ditions is an important component of the pros-
perity of agricultural enterprises and the region
as a whole.
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Cubupckutl HayYHO-UCCIe008aMENbCKULL UHCIMUMY M PACMEHUeB00CMBA U CeleKYUU —
Qunuan Pedepanvroeo ucciedosamenbcko2o yeumpa « Mnemunmym yumonoeuu

u eenemuxu Cubupckozo omoenenusi Poccutickou akademuu Hayk»

HoBocubupckas obnacts, p.i. Kpacnooo6ck, Poccust

(XDe-mail: musinov29@gmail.com

OpHa 13 OCHOBHBIX 33/1a4 COBPEMEHHOH CEJIEKIINU — CO3aHUE COPTOB, yCTOWUMBBIX K BO3ICHCTBHIO
HETaTHBHBIX (PaKTOPOB CPEbl M JTAIOMINX CTAOMIBHO BBHICOKUE YPOXKal B YCIOBHAX U3MEHSIOMICIOCS
xnumara. C 2021 r. B ['ocymapcTBeHHBIN peecTp CENEKIUOHHBIX JOCTH)KEHUI BHECEH COPT MSTKOM
03uMOH MieHuIbl KpacHooOcKast 03uMasi, CO3aHHBIA METOIOM PEKOMOMHAIMOHHOM celiekiuu. Ero
POIOCTIOBHAS BKIIIOYAET B Ce0sI, HAPSILYy C COPTAMU MIIEHUIIBI, TIIIEHUYIHO-TTBIPEHHBIA THOPHU U TPH-
TUKaJie. bplia npoBeieHa oleHKa JaHHOTO cOpTa 0 X035HCTBEHHO LIEHHBIM IPU3HAKaM M CBOHCTBAM.
Uccnenosanus mpoBomwm B 2015-2022 rr. B HoBocubOupckoit oonactu. CTaHIapTOM CITY KU panio-
HUpoBaHHBIN copT HoBocubOupckas 40, koHTponem — paiionnpoBanHbli copT HoBocubupcekast 3. Copt
Kpacnoobckast 03uMasi peKOMEHIyeTCsl UIsl BO3/IENbIBaHUS B JiecOCTenHON 30He 3anaqHo-Cudupcko-
ro pervoHa. SBisieTcs cpenHecnenbM, 00aaeT T0CTaTOYHO BBICOKOH 3MMOCTOMKOCTHIO (60,0%) 1
YCTOWYUBOCTRIO K TIosieranuto (4,1 mo 4,7 6amna) npu BeicoTe pactenuii 1o 101 cm. Macca 1000 3e-
peH B cpeadeM coctaBisieT 37,9 1. CopT uMeeT BBICOKUH KOI(PDHUIIUEHT MPOAYKTHBHOTO KYIICHUS
(5,3 wt.). 3a roapl UCcCIIeAOBAaHUS CPEIHSS ypoXKaiiHOCTh copTa coctaBmia 5,03 1/ra. B cpeanem mo
pe3ysbraTaM HUCHBITAaHWH Ha roccoproydacTkax HoBocuOupckoil obnactu ypoxaiHOCTh COCTaBHIIa
4,34 1/ra, MakcUMaJbHasl ypoXKaliHOCTh OTMEUeHa Ha MacissHUHCKOM copToydacTke — 4,9 T/ra, 4To Ha
1,14 1/ra BhIIe MoKa3atenei crangapTa. [1o pe3ynbratam SKOJIIOTHYECKOTO UCTIBITAHUS YPOKAHHOCTD
npes3onura copra HoBocubupckast 40 u HoBocubupcekas 3 Ha 0,74 u 0,41 1/Ta COOTBETCTBEHHO, 3H-
MOCTOMKOCTh HaXOAMJIACh HAa YPOBHE CTaHIAPTOB. Bbicokas m cTaOwibHas ypO)KallHOCTb JAaHHOIO
copta (opMUpYyeTCs 3a CUET Psifia XO3IHCTBEHHO LEHHBIX NMPU3HAKOB: MPOLYKTUBHAS KYCTHCTOCTD,
macca 1000 3epeH, ycTOHUMBOCTH K MOJETaHUI0, 3MMOCTOWKOCTh. 1o pe3ynpraram u3ydeHus orpe-
JIeJICHO, YTO ONTHMAJBHBIM CPOKOM IoceBa copta KpacHooOckasi o3umas siBisieTcss 1 ceHTsOpst co
caBurom Ha 1-3 cyT B 06€ CTOPOHBI.

KuroueBble ci10Ba: MIIEHUIA MATKAS O3MMast, COPT, CEJIEKIIHS, yPOKANHOCTh, 3MMOCTOMKOCTD

ECONOMIC AND BIOLOGICAL CHARACTERISTICS OF SOFT WINTER WHEAT
VARIETY KRASNOOBSKAYA OZIMAYA

C)Musinov K.K., Surnachev A.S.

Siberian Research Institute of Plant Production and Breeding — Branch of the Institute of Cytology
and Genetics of the Siberian Branch of the Russian Academy of Sciences

Krasnoobsk, Novosibirsk Region, Russia

(C<XDe-mail: musinov29@gmail.com

One of the main tasks of modern breeding is to create the varieties that are resistant to negative
environmental factors giving consistently high yields in a changing climate. Since 2021, the variety
of soft winter wheat Krasnobskaya ozimaya, created by recombination breeding, has been included
in the State Register of Breeding Achievements. Its pedigree includes, along with wheat varieties, tri-
ticum-agropyrum hybrid and triticale. This variety was evaluated for its economically valuable traits
and properties. The studies were carried out in 2015-2022 in the Novosibirsk region. Novosibir-
skaya 40 was the standard, Novosibirskaya 3 was the control. Krasnobskaya ozimaya variety is re-
commended for cultivation in the forest-steppe zone of the West Siberian region. It is medium matu-
ring, has rather high winter hardiness (60.0%) and resistance to lodging (4.1 to 4.7 points) with plant
height up to 101 cm. The weight of 1000 grains averages 37.9 g. The variety has a high coefficient
of productive tillering (5.3 pcs.). Over the years of the study, the average yield of the variety was
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5.03 t/ha. On average, according to the results of the tests in the state variety test plots of the Novo-
sibirsk region the yield amounted to 4.34 t/ha, the maximum yield was observed at the Maslyaninsky
variety test plot — 4.9 t/ha, which is 1.14 t/ha higher than the standard. According to the results of the
ecological test, the yield exceeded the varieties Novosibirskaya 40 and Novosibirskaya 3 by 0.74 and
0.41 t/ha, respectively, winter hardiness was at the level of the standards. High and stable yield of this
variety is formed due to a number of economically valuable features: productive bushiness, weight
of 1000 grains, resistance to lodging, winter hardiness. According to the results of the study, it was
determined that the optimal sowing date of the Krasnobskaya ozimaya variety is September 1 with a

shift of 1-3 days in both directions.

Keywords: soft winter wheat, variety, breeding, yield, winter hardiness
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INTRODUCTION

Grain production is the main direction of ag-
ricultural production in our country. Currently,
the Russian Federation is the leading exporter
of grain in the world, with wheat accounting for
up to 90.0% of the exported grain. Soft winter
wheat in Russia is one of the most important,
valuable, and high-yielding grain crops [1-3].

Throughout the country, soft winter wheat
plantings occupy more than 15.5 million hect-
ares out of a total of 80.5 million hectares of all
sown areas'. Winter wheat has a high biologi-
cal productivity reserve, the utilization of which
largely depends on the conditions under which
it is cultivated. For example, in the West Siberi-
an region, the share of winter wheat in the sown
area structure is insignificant. According to data
from 2021, it ranged from 0.4% in the Omsk re-
gion to 3.6% in the Altai region.

The quality of wheat production is influenced
by significant differences in climatic conditions,
sharp fluctuations in soil characteristics, and

'https://fedstat.ru.

other factors not only territorially but also from
year to year. The natural-climatic conditions
of Western Siberia do not allow for consistent-
ly high yields of high-quality wheat. Based on
an analysis of wheat cultivation practices in the
region, unstable crop yields over the years can
be observed. The main limiting abiotic factors
include harsh wintering conditions and unfavor-
able hydrotrophic conditions during the growing
season [5]. The negative impact of natural fac-
tors leads to significant variability in crop yield
and grain quality [6, 7].

The yield of winter wheat is an integral indi-
cator of plant productivity, the result of the close
interaction of the genetic component of the va-
riety with the growing conditions. The variety
plays a leading role in yield and grain quality
formation [8—10].

In addition to high yields, new varieties must
possess a number of positive qualities necessary
for effective grain production, such as resistance
to lodging and major diseases, high grain quality,
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drought resistance, winter and frost resistance,
and high quantitative traits. Achieving such a re-
sult is a complex task due to the fact that most
important indicators are negatively correlated
with each other [1, 9, 11].

Academician A.A. Zhuchenko asserts that
the role of the variety is greater the worse and
more heterogeneous the external environmental
conditions are?. Therefore, the development of
variety models and the creation of new varieties
should be carried out taking into account specif-
ic soil and climatic zones [7, 12, 13].

The characteristic instability and unpredict-
ability of the weather factors during the growing
season, as well as the soil-climatic conditions
of the region, place increased demands on the
selection of winter wheat varieties in Western
Siberia. Therefore, the significance of a new va-
riety here is very high.

One of the main tasks of modern breeding is
to create winter wheat varieties resistant to the
influence of negative abiotic and biotic envi-
ronmental factors, providing consistently high
yields in conditions of climate change [14-16].
Additionally, varieties should have high pro-
ductivity, adaptability, ecological plasticity, and
grain quality [3].

Significant progress has been made in win-
ter wheat breeding in recent years. Nevertheless,
the creation of varieties resistant to biotic and
abiotic environmental factors remains relevant
[1,17,18].

Thus, the expansion of winter wheat sown
areas in Siberia largely depends on the creation
of the varieties that combine a high potential for
winter hardiness and productivity, as well as fur-
ther improvement of their cultivation technolo-
gy [5].

The purpose of the study is to assess the eco-
nomically valuable characteristics and properties
of the Krasnoobskaya ozimaya wheat variety in
the conditions of the forest-steppe of Western
Siberia.

MATERIAL AND METHODS

The study was conducted from 2015 to 2022 in
the experimental fields of the Siberian Research
Institute of Plant Growing and Selection (Sib-
NIIRS). The soil cover of the experimental field
consisted of moderately humus-rich medium
loamy chernozem with an alkaline reaction. The
humus content in the plowed layer ranged from
4.0% to 5.0%, with a soil potassium content of
104 mg/kg and phosphorus content of 284 mg/
kg. The agronomic cultivation techniques were
standard for this zone, with autumn fallow being
the preceding crop. The seeding rate was 6 mil-
lion viable seeds per hectare. The object of the
study was the variety of soft winter wheat, Kras-
noobskaya ozimaya. The released variety Novo-
sibirskaya 40 was used as a standard, and one
of the parental forms, Novosibirskaya 3, served
as the control. The seeding for the competitive
variety trial was carried out from August 26 to
September 1 using a selection seeder (SSFK-7)
on the plots with a measured area of 16 m? in
four replications.

Field trials, phenological observations, reg-
istration and evaluation were conducted in ac-
cordance with the methodology of field exper-
iments® and the "Methodology of State Variety
Testing of Agricultural Crops".

During the study, agrometeorological indi-
cators of wintering conditions varied from year
to year. The coldest November was observed in
2016, with an average monthly temperature of
—12.9°C (deviation from the multi-year average
by -4.6°C). In 2019, the average November tem-
perature reached —10.7°C, but there was a pro-
longed absence of snow cover with air tempera-
tures dropping to —28.5°C, negatively affect-
ing the wintering of winter wheat. The coldest
December was noted in 2018, with an average
air temperature of —19.5°C (5.5°C below the
norm), and the minimum temperature recorded
was —36.5°C. The coldest January occurred in
2021, with an average monthly temperature of

*Zhuchenko A.A. Adaptive plant breeding: ecological and genetic bases: in 2 vol., M., 2001, vol. 1, 780 p.
3Dospekhov B.A. Methodology of field experiment: with the basics of statistical processing of research results. M.: Kolos, 1979,

416 p.

“Methodology of state variety testing of agricultural crops. Moscow: Gosagroprom of the USSR, 1989, 162 p.
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—21.7°C (multi-year average — 17.0°C). In Feb-
ruary, the lowest average monthly temperature
was recorded in 2019: it was —16.4°C, which is
1.6°C below the multi-year average. The winter
0f2016/17 was the snowiest, resulting in a snow
cover height reaching 70 cm in March 2017. The
temperature at the node formation depth did not
drop below —10°C during the years of the study.
The weather conditions during the
spring-summer growing season varied in terms
of temperature regime and moisture supply.
Drought conditions occurred in 2022: the hydro-
thermal coefficient (HTC) was 0.68, and the total
precipitation was 94 mm. The vegetation period
with insufficient moisture was observed in 2020
and 2021 (HTC = 0.81-0.85; total precipitation
of 124 and 125 mm, respectively). Optimal hy-
drothermal conditions for vegetation occurred in
2015 and 2016 (HTC = 1.22—-1.24; total precip-
itation of 179 and 155 mm). Excessive moisture
was observed during the vegetation periods of
2017 and 2019 (HTC = 1.33—1.43; total precipi-
tation for vegetation of 195 and 172 mm).

RESULTS AND DISCUSSION

Eight varieties of soft winter wheat recom-
mended for cultivation in the West Siberian re-
gion have been developed and included in the
State Register of the Russian Federation at Sib-
NIIRS. Since 2021, a new variety of soft winter
wheat, Krasnoobskaya ozimaya, has been added
to the State Register of Breeding Achievements,
combining productivity with a high level of win-
ter hardiness.

This variety was created using intervarietal
hybridization followed by individual selection
from the hybrid population of Novosibirska-
ya 3 x Omskaya 6. The pedigree of the variety
includes, along with varieties of winter wheat
(Krasnodarskaya 39, Yubileynaya 50, Odesska-
ya 16, Krasnodarsky karlik 1), a wheat-rye hy-
brid (Wheat-Rye Hybrid - Krasnodarskaya 39 x
Elytrigia intermedia (Host) Nevski) and tritica-
le LMK 462. The variety is recommended for
cultivation in the forest-steppe zone of the West
Siberian region.

Shttps://reestr.gossortrf.ru.

Botanical characteristics. Variety Lutescens.
Anthocyanin coloring of the coleoptile is absent.
The bush is interspacial — semi-trailing, the plant
is of medium or long length. The wax coating
on the ear varies from weak to moderate, on
the upper internode of the straw and the sheath
of the flag leaf — from moderate to strong. The
ear is pyramidal, short or medium in length, of
medium density, and has a white color. Awns at
the tip of the ear range from very short to short.
The pubescence of the top segment of the ear
axis on the convex side ranges from moderate
to strong. The glume is lanceolate-ovate. The
shoulder is straight, of medium width. The beak
is straight or slightly curved, very short or short.
The lower glume on the inner side has very weak
or weak pubescence. The grain is colored, ovoid
in shape’.

Biological features. The variety is mid-rip-
ening, with an average vegetation period of 324
days (from 320 to 328 days) (see Table 1). The
variety is characterized by relatively high winter
hardiness (60.0%), comparable to the standard
variety Novosibirskaya 40. It has high resis-
tance to lodging — during the years of research,
it ranged from 4.1 to 4.7 points. Plant height is at
the standard level — 101 cm. The weight of 1000
grains averaged 37.9 g, which is higher than that
of the standard but lower than that of the control.
Krasnoobskaya ozimaya has a high coefficient
of productive tillering — from 4.4 to 7.6 shoots
(average — 5.3). Increased tillering ensures high
grain numbers (174 pcs.) and grain weight per
plant (5.59 g). This indicator also positively in-
fluences the number of productive shoots per 1
m?. Over the years of research, the number of
shoots of Krasnoobskaya ozimaya averaged 563
pcs./m?. Regarding grain quality parameters,
there were no significant deviations from the
standard for this variety.

Over the years of research, the average yield
of the Krasnoobskaya ozimaya was 5.03 t/ha,
which is 0.6 t/ha more than that of the stan-
dard variety Novosibirskaya 40 (see Table 2).
The lowest yield (3.13 t/ha) was recorded in
2016. The highest yield was obtained in 2017
(6.73 t/ha).
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Tao6xa. 1. Xapakrepuctuka copra KpacHooOckast o3uMmasi B KOHKYpCHOM coproucnbiTannu (2015-2022 rr)

Table 1. Characteristics of the Krasnoobskaya ozimaya variety in the competitive variety testing (2015-2022)

Indicator NOV?:S?&BZI;?)@ 40 Nov?sci)]ilitrrsokgya 3 Krasnobskaya ozimaya
Winter hardiness, % 61+8 56+ 15 60+ 12
Vegetation period, days 32243 324+3 32443
Resistance to lodging, score 43+0,3 43+0,3 44+0,2
Weight of 1000 grains, g 37,127 41,0+3,0 379+ 1,8
Number of productive shoots, pcs./m? 478 =104 513+ 189 563 + 185
Productive tillering coefficient, pcs. 5,0£0,9 52+1,1 53+1,1
Plant height, cm 103+ 10 100 + 12 101+ 12
Number of grains per plant, pcs. 160 £ 50 164 + 54 174 = 61
Grain weight per plant, g 5,81 +1,85 6,44 £2,15 6,59 + 1,69
Grain unit, g/l 797 £ 11 796 + 25 805 +27
Vitreousness, % 47+6 51+6 53+7
Gluten content, % 28,9+4,1 24,6 £ 4,1 25,1+£4,0
Flour strength, a.u. 294 + 78 235+ 94 301 £96
Bread volume, cm*/100 g of flour 766 £ 85 617+76 654 £ 133
Total baking grade, score 3,7+£0,2 3,7+0,6 3,8+0,5

State variety testing of the Krasnoobskaya
ozimaya variety was conducted in 2018-2020.
The standard on the state variety sites was the
variety Novosibirskaya 32. The minimum yield
was recorded on the Northern variety site — 3.76
t/ha, compared to the standard variety yield of
2.74 t/ha (see Table 3). The maximum yield was
formed on the Maslyaninsky variety site — 4.90
t/ha, which is 1.14 t/ha higher than that of the
standard. On average, according to the results
of trials on state variety sites in the Novosibirsk
region, the Krasnoobskaya ozimaya variety
showed the yield of 4.34 t/ha, exceeding the in-

dicators of the standard variety Novosibirskaya
32 by 0.83 t/ha. The winter hardiness of the stud-
ied variety was at the level of 4.4 points. The
vegetation period was 319 days, i.e., at the stan-
dard level. Krasnoobskaya ozimaya formed larg-
er grains compared to the standard variety. The
average weight of 1000 grains was 42.2 g. At the
same time, the test weight was lower compared
to the standard — 779 g/l versus 805 g/l.

The ecological test of the Krasnoobskaya o0zi-
maya variety was conducted in the Toguchinsky
district of the Novosibirsk region in 2016 and
2017 (see Table 4). The plot area was 300 m?,

Taoa. 2. YpoxaitHocTh copra KpacHooOckast 03uMasi B KOHKYPCHOM COpPTOMCTIBITaHuH, T/Ta (2015-2022 rT)
Table 2. Yield of the Krasnoobskaya ozimaya variety in the competitive variety testing, t/ha (2015-2022)

Novosibirskaya 40 Novosibirskaya 3 .

Year (standar d})l (control)y Krasnobskaya ozimaya LSD,,
2015 5,11 5,42 6,66 0,35
2016 2,83 3,10 3,13 0,47
2017 5,74 5,53 6,73 0,20
2019 4,73 4,40 4,99 0,19
2020 3,54 1,52 3,29 0,73
2021 5,57 6,04 6,35 0,34
2022 3,57 2,89 4,04 0,84

Average 4,44 4,13 5,03 -

CV, % 25,40 40,50 31,40 -

PactreHneBoncTBO M ceneKIus
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with a threefold repetition. According to the test
results, the winter hardiness of the studied vari-
ety was at the level of the standard and control
varieties Novosibirskaya 40 and Novosibirskaya
3. Resistance to lodging was higher than that of
the Novosibirskaya 40 variety but at the same
level as the Novosibirskaya 3 variety. In terms
of yield, the Krasnoobskaya winter wheat vari-
ety exceeded the Novosibirskaya 40 and Novo-
sibirskaya 3 varieties by 0.74 and 0.41 tons per
hectare, respectively.

Since 2018, the influence of the sowing dates
on the yield of the Krasnoobskaya ozimaya vari-
ety has been studied. Sowing was conducted on
August 20, September 1, and September 10. In
2019, the minimum yield (4.07 tons per hectare)
was observed for the late sowing date, while the
maximum Yyield (4.64 tons per hectare) was re-
corded for the early sowing date (see Table 5). In
2021 and 2022, the minimum yield was observed
for the third sowing date (4.57 and 4.79 tons per
hectare, respectively), while the maximum yield

was for the second sowing date (5.32 and 5.76
tons per hectare). On average over three years,
the highest yield was obtained when sowing was
done on the second date.

CONCLUSION

The soft wheat variety Krasnoobskaya 0zi-
maya was developed at the Siberian Research
Institute of Plant Growing and Selection through
intervarietal hybridization followed by individ-
ual selection. This variety was included in the
State Register of Breeding Achievements of the
Russian Federation in 2021 (patent No. 11706
dated May 27, 2021) and zoned for the 10th re-
gion.

The variety has a high yield potential: the
maximum yield in competitive variety trials was
6.73 t/ha. In state variety trials, the maximum
yield reached 4.90 t/ha. The average yield on va-
riety plots in the Novosibirsk region was 4.34 t/
ha. According to the results of the ecological test,

Ta6a. 3. Pesynsrars ucnbiTanuii copra Kpacnoobckast o3umast Ha roccoproydactkax HoBocubupckoit

obmactu (2018-2020 rr)

Table 3. Test results of the Krasnoobskaya ozimaya variety at the state variety testing plots of the

Novosibirsk region (2018-2020)

Yield, t/ha Average for the region
Variety Severny* Maslyanin- Ven- Aver- | Vegetation peri- | Weight of | Grain unit, | Winter hardi-
verny sky* gerovsky | age od, days 1000 grains, g g/l ness, score
Novosibirskaya
32 (standard) 2,74 3,76 4,04 3,51 318 38,1 805,0 3,9
Krasnobskaya
ozimaya 3,76 4,90 4,36 4,34 319 42,2 779,0 4,4
Deviation +1,02 +1,14 +0,33 |+0,83 +1 +4,1 -26,0 +0,5
LSD,, 0,43 0,34 0,19 0,32 - - — -

* Test results in 2019

Taba. 4. Pe3ynsraTsl SKOJIOTHYECKOTO COPTOUCTIBITaHUS copTa KpacHooOCKast o3mmast
Table 4. Results of the ecological variety testing of the Krasnoobskaya ozimaya variety

Variety Winter hardiness, % Resistance to lodging, score Yield, t/ha
Novosibirskaya 40 (standard) 60 4,2 3,68
Novosibirskaya 3 (control) 63 4,5 4,01
Krasnobskaya ozimaya 62 4,5 4,42

56 Siberian Herald of Agricultural Science * 2024 « 54 « 1 Plant growing and breeding



X034CTBEHHO-OHOIOrHIECKas XapaKTEePUCTHKA COPTa
MSTKOM 03uMOi mieHuibl KpacHooOckast o3umas

MycunoB K.K., Cypnaués A.C.

Ta6a. 5. YpoxaitHocTs copra KpacHooOCKast 03uMast Ipu pa3iIudHBIX CPOKax mocesa, T/ra’

Table 5. Productivity of the Krasnoobskaya ozimaya variety with different sowing dates, t/ha”

Sowing time 2019 2021 2022 Average CV, %
August 20 4,64 4,67 5,36 4,89 6,8
September 1 4,40 5,32 5,76 5,16 11,0
September 10 4,07 4,57 4,79 4,48 6,7
Average 4,37 4,85 5,30 4,84

* LSD,, = 0,07.

the studied variety exceeded the Novosibirska-
ya 40 and Novosibirskaya 3 varieties in terms
of yield, showing a yield of 4.42 t/ha. The high
and stable yield of this variety is due to a com-
bination of economically valuable traits: high
productive tillering, 1000-grain weight, lodging
resistance, and winter hardiness. According to
the study, the optimal sowing date for the Kras-
noobskaya ozimaya variety is the medium sow-
ing date (September 1) with a shift of 1-3 days
in either direction. The average yield over three
years when sowing at this date was 5.16 t/ha.
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AJAOTUBHOCTD COPTOB I'PEUUXMU B JIECOCTEIIN
KPACHOAPCKOI'O KPASA

<D Cepedpennuxon F0.H.

Vapckuii cocyoapcmeennuiii copmoucnvimamenvHulil yuacmok gunuanra @PI'BY «l'occopmromuccusy
no Kpacrnosipckomy kpaio u Pecnyonuxe Xaxacus

Kpacnosipckuii kpait, p.n. EmenssiHoBo, Poccus

(<De-mail: y_serebr@mail.ru

B crarbe npecTaBieHbI pe3ynbTaThl HCCIIE0BaHNs BOCBMH COPTOB rpeunxu (uKynb (ctanaapT),
Hamma, [{uana, Juzaiin, Xnganka, 3emnsuka, Harama, SAmbiek) Ha mpeaMeT aganTUBHOCTU B yCIIO-
Busax Kpacnosipckoit iecocrenu. /s Kakaoro copra ompezeneHsl CIeayoNnue moKa3aTenn: Ko3gh-
(DUIMEHT TUTACTUYHOCTH, Mepa CTAaOMILHOCTH, HHTEHCUBHOCTD, MHJIEKC CTa0OMIBHOCTH, MTOKa3aTelh
YPOBHS CTaOMIBHOCTH COPTa, TOMEOCTaTHYHOCTD, CEJIEKIMOHHAS LEHHOCTh copTa, KOd(D(HUIMEHT
agantuBHOCTH. ['maporepmuueckuii ko3dduument nokaszai, yro B 2021 r. mepuox co Il gexaasl Mas
mo | gexamy ceHTsIOps okazancs 3acynumBbiM, B 2020 u 2022 rT. — H30BITOYHO yBIA)XKHEHHBIM. MH-
JIEKC YCIIOBHI CPEJIbI MPU 3TOM OBLI CO 3HAKOM «—» ToibKo B 2022 1. (—2,942). B 2020 u 2021 rr. oH
ObLT co 3HaKOM «+» (+2,821 u +0,121 cOOTBETCTBEHHO). DTO MO3BOJIWIO ONPEICIUTh CIIOCOOHOCTD
M3y4aeMBbIX COPTOB TPEUMXH aJalTUPOBATHCS B KOHTPACTHBIX ycinoBuax. Ha ocHoBe xoadduimenra
TUTACTUYHOCTH B COYETAaHUH C MEPOW CTaOMIBHOCTH CJIeNIaH BBIBOJI O CHOCOOHOCTH COPTOB 3eMIITUKa,
Muana, /luzaiin, Jukysns, Smbiexk qaBath BEICOKMN ypokail B OmaronpusTHeIX ycnoBusax. Ho [lua-
Ha, B OTJIMYHE OT TPEX OCTAIBHBIX COPTOB, B HEOIATOMPHUATHBIX YCIOBHUSIX MOXKET 3aMETHO CHHUKATh
ypoxkail. Y coproB Juzaiin, J{ukynes u Snibiiek B TakoH jke CUTyallMyd HAOIOAI0Ch HE3HAUYUTEILHOES
cHmkenue ypoxas. Copra Jlama n Hatama B XyImx yclioBUsIX MOTYT JaBaTh ITOBBIIICHHBIN ypOXKaii.
[Tpu sToM copt [lamra ctocoOeH B JTFOOBIX YCIOBHSIX 1aBaTh Kak BEICOKHUMN, TaK U HU3KUH ypoXkai, 4To
YKa3bIBaeT Ha €r0 BBICOKYIO METEOHE3aBUCUMOCTh, TEM 0OJIee UTO BETMUMHA YPOrKasl y IJaHHOTO copTa
10 TO/IaM MaJio pasnudaercs. B 1o ke Bpems copt XKmanka MOXKeT pe3Kko CHHUKATh YpOXKai B OT/IENb-
HbIe TOABI. KoaddummenT amanTuBHOCTH Mmoka3at, uro Smbiek, Jn3ain u Jlnana obmamaioT o4eHb
BBICOKOH CTENEHBIO aJallTUBHOCTH. {MKYJIb TaKKe MO)KHO OTHECTH K COPTaM C BBICOKOH CIIOCOOHO-
CTBIO aJaNTHPOBATHCS K CTPECCOBBIM yciaoBUAM. [1o pesynpraram nccnenoBanus, Sibiek sBisercs
HauboJIIee aJanTHBHBIM COPTOM (CyMMa paHToB coctaBmia 22). HemHoro emy yctynmm copra [lnana,
Jwuzaiin, Jlama u Jukyns (cymma panros 24-33).

KaroueBbie cioBa: rpeunxa, alalTUBHOCTh, KOAQPHUIMEHT TIIACTUYHOCTH, MHTEHCUBHOCTb, HH-
JIEKC CTaOMIIBHOCTH, TIOKa3aTelbh YPOBHS CTaOMJIIBHOCTH COpPTa, TOMEOCTaTHYHOCTh, KO UIIMEHT
aJalTHBHOCTH

ADAPTABILITY OF BUCKWHEAT VARIETIES IN THE FOREST-STEPPE
OF THE KRASNOYARSK TERRITORY

(<) Serebrennikov Yu.l.

Uyar State Variety Testing Plot of the branch of the Federal State Budgetary Institution
«Gossortkomissiya» for the Krasnoyarsk Region and the Republic of Khakassia
Yemelyanovo, Krasnoyarsk Territory, Russia

(XDe-mail: y_serebr@mail.ru

The article presents the results of the study of eight buckwheat varieties (Dikul (standard), Dasha,
Diana, Design, Zhdanka, Zemlyachka, Natasha, Yashlek) for adaptability in the conditions of the
Krasnoyarsk forest-steppe. For this purpose, the following indices were determined for each vari-
ety: plasticity coefficient, stability measure, intensity, stability index, variety stability level index, ho-
meostaticity, breeding value of the variety, and adaptability coefficient. The hydrothermal coefficient
showed that in 2021 the period from the second ten-day period of May to the first ten-day period of
September was dry, in 2020 and 2022 — excessively humidified. The index of environmental condi-
tions was with the sign "-" only in 2022 (-2.942). It was with a "+" sign in 2020 and 2021 (+2.821
and +0.121, respectively). This made it possible to determine the ability of the studied buckwheat
varieties to adapt under contrasting conditions. Based on the plasticity coefficient in combination with
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AJIanTHBHOCTb COPTOB IPEUNXH
B siecocTenn KpacHospckoro kpast

Cepebpennukos 10.1.

the measure of stability, the conclusion was made about the ability of the varieties Zemlyachka, Diana,
Design, Dikul, Yashlek to give high yield in favorable conditions. But Diana, unlike the other three
varieties, in unfavorable conditions can noticeably reduce the yield. The varieties Design, Dikul and
Yashlek showed slight yield reduction in the same situation. Dasha and Natasha varieties can produce
higher yields under the worst conditions. At the same time variety Dasha is able to give both high and
low yields in any conditions, which indicates its high meteorological dependence, especially since the
value of the yield of this variety varies little from year to year. At the same time, the Zhdanka variety
can sharply reduce yields in some years. The adaptability coefficient showed that Yashlek, Design and
Diana have a very high degree of adaptability. Dikul can also be attributed to the varieties with a high
ability to adapt to stressful conditions. According to the results of the study, Yashlek is the most adap-
tive variety (sum of the ranks amounted to 22). Diana, Design, Dasha and Dikul were slightly behind

(sum of the ranks was 24-33).

Keywords: buckwheat, adaptability, coefficient of plasticity, intensity, stability index, indicator of
the level of stability of the variety, homeostaticity, coefficient of adaptability
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INTRODUCTION

Buckwheat is one of the most famous and
important honey and cereal crops in Russia' 2.
According to some researchers, biological pe-
culiarities are the underlying cause of low seed
productivity of this crop®. In this regard, many
high-yielding buckwheat varieties have been de-
veloped at the Federal Scientific Center of Le-
gumes and Groat Crops in recent years. In addi-
tion, these varieties have the ability to adapt to
a wide range of soil and climatic conditions [1].
According to V.A. Sapega, G.Sh. Tursumbekova
and O.V. Levakova [2, 3], the increase in yield is
in close connection with the ability of the variety
to resist the complex of biotic and abiotic factors
that contribute to yield reduction. According to
A.G. Klykov et al. [4, 5], adaptability should be
judged mainly by plasticity and yield stability.
At the same time, the evaluation of the varieties
for these traits is possible in the process of study
in sharply contrasting environmental conditions

for several years. From the point of view of I.Sh.
Fatykhov et al. [6], the environmental stability
of the varieties becomes very important under
unfavorable conditions. Adaptive varieties, ac-
cording to K.N. Habibullin et al. [7], are able to
ensure stable productivity in different cultiva-
tion conditions. Introduction into production of
the varieties with high adaptive potential stabi-
lizes the harvest in the years with significantly
different weather conditions. Such varieties with
proper agronomic practices are able to offset the
negative impact of abiotic factors [8, 9].

The purpose of the study was to investigate
the adaptive response of buckwheat varieties to
contrasting environmental conditions.

MATERIAL AND METHODS

Field studies were conducted as part of com-
petitive variety testing at the Uyarsk state crop
testing site in 2020-2022 in the conditions of the

'Kuvshinova L.S. Ecological adaptability of buckwheat varieties in the conditions of the southern zone of the Amur region: mate-
rials of the XIX regional scientific and practical conference "Youth of the XXI century: step into the future" (Blagoveshchensk, May

23,2018): in 3 vol., Blagoveshchensk, 2018, vol. 2, pp. 127-128.

2Efimenko D.Ya., Barabash G.I. Buckwheat. M.: Agropromizdat, 1990, 192 p.
*Buckwheat culture: monograph: in 3 parts / Edited by E.S. Alekseeva. Kamyanets-Podolsky, 2005, part 1: History of culture,

botanical and biological features, 192 p.
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Krasnoyarsk forest-steppe in accordance with
the methods of state variety testing* °. The soil
was leached chernozem. The forecrop — spring
wheat. The experiments were laid in fourfold
repetition with randomization within each rep-
etition. The accounting area of plots was 25m?.
The sowing method was row sowing. The seed-
ing rate was 2 million germinated seeds/ha. The
soil treatment was carried out in accordance with
agrotechnical requirements adopted for the giv-
en soil-climatic zone®. Soil agrochemical param-
eters: pH 6.7; humus content - 8.9%; N - 14.6
mg/100 g of soil; P,O, - 28.8 mg/100 g; KO -
25.7 mg/100 g (data for 2020). The following
fertilizers were applied: chicken manure (50 t/
ha), ammonium nitrate N-NO, (44 kg/ha), dou-
ble superphosphate P,O, (52 kg/ha). The sowing
was carried out using a Wintersteiger selection
planter. The harvesting was carried out using
a combine harvester of selection type Sam-
po-500. Sowing dates: 16.05.2020, 20.05.2021,
18.05.2022.

V.I. Mazalov and V.P. Naumkin [10] recom-
mend considering the adaptability of a variety
taking into account such parameters as plastici-
ty, stability and homeostaticity. To determine the
adaptability of the studied varieties, the follow-
ing parameters were calculated:

1) plasticity coefficient (bi) and the index of
environmental conditions (Ij) were calculated
according to the method of S.A. Eberhart, W.A.
Russell’;

2) the stability measure (S°d) was determined

according to the method of S.A. Eberhart, W.A.
Russell as described by the authors of the text-
book "Adaptive Features of Breeding and Seed
Production of Agricultural Plants"?;

3) intensity (I) was determined according to
the method of R.A. Udachin, A.P. Golovchen-
ko’;

4) stability index (L') was determined ac-
cording to V.A. Zykin'’;

5) Variety Stability Level Index (VSLI) was
determined according to the method of E.D.
Nettevich, A.I. Morgunov, M.I. Maksimenko'!;

6) homeostaticity (Hom) was calculated ac-
cording to the method of V.V. Khangildin'?;

7) selection value of the variety (Sc) was de-
termined according to the method of V.V. Khan-
gildin"® improved by N.A. Orlyansky;

8) adaptability coefficient (AC) was calculat-
ed according to the method of L.A. Zhivotkov,
Z.A. Morozova, L.I. Sekatueva';

9) hydrothermal coefficient (HTC) was calcu-
lated according to G.T. Selyaninov'>.

The following varieties were involved in the
research: Dikul (standard), Dasha, Diana, De-
sign, Zhdanka, Zemlyachka, Natasha, Yashlek.

The climate of the Krasnoyarsk forest-steppe
zone is sharply continental. And if one looks
at the indicators for 2020-2022, one can notice
their significant difference from the mean annual
values (see Fig. 1-3).

Meteorological conditions of the study years
differed both among themselves and in compar-
ison with the mean annual (over three years)

“Methodology of state varietal testing of agricultural crops. M., 2019, Issue 1: General part, 329 p.

SMethodology of state variety testing of agricultural crops. M., 1989, Issue. 2: Grain crops, cereals, grain legumes, corn and

fodder crops, 194 p.

SFarming system of the Krasnoyarsk Territory on the landscape basis: scientific and practical recommendations. Krasnoyarsk,

2015, 591 p.

"Eberhart S.A., Russell W.A. Stability parameters for comparing varieties // Crop Science, 1966, vol. 6, N 1, pp. 36-40.

8Korzun O.S., Bruylo A.S. Adaptive features of breeding and seed production of agricultural plants: textbook, Grodno, 2011, 140 p.

*Udachin R.A., Golovchenko A.P. Methodology for assessing the ecological plasticity of wheat varieties / Breeding and Seed
Production, 1990, N 5, pp. 2-6.

Zykin V.A., Meshkov V.V., Sapega V.A. Parameters of ecological plasticity of agricultural plants, their calculation and analysis:
method. recommendations, Novosibirsk, 1984, 24 p.

UNettevich E.D., Morgunov A.1., Maksimenko M.I. Increasing the efficiency of spring wheat selection for yield stability and grain
quality // Bulletin of Agricultural Science, 1985, N 1, pp. 66-73.

2Khangildin V.V. On the principles of modernization of the intensive type varieties / Genetics of quantitative traits of agricultural
crops. Moscow: Nauka, 1978, pp. 111-116.

BOrlyansky N.A. Breeding and seed production of grain corn for the increase of adaptability in the conditions of the Central
Black Earth Region: Extended abstract of the Doctor’s thesis in Agriculture, Belgorod, 2004, 42 p.

4Zhivotkov L.A., Morozova Z.A., Sekatueva L.I. Methodology for identifying the potential productivity and adaptability of vari-
eties and breeding forms of winter wheat on the indicator "Yield" // Breeding and Seed Production, 1994, N 2, pp. 3-6.

5Selyaninov G.T. On agricultural assessment of the climate / Works on agricultural meteorology, L., 1928, Issue 20, pp. 169-178.
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values. For the period from the second ten-day
period of May to the first ten-day period of Sep-
tember, the coolest was the first ten-day period
of September (the average temperature for three
years was 10.4 °C, which is 0.7 °C below the
long-term average), while the warmest was the

first ten-day period of July (the average tem-
perature reached 18.5 °C, which is 0.3 °C above
the long-term average) (see Fig. 1). According
to Fig. 2, the least precipitation fell in the sec-
ond ten-day period of May (on average for three
years — 7.3 mm, which is 0.4 mm less than the

25,0
20,0 .
150 - P AR RN
10.0 IR R R EE
5.0 = E” IR EIEIEIRE Rl
0.0 = = = = = = = = = = = =
May May June June June July July July @ August August August September September
[IDec. 1lIDec. IDec. IIDec. IlIDec. IDec. IIDec. IllDec. IDec. IIDec. IIIDec. I Dec.
= Average 93 127 142 174 187 182 180 177 182 16,1 149 11,1 155
M 2020 145 138 103 161 179 202 171 167 17,7 172 141 119 156
2021 7.9 96 135 147 142 183 188 184 180 162 147 84 144
2022 148 144 99 181 190 169 160 169 158 140 12,1 108 149

Puc. 1. Temnieparypa Bo3zayxa Bo Il nexame mas — [ nexane centsiops 2020-2022 rr.
Fig. 1. The air temperature in the 2nd ten-day period of May — Istten-day period of September 2020-2022

60,0
50,0
40,0
30,0 =
May May June June June July July July  August August August Septembet September
[IDec. 1lIDec. IDec. IIDec. IlIDec. IDec. IIDec. IlIDec. IDec. IIDec. IIIDec. I Dec.
= Average 77 155 144 244 207 252 11,6 250 11,8 31,1 219 168 188
H 2020 80 390 395 265 145 460 10,0 445 0,0 170 150 235 236
2021 13,0 70 165 240 270 70 00 280 240 220 @ 60 1.0 146
W 2022 1.0 13,5 260 323 170 550 13,5 260 100 335 455 335 256

Puc. 2. KomnuectBo ocankoB Bo Il nexane mas — | nexane cenrsaops 2020—2022 rr.

Fig. 2. Precipitation in the 2nd ten-day period of May — 1st ten-day period of September 2020-2022
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Fig. 3. Hydrothermal coefficient in the 2nd ten-day period of May — 1st ten-day period of September

2020-2022

mean annual values), the most precipitation fell
in the first ten-day period of July (on average —
36.0 mm, which exceeds the mean annual val-
ues by 10.8 mm). The lowest HTC was recorded
in the second 10-day period of July (0.62), the
highest — in the first 10-day period of June (2.59)
(see Fig. 3).

The HTC value can be used to characterize
the degree of wetting for a certain period with a
high degree of probability. The period from the
second ten-day period of May to the first ten-
day period of September in 2021 can be called
dry, in 2020 and 2022 — excessively humid. The
every ten days analysis of weather conditions
showed that the second ten-day period of May,
second ten-day period of July and first ten-day
period of August were dry, and the third ten-day
period of May and third ten-day period of June
were moderately humid. Sufficient moisture was
characteristic of the second ten-day period of
August, and excessive — of the first and second
ten-day periods of June, the first and third ten-
day periods of July, the third ten-day period of
August, and the first ten-day period of Septem-
ber (see Fig. 3).

The index of environmental conditions
(Ij) with the sign "—" was noted only in 2022
(—2.942). With the sign "+" it was in 2020

(+2.821) and 2021 (+0.121), respectively. Con-
sequently, 2020 can be called the most favorable
and 2022 the least favorable.

RESULTS AND DISCUSSION

According to Table 1, Yashlek is one of the
highest yielding buckwheat varieties (1.60 t/ha).
In 2020 and 2022, it was outperformed by Dasha
(in 2022), Diana, and Design (both in 2020). On
average over the three years, the highest yields
were observed in the varieties Yashlek, Design
and Diana.

The shortest duration of the sowing - sprout-
ing period for three years was observed in 2020
(8—10 days). In subsequent years it was 14—17
and 13—18 days, respectively (see Table 2). From
May 16 to 23—-25, 2020. The HTC in all variet-
ies was equal to 0.00. In 2021 and 2022 it was
0.40—1.19. It is possible that the lack of precip-
itation at this time resulted in a shorter duration
of the period under consideration. The period
of sprouting - full flowering, on the contrary, in
2020 became the longest (38—46 days). In 2021,
its length reached 31—40 days, in 2022 — 3343
days. In 2020, the HTC during this period was
2.00—2.32 by the varieties. In 2021-2022 it did
not exceed 1.89. Thus, it can be concluded that
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Taoda. 1. YpoxkailHOCTb COPTOB I'pEUUXH, T/Ta
Table 1. Yield of buckwheat varieties, t/ha

Variety 2020 | 2021 | 2022 ‘zvg'
Dikul (standard) 1,82 | 1,40 | 1,01 1,41
Dasha 1,12 1,36 1,27 1,25
Diana 2,00 | 1,50 | 1,08 | 1,53
Design 2,08 1,52 1,05 1,55
Zhdanka L13 | 1,57 | 094 | 1,21
Zemlyachka 1,61 0,82 0,81 1,08
Natasha 0,74 | 0,54 | 047 | 0,58
Yashlek 1,97 | 1,60 | 1,23 | 1,60
LSD,, A (variety) 0,58
LSD,, B (year) 0,35
LSD, A xB 1,00

in our experience the growth of the HTC in the
period of sprouting — full flowering led to an in-
crease in its duration.

Later, during the whole period of seed rip-
ening, the dependence of the duration of the
interphase periods on moistening looks less un-
ambiguous. In 2020, the period of full flower-
ing — browning of the first fruits was the lon-
gest (56—70 days). It was the shortest in 2022
(31-37 days). It was slightly longer in 2021
(33—44 days). In 2020, the period of the first
fruits browning — economic maturity, similar
to the period of sowing — sprouting, was the
shortest (2—12 days). In 2021, its duration was
29-37 days (the longest in three years). In 2022
it reached 2529 days. The vegetation period
(sprouting — economic maturity) was the short-
est in 2022 (93—100 days). In 2020 and 2021
this period was almost the same — 107—111 and
102—110 days, respectively (see Table 2).

The average duration of the sowing — sprout-
ing period for the years of the study was noted
in the variety Diana (12.3 days) — only in this
variety this parameter was less than 13 days.
The closest to the others were varieties Dasha,
Zemlyachka, Yashlek (13 days each) (see Fig.
4). The duration of the period of sprouting — full
flowering in most varieties almost did not differ

Taoda. 2. [IponomkuTenbHOCTh MeX(a3HBIX
MEepPHOIOB, THU

Table 2. Duration of interphase periods, days

Variety |S—G|S—FB 1;;BF; Bg/[ S—EM
2020
(?;f(;l)l (stan-| g | 39 | 4 5 | 108
Dasha 9o | 39 | 63 7 109
Diana 9 | 40 | 63 7 110
Design 10 | 46 | &2 3 11
Zhdanka 9o | 38 | 70 2 110
Zemlyach--| g | 39 62 8 109
Natasha 10 | 40 | o4 4 108
Yashlck 9 | 39 | 56 2 | 107
2021
dD;fél)l (stan-| o | 34 43 30 | 104
Dasha 15 | 32 | 38 36 | 106
Diana 15 | 32 | 43 30 | 105
Design 14 | 40 | 37 33 | 110
Zhdanka | 15 | 33 36 37 | 106
Zemlyach--| 15| 3 38 32 | 102
Natasha 17 32 44 29 105
Yashlck 15 | 31 33 37 | 101
2022
dD;f(;l)l (stan-| o | 35 32 28 | 95
Dasha 15 34 37 27 98
Diana 13 | 37 | 35 27 | 99
Design 16 43 32 25 100
Zhdanka | 16 | 33 33 28 | 9
Zemlyach- | 45 | 35 34 29 | 98
Natasha 18 | 35 36 25 | 9
Yashlck 15 | 34 | 31 28 | 93

Note. S — G — sowing — germination; S — FB — sprouting —
full bloom; FB — BFF — full bloom — browning of the first fruits;
BFF — EM — browning of the first fruits — economic maturity;

S — EM — sprouting — economic maturity (vegetation period).

(34.7-36.3 days). Compared to them, the De-
sign variety had a noticeably longer period (43
days). Similarly, varieties Design and, especial-
ly, Yashlek stood out in the period of full flower-
ing — browning of the first fruits. The length of
the period for the mentioned varieties was 43.7
and 40.0 days, respectively. The closest to them
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was Zemlyachka variety (44.7 days). The period
of first fruit browning — economic maturity was
less than 20 days (19.3 days) only for Natasha
variety. It was followed by the varieties Design
(20.3 days) and Dikul (21 days) (see Fig. 4).
On average for three years, the shortest grow-
ing season was observed in the varieties Yashlek
(100.3 days), Dikul (102.3 days), Zemlyachka
and Natasha (103 days each) (see Fig. 5). De-
sign, like Yashlek, significantly stood out by this
indicator, but to a greater extent — its vegetation

period amounted to 107 days.

The plasticity coefficient (bi) indicates the
degree of adaptability of the variety. According
to Table 3, Zemlyachka variety can be attributed
to the ecologically plastic type (bi > 1, S*d> 0).
Such a variety in favorable conditions is capable
of producing high yields. In unfavorable condi-
tions, on the contrary, the yield value may sig-
nificantly decrease. Diana, Design, Dikul, and
Yashlek can also give high yield in favorable
conditions, but, unlike Zemlyachka, in unfavor-

50
46,33 46,00
40
40,00
30 35,00 35,00 36,33 34,67 35,33 35,67 34,67
19,33 25,67
20
00 2 21,33 20,33 233 2300
10 13,67 13,00 1233 13,33 13,33 13,00 15,00 13,00
0
Dikul Dasha Diana Design Zhdanka  Zemlyachka Natasha Yashlek
«=@==S-GB === S-FB =@ FB - BFF BFF- EM

Puc. 4. Cpe,[lHiISI MMpOAOJDKUTCIIBHOCTD MC)K(I)B.E}HLIX NepruoaoB 1o copram, 1HAU

Fig. 4. Average duration of interphase periods by varieties, days

108
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104
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98

96

Dikul Dasha Diana Design

107,00

100,33

Zhdanka  Zemlyachka Natasha Yashlek

Puc. 5. Cpe;[H;m MMPOAOJDKUTCIBHOCTD BEICTAIlTMOHHOI'O IEpHUO/Ja 110 COpTaM, THU

Fig. 5. Average duration of vegetation period by varieties, days
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able conditions the yield reduction will not be so
significant (bi > 1, S*d= 0).

Dasha and Natasha varieties can give high
yields under unfavorable conditions (bi < 1,
S?%d= 0). In addition, Dasha can be slightly more
independent of the weather conditions (due to
lodging, as a variant) than the other varieties
presented here (its bi has a "—" sign). Thus, this
variety can give both large and small yields un-
der any weather conditions. In contrast, Zhdan-
ka's yield can decrease sharply in some years (bi
<1, S*d> 0), which is almost the main difference
between Zhdanka and Dasha and Natasha in this
situation.

Intensity (I) shows the reaction of a variety
to a favorable background. A.V. Golovchenko
defines this parameter as "the ratio of the differ-
ence of the yield values obtained under alterna-
tive conditions to the average value in the exper-
iment, expressed as a percentage" [11]. The most
intensive varieties are Zemlyachka, Design, Di-
ana, Dikul (I = 57.45-74.07%), semi-intensive
varieties are Natasha and Yashlek (46.29 and
46.25%), extensive varieties are Zhdanka and
Dasha (see Table 3).

Stability index (L") shows the ability of a va-
riety to give a stable yield close to the average
annual yield every year. Dasha variety is sig-
nificantly superior to all other varieties in this
parameter, whose stability index is noticeably
higher than that of other varieties (0.129). The
closest to it is Yashlek (0.069). Other varieties
have a stability index of 0.024-0.051 (see Table
3). VSLI also shows how stable a variety is in
terms of yield. Dasha variety is noticeably su-
perior to the other varieties in this parameter
(0.16). The varieties Diana, Design, Dikul, Zh-

Taoua. 3. TlokazaTenu alanTUBHOCTH COPTOB IPEUUXHU

danka are closest to it (0.06-0.08) (see Table 3).

Homeostaticity (Hom) shows the ability of a
variety to a smaller reduction in yield when the
growing conditions deteriorate [11, 12]. Dasha
variety significantly exceeds all in this respect
(10.42). Zhdanka is slightly inferior to it (7.75).
The other reported varieties are strongly inferior
to them in terms of homeostaticity (see Table 3).
The highest selection value (Sc) was observed
in Dasha and Yashlek varieties (1.77 and 1.60).
These varieties responded to growing conditions
better than other varieties presented here (see
Table 3). Yashlek, Design, and Diana showed
the highest adaptability (AC = 1.20 —1.25). Di-
kul, whose AC is 1.10, can also be called a vari-
ety with a high level of adaptability, although in-
ferior to the best varieties in this parameter. The
adaptability coefficient is the ratio of the yield of
each variety to the average variety values (see
Table 3).

The ranked evaluation allows us to state that
Yashlek is the most adaptive variety (X ranks =
22), which is confirmed by the studies of A.N.
Kadychegov, P.R. Tomov [13]. The varieties Di-
ana, Design, Dasha, and Dikul were slightly in-
ferior to it (X ranks = 24-33). At the same time,
Zemlyachka and Zhdanka showed almost the
worst result (X ranks = 45-46). The result was
worse only for Natasha variety (X ranks = 55)
(see Fig. 6).

Yashlek was not among the three best vari-
eties in two out of eight indicators. At the same
time, only in two cases it became the best. At the
same time, the variety Dasha (holder of the four
first places) showed the fourth result according
to the sum of the ranks. Two eighth places in the
parameters indicating the plasticity of the vari-

Table 3. Indicators of adaptability of buckwheat varieties

Variety bi Sad I L VSLI Hom Sc CA
Dikul (standard) 1,40 0,00 57,45 0,049 0,07 2,45 1,10 1,10
Dasha —-0,25 0,02 19,20 0,129 0,16 10,42 1,77 0,98
Diana 1,59 0,00 60,26 0,051 0,08 2,53 1,26 1,20
Design 1,78 0,00 66,45 0,047 0,07 2,33 1,21 1,21
Zhdanka 0,37 0,19 15,66 0,046 0,06 7,75 1,22 0,95
Zemlyachka 1,36 0,11 74,07 0,025 0,03 1,46 0,59 0,85
Natasha 0,46 0,00 46,29 0,024 0,01 1,26 0,22 0,46
Yashlek 1,28 0,00 46,25 0,069 0,11 3,46 1,60 1,25
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ety contributed to this (see Table 4).

CONCLUSIONS

1. Lack of precipitation during the sowing —
germination period can shorten the duration of
this period. An increase in the wetting factor
during the germination — flowering period can
increase the duration of this period.

2. According to the results of the study, the
variety Yashlek is the most adaptive. The clos-
est to it are the varieties Diana, Design, Dasha,
and Dikul. At the same time, in contrasting con-
ditions, variety Dasha showed minimal depen-
dence on the growing conditions, forming a high

33
30 29

Dikul Dasha

60

50

40

3

<

2

<

1

<

<

Diana Design

yield in not the most favorable conditions and,
conversely, a low yield in more favorable condi-
tions. At the same time, the difference between
the maximum and minimum yields of this vari-
ety was minimal.

CIIUCOK JIUTEPATYPbI

1. 3omuxoé B.HU., Bumwonos C.J[. CoBpemeHHas
CeJIeKIIHsI 3ePHOO0OOBBIX U KPYIISIHBIX KYJIBTYP
B Poccuu // BaBunoBckuil sxypHall TEHETUKU U
cenexrum. 2021. T. 25. Ne 4. C. 381-387. DOL:
10.18699/VJ21.041.

2. Caneea B.A., Typcymberosa I'I1l. YpoxxkaitHOCTb
7 aJIalTHBHOCTH COPTOB SPOBOH MMIIEHUIIBI Pa3-

55
I I 22

Zhdanka Zemlyachka Natasha Yashlek

Puc. 6. Cymma paHroB COPTOB TPEUMXH 10 MTapaMeTpaM aJalTUBHOCTU

Fig. 6. The sum of the ranks of buckwheat varieties according to the parameters of adaptability

Tao6u1. 4. PamxupoBaHue COPTOB TPEUNXH IO TIOKA3ATEIISIM aJalTHBHOCTH
Table 4. Ranking of buckwheat varieties by adaptability indicators

=

Sxd

—

Variety

VSLI

w
o

@)
>

Hom

Dikul (standard)

Dasha

Diana

Design

Zhdanka

Zemlyachka

Natasha

N[ |Q|—= || |w
[l I N e NN BN B B N RS I IS T I )
||~ ]|lw oo

Yashlek

V|l |w|la|lu|w|—=|~]| T
N[ | Q|| |W|—=]Ww
Wl |la|n]|—=|wn
N[ | Q]| |nN|W|—=]O
—|lo|[wlald|w]lu|ls

68  Siberian Herald of Agricultural Science ¢ 2024 « 54 « 1

Plant growing and breeding



AJIanTHBHOCTb COPTOB IPEUNXH
B siecocTenn KpacHospckoro kpast

Cepebpennukos 10.1.

10.

JIMYHBIX TPYTII CIIEJIOCTH B YCIOBUSIX JIECOCTENN
CesepHoro 3aypaibs // BectHuk HoocuGup-
CKOTO TOCYIapCTBEHHOTO arpapHOTr0 YHHUBEPCH-
tera. 2022. Ne 3 (64). C. 67-75.

Jlesaxosa O.B. CenexknuonHasi paboTa mo co3s-
JIAaHUIO aJlalliTUpOBaHHbIX K HeuyepHo3eMHOU
30H¢ PD coproB ApoOBOro sUMEHst U IEPCIIEK-
THUBBI PA3BUTHUS JAHHOU KyNbTypbl B Ps3aHCKOM
obmiactu // 3epHOBOE X03sicTBO Poccum. 2021.
Ne 1 (73). C. 14-19. DOI: 10.31367/2079-8725-
2021-73-1-14-19.

Kavixoe A.I7, Mypyeosa I'A., Tumowunosa O.A.,
Konoeanosa U.B., Camacuna FO.B. AmanTUBHBIN
MOTEHIIUAII COPTOB W JIMHUI 36PHOBBIX U KPYIIsi-
HBIX KyJIBTYp IIPUMOPCKOH ceneximn // BecTHrK
JHanbpHeBocTouHOTO OTAETeHus Poccuiickoii aka-
nemun Hayk. 2022, Ne 3 (223). C. 18-32. DOLI:
10.37102/0869-7698-2022-223-03-2.

Knvikoe A.I', Tumowunosa O.A., Mypyeosa I A.
DopMUPOBAHUE YPOKANHOCTH, TEXHOJIOTHUYE-
CKHX M OMOXMMHUYECKUX Ka4eCTB 3epHa TPEUNXU
B ycnoBusix [Ipumopckoro xpas // JlanbHeBo-
cTouHbIM arpapubiii BecTHUK. 2020. Ne 4 (56).
C. 32-35. DOI: 10.24411/1999-6837-2020-
14045.

Damuvixoe H.Il., UHcramosea Y.M. Konecru-
xkoeéa E.JO. Dxomorndeckas IUIACTUYHOCTh H
CTaOMIIBHOCTh COPTOB SIPOBOM MIICHUIBI Ha
roccoproydyactkax — YaMmyprckoi — PecmyOmm-
ku // BectHuk bamkupckoro rocymapcTBEHHO-
ro arpaproro ynusepcurera. 2020. Ne 1 (53).
C. 44-50.

Xabubyniun K.H., Awues A.P, Cxyroea M.B.
OneHka aganTUBHOCTH MPOIYKTUBHOCTH PacTe-
HUI KOJUIEKIIMH TOpOXa MOCEBHOTO // 3epHOBOE
xo3stiictBo Poccnm. 2020. Ne 1 (67). C. 33-36.
DOLI: 10.31367/2079-8725-2020-67-1-33-36.
I'vosenxo B.H. Craructuueckast M rpaguyeckas
(GGE biplot) oreHka aganTHBHONW CITOCOOHOCTH
U CTAOWILHOCTU CEJCKIIMOHHBIX JIMHUN sSYMe-
Hsl 03UMOTO // BaBUIIOBCKUH JKypHAIl TEHETUKU
u ceneknuu. 2019. T. 23 (1). C. 110-118. DOI:
10.18699/V119.469.

Mycunos K.K., Jluxenxo U.E., Cypnaués A.C.
OlleHKa MCXOJHOTO Marepuajia 03MMOM MATKON
IMIICHUIIBI TI0 TTOKa3aTelsIM aJalTUBHOCTH B yC-
JoBusix Jiecocrenu HoBocuOupckoii obnactu //
Bectauk HoBocmOHpPCKOTO TOCYIapCTBEHHO-
ro arpaproro ynusepcurera. 2022. Ne 1 (62).
C. 56-66. DOI: 10.31677/2072-6724-2022-62-
1-56-66.

Maszanoe B.H., Haymxun B.Il. CpaBHUTEIbHAs
OLIEHKA YPOXKaHOCTH COPTOB T'PEYUXH IMOCEB-

I1.

12.

13.

Ho¥t // bruomorust B cenbckom xo3siicTe. 2018.
Ne 4 (21). C. 20-25.

Huxonaes I1L.H., FOcosa O.A., Cagponosa U.B.,
Anucvrkoe H.M. AnanTUBHOCTH HOBOTO cOpTa
spoBoro stumeHst Omckwuii 102 B ycnoBusax 3a-
a0 Cubupwu // TaBpruecKuit BECTHHK arpap-
Hoit Hayku. 2022. Ne 1 (29). C. 103—111.
@ununnos E.I, bpaeun P.H., /lonyos /].11. Ana-
T3 TIOKa3aresie aJanTUBHOCTH COPTOB M ITH-
HUHN ApOBOTO SYMEHS B DKOJIOTMUYECKOM COPTO-
ucnbiTaHuy // TaBpUUYeCKUl BECTHUK arpapHOu
Hayku. 2022. Ne 4 (32). C. 221-230.
Kaowviuezoe A.H., Tomog I1.P. I3yuenne HEKOTO-
pBIX (AKTOPOB Al THBHOCTH TPEYUXH OOBIKHO-
BEHHOM B ycnoBusax Pecnyonukn Xakacus // In-
tegral: MexayHapOIHBINA KypHAT MPUKIAIHBIX
Hayk u TexHonorui. 2023. Ne 4. C. 1186-1195.

REFERENCES

1.

Zotikov V.I., Vilyunov S.D. Present-day bree-
ding of legumes and groat crops in Russia. Vavi-
lovskiy zhurnal genetiki i selektsii = Vavilov
Journal of Genetics and Breeding, 2021, vol. 25,
no. 4, pp. 381-387. (In Russian). DOI: 10.18699/
VJ21.041.

Sapega V.A., Tursumbekova G.Sh. Yield and
adaptability of spring wheat varieties of different
maturity groups under forest-steppe conditions
of the Northern Trans-Urals. Vestnik Novosibir-
skogo GAU = Bulletin of NSAU (Novosibirsk
State Agrarian University), 2022, no. 3 (64),
pp. 67-75. (In Russian).

Levakova O.V. The breeding work on develop-
ment of the spring barley varieties adapted to the
non-blackearth region of the Russian Federation
and the prospects for growing of the variety in
the Ryazan Region. Zernovoe khozyaistvo Ros-
sii = Grain Economy of Russia, 2021, no. 1 (73),
pp. 14-19. (In Russian). DOI: 10.31367/2079-
8725-2021-73-1-14-19.

Klykov A.G., Murugova G.A., Timoshino-
va O.A., Konovalova 1.V., Samagina Yu.V. The
adaptive potential of varieties and lines of grain
andcereal cropsbredin Primorye Territory. Vestnik
Dal'nevostochnogo otdeleniya Rossiiskoy aka-
demii nauk = Vestnik of Far Eastern Branch of
Russian Academy of Sciences, 2022, no. 3 (223),
pp. 18-32. (In Russian). DOI: 10.37102/0869-
7698-2022-223-03-2.

Klykov A.G., Timoshinova O.A., Murugo-
va G.A. Crop yield, technological and bio-
chemical qualities of buckwheat in the climates
of the Primorsky Region. Dal'nevostochniy

PactreHneBoncTBO M ceneKIus

CHOUPCKHUIT BECTHUK CEITbCKOXO3SHCTBEHHON Hayku * 2024 ¢ 54 « 1

69



Adaptability of buckwheat varieties
in the forest-steppe of the Krasnoyarsk Territory

Serebrennikov Yu.l.

agrarniy vestnik = Far East Agrarian Bulletin,
2020, no. 4 (56), pp. 32-35. (In Russian). DOI:
10.24411/1999-6837-2020-14045.

6. Fatykhov 1.Sh., Islamova Ch.M., Kolesniko-
va E.Yu. Ecological plasticity and stability of
spring wheat varieties in the state variety plots
of the Udmurt Republic. Vestnik Bashkirskogo
gosudarstvennogo agrarnogo universiteta =
Vestnik BSAU, 2020, no. 1 (53), pp. 44-50. (In
Russian).

7. Khabibullin K.N., Ashiev A.R., Skulova M.V.
The estimation of the adaptability of collection
pea plants productivity. Zernovoe khozyaist-
vo Rossii = Grain Economy of Russia, 2020,
no. 1 (67), pp. 33-36. (In Russian). DOI:
10.31367/2079-8725-2020-67-1-33-36.

8. Gudzenko V.N. Statistical and graphical
(GGE biplot) evaluation of the adaptive abili-
ty and stability of winter barley breeding lines.
Vavilovskiy zhurnal genetiki i selektsii = Vavi-
lov Journal of Genetics and Breeding, 2019,
vol. 23 (1), pp. 110-118. (In Russian). DOI:
10.18699/VJ19.469.

9. Musinov K.K., Likhenko I.E., Surnachev A.S.
Evaluation of initial material of winter soft wheat
in terms of adaptability in the forest-steppe con-
ditions of the Novosibirsk region. Vestnik Novosi-
birskogo GAU = Bulletin of NSAU (Novosibirsk

HHO®OPMAIIUA Ob ABTOPE

CX)Cepedpennuxo FO.U. kaHaumar ceibCKo-
XO3SMCTBEHHBIX HAyK, 3aBEAYyIOLIUNA YSPCKUM TIO-
CYIapCTBEHHBIM COPTOMCITBITATENbHBIM YYaCTKOM;
agpec ajsi mepenucku: Poccus, 663020, Kpac-
HOSIpCKWH Kpa#, p.m. EmembsnoBo, ym. Jlexabpu-
ctoB, 111A/5, xB. 68; e-mail: y_serebr@mail.ru

State Agrarian University), 2022, no. 1 (62),
pp. 56-66. (In Russian). DOI: 10.31677/2072-
6724-2022-62-1-56-66.

10. Mazalov V.I., Naumkin V.P. Comparative es-
timation of yield of buckwheat varieties plan-
ting. Biologiya v sel'skom khozyaistve = Biology
in Agriculture, 2018, no. 4 (21), pp. 20-25. (In
Russian).

11. Nikolaev P.N., Yusova O.A., Safonova 1.V,
Anis'kov N.I. Adaptability of a new spring bar-
ley variety “Omskiy 102” under conditions of
Western Siberia. Tavricheskiy vestnik agrarnoy
nauki = Taurida Herald of the Agrarian Scien-
ces, 2022, no. 1 (29), pp. 103—111. (In Russian).

12. Filippov E.G., Bragin R.N., Dontsov D.P. Ana-
lysis of adaptability indicators of spring bar-
ley varieties and lines in the ecological variety
testing. Tavricheskiy vestnik agrarnoy nauki =
Taurida Herald of the Agrarian Sciences, 2022,
no. 4 (32), pp. 221-230. (In Russian).

13. Kadychegov A.N., Tomov P.R. The study of
some factors of adaptability of buckwheat in the
conditions of the Republic of Khakasia. /nte-
gral: Mezhdunarodniy zhurnal prikladnikh nauk
i tekhnologiy = Integral: International Journal
of Applied Sciences and Technologies, 2023,
no. 4, pp. 1186-1195. (In Russian).

AUTHOR INFORMATION

DYuri I. Serebrennikov, Candidate of Sci-
ence in Agriculture, Head of the Uyar SVT; address:
apart. 68, 111A/5, Decembrist St., Yemelyanovo,
Krasnoyarsk Territory, 663020, Russia; e-mail:
y_serebr@mail.ru

Jlama nocmynnenusi cmamou / Received by the editors 10.05.2023
Jlama npunamus k nyonuxayuu / Accepted for publication 06.10.2023
Hama nyonuxayuu / Published 20.02.2024

70  Siberian Herald of Agricultural Science ¢ 2024 « 54 « 1

Plant growing and breeding



https://doi.org/10.26898/0370-8799-2024-1-8 Twrr cTaTeu: OpUTHHATBHAS
VIK: 633.367.2:526.32 Type of article: original

AT'POBUOJJIOI'NTYECKASA OHEHKA COPTOB U COPTOOBPA3LIOB
Y3KOJIUMCTHOI'O KOPMOBOI'O JIIOIIMHA

(<) Areesa I1.A., ITouyruna H.A., Konnosa JI.B.

Bcepoccuiickuii hayuno-ucciedosamenvekuti uncmumym aonuna — gunuan PedepanbHoco
HAY4HO20 YEeHMpa KOPMONPOU3800cmea u azpodxkono2uu um. B.P. Bunvamca

bpsHckas obnacts, n. Muuypunckuii, Poccus

(XDe-mail: lupin.labuzkolist@mail.ru

PesepBoM yBenMUeHUS] IPOU3BOICTBA BBICOKOOEIKOBBIX KOPMOB SIBJISIETCSI BO3ZETIBIBAHUE 3EPHO-
0000BBIX KYJIBTYpP, B TOM YHMCIIC JIIOIMHA y3KouucTHOTO (L. angustifolius L.). Cogepxanue Oernka B ce-
MEHAaX JIIOMKHA Y3KOIUCTHOTO cocTaBisieT 33—35%, B cyxoM BelecTBe 3eneHoi maccol — 17-19%. On
SIBJISIETCS] OTHAM M3 JYYIIHX [TPEAIICCTBEHHUKOB MOJIEBBIX KYJIBTYP, TaK Kak CIIOCOOCH HAKaIlJIMBaTh B
ouomacce cumbuoTryeckoro azora 150-300 kr/ra. MccnenoBanusi mpoBeieHbI B FOT0-3aI1aIHON 30HE
entpansaoro permona (bpsHckas o6nactp). [louBa momeit — JepHOBO-TTON30IMCTAS CYTIIMHUCTAS,
MeeT CpefHui ypoBeHb uogopoans, pH 5,1-5,6. [loronHeie ycioBus He BIIOIHE OTBEYATIH OHOIIO-
CMYECKUM TPeOOBaHUSM KyJbTypbl. [IpencTaBieHsl pesyasTaTsl H3yUEHUs] COPTOB M COPTOOOPA3LIOB
Y3KOJIMCTHOTO JIFONIMHA B KOHKYPCHOM coproucnbiTaniy 2020-2022 rT. o ypoxaifHOCTH 3epHa U 3eJ1e-
HOM Macchl, aJIalTUBHOCTH, COJIEPKAHUIO AJIKAJIOUIOB U MPOAOIKUTEIHHOCTH BET€TallMOHHOTO TTepH-
ofla. 3a CTaHAapT NPUHAT BKIIOUEHHBIN B [ ocynapcTBeHHbI peecTp copTroB Poccuiickoii denepannu
T1I0 IIeCTH perrnoHam copT Butsss. Copra bpsHckuii KopMoBoit 1 bermopo3ossiii 144 paitoHHpOBaHEI IO
BCEM PErHMOHaM CTpaHbl. YPOXKalHOCTb 3€PHA Pa3HBIX COPTOB U COPTOOOPA3LIOB MO roiaM HM3YUYCHUs
BapbupoBaja B nuanasone 1,59-3,74 1/ra. MakcumasbHbIN MOKazaTenb noiaydeH no ['mbpuny 1246 B
2020 r. [To cpeaneli ypoxkaiiHocTH 3epHa 3a 3 rona ucnsitanus Beiaemwinck CH 39-20 u ['ubpun 1246
(2,86 1 2,76 1/ra). Koadpdunment agantuBHoctr coctaBui 121 u 117%. CoaepxaHue ankalonioB B
ceMeHax JaHHBIX copToB BapsupoBaio oT 0,010 mo 0,046%, cpenreromoBoii mokaszarens paseH 0,028%.
Menee 0,04% ankanonmoB B ceMeHax uMmenu coproodpasiel CbC 56-15-1, Yaxomucernsiit 53-02 u ['n-
opun 1314. IIpoaomKuTeThHOCTh BEreTaIliOHHOTO TIEpHoia TI0 TOIaM HCITBITaHUs BapbUPOBaIa B JHa-
nazoHe 78-95 gHeil, kaneHnapHblil CpoK co3peBanus — konel utons — Il nexkana aprycra. Bece onu Bxo-
IST B Tpyniy «o4deHb panHux» (71-100 gueit). MUHUMaIbHBINA CpOK co3peBanus otmeueH B 2021 T,
MakcuManbHbIA — B 2020 1. bonee mponomxuTenbHbIi (Ha 6—91Hei) BereTallMOHHBIN IEPUO TIO CpaB-
HEHHIO C COPTOM-CTaHnapToM Butssp umerot copt benopo3ossiii 144 u I'ubpun 1314. Onn otnyarot-
Cs1 BBICOKOPOCJIOCTBIO M MHTCHCUBHBIM OOKOBBIM BeTBJICHHEM. CPOK TEXHOJIOTMUECKOM TOTOBHOCTH K
yOopKe Ha 3e1eHyto Maccy HacTynal B | nekaze utons. Bee u3yuaemble B OIIBITE COPTa M COPTOOOPA3IIbI
JIFOTIMHA MPEB30LUIH CTaHJApT O YPOXKaHOCTH 3eJeHoi Macesl Ha 3,1-8,8 T/ra.

KuroueBble cjioBa: JTIONNH Y3KOJIUCTHBIN, COPTOUCIIBITAHUE, YPOKAMHOCTH CEMSIH U 3€JIEHOM Mac-
CBl, BETE€TAI[MOHHBIN NIEPUO/], aJIKATOUTHOCTh

AGROBIOLOGICAL EVALUATION OF THE VARIETIES AND CULTIVARS OF
NARROW-LEAFED FODDER LUPINE

(<) Ageeva P.A., Pochutina N.A., Konnova L.V.

All-Russian Research Institute of Lupine — Branch of the Federal Williams Research Center of Forage
Production and Agroecology

Michurinsky, Bryansk region, Russia

(<De-mail: lupin.labuzkolist@mail.ru

The reserve for increasing the production of high-protein fodder is the cultivation of leguminous
crops, including narrow-leafed lupine (L. angustifolius L.). Protein content in the narrow-leafed lupine
seeds is 33-35%, in the dry matter of green mass — 17-19%. It is one of the best forecrops for field
crops, as it is able to accumulate 150-300 kg/ha of symbiotic nitrogen in its biomass. The research was
conducted in the southwestern zone of the Central Region (Bryansk region). The soil of the fields is
sod-podzolic loamy with an average fertility level, pH 5.1-5.6. The weather conditions did not quite
meet the biological requirements of the crop. The results of the study of the varieties and cultivars of
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Agrobiological evaluation of the varieties and cultivars

Ageeva P.A., Pochutina N.A., Konnova L.V.

of narrow-leafed fodder lupine

narrow-leafed lupin in the competitive variety trial 2020-2022 on grain and green mass yield, adapt-
ability, alkaloid content and duration of the growing season are presented. The Vityaz variety included
in the State Variety Register of the Russian Federation in six regions is taken as a standard. The va-
rieties Bryansky kormovoy and Belorozovy 144 are released in all the regions of the country. Grain
yield of different varieties and cultivars varied in the range of 1.59-3.74 t/ha during the years of study.
The maximum value was obtained for Hybrid 1246 in 2020. SN 39-20 and Hybrid 1246 (2.86 and
2.76 t/ha) stood out in terms of average grain yield over the 3 years of the trial. The adaptability co-
efficient was 121 and 117%. The alkaloid content in the seeds of these varieties ranged from 0.010 to
0.046%, with an annual average of 0.028%. Less than 0.04% of alkaloids in the seeds were observed
in the varieties SBS 56-15-1, Narrow-leafed 53-02 and Hybrid 1314. The duration of the growing
season varied in the range of 78-95 days by year of the trial, the calendar maturity date was the end of
July — the 2nd ten-day period of August. All of them are in the "very early" group (71-100 days). The
minimum maturity date was observed in 2021 and the maximum in 2020. The varieties Belorozovy
144 and Hybrid 1314 have a longer (69 days) vegetation period compared to the standard variety
Vityaz. They are characterized by high stature and intense lateral branching. The term of technological
readiness for harvesting on green mass came in the first ten days of July. All lupine varieties and culti-

vars studied in the experiment exceeded the standard in green mass yield by 3.1-8.8 t/ha.
Keywords: narrow-leafed lupin, variety testing, seeds and green mass yield, vegetation period,

alkaloid content
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INTRODUCTION

The problem of plant protein deficiency and
soil fertility reproduction for intensively devel-
oping livestock breeding and farming in various
regions of the country is urgent. For its success-
ful solution, it is necessary to expand the sow-
ing of leguminous crops, including lupine [1-3].
Narrow-leafed lupine (L. angustifolius L.) in
comparison with other cultivated annual species
has a number of inherent advantages'. It is rela-
tively resistant to anthracnose, a fungal disease
that has recently become widespread in crops of
other cultivated species, and is also character-
ized by rapid maturity and fast growth rate. It has

practically no root leaf rosette phase, and active
stem growth and root system development begin
after sprouting and seedling emergence. Current-
ly, there are varieties with a growing season of
85-95 days, which indicates that narrow-leafed
lupine can be cultivated in the central, north-
ern and northwestern regions of the Non-Black
Earth Zone and in Siberia, where the cultivation
of other lupine species is difficult due to late ma-
turity [4]. In favor of this annual crop it should
be noted that narrow-leafed lupine uses the bio-
climatic potential of the zone very well due to a
short growing season, resistance to spring frosts
and high productivity. Grain yield of modern va-

"Takunov I.P. Lupin in the agriculture of Russia. Bryansk: Pridesenie, 1996, 372 p.
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Arpo06uonornueckas OLeHKa COPTOB U COPTO0OPa3LoB
Y3KOJIMCTHOIO KOPMOBOI'O JIFOITHHA

Areesa [1.A., ITouytnna H.A., Konnosa JI.B.

rieties of narrow-leafed lupine under favorable
growing conditions reaches 4.0-4.5 t/ha*3[5, 6].
According to the results of ecological variety
testing at the Irkutsk State Agrarian University
named after A.A. Ezhevsky, grain yield of some
varieties of narrow-leafed lupine of our selection
reaches 5.0 t/ha.

Protein content in the seeds of narrow-leafed
lupine is 33-35%, in the dry matter of green
mass — 17-19%, with a favorable ratio of ami-
no acids for animal feeding and almost complete
absence of trypsin inhibitors. Mowing ripeness
occurs on the 50-60th day of vegetation.

Lupine is a good forecrop for a number of
crops, especially winter crops. Due to inten-
sive initial growth, narrow-leafed lupine can be
grown for green fodder not only in fallow fields,
but also in post-cropping and stubble crops. Lu-
pine has a multifaceted effect on soil fertility
both through the fertilizing effect of biomass and
through the improvement of its biological and
physical-chemical properties due to the vitality
of nodule bacteria (Rhizobium lupini). Its culti-
vation in farms with different levels of technical
support does not present difficulties, as the same
technical means are used as for grain crops.

The efficiency of lupine sowing largely de-
pends on the variety diversity of this crop, which
is constantly being improved by the breeders' ef-
forts. A variety is a self-reproducing genetically
stable system of plants with a certain potential
of biological productivity and adaptability, pro-
viding high yield and quality of products under
certain technological conditions of cultivation. It
is one of the most important means of agricul-
tural production. The problem of adaptation of
lupine varieties and varietal samples of hybrid
origin to changing environmental conditions is
urgent. The ability to maintain the consistency
of self-regulation processes both in a population
and in a single organism is vital and should be
expressed in the stabilization of positive eco-

nomic and biological traits. One of the priority
directions in breeding is the unification of envi-
ronmental stability, productivity and early matu-
rity in one genotype. The trait of early maturity
is extremely important for all zones of lupine
sowing, as it determines the success in expan-
sion of the areas under crops and increase in
seed productivity of lupine [7]. Early maturing
lupine varieties should also have an intensive
plant growth rate, which makes it possible to in-
crease biomass faster, avoid the effects of sum-
mer moisture deficit, and compete with weed
vegetation [8].

The purpose of the research is to create a new
variety of narrow-leafed lupine, exceeding the
standard in grain and herbage yield, early ma-
turing, having low alkaloid content of the grain.

The objectives of the research are to identify
promising lupine varieties and varietal samples
in terms of yield, adaptive potential, duration of
vegetation period and grain alkalinity.

MATERIAL AND METHODS

All-Russian Research Institute (VNII) of Lu-
pine — branch of the Federal Williams Research
Center of Forage Production and Agroecology is
located in the South-West zone of the Central re-
gion. The soils of the field plots are sod-podzolic
loamy, cultivated, have an average fertility level,
humus content — 2.0-2.3% (according to Tyu-
rin), the soil solution reaction pH 5.1-5.6.

The object of research were ten fodder va-
rieties and varieties of narrow-leafed lupine
of own selection, created as a result of many
years of purposeful breeding work. The sowing
of competitive variety trials in the years of re-
search (2020-2022) was conducted at the end of
April or in the first ten-day period of May with
a breeding seeder SKS-6-10, the plot area —
16.5m?, 4-fold repetition; harvesting for grain
by combine harvester Sampo-130 in the I or II
ten-day period of August. The article presents

*Ivanova E.I., Husnidinov Sh.K., Zamashchikov R.V., Ageeva P.A. Features of fruiting of narrow-leafed lupine (Lupinus angusti-
folius L.) in the Irkutsk region // Actual issues of the agro-industrial complex in Russia and abroad: Proceedings of the All-Russian
scientific conference with international participation, dedicated to the 85th anniversary of Doctor of Agricultural Sciences, Professor

Sh.K. Husnidinov, Irkutsk: Irkutsk SAU, 2021, pp. 60-66.

3Kuptsov N.S., Takunov I.P. Lupin (genetics, selection, heterogeneous crops): monograph. Bryansk: Klintsovsky city printing

house, 2006, 576 p.
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the results of the study in the competitive vari-
ety trial of the released varieties (Vityaz, Bryan-
sky kormovoy and Belorozovy 144) and seven
new varieties. Varieties Bryansky kormovoy and
Belorozovy 144 are zoned in all regions of the
Russian Federation. Vityaz variety was adopted
as a standard — indeterminant, early maturing,
medium resistance to diseases and pests. When
tested at the state variety plots of the country, its
grain yield varied from 1.5 to 4.0 t/ha, herbage
yield — from 30.0 to 60.0 t/ha. When analyzing
the adaptive potential, we used the methodology
of the Myronivskiy Research Institute of Wheat
[9]. It is based on the dominance of varietal ad-
aptation reactions of plants over specific features
of their morphogenesis. The studied samples
react simultaneously to the emerging environ-
mental factors as a single-species system [10,
11]. The criterion of the norm is the indicator of
study for all years and varieties (average yield).
This indicator is taken as 100%, the yield of in-
dividual varieties is expressed in relation to it as
a percentage.

Planting of experiments, visual observations
and records, biochemical analyses were carried
out according to the methods generally accepted
in breeding work**. Recommendations on culti-
vation of narrow-leafed lupine® and lupine cul-
tivation technology developed at our institute’
were used in the research work [12].

The weather conditions were different in
the years of the experiment. In 2020 and 2021,
heavy rains were observed at the beginning of
the growing season (see Fig. 1) with subsequent
high-temperature periods that severely compact-
ed and dried the soil. Severe drought in criti-
cal phases of growth and development of nar-
row-leafed lupine had a negative impact on yield
formation, as conditions for nitrogen fixation
and realization of symbiotic capacity of lupine
were unfavorable. In 2022, sowing of selection
trials of narrow-leafed lupine was delayed in
May due to high soil moisture. The temperature

regime during the month was 2.1°C below the
norm. The third ten-day period of May and the
first ten-day period of June were characterized
by increased precipitation. Their total amounted
to 116.3 mm with a norm of 50.0 mm, which, as
in previous years, strongly compacted the soil.
In June, air temperature exceeded the multiyear
average by 3.8°C.

Moisture regime in the second and third ten-
day periods of June was close to the norm, it pro-
moted friendly and abundant flowering of nar-
row-leafed lupine and good bean setting. Water
and heat regime in July was close to the average
multiyear norm. Maturation of the indeterminant
varieties of lupine came in mid-August, when
the weather was dry and hot (HTC = 0.026), fa-
vorable for grain harvesting.

RESULTS AND DISCUSSION

In the scheme of studying breeding materi-
al, competitive variety trials are the final stage.
Grain yield is an integral indicator that takes
into account all plant functions. This indicator
in different varieties and cultivars varied in the
range of 1.59-3.74 t/ha (see Table 1). The maxi-
mum indicator was obtained for Hybrid 1246 in
2020. According to the average grain yield for
3 years of the trial, the new promising varieties
CH 39-20 and Hybrid 1246 stood out (2.86 and
2.76 t/ha).

A variety is classified as potentially produc-
tive with an increased level of adaptability, if
the ratio of two indicators exceeds 100%. In the
presented experiment, this group included vari-
eties CH 39-20, Hybrid 1246, Narrow-leafed 53-
02 UV and Hybrid 1314. These varieties were
more resistant to lodging, which generally had
a positive effect on their grain productivity un-
der stress conditions caused by heavy rains with
winds.

For normal growth and development of nar-
row-leafed lupine one of the critical moments is
the period of flowering and bean formation, it

“Methodology of the State variety testing of agricultural crops. M., 1985, 269 p.
SDospekhov B.A. Methodology of field experiment. Moscow: Agropromizdat, 1985, 351 p.
Cultivation and use of fodder narrow-leafed lupine: Practical recommendations edited by Dr. I.P. Takunov / All-Russian Re-

search Institute of Lupine, Bryansk, 2001, 54 p.

"Takunov LP, Slesareva T.N., Lukashevich M.1. et al. Innovative experience of fodder lupine production. Moscow: FSBRI "Ros-

informagroteh", 2012, 77 p.
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Fig. 1. Hydrothermal coefficient in 2020-2022

requires sufficient moisture supply and air tem-
perature within 20-25 °C. If these conditions are
violated, lupine shows abortion of buds, flowers
and ovaries. 2022 was the most favorable for the
realization of grain yield of narrow-leafed lu-
pine. The year conditions index is equal to 0.25.

Ta6a. 1. Pe3ynprarsr n3ydeHus palOHUPOBAHHBIX U
YPOKaHOCTH 3€pHa

Excess of the standard on the average grain yield
of all the variants amounted to 0.02-0.92 t/ha.
Most of the new economically valuable
traits and properties in modern varieties of nar-
row-leafed lupine are determined by mutant
genes identified by the breeders in recent de-

TMEPCIICKTUBHBIX COPTOB Y3KOJIMCTHOTO JIFOIIKMHA I10

Table 1. Results of the study of the released and promising varieties of narrow-leafed lupine on grain

yields
. ) . Grain yield, t/ha Adaptability coefficient,
Variety, varietal specimen

2020 2021 2022 Average %
Vityaz, standard 1,74 1,67 2,42 1,94 83
Bryansky kormovoy 2,18 2,01 2,68 2,29 97
Belorozovy 144 1,94 1,81 2,43 2,07 88
Hybrid 1314 3,12 19,3 2,25 2,43 103
CH 78-07 1,59 1,82 2,47 1,96 83
Hybrid 1246 3,74 2,06 2,48 2,76 117
CH 39-20 3,43 2,17 2,99 2,86 121
SBS 56-15-1 1,96 2,18 2,86 2,33 99
Narrow-leafed 53-02 UV 2,16 2,55 2,91 2,54 108
BSv 51-19 2,50 2,01 2,53 2,35 100
Average variety yield 2,44 2,02 2,60 2,35 100
Index of year conditions 0,09 -0,33 0,25
LSD,, 0,24 0,22 0,19
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cades. Creation of the varieties with reduced
content of alkaloids suitable for animal feed-
ing through selection is one of the main tasks.
At all stages of the selection process, the alka-
loid content is constantly monitored. It includes
qualitative methods of determination in vege-
tative plants and seeds, as well as the quantita-
tive method®. The largest number of alkaloids is
accumulated in seeds, while the green mass of
narrow-leafed lupine contains several times less
alkaloids. Varieties with less than 0.025% of al-
kaloids in seeds are classified as sweet and can
be used for food purposes. Seeds or grain forage
of lupine with 0.025-0.100% alkaloids content
belong to the fodder group - they can be fed to
any animals and birds without fear. According to
GOST? such fodder from lupine grain belongs to
the first class. Lupine grain with alkaloid content
0f 0.2 and 0.3% belongs to the second and third
classes of fodder; it can also be used for fodder,
following the recommendations.

According to the classifier of the genus Lupi-
nus L.'°, the varieties and cultivars presented in
this work belong to the group with consistently
low alkaloid content. The content of alkaloids by
varieties in the years of study varied from 0.010
to 0.060% (see Table 2). The varieties Hybrid
1246 and CH 39-20 are characterized by low av-
erage content of alkaloids in the seeds (0.028%).
In the released variety Belorozovy 144 this indi-
cator is equal to 0.033%. The varieties SBS 56-
15-1, Narrow-leafed 53-02 UV and Hybrid 1314
have less than 0.04% of alkaloids in the seeds.

In the conditions of Russia, the problem of
plant precocity is often crucial for agricultural
production. N.I. Vavilov noted in his works: "...
if for the countries of Western Europe or even
the United States differences in the varieties by
vegetation period are of limited importance, then
we are forced to cultivate mainly early maturing

varieties". Cultivation of short-ripening variet-
ies of narrow-leafed lupine gives the grower a
number of advantages - the maturity of the crop
occurs in August, when the weather is usually
good. Harvesting at a favorable time is always
economically less expensive and gives better
quality seeds. The green mass is formed earlier,
so there is a prospect of postharvest and stubble
utilization of lupine. Early-ripening varieties of
narrow-leafed lupine are excellent leguminous
forecrop predecessors for winter crops, freeing
the fields early on.

The duration of the vegetation period of the
varieties created at the All-Russian Research
Institute of Lupine varied from 78 to 99 days.
The calendar maturity date was the end of July
- II ten-day period of August. All of them are
included in the group of "very early" (71-100
days). The minimum ripening date was noted in
2021, the maximum — in 2020. Compared with
the standard, variety Vityaz, the variety Beloro-
zovy 144 and Hybrid 1314 have 6-9 days lon-
ger vegetation period. They are characterized
by increased linear growth and intensive lateral
branching.

Green mass of the narrow-leafed lupine is
characterized by high fodder quality: the dry
matter contains 16—18% of crude protein, 45-60
mg/kg of carotene, 0.005-0.012% of alkaloids. It
is well eaten by all kinds of farm animals!! [13].
Silage, haylage, grain haylage and other types
prepared on its basis are valuable high-protein
fodder. There are 50 c of dry matter and one ton
of protein in 300 c of green mass of lupine, i.e.
as much as it is contained in 90 ¢ of barley grain
or 700 ¢ of green mass of corn'>. Green mass
is most often used in feeding farm animals not
from pure lupine crops, but from various grass
mixtures with it. Grass mixtures are more com-
plete in terms of necessary nutrients. Most often

8Artyukhov A.1, Yagovenko T.V., Afonina E.V., Troshina L.V. Quantitative determination of alkaloids in lupine. Methodical

recommendations: Bryansk, "Chitay-gorod", 2012, 16 p.

’GOST R 54632 - 2011 Fodder lupine. Technical conditions. Moscow: Standardinform, 2013, 8 p.
WStepanova S., Nazarova N., Korneichuk V. Lehman Hr., Mikolajczyk J. Broad unified CMEA classifier and International CMEA

classifier of the genus Lupinus L./ VIR. L., 1983, 39 p.

"Artyukhov A.L, Efimenko E.A., Kadyrov F.G., Ageeva P.A. Recommendations on the practical application of the narrow-leafed
lupine fodder in the diets of farm animals. Bryansk: Chitai-gorod, 2008, 65 p.

1ZResource-saving technologies of grain legume crops production in the Republic of Belarus (recommendations). Zhodino, 2010, 38 p.
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Taoa. 2. XapaKTepI/ICTI/IKa BApUAHTOB MO AJIKAJIOUJHOCTH 3€PHA U NPOAOJIKUTCIIBHOCTHU BETCTAIUOHHOT'O

nepuoaa
Tapble 2. Characterization of the variants by grain alkaloid content and duration of the vegetation period
Alkaloid content in grain, %
Variety, varietal specimen . oot . rvernge Vegetation period variation, days
Vityaz, standard 0,043 0,035 0,059 0,046 82-92
Bryansky kormovoy 0,055 0,060 0,047 0,052 81-89
Belorozovy 144 0,033 0,041 0,023 0,033 90-95
Hybrid 1314 0,039 0,028 0,045 0,037 90-99
CH 78-07 0,044 0,063 0,054 0,054 80-95
Hybrid 1246 0,010 0,029 0,046 0,028 78-95
CH 39-20 0,010 0,045 0,030 0,028 82-93
SBS 56-15-1 0,030 0,044 0,045 0,034 85-91
Narrow-leafed 53-02 UV 0,033 0,027 0,043 0,035 85-93
BSv 51-19 0,045 0,032 0,029 0,041 85-93

lupine is sown together with the following ce-
reals, oilseeds and legumes: oats, barley, spring
wheat, millet, rape, field pea, vetch and others.
The maximum yield of green mass in lupine
in clean sowing comes in the period of shiny
bean formation. In general, in the presented ex-
periment, the yield index varied in the range of
26.8-45.5 t/ha, the average sort yield was 35.4 t/
ha (see Table 3).

The maximum yield of green mass (42.6—45.5
t/ha) was obtained by new varieties Hybrid 1314,
Hybrid 1246 and SBS 56-15-1. The most favor-
able conditions for the formation of green-mow-
ing products were formed in 2020. The year
conditions index amounted to 1.1. All lupine
varieties and cultivars studied in the experiment
surpassed the average yield of the standard by
3.1-8.8 t/ha. The maximum gain (29.3%) was
obtained for Hybrid 1246. When analyzing the
adaptability in the group of promising for further
breeding included along with Hybrid 1246, vari-
ety Belorozovy 144, as well as the variants SBS
56-15-1, Hybrid 1314 and CH 39-20. The adapt-
ability coefficient was 106-112%. The term of
technological readiness for harvesting for green

mass came in the first ten days of July. Its dura-
tion varied within 50-60 days by the varieties in
different years of the trial. The general trend is
that the variants with a longer vegetation period
are able to realize a higher yield of green-maize
products.

According to the results of analysis of vari-
ance, the difference in green mass yield of a
number of varieties is significant.

Graphical representation of the tabulated data
on grain yield, green mass and the duration of the
growing season (average for 3 years of the trial)
is presented in Fig. 2. The vegetation period for
the experiment variants varied in the range of
84-95 days. In terms of green mass yield (37.5—
38.8 t/ha), both early maturing varieties Hybrid
1246, CH 39-20 and SBS 56-15-1 and the variet-
ies with a longer growing season (95 days) stood
out. According to the classifier (see footnote 10),
all variants of the competitive variety trial were
included in the very early group (71-100 days)
in terms of the growing season length. In terms
of the grain yield, most variants of the trial out-
performed the standard variety Vityaz.
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Taba. 3. YpoxallHOCTb 3€JIEHOM Macchl COPTOB Y3KOJIIMCTHOTO JIFOTIMHA
Table 3. Green mass yield of the narrow-leafed lupine varieties

_ . _ Green mass yield, t/ha Adaptability
Variety, varietal specimen .
2020 2021 2022 Average | coefficient, %
Vityaz, standard 26,8 32,2 31,0 30,0 85
Bryansky kormovoy 31,8 36,2 32,7 33,6 95
Belorozovy 144 39,5 35,0 37,9 37,5 107
Hybrid 1314 38,0 34,8 42,6 38,5 109
CH 78-07 30,1 32,6 36,5 33,1 94
Hybrid 1246 45,0 37,5 34,0 38,8 112
CH 39-20 38,5 37,8 36,9 37,7 106
SBS 56-15-1 45,5 35,3 333 38,0 107
Narrow-leafed 53-02 UV 35,0 33,5 33,7 34,0 95
BSv 51-19 34,5 323 33,2 33,3 94
Average variety yield, t/ha 36,5 34,7 35,2 354 100
Index of year conditions 1,1 -0,7 -0,2
LSD,, 1,72 3,46 1,15
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Puc. 2. YpoxxaliHOCTb 3epHa, 3eJICHON MacChl U IPOIOJKUTEIHHOCT BETETAIIMIOHHOTO TIEpHoJia COPTOB
¥ COPTOO0PAa3IoB Y3KOJIMCTHOTO JitoriHa (cpenHee 3a 2020-2022 rr).

Fig. 2. Grain yield, green mass and vegetation period duration of the varieties and cultivars
of narrow-leafed lupine (average for 2020-2022).
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CONCLUSION

As a result of long-term studies identified
promising varieties with a high level of adapt-
ability, exceeding the standard in grain yield
and green mass. Varieties CH 39-20 and Hybrid
1246 surpassed the standard variety Vityaz in
grain yield by 0.92 and 0.82 t/ha, in green yield
by 8.8 and 7.7 t/ha. Their adaptability coefficient
for the first indicator is 117 and 121%, for the
second — 106 and 112%. They are characterized
by early maturity and low content of alkaloids
in seeds.

Modern varieties of narrow-leafed lupine due
to their biological features are a source of valu-
able fodder for all kinds of animals and poultry
when cultivated in different regions of the Rus-
sian Federation.
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COIJEPKAHUME IMHKA B MOJIOKE KOPOB
N ET'O KOPPEJIAIIUU C AMUHOKHUCJIOTHBIM COCTABOM

CX)Boponuna O.A., 3aiines C.1O., CaBuna A.A., Kosecuuxk H.C.

DedepanbHblil UCCIe008amenbCKUll YeHmp Hrusomuosoocmea — BVIK um. akademuxa JI.K. Opncma
MockoBckas obmacts, [opoackoit okpyr [logonbck, . Jlyopouiibl, Poccust

(XDe-mail: voroninaok-senia@inbox.ru

[IMHK — OIMH M3 CCEHIMANBHBIX 3JEMEHTOB JIs Bcex (GopM ku3Hu Ha 3emie. VccnenoBanue
YPOBHSI LIMHKA B MOJIOKE SIBJISICTCS aKTyaJbHOW 3a1adell Ui MOJIOYHOTO ’KMBOTHOBOJICTBA U Iepepa-
OarpIBaroliel MpoMbIuIeHHOCTH. [IpencTaBpieHa quHaMuKa CoepKaHus IIMHKA B MOJIOKE KOPOB Ha
MIPOTSDKEHUH 6 Mec. MOJIOKO TTOTydaid OT KOPOB YEPHO-TIECTPOH MOPOABI B Bo3pacte 3—4 met (2—-3-4
JIAKTaLUK). YCTaHOBJICHA CHJIA 1 HAIIPaBJICHHE KOPPEJSIIUN ¢ aMUHOKHCIIOTHBIM COCTaBOM MOJIOKa. B
paborte nccrnenosano 132 obpa3sia MoJoKa U3 IIeMeHHOTo X03s1icTBa KpacHonapcekoro kpas. C siHBa-
pst o uronb 2022 1. (32 UCKITIOYCHHUEM arpedis) w3 JOWHOTO CTaaa c(popMUPOBaHA CydaiiHas BEIOOP-
Ka 13 22 JaKTUPYIOUMX KOPOB. Il TOYHOTO ONpENesICHHUs] YPOBHS LIMHKA B MOJIOKE HCIOJIb30BAHBI
aTOMHO-a/ICOPOLIMOHHBIN aHaJIM3 C AIIEKTPOTEPMUUECKON aToMu3alel, neiTepueBoil 1 3eeMaHoB-
ckoi Koppeknunel. [lomydeHbl COOTHOIIEHUS MKy aMUHOKHUCIOTAaMH 1 ITHKOM B 00pa3iiax MoJjoKa
KOpOB (B 3MMHE-BECEHHE-JIETHHI ITEPHO/), a Takke KodhdumueHTs! Koppensiuud (1) 1 KodpPuImeH-
THI ICTEPMUHAIMH (72) TIPH ONPEACICHHBIX YPOBHAX 3HAYMMOCTH. OT MecsIa K MeCsIly CofiepKaHHe
[IUHKA B MOJIOKE CHIILHO BapbHUpyeT. He3HaunTenbHbIe pa3inyrsi OTHOCUTEIHHO STHBAPS YCTAHOBJICHBI
B Mae (Bbie Ha 1,54%), utone (Boire Ha 9,72%) u urone (Hwke Ha 7,66%). 3HaUUTENBHbBIE JOCTO-
BEpHBIC pa3InuMsl yCTaHOBIECHHI B (heBpajie — Boime Ha 58,15% (p < 0,001) — u B mapTe — BbllIe Ha
97,34% (p < 0,001) orHOCUTENBHO siHBAps. Bee momy4eHHbIe KOPPETAINH IHHKA ¢ aMUHOKHCIIOTaMHU
B MOJIOKE HOCSIT MOJIOKUTEIbHBIN XapakTep, HalpuMep il TpeoHuHa B stHBape » = 0,50 (2= 0,25,
p=0,02), B pespane r= 0,82 (+*= 0,67, p <0,01), B mapte = 0,25 (+*= 0,06, p = 0,04), B mac = 0,35
(”*=0,12, p <0,01).

KiroueBble cj10Ba: MOJIOKO KOPOB, LIMHK, MUKPORJIEMEHTBI, OMOXUMHUSL, SJIEMEHTHbIH aHaJIN3

ZINC CONTENT IN COW MILK
AND ITS CORRELATION WITH AMINO ACID COMPOSITION

(<) Voronina O.A., Zaitsev S.Yu., Savina A.A., Kolesnik N.S.

Federal Research Center for Animal Husbandry named after Academy Member L.K. Ernst
Dubrovitsy, Podolsk urban district, Moscow region, Russia

(<De-mail: voroninaok-senia@inbox.ru

Zinc (Zn) is one of the essential elements for all life forms on Earth. Investigation of zinc levels in
milk is a topical issue for dairy farming and processing industry. The dynamics of zinc content in milk
of cows during 6 months is presented. Milk was obtained from Black-and-White cows at the age of 3—4
years (2—3rd lactation). The strength and direction of correlations with the amino acid composition of
milk were established. 132 milk samples from a breeding farm (Krasnodar Territory) were studied in
this work. A random sample of 22 lactating cows was drawn from the dairy herd from January through
July 2022 (excluding April). Atomic-adsorption analysis with electrothermal atomization, deuterium
and Zeeman correction were used in order to accurately determine the level of zinc in milk.Correlations
between amino acids and zinc in cow milk samples (in winter-spring-summer period) were obtained,
as well as correlation coefficients () and coefficients of determination (%) at certain levels of signifi-
cance. The zinc content of milk varies greatly from month to month. Insignificant differences relative
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to January were established in May (higher by 1.54%), June (higher by 9.72%) and July (lower by
7.66%). Significant reliable differences were found in February — higher by 58.15% (p <0.001) — and in
March — higher by 97.34% (p < 0.001) relative to January. All obtained correlations of zinc with amino
acids in milk are positive, e.g. for threonine in January » = 0.50 (+* = 0.25, p = 0.02), in February r =

0.82 (= 0.67, p < 0.01), in March 7= 0.25 (1° =

0.06, p = 0.04), in May r = 0.35 (> = 0.12, p < 0.01).
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INTRODUCTION

Zinc is an essential trace element that func-
tions as a cation (Zn*") in the body. After ferr-
rum, it is the second most abundant in the human
body [1]. The balance of zinc absorption and its
endogenous secretion by pancreatic and intersti-
tial cells in healthy adults is zero [2]. For better
zinc absorption, the diet should contain more
protein foods and less carbohydrates'. Children,
adolescents and the elderly are most susceptible
to deficiencies. In estimating the intake of major
nutrients by Chinese residents, J. Jiang et al. Ji-
ang et al.? found that the total zinc intake is 7.47
mg per day. Milk and dairy products account for
only 0.346 mg of zinc per day. The recommend-
ed norms are 10 —20 mg [2]. The experience of
A.D. Kapsamun et al. [3] shows that at the in-
take of 314.8 mg (292.30 mg) of zinc per day

with the diet, its assimilation in the body of cows
is 24.58% (10%), and 56.84 mg (55.11 mg) is
excreted with milk, which is about 3 mg/l of zinc
in milk. Atomic adsorption analysis [4], plasma
emission atomic spectrometry [5] are most often
used to accurately determine the level of zinc in
milk. Studies show that many factors have the
greatest influence on the level of zinc. In the
work of S. Zain et al.’ the metal content in indus-
trially produced milk from different countries of
the world for the purpose of identifying the re-
gion of origin of the product was considered. It
was found that among other regions, industrial
milk from Malaysia had the highest zinc con-
tent (5.05 mg/kg) against the minimum amount
(3.09 mg/kg) in Azerbaijan. E.O. Krupin et al.
[6] note that the zinc content in cow milk in-
creases on the 60th day of lactation compared to

YTorshin I.Yu., Gromova O.A., Grishina T.P, Rudakov K.V. Hierarchy of the interactions of zinc and iron: physiological, molec-
ular and clinical aspects // Difficult Patient, 2010, vol. 8, N 3, pp. 45-53.

YJiang J., Lu S., Zhang H., Liu G., Lina K., Huang W., Luo R., Zhang X., Tang C., Yu Y. Dietary intake of human essential ele-
ments from a Total Diet Study in Shenzhen, Guangdong Province, China // Journal of Food Composition and Analysis, 2015, vol.

39, pp. 1-7. DOI: 10.1016/j.jfca.2014.10.012.

3Zain S.M., Behkami S., Bakirdere S., Koki I.B. Milk authentication and discrimination via metal content clustering — a case of
comparing milk from Malaysia and selected countries of the world / Food Control, 2016, vol. 66, pp. 306-314. DOI: 10.1016/j.

foodcont.2016.02.015.
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the 30th day from 2.3 to 6.9%. According to S.
Kinal et al.%, there is also an increase in the level
of zinc in the milk of cows by the 3rd month of
lactation in comparison with the first by 18%.
The study of the influence of breed character-
istics in the work of R. Pilarczyk does not give
significant differences in the level of zinc in milk
of Simmental dairy cows and Holstein-Friesian
cows, the difference is 7.63%".

Under organic farming conditions, where
COWSs consume more green matter from pasture
and less concentrated feeds and supplements,
N. Qin et al. [7] showed significant differences
in zinc levels. Conventional milk has more zinc
by 0.5 mg/kg compared to organic milk. The
authors note that the highest level of zinc was
found in March (8.21 mg/kg) and the lowest in
May (3.72 mg/kg). Regions with a high level of
anthropogenic impact require special control of
zinc intake into milk [8].

The study of zinc levels in milk is an urgent
task for dairy farming and processing industry.
The information obtained can be used to pro-
duce products with low and high zinc content for
various functional purposes.

The absorption ratio of zinc is partly due to
the presence of high amounts of proteins in milk,
which increases the likelihood of zinc chelate
complexes with amino acids that are better ab-
sorbed, so we estimated correlations for zinc and
amino acids in milk.

The purpose of the work is to examine in
detail the monthly dynamics of zinc content in
milk of cows, as well as correlations of zinc and
amino acid content in milk.

MATERIAL AND METHODS

The studies were carried out in 2022 on the
basis of a breeding plant in the Krasnodar Ter-
ritory and in the laboratory of the Federal Re-
search Center for Animal Husbandry — VIZh
named after Academy Member L.K. Ernst
(Department of Physiology and Biochemis-

try of Farm Animals). Milk was obtained from
3—4-year-old Black-and-White cows (2—3rd lac-
tation). The observation group, which included
22 dairy cows, was formed in January 2022.
A total of 132 milk samples were investigated
(from January to July, excluding April due to
technical reasons). Milk was sampled during
control milkings in the morning and evening. A
mixed sample of morning and evening milk (1 :
1) was prepared for the study.

Sample preparation was performed using
a microwave system "ETHOSEASY" (Italy)
using nitric acid and hydrogen peroxide. In a
sample preparation vessel with a protective lid,
automatic high-pressure valve and protective
screen, 0.5 ml of milk sample was placed, 1.0 ml
of 30% hydrogen peroxide and 5.0 ml of 65%
concentrated nitric acid (CH) were added. The
vessels were then placed in a rotor and placed in
an ETHOSEASY microwave system. The tem-
perature in the microwave system was raised to
195 °C for 20 min and held for 15 min, after
which the samples were cooled to 30 °C. Control
over heating of samples is carried out according
to the schedule of temperature rise. Zinc level
analysis was performed on atomic adsorption
spectrometer (with electrothermal atomization)
ZEEnit 650 P (AnalytikJenaAG) with deuteri-
um and Zeeman correction. The detection mode
is single-beam optical, wavelength 213.9 nm,
lamp — LPC, current — 15 mA, gain — 6 mA, slit—
0.8 nm, without any modifier. An autosampler
was used to feed the sample into the graphite
furnace. Calibration was performed using ICP
multi-element standard solution IV (Sigma-Al-
drich). Amino acids were analyzed using LC-
20 AD Prominence HPLC system (Shimadzu,
Japan) with a reaction module for post-column
derivatization ARM-1000 (Sevko&Co, Russia)
for the analysis of amino acids in protein hydro-
lysates. The following amino acids were deter-
mined: Asparagic acid (ASP), threonine (THR),
serine (SER), glutamic acid (GLU), glycine

*Kinal S., Korniewicz A., Stupczyriska M., Bodarski R., Korniewicz D., Cermdk B. Effect of the application of bioplexes of zinc,
copper and manganese on milk quality and composition of milk and colostrum and some indices of the blood metabolic profile of
cows // Czech Journal of Animal Science, 2007, vol. 52, N 12, pp. 423—429. DOI: 10.17221/2338-CJAS.

SPilarczyk R., Wojcik J., Czerniak P, Sablik P, Pilarczyk B., Tomza-Marciniak A. Concentrations of toxic heavy metals and trace
elements in raw milk of Simmental and Holstein-Friesian cows from organic farm // Environmental Monitoring and Assessment,

2013, vol. 185, pp. 8383-8392. DOI: 10.1007/s10661-013-3180-9.
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(GLY), alanine (ALA), cysteine (CYS), valine
(VAL), methionine (MET), isoleucine (ILE),
leucine (LEU), tyrosine (TYR), phenylalanine
(PHE), histidine (HIS), lysine (LYS), arginine
(ARG), proline (PRO).

The obtained results were processed in Mic-
rosoft Excel program using "Analysis Package"
add-on, "Descriptive Statistics" function. Zinc
levels in February, March, May, June and July
were compared relative to the results obtained in
January. For comparison the one-factor analysis
of variance, Student's ¢-criterion and Bonferroni
correction ("o nev" for 6 comparison groups
equaled 0.008) were used, having previously as-
sessed the nature of distribution of the studied
data and equality of variance between the results
for each month.

Pearson's correlation coefficient was used to
verify the presence of a linear relationship be-
tween zinc and the studied amino acids in the

milk of cows, having previously assessed the na-
ture of the distribution of the studied data.

RESULTS AND DISCUSSION

The obtained new data of zinc content analy-
sis in milk are presented in Table 1.

When evaluating the results obtained by the
variation coefficient (VC), all periods of the
study were characterized by high variability of
data (VC > 5%). In January, the highest variation
was observed, VC = 35%. During the observa-
tion period (from January to July), the minimum
value of zinc level (1596 pg/l) in milk of cows
was found in January and the maximum (10 488
pg/l) — in March. In January relative to May,
June and July minimal differences were estab-
lished. The differences amounted to 1.54; 9.72
and 7.66%, respectively. Significant differences
were also found for March relative to February
(p < 0.001). The data obtained are comparable

Ta6a. 1. JlaHHbIC 110 UCCIICTOBAHUIO COACPKAHMUS IIMHKA B MOJIOKE KOPOB, MKT/JT

Table 1. Data on the study of zinc content in milk of cows, ug/l

Time of the year
Indicator January February March May June July
n=22

Lactation days 25-30 55-60 85-90 145-150 175-180 205-210
Average 3702,1 5854,7* 7305,7*%" 3759,0 4062 3418,6
Statistical error 386,0 241,2 576,2 169,6 164,7 145,2
Median 3830,0 5898 7880 3759 4047 3436
Statistical deviation 1280,1 835,7 2077,5 831,1 806.,9 649,5
Excess -1,0 0,112 0,019 0,689 3,08 0,752
Asymmetry -0,3 0,118 0,664 0,311 0,50 0,058
Interval 3756,2 2880 7428 3482 4318 2216
Minimum 1595.,8 4320 3060 2166 2108 2378
Maximum 5352 7200 10488 5648 6426 4594
CV, % 35 14 28 22 20 19
CA —0,574 0,226 —-1,271 0,596 0,957 0,111
CE —0,957 0,107 —0,018 0,660 2,949 0,720

Note. *p < 0,001 for other groups relative to January;  p < 0,001 for March relative to February; CV — coefficient of varia-
tion; CA — coefficient of asymmetry; CE — coefficient of excess.
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with the study performed by N. Qin et al. [7],
where the highest level of zinc was observed in
March (8.21 mg/kg), the lowest - in May (3.72
mg/kg). M.M. Dolgaya et al.® also note the rel-
ative maximum of zinc concentration in the
spring period in comparison with other seasons.
A.D. Kapsamun et al. [9] note that the trends
of zinc metabolism in cows do not depend on
the feeding ration characteristic of summer and
winter periods. Zinc supplied with feed is fixed
in the muscles and tissues of animals. It enters
milk from the muscle tissue. At the same time,
the body regulates its absorption quite effective-
ly on the principle of feedback. The absorption
coefficient increases with zinc deficiency in the

body and decreases with its excess’. Accord-
ingly, to maintain a zero balance, the rate of its
excretion is increased or decreased. In February
and March there is an increased excretion of zinc
with milk, which by May becomes comparable
to the data of January and remains at this level
(with small fluctuations) until July.

Throughout the observations, positive cor-
relations of varying degrees of strength were es-
tablished for almost all zinc values with each of
the amino acids (see Table 2).

January, February, March and May turned
out to be the most indicative, so we present them
within the framework of this work. For the ma-
jority of amino acids, positive correlations be-

Tada. 2. Koppensauuu Mexay IUHKOM U aMUHOKHCIIOTaMH MOJIOKA

Table 2. Correlations between zinc and milk amino acids

January February March May
Infgfa' n=22
i r» p , r p i r p r r p

ASP 0,59 0,35 0,01 0,77 0,59 [<0,001| 0,34 0,12 0,01 0,20 0,04 0,09
THR 0,50 0,25 0,02 0,82 0,67 [<0,001| 0,25 0,06 0,04 0,35 0,12 | <0,01
SER | 0,63 | 040 |<001| 051 | 026 |<0,001| 031 | 0,00 | 0,01 | 044 | 0,19 |<0,001
GLU 0,61 0,37 | <0,01 | 0,70 0,49 [<0,001| 0,50 0,25 | <0,01 | 0,39 0,15 [<0,001
GLY | 057 | 032 | 001 | 073 | 053 [<0001]| 020 | 0,04 | 009 | 029 | 008 | 0,02
ALA 0,56 0,31 0,01 0,61 0,37 [<0,001| 0,32 0,10 0,01 0,30 0,09 0,01
CYS | 0,09 0,01 0,36 0,72 0,52 [<0,001| 0,28 0,08 0,02 -0,12 0,01 0,24
VAL | 0,64 | 041 |<001| 073 | 053 [<0001| 048 | 023 |[<0001| 036 | 0,13 |<0,001
MET 0,21 0,04 0,24 0,52 0,27 |<0,001| 0,41 0,17 |<0,001| 0,23 0,05 0,06
ILE 0,55 0,30 0,01 0,71 0,50 [<0,001| 0,63 0,40 |<0,001| 0,40 0,16 [<0,001
LEU | 072 | 052 | <001] 070 | 049 [<0001] 050 | 025 [<0.001] 038 | 014 [<0.001
TYR 0,20 0,04 0,25 0,71 0,50 [<0,001| 0,40 0,16 |<0,001| 0,34 0,12 0,01
PHE | 043 | 0,18 | 0,04 | 064 | 041 [<0001| 047 | 022 |<0001| 033 | 011 | 0,01
HIS 0,59 0,35 0,01 0,64 0,41 |<0,001| 0,31 0,10 0,01 0,20 0,04 0,09
LYS 0,09 0,01 0,36 0,75 0,56 [<0,001| 0,17 0,03 0,14 0,09 0,01 0,30
ARG | 0553 | 028 | 001 | 037 | 0,14 [<0001| 008 | 0,01 | 032 | -0,18 | 003 | 0,12
PRO 0,41 0,17 0,05 0,62 0,38 [<0,001| 0,61 0,37 |<0,001| 0,39 0,15 [<0,001

Note. r — correlation coefficient, 7> — coefficient of determination, p — level of significance.

’Dolgaya M.M., Rusko N.P., Chushak E.G. Content of trace elements in the milk of cows under intensive and organic production //

Zootechnical Science of Belarus, 2016, vol. 51, N 2, pp. 150-155.

"Lysikov Yu.A. Role and physiological basis of macro- and microelements metabolism in human nutrition // Experimental and

clinical gastroenterology, 2009, N 2, pp. 120-131.
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tween the values of amino acids and zinc in milk
were established for the first time throughout
the entire period of studies in varying degrees
of severity, which was assessed using the Ched-
dock scale [10]. For example, for ASP, from
high (maximum » = 0.77 in February) to very
weak (minimum » = 0.20 in May), and for GLU,
from high (maximum » = 0.70 in February) to
weak (minimum » = 0.39 in May). This is due
to the tendency to form complex compounds be-
tween ME and amino acids [10, 11], especially
between zinc and ASP, or GLU, which have a
functional (side) carboxyl group (having a sig-
nificant negative charge on oxygen atoms when
the molecule is ionized) to coordinate with ME
(having a large positive charge when dissociated
in solutions).

A similar trend is also pronounced for THR
from strong (maximum » = 0.82 in February) to
very weak (minimum » = 0.25 in March) or for
SER from medium (maximum » = 0.63 in Janu-
ary) to weak (minimum » = 0.31 in March). This
is due to the possibility of complex compounds
forming between zinc and THR or SER that
have a functional (side) hydroxyl group (having
a "partial" negative charge on the oxygen atom
when the dipole is pointed at the OH group) to
coordinate with ME (which has a large positive
charge when dissociated in solutions), although
these complexes have lower binding energy and
stability than zinc complexes with ASP or GLU.

In addition, positive (but very weak) correla-
tion coefficient values for zinc values with MET,
TYR, LYS (in January), THR, GLY, CYS, LYS,
ARG (in March), ASP, GLY, MET, HIS, LYS
(in May) are established. Individual negative
correlations for zinc with CYS (in January and
May) and ARG (only in May) are very weak and
insignificant.

Amino acids tend to form chelate complexes
with many trace elements [12]. The interaction
of amino acids and trace elements is complicat-
ed by the multicomponent nature of the system.
According to L.M. Pavlov et al. [13], the sorp-
tion affinity to mushroom mass as a sorbent cor-
responds to the following series: Bi = Sn = Pb =
Fe=~Hg=(Sb)=Cr>Cd=Zn=Cu=V=Se>
Co = Mn = (Sb) = As = Ni = Sr, which reflects
the complexity of the nature of the mutual influ-

ence of elements in a multicomponent system. In
addition, the conditions in which the formation
of complexes of amino acids with zinc is possi-
ble are largely individual for each amino acid,
depend on the pH level and a number of other
conditions accompanying the digestion process.

Based on the data obtained within the model
under consideration, we found that the general
trend of positive correlations between zinc and
amino acids with rare exceptions persists from
month to month. In addition, the coefficient of
determination, defined as the proportion of vari-
ance that can explain the correlation between
zinc and a particular amino acid from month to
month, varies with the strength of the correla-
tion. Thus, using SER as an example, the follow-
ing coefficients of determination were obtained:
0.40 (in January), 0.26 (in February), 0.10 (in
March), and 0.19 (in May).

It is worth noting that the formation of trace
element-amino acid complexes is possible at
each stage of digestion, absorption and metab-
olism in different parts of the cell [14-16] and
even at the time of milk secretion. Consequent-
ly, the conditions for the formation of complex
compounds between amino acids and zinc are
always changing and each stage makes its own
adjustments to this process.

CONCLUSION

From January to July, higher zinc content is
found in February and March, 37 and 49% high-
er compared to January. In May-July, zinc intake
in milk is close to the January level. Thus, milk
obtained in February and March may be more
valuable for meeting the daily zinc requirement.
Not only correlations between amino acids and
zinc in cow milk samples (in winter-spring-sum-
mer period), but also correlation coefficients (r)
and determination coefficients (r?) at certain sig-
nificance levels were obtained for the first time.
It is shown that for the majority of amino ac-
ids there are significantly high positive correla-
tions between the values of AA and zinc in milk
during the whole period of research in different
degrees of severity. For example, for ASP — from
high (maximum » = 0.77 in February) to very
weak (minimum » = 0.20 in May), for GLU -
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from high (maximum » = 0.70 in February) to
weak (minimum 7 = 0.39 in May). A similar
trend is also pronounced for THR - from high
(maximum » = 0.82 in February) to very weak
(minimum 7 = 0.25 in March), for SER - from
medium (maximum 7 = 0.63 in January) to weak
(minimum » = 0.31 in March). This is due to the
tendency to form complex compounds between
ME and such amino acids that have functional
(carboxyl or hydroxyl) groups in the radicals
for strong coordination with ME (which has a
large positive charge when dissociated in solu-
tions). Of course, the formation of complexes
of a number of amino acids with zinc is unlike-
ly, and correlations with zinc in milk for CYS,
MET, ARG are poorly expressed. In the future,
it is planned to obtain new data and quantitative
relationships (correlation and determination co-
efficients at certain significance levels) between
all amino acids and zinc in cow milk samples in
other months of the year to clarify the obtained
patterns.
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BO3JAENHCTBHUE PA3IMYHBIX ®OPM XPOMA HA MUKPOBUOM CJIENION
KHMIIKH ObILIAT-BPOMJIEPOB

CDKanamesa U.3., UBanumieBa A.Il., KamupoBa A.M.
Dedepanvhblil HAYYHBLLL YEeHMP OUON02UHEeCKUX CUCTEM

u acpomexuonozuti Poccutickoul akademuu HayK

OpenOypr, Poccus

(XDe-mail: gubaidullinae@mail.ru

W3ydeHo BIusSHNE MUKPODJIEMEHTOB Ha KUIICYHYIO MUKPO(IOPY CIEMON KHUIITKA IBIUISAT-OpOoii-
nepoB. OHON W3 MPUYHH CHIDKEHHS (PYHKIMH KHIIEYHOTO TIEpEeBAPUBAaHUS Y NTHIL SBISETCS Ype3-
MEPHBIN POCT MUKPOOHOH (DIOPHI B TPOCBETE KHUILICUHUKA, YTO MIPUBOAUT K CHUKCHUIO TIPOJIBUKCHHUS
XUMYCa U MPESKICBPEMEHHOM JICKOHBIOTAIIMH IICPBUYHBIX JKEITYHBIX KUCIOT. MI30bITOYHASI MUKPOOHAS
(hi1opa MOXKET IPUBECTH K MOBPESIKICHUIO SMUTEIINS TOHKON KHUIIKH, OCKOJIbKY META0OIHUThI HEKO-
TOPBIX MHUKPOOPTaHW3MOB IUTOTOKCHYHBI. OmpeerneHne KOIMIecTBA MUKPOOPTAHU3MOB B CIICTION
KHIITKe OpOIIIepPOB SBISIETCS BAXKHBIM ATAllOM MOHUTOPHHTA JKU3HECITOCOOHOCTH opranu3ma. Kurmred-
Hasi MUKPOOHUOTA SIBJISIETCS CaMOM KPYITHON U CIIOKHOW MHUKPOIKOCHCTEMOM JKUBOTHBIX. MHKpOQIIO-
pa He TOJIBKO Y4YacTBYET B Pa3IMYHBIX METAOOIMYSCKUX ITyTSIX PETYITHPOBaHUs OOMEHA BEIIECTB, HO
TaK)Ke UTPaeT BAXKHYIO POJIb TIOCPEIHUKA MEXKTy IMHIICH ¥ X03sMHOM. Pa3HOOOpa3ue KUIIeUHON MU-
KPOOHOTHI U 3I0pPOBbE OpraHu3Ma MTHI BAUSIOT U POPMHUPYIOT APYT ApYyTra, a KAIIeYHast MUKPOOHOTa
MTOJIIEP)KMBAET OTHOCUTENHFHO COAJaHCHPOBAHHOE COCTOSIHUE C XO3IWHOM IMPH YCTOWYMBOM PETYJIH-
poBaHMU BHENIHEH cpenbl. MUKpOOMOTa KUIIEYHUKA UTPAST BAKHYIO PETYISTOPHYIO POJIb B 0OMe-
HE MUTATeJIbHBIX BEIIECTB U MMMYHHOH 3amure. B paboTe mpeacTaBieHO HUCCIIeIOBaHUE BIMSIHUS
pasimununbix Gpopm xpoma (Cr): xnopuaa (CrCly), ynsrpagucnepenbix yactuil (YU Cr) n nuxonunara
(CrPic) — Ha xumeuHyt0 MUKpOQIOPY CIENoi KUIIKH IBIUIAT-Opoiinepos. B rpymme, momyuasmmii ¢
pamonom CrPic, pon Bacteroides 3anuman 6osee 50%, 4To coctasisieT 00JIbIIIE ITOJIOBUHBI BCEH YHnC-
JICHHOCTH JaHHOI0 TakcoHa, KojmuectBo Clostridium XIVb ObUI0 3HAYNTEIBHO MEHEE MHOTOYHCIIEH-
HBIM 1 cocTaBisuio 0,6%. B cOBOKyTHOCTH HacTOsIIEe NCCIIEOBAaHNE 0XapaKTEPH30BaJIO JHHAMUYE-
CKHE€ M3MEHEHHs] MHUKPOOHOTO COOOIIECTBA CIENON KHIIKU IBIUISAT-OPOMIepOB MO/l BO3CHCTBAEM
paznuunbix Gopm Cr. [loGaBiieHue B panoH HbIUIIT-OpoiiepoB CrPic 3HAYUTENHHO MOBIUSIIO HA
MUKpPOOHOE pa3HO00pa3ue CIICNON KUIIKK U BbI3BAIO U3MEHEHHS B MUKPOOHOM COOOINECTBE, XapaK-
Tepusytolrecs ypeiandeHneM puyma Bacteroidetes, Tie OCHOBHBIM SBIISUICS BUJ Bacteroides.

KuroueBble cjioBa: XpoM, MUKPOOHOTA, IBITUIATA-OpOIIIEpHl, clienas KHIIKa, CEeKBEHUPOBaHHE,
MMMKOJIMHAT XpOoMa, XJIOPU XpoMa

IMPACT OF DIFFERENT FORMS OF CHROME ON THE INTESTINUM CECUM

MICROBIOME OF BROILER CHICKENS

(<) Yuldasheva I.Z., Ivanishcheva A.P., Kamirova A.M.

Federal Research Centre of Biological Systems and Agrotechnologies
of the Russian Academy of Sciences

Orenburg, Russia

(XDe-mail: gubaidullinae@mail.ru

The effect of trace elements on intestinal microflora of the intestinum cecum of broiler chickens
was studied. One of the causes of reduced intestinal digestive function in birds is the overgrowth of
microbial flora in the intestinal lumen, resulting in decreased chyme advancement and premature
deconjugation of primary bile acids. Excess microbial flora can cause damage to the small intesti-
nal epithelium because the metabolites of some microorganisms are cytotoxic. Determination of the
number of microorganisms in the intestinum cecum of broilers is an important step in monitoring the
viability of the organism. The intestinal microbiota is the largest and most complex microecosystem
of animals. Microflora is not only involved in various metabolic pathways to regulate metabolism,
but also plays an important role as an intermediary between food and host. Gut microbiota diversity
and avian body health influence and shape each other, and the gut microbiota maintains a relatively
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Impact of different forms Yuldasheva 1.Z., Ivanishcheva A.P., Kamirova A.M.
of the intestinum cecum microbiome of broiler chickens

balanced state with the host under sustained environmental regulation. The gut microbiota plays an
important regulatory role in nutrient metabolism and immune defense. The paper presents a study of
the effect of different forms of chromium (Cr): chloride (CrCl,), ultrafine particles (UFP Cr) and pi-
colinate (CrPic) on the intestinal microflora of the intestinum cecum of broiler chickens. In the group
receiving CrPic with the diet, the genus Bacteroides occupied more than 50%, which is more than half
of the total abundance of this taxon, the number of Clostridium X1Vbh was much less abundant at 0.6%.
Collectively, the present study characterized the dynamic changes in the microbial community of the
intestinum cecum of broiler chickens under exposure to different forms of Cr. The addition of CrPic to
the diet of broiler chickens significantly affected the microbial diversity of the intestinum cecum and
caused changes in the microbial community characterized by an increase in the phylum Bacteroidetes,
where Bacteroides species was the main one.

Keywords: chromium, microbiota, broiler chickens, intestinum cecum, sequencing, chromium pi-
colinate, chromium chloride
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INTRODUCTION in the maintenance of the intestinal mucosal bar-
rier, maturation of the immune system, nutrient
absorption and metabolism. The gut microbial
community inhabits the intestine, this may lead
to systemic effects [4]. The gut microbiota can
serve as a central or contributing factor in a mul-
titude of diseases, affecting near and far organ
systems.

The gastrointestinal tract of birds is inhabit-
ed by an active microbial community that inter-
acts and evolves with genetic and environmen-
tal factors of the host [5]. The development of
metagenomics has allowed an intensive study
crobiome of the gastrointestinal tract. In recent fthe microbial genome and has shown that the
years, wc?rks hgve bgen qulished on the COMPO- jntestinal microbiota plays an important role in
s1t101} of 1nte§t1na1 .mlcr_oblot.a of broﬂer'cl.nckens physiology [6].
and its relationship with bird productivity and The purpose of the study was to investigate
health [3]. The intestinal microbiota is involved the effect of different forms of chromium on

Chromium (Cr) is an important trace element
and has a positive effect on bird health! [1]. Sup-
plementation of the diet with trivalent Cr (Cr
(IIT)) can be achieved by using CrCl, salt. Other
sources of Cr such as low molecular weight or-
ganic chromium complexes, forms of picolinic
acid salts provide many benefits due to higher
organic bioavailability® [2]. The search for new
economically viable sources of Cr is necessary
for use in industry and agriculture. Currently, it
is relevant to study the effect of Cr on the mi-

'Farag M.R., Alagawany M., EI-Hack M.E. et al. Role of chromium in poultry nutrition and health: beneficial applications and
toxic effects // Int J Pharmaco, 2017, vol. 13, pp. 907-915. DOI: 10.3923/ijp.2017.907.915.

’Huang Y., Yang J., Xiao F., Lloyd K., Lin X. Effects of Supplemental Chromium Source and Concentration on Growth Per-
formance, Carcass Traits, and Meat Quality of Broilers Under Heat Stress Conditions // Biol Trace Elem Res., 2016, vol. 170 (1),
pp- 216-223. DOI: 10.1007/s 12011-015-0443-z.
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the intestinal microflora of the blind intestine of
broiler chickens.

MATERIAL AND METHODS

In vivo studies were performed on broil-
er chickens of the meat chicken cross "Arbor
Aikres". Experimental studies on animals were
carried out in accordance with the instructions
"Rules for carrying out work using laboratory
animals" (attached to the order of the Ministry
of Health of the USSR from 12.08.1977 Ne 755)
and "Guide for the care and use of laboratory an-
imals" (publishing house of the National Acad-
emy Washington, D.C., 1996). For the experi-
ment, 120 seven-day-old broilers were selected
and then divided into four groups (n = 30) by
the group-analogy method. The control group
of birds received the basic diet. Broilers of the
experimental groups were additionally fed CrCl,
(CrCl-6H,0, containing 19.5% Cr, pure for
analysis, production of AO "Reakhim", Russia)
in the diet of the 1st group on the 8th —42nd day,
and in the 2nd experimental group — UFP Cr,O,
(OO0 "Platina", Ltd. Moscow, hydrodynamic
diameter 124 nm, specific surface area9m?/g,
Z-potential 93 + 0.52 mV, contained 99.8% Cr),
in the 3rd experimental group — chromium pico-
linate (CrPic) (Cr(C,H,NO,), produced by ZAO
"Evalar", Altai region (Biysk, Russia) contains
10% organic chromium). During the experiment,
all birds were kept under the same conditions.
Broilers were decapitated on the 42nd day of the
experiment. The composition of microbiota was
investigated from the blind intestine of birds.

The dosage of 100 pg/kg of feed was cho-
sen taking into account the previously conducted
experiment to evaluate the biological effect of
various sources of Cr, where a positive effect on
growth and biochemical parameters of broiler
chickens was obtained [7].

Samples of cecal contents were taken imme-
diately after slaughter using sterile disposable
forceps and scalpel (Nuova Aptaca SRL, Ita-
ly) and placed in a sterile Eppendorf chamber
in microtubes with snap-on lids (Nuova Aptaca
SRL, Italy), frozen at minus 70 °C (cryofreezer
ULUF65 "ARCTICQO", Denmark). DNA librar-
ies were prepared and sequenced at the Institute

of Cellular and Intracellular Symbiosis of the
Ural Branch of the Russian Academy of Scienc-
es (Orenburg, Russia). The results obtained in
the studies were processed using the Excel pro-
gram package from the software package "Mi-
crosoft Office XP", "Statistics 10.0", including
the determination of the arithmetic mean (M),
standard error of the mean(m). Differences at
p < 0.05 were considered reliable.

RESULTS AND DISCUSSION

The intestinal microbiota is a collective name
for the trillions of microorganisms living in the
intestine of birds, comprising more than 35,000
diverse species of known bacteria. The relative
percentage of dominant bacteria at different tax-
onomic levels was estimated by the distribution
of microbial taxa. We found significant variabil-
ity in the gut bacterial community in samples
from all groups.

Consideration of the taxonomic profile at
the level of families and genera (see Fig. 1,
2) showed that when CrPic was fed to broiler
chickens (group 3), the share of Barnesiellaceae
families within the Bacteroidia class increased
by 13.72% in comparison with the control group
indicators.

The number of Rikenellaceae decreased in all
experimental groups compared to the control: by
7.33% in Group 1, by 6.03% (p <0.05) in Group
2 and by 17.35% (p < 0.05) in Group 3. With-
in the Bacilli class, the proportion of the Rumi-
nococcaceae family increased when CrCl3 (in
group 1) was added to the diet of broiler chick-
ens by 23.6% (p < 0.05), when Cr was added to
the diet (in group 2) by 22.4%, and when CrPic
(in group 3) by 23.4% (p < 0.05) compared to
the control.

The study of microbial diversity of the blind
intestine of broiler chickens of the control group
showed that more than 54% of microorganisms
in the microbiota belonged to the taxon Bacte-
roidetes, 45% — to Firmicutes and less than 1% —
to other taxa.

In the control group, three genera, Lactoba-
cillus, Bacteroides and unclassified Lachno-
spiraceae, were prominent and their contents
were 36.15; 13.26 and 25.29%. The abundance
of other classes was less than 25.3%.
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Fig. 1. The microbiome of broiler chickens at the family level
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Fig. 2. Metagenomic analysis of intestinum cecum contents of broiler chickens at the genus level

The study of the microbiome of the blind ium XIVb (0.11%) and Subdoligranulum (1.22%
intestine of broiler chickens in experimental (p <0.05)) was observed.
groups revealed changes in the number of cer- At addition of UFP Cr there was an increase
tain species. Thus, when CrCl, was added to the  in the number of bacteria belonging to the genera
diet of birds compared to the control, a decrease  Lactobacillus (12.55% (p < 0.05)) and unclassi-
in the number of Lactobacillus (0.1%), Clostrid- fied Ruminococcaceae (6.39% (p < 0.05)). At
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the same time, the abundance of Anaerovorax
and Anaerostipes did not tend to change and
amounted to only 0.05 and 0.01%, which was
almost identical to its content in the control.

In the group receiving CrPic with the diet,
the genus Bacteroides occupied more than 50%,
which is more than half of the total abundance of
this taxon, the number of Clostridium XIVb was
significantly less abundant at 0.6% (p < 0.05).

Thus, in-depth sequencing analysis not only
contributes to a better understanding of the mi-
croflora of the blind intestine of broiler chick-
ens, but also provides an opportunity to identify
potential risk factors for its viability. Research is
needed to understand the factors that control the
populations of this microflora.

Cr is an essential element in improving pro-
ductivity that can be utilized in the diet of broiler
chickens [8]. The amount of Cr present in poul-
try feed ingredients is assumed to have low bio-
availability and its addition to the diet is expect-
ed to improve the productivity of the livestock,
including broiler chickens.

In the present study, the birds were not sub-
jected to any stress that could prevent the impact
of Cr having the most complete beneficial ef-
fect on the productive qualities of experimental
broiler chickens.

The blind intestine of broiler chickens is
home to a variety of bacteria [9]. The gastroin-
testinal tract of birds, especially the blind intes-
tine, contains a diverse and dynamic microbial
ecosystem that plays a vital role not only in di-
gestion, but also in nutrient absorption, vitamin
production and defense against pathogens [10].

In our experiment, there is an increase in
the proportion of the Ruminococcaceae tamily
when different sources of Cr are added to the
diet. Scientists believe that Ruminococcaceae
are beneficial gut bacteria that are involved in
positive regulation of the intestinal environment
and immune system [11].

The most remarkable aspect of the present
study was the significant increase in the micro-
biocenosis of the blind intestine in the 3rd ex-
perimental group. There is evidence that other
dietary components affect Cr absorption and
utilization [12]. The improvement of production
characteristics due to the addition of UFP Cr and

CrPic to the diet was reflected in the productivi-
ty of the poultry [13].

The phylum Bacteroidetes was represented
more by the class Bacteroidia, occupying 51.2%
of the total bacterial communities and more than
half of the total abundance of this taxon.

Thus, when CrPic was added, Bacteroides
was the dominant and diverse species, with an
abundance of over 50%.

CONCLUSION

Taken together, the present study character-
ized the dynamic changes in the microbial com-
munity of the blind intestine of broiler chickens
under the influence of different forms of Cr.
When CrCl, was added to the diet of birds, the
abundance of the genus Lactobacillus, Clostrid-
ium XIVb and Subdoligranulum decreased. In
turn, the use of UFP Cr in the diet was accom-
panied by an increase in the number of bacteria
belonging to the genera Lactobacillus and un-
classified Ruminococcaceae. The introduction
of CrPic into the diet of broiler chickens sig-
nificantly affected the microbial diversity of the
blind intestine and caused changes in the micro-
bial community characterized by an increase in
the phylum Bacteroidetes, where the main spe-
cies was Bacteroides species.

Cr had no negative effect on the microbiome
of birds in our experiment. The results of this
experiment confirm the need for further studies
to investigate the effect of different forms of Cr
on the microbiome of broiler chickens.
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3OOPEKTUBHOCTbH UCITOJIB30OBAHUSA BBIKOB POCCUMCKOM
1 UMIIOPTHOM CEJEKIIMA HA MATOYHOM ITOTI'OJIOBLE KPACHOI
CTEINHOM Y YEPHO-ITECTPOM ITOPO/I B XO3IMCTBAX OMCKOM OBJACTH

) I1epmunosa O.B.

Omckutl azpapHulil HAYUHblU YyeHmp
Owmck, Poccus

(<De-mail: perminova@anc55.ru

N3y4deHpl BO3MOKHOCTHU TMOBBIILIEHHUS] TEHETHYECKOTO MOTEHIHMala MaTOYHOTO MOTOJIOBbSI KPYTI-
HOT'O pOraroro CKOTa MOJIOYHBIX MOPOJ MOCPEACTBOM HCIIOJIb30BAHHS CEMEHHU OBIKOB-TIPOU3BOJIH-
TeJel, MPUHAJIeKAIIETO POCCHICKIM OPTaHM3alMsAM 110 HCKYCCTBEHHOMY OCEMEHEHHIO CEeIbCKO-
XO3SHCTBEHHBIX )KHBOTHBIX U 3aBE3CHHOIO IO UMIOPTY. IlpoBeneH aHamu3 MCHONIb30BaHUSA CEMEHU
OBIKOB-IPOM3BOJUTENEH TOIMLTHHCKON MOPOALI POCCUHCKON M MMIIOPTHOM CEJEKIMH Ha MaTOYHOM
MIOT0JIOBbE KPACHOM CTEIHOM M YEPHO-TIECTPOH OPOJI B yCIOBUSX X03HcTB OMcKoii obnactu. [lomy-
YECHHBIC PEe3yNbTaThl UCCICIOBAHMN BBISBUIM YIyYLIAIONUIYI0 CIIOCOOHOCTh OBIKOB-IIPOM3BOAUTENCH
POCCHUICKON CeNeKIINH, UCTIONB3YIOLINXCS HA MAaTOYHOM ITOTOJIOBBE KPAaCHOM CTEMHOM MOPOIBI, 110 OC-
HOBHBIM MPOAYKTHBHBIM MTOKA3aTeJIsIM ITEPBOY M HaWBBICIIEH JTaKTAIlMH. Y0H epBoTenoK Ha 150 kr,
win 2,4%, npeBbliai ypoBeHb NPOAYKTUBHOCTH y aHAJIOTOB UMIIOPTHOTO KOPHS, IPEBBILICHUE 110
*kupy u 6enxy cocramio 0,10 u 0,08% coorercTBenHo. KoadduuneHT ycToHYMBOCTH JaKTallUOH-
HOU JIESITEIBHOCTH B 3TOW IPYIIIIE )KUBOTHBIX OBbLT MAKCUMAaJIbHBIM CPEI BCEro Morojosbs — 92%. Ha
MaTOYHOM TIOTOJIOBBE YEPHO-NIECTPOM MOPOJIbI BBISIBIEHO MIPEBOCXOJCTBO Y KUBOTHBIX UMIIOPTHOTO
KOPHSI TI0 OCHOBHBIM ITPOIYKTUBHBIM ITOKa3aTessiM: yioii (+769 kr), conepikanue xupa u oeinka (+0,04
1 +0,13% coOTBETCTBEHHO), BBEIXOl MOJIOUHOTO kupa u Oenka (+13 u +17%). Takxke B mporiecce wc-
CJICZIOBAaHMHN ONPEAEICHO YJIy4dlIalollee BIMSIHUE F€HETHYECKOTO MOTEHLNaNa ObIKOB-IIPOM3BOANTE-
Jiell IMIOPTHOHN CEJIEKIIMH Ha BCEM MAaTOYHOM IIOTOJIOBbE KPACHON CTEITHON MOPOBI U HA MAaTOUHOM
MIOr0JI0BbE YEPHO-MECTPON MopoAs! ¢ ypoBHeM npoayktuBHocTH 8000 kr. BeisABneH ymydmarommii
3 QEeKT Mo ya010 OBIKOB POCCUHCKOM CEIEKLUH PU UX MOAOOPE K MAaTOUHOMY ITOTOJIOBBIO C YPOBHEM
npoayktuBHocTy 10 7000 k1.

KuroueBble cjioBa: KpacHas CTEMHAs IOPOAA, YEPHO-TIECTPast MOPO/Ia, OBIKH-TIPOU3BOUTEIH POC-
CHUMCKOW U UMIIOPTHOM CEJIeKIIUU

EFFICIENCY OF THE USE OF BULLS OF THE RUSSIAN AND IMPORTED
SELECTION ON THE BREEDING STOCK OF THE RED STEPPE
AND BLACK-AND-WHITE BREEDS AT THE FARMS OF THE OMSK REGION

C<)Perminova O.V.

Omsk Agrarian Scientific Center
Omsk, Russia

(X)e-mail: perminova@anc55.ru

The possibilities of increasing the genetic potential of the breeding stock of dairy cattle by using
the seed of stud bulls belonging to Russian organizations for artificial insemination of farm animals
and the imported ones have been studied. The use of the Holstein breed bulls' seed of the Russian
and imported selection on the breeding stock of the Red Steppe and Black-and-White breeds in the
conditions of the Omsk region farms has been analyzed. The obtained results of researches have
revealed the improving ability of stud bulls of the Russian selection, used on the breeding stock of
the Red Steppe breed, on the main productive indices of the first and the highest lactation. The milk
yield of the first heifers by 150 kg, or 2.4%, exceeded the productivity level of the imported root
counterparts, the excess in fat and protein amounted to 0.1 and 0.08%, respectively. The coefficient of
stability of lactation activity in this group of animals was maximum among the whole livestock — 92%.
The superiority of imported rootstock animals on the main productive indicators has been identified
on the breeding stock of the Black-and-White breed: milk yield (+769 kg), fat and protein content
(+0.04 and +0.13%, respectively), milk fat and protein yield (+13 and +17%). Also, in the process of
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research the improving influence of the genetic potential of stud bulls of the imported selection on
the whole breeding stock of the Red Steppe breed and on the breeding stock of the Black-and-White
breed with the level of productivity of 8000 kg has been determined. The improving effect on the milk
yield of the bulls of the Russian selection when they are selected to the breeding stock with the level

of productivity up to 7000 kg has been found.

Keywords: Red Steppe breed, Black-and-White breed, stud bulls of domestic and imported

breeding
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INTRODUCTION

The main task facing breeders engaged in
breeding dairy cattle is to improve the genetic
potential of animals. At present, both the seed of
bulls-producers, which are the result of Russian
breeding and belong to the organizations for arti-
ficial insemination of farm animals, and the seed
purchased on import, are sold on the Russian
market. Improvement of the genetic potential of
breeding bulls is carried out by enterprises and
highly qualified specialists all over the world'?
[1]. The use of the bulls of Russian and imported
selection on the breeding stock of dairy breeds
in each specific region has its own peculiarities.
Thus, in the Udmurt Republic cows originating
from bulls of the Russian selection, including
Novosibirsk and Udmurt breeding [2, 3], real-
ize their genetic potential for productivity more
effectively. Also in this region, the study of the
genetic potential of the bulls of different selec-
tion revealed that the mothers of the imported
bulls of the Dutch selection were characterized
by the highest productive indices (16 359 kg)
with fat content of 3.93% and protein content
of 3.19%, and those of the German selection —
by fat and protein content of 4.46 and 3.35%,

respectively [4]. When studying the productive
longevity of Simmental cows in 14 regions of
Russia, it turned out that the total milk yield of
animals of the Russian selection was higher and
amounted to 14,423 kg, milk fat — 561 kg, milk
protein — 457 kg, total productive days — 959,
and the duration of use of cows — 2.91 lactation.
When determining the prediction of the breeding
value of productive longevity of cows, the ad-
vantage of the imported rootstock animals was
confirmed, which had higher indicators in com-
parison with domestic counterparts (+35.8 kg of
milk fat, +27.5 kg of milk protein, +44 produc-
tive days, +0.117 lactations of age at retirement)
[5]. Studies on the stock of the Kholmogory
breed of cows in the conditions of the Vologda
region allowed us to draw conclusions about
the ambiguous manifestation of the productive
qualities in cows of the Russian and imported
selection. In the animals of domestic breeding
a weak positive correlation between the indica-
tors of fat content in cow's milk and the age at
the first calving ( = 0.26), with the age of the
first fruitful insemination (» = 0.25) was estab-
lished. Milk yield was positively correlated with
live weight at the first fruitful insemination of

'Breeding values (bv) of holstein sires in france for dairy, functional and type traits/ Genetic Evaluation — Methods and Defi-
nitions // Institut de I’Elevage Idele.2018. URL: https://idele.fr/fileadmin/medias/Documents/Nomenclatures/Nomenclature BL

en.pdf.

Breeding values (bv) of montbeliard sires in france for dairy, functional and type traits/Genetic Evaluation — Methods and
Definitions // Institut de I’Elevage Idele. 2018. URL: https://idele.fr/fileadmin/medias/Documents/Nomenclatures/Nomenclature

BL en.pdf.
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the heifers (» = 0.23). Cows of imported selec-
tion had moderate correlation in the following
indicators: milk yield and service period (0.33),
protein content in milk with the age of the first
fruitful insemination (0.48), protein content in
milk with the age of the first calving (0.47) [6].
In the Omsk region, the influence of the import-
ed selection bulls on the Red Steppe pedigree
stock was positive, showing the best results of
the milk yield by 16-19%, as well as high sta-
bility of the lactation activity of cows. The dura-
tion of the economic activity of cows of domes-
tic rootstock was higher by 1.1 lactation, which
entailed an increase in lifetime milk yield by
24-46% than in the animals originating from the
bulls of imported selection®. In the conditions of
the Vologda region farms, cows-daughters of the
Ayrshire breed, originating from imported bulls,
were characterized by low fat content during
the whole period of economic use. In order to
increase productive longevity, the authors rec-
ommend to use the bulls originating from the
Vologda and Yaroslavl regions in the breeding
process. In order to increase the mass fraction
of fat, it is recommended to use the bulls from
the Moscow and Leningrad regions [7]. In the
study conducted in the Moscow region, within
the framework of bull selection in the population
of Holstein and Holsteinized Black-and-White
cattle, the use of the breeding value selection in-
dex was suggested.

In this case, its calculation should be carried
out in each animal population individually [8].
In the conditions of Kazakhstan, the best results
of milk productivity of cows of the Holstein
breed of the Dutch selection, as well as their
crosses with Black-and-White breed were deter-
mined [9]. Studies conducted on the herd of the
Black-and-White cows showed that the results
of the milk yield of the daughters of the Danish
bulls were an order of magnitude lower during
the milking period. But the amount of milk in
basic fatness in these animals exceeded the same

indicator in the cows of American and Canadian
selection [10]. The superiority of Hungarian and
German cows over domestic cows in the stud-
ies conducted in the Penza region was observed
in the main productive indicators. But first-calf
cows of the Russian genealogy were character-
ized by high milk yields and fat and protein con-
tent in milk [11]. Thus, based on the conducted
scientific research, an ambiguous picture of the
results of using the genetic potential of the bulls
of Russian and imported selection was revealed.
In the conditions of the Omsk region the main
dairy breeds of cattle are the Red Steppe and
Black-and-White breeds. The number of the an-
imals of the Red Steppe breed in our region is
18.5% of the all-Russian and 31.2% of the pop-
ulation of the Siberian Federal District (SFD),
including cows — 18.2 and 32.0%, respective-
ly. The number of the Black-and-White cattle
is about 1% of the total number of cattle in the
country and about 7% in the SFD*.

The purpose of the study is to investigate the
influence of genetic potential of the stud bulls
of the Russian and imported selection on the
productive performance of the Red Steppe and
Black-and-White cows under the conditions of
the farms of the Omsk region.

The main objectives of the study are:

1) study of milk productivity indicators of
the cows according to the results of the first and
highest lactation;

2) determination of the difference between
the productivity of daughters and their mothers
based on the results of the first and highest lac-
tations;

3) study of the influence of selection of the
stud bulls of different selection to the pedigree
stock of different productivity levels.

MATERIAL AND METHODS

The data of breeding and zootechnical re-
cords of the farms of the Omsk region (using the
software IAS "Selex-Milk Cattle") were used

3Perminova O.V. Influence of genetic potential of both foreign and domestic bulls on milk productivity and duration of econom-
ic use of Red Steppe breed cows // Agrarian science in the context of global challenges of the world food crisis: problems, trends,
solutions. Proceedings of the International scientific correspondence conference, dedicated to the 55th anniversary of the Siberian
Research Institute of Poultry Breeding. Editor-in-Chief A.B. Dymkov, Omsk, 2022, pp. 45-49.

“Yearbook on the breeding work in dairy cattle breeding in the farms of the Russian Federation (2022). Moscow: publishing
house FSBRI VNIIPlem, 2023, 254 p. https://vniiplem.com/wp-content/uploads/2023/04/Esxeroaunk-mon.-KPC.2022.pdf.
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for the research. The breeding stock was divid-
ed into groups depending on: breed affiliation
(Red Steppe and Black-and-White breeds), or-
igin of the Holstein bull (Russian or imported
selection). In the process of research, the main
productive indices for the first and highest lac-
tations were determined in cows and their moth-
ers: milk yield for 305 days of lactation (kg),
fat and protein content (%), milk fat and protein
content (kg), lactation stability coefficient. The
primary information on the animals was gener-
ated through the "Card Index Structure" of the
IAS "Selex-Milk Cattle" and then imported into
the Microsoft Office Excel program, where the
main statistical calculations were performed in
the tabs "Data Analysis" and "Summary Tables".
Reliability was assessed using the table of Stu-
dent's t-values, taking into account the number
of the degrees of freedom(n-2), where # is the
number of the paired variants.

RESULTS AND DISCUSSION

The influence of genetic potential of Holstein
breed bulls, the seed of which belonged to do-
mestic organizations for artificial insemination
of farm animals or was imported from abroad,
on the indicators of milk productivity of the Red
Steppe and Black-and-White cows in the condi-
tions of the farms of the Omsk region was con-
sidered in the research. The list of the bulls is
presented in Table 1.

To improve the genetic potential of the Red
Steppe breed breeding stock, Holstein bulls of
the Red-and-White breed were used, and for the
Black-and-White breed - the Black-and-White
breed bulls, accordingly.

The most representative characteristics of
cow milk productivity are considered to be the
results of the first lactation, which allows pre-
dicting the future productive ability of the cow,
and the highest lactation, when the animals show

Taoa. 1. belku poccuiickoi 1 UMITIOPTHOMN CENIEKIIUHU TOJIITHHCKON TTOPOABI, YIYUIIAOIHEe MaTOUHOE

IIOI'0JIOBBE

Table 1. Bulls of the Russian and imported selection of Holstein breed improving the breeding stock

Bull number Bull's name Bull's seed belonging Bull number Bull's name Belong?:ﬁet(t)) 1tllllle seed
Red Steppe breed Black-and-White breed
426087690 |Lego-M Russian seed 2371402577 Saks Russian seed
50996384  |Leer-M » » 3372305987 | Stoker » »
466306 Lupoldi-M » » 3372306127 | Spring » »
3372306157 | Seoul » »
449885055 | Pablo-M 7 66626618 | Brit Foreign seed
462490 Fantastic-M » » 69791585 Databank » »
70299144 AltaDo Red Foreign seed 70626152 fennings > >
71441877 Jill » »
70690940 | Altalxpi Red ” » 55716840 Ziggy » »
72615044 | AltaTLS-Red » » 68731878 Lidus » »
63026616 | Arisotle (Cole) » > 3009354529 | Multiplay >
68886533 Oblidge » »
9104500 Baculum Red » » 69436155 Prescot N >
170079468 | Crock Red » » 3010974866 |Fearless » »
104862628 | Skyfire Red > 3011001279 |Freedom M
72150287 Hulk » »
105177655 | Spectrason Red » » 72190820 Hotshot » »
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their genetic potential to the maximum. Indica-
tors of the milk productivity of cows coming
from the bulls of different selection are given in
Table 2.

First-calf heifers of the Red Steppe breed, de-
scended from the bulls of the Russian selection,
surpassed their foreign counterparts in terms of
milk yield by 150 kg, or 2.4% (p< 0.95) (see
Table 2). In terms of milk quality parameters,
namely fat and protein content, these animals
were also better by 0.1 and 0.08%, respectively
(p <0.95). The difference in milk fat and protein
yield was also unreliable and amounted to 13.3
and 10.0 kg (+5.3 and +5.0%). The coefficient
of stability of lactation activity in this group of
animals was the highest among the whole herd
—92% (p < 0.95). The opposite picture was ob-
served in the Black-and-White first-calf heifers.
Thus, animals of the foreign rootstock surpassed
their counterparts from Russian producers by all
indicators. Their milk yield for the first lactation
(7316 kg) exceeded by 769 kg this indicator of

first heifers of the Russian selection (p < 0,95).
The superiority in fat and protein content was
0.04 and 0.13%, respectively, in milk fat and
protein yield — 35.2 kg (+13%) and 35.4 kg
(+17%). No significant differences in these indi-
cators were revealed.

According to the results of the highest lac-
tation, animals of the Red Steppe breed of do-
mestic origin repeated the leading position in
all indicators of milk productivity. The cows of
the Black-and-White breed, originating from the
Russian stud bulls, surpassed the milk yield of
their imported counterparts by 936 kg, or 11%
(p < 0.95). Milk quality parameters of the latter
animals were higher in fat content by 0.04% and
protein content by 0.02%. Milk fat and protein
yields were better in cows of Russian selection
by 30.4 kg (+8.3%) and 26.5 kg (+9.4%). The
most stable character of lactation activity was
characterized by animals of foreign origin —
more than 91.

Tao6a. 2. MonouHast IpOLyKTUBHOCTE JloYepeil OBIKOB pa3HOW CENeKIMH 0 pe3ybTaTraM MepBoil u Hau-

BBICILICH JaKTaIluX

Table 2. Milk productivity of the daughters of the bulls of different breeding according to the results of

the first and highest lactation

Daughters of the Holstein bulls of different origins

Russian | Foreign
Indicator Improveable breeding stock
Red Steppe breed | Black-and-White | Red Steppe breed | Black-and-White
First lactation (305 days)
Number of daughters 727 63 500 342
Milk yield, kg 6347 +1012,3 6547 +599,8 6197+ 1139,4 7316 + 850,8
Fat content, % 4,15+0,15 4,0+ 0,09 4,05 +0,20 4,04 + 0,08
Milk fat quantity, kg 264,8 + 44,26 261,6 +23,1 251,5+31,72 296,8 + 33,7
Protein content, % 3,30+£0,12 3,19+ 0,02 3,22+ 0,09 3,32+ 0,09
Milk protein quantity, kg 210,0 + 36,47 208,9+ 19,3 200,0 + 40,18 2443 + 31,87
Lactation stability coefficient 92,0+ 14,7 89,1 £8,14 89,0+ 124 91,9 £8,52
Highest lactation

Milk yield, kg

7044 + 13288

9130 = 1114,9

6824 +1082,4

8194 +1090,6

Fat content, % 4,16 £0,15 4,00 +0,09 4,13+0,11 4,04 + 0,08
Milk fat quantity, kg 292,3 +£57,59 365,0 £42,0 281,7 £ 46,04 334,6 + 40,6
Protein content, % 3,29+ 0,11 3,36 £ 0,08 3,21+ 0,09 3,38+0,05
Milk protein quantity, kg 232 +47,61 306,7 +40,4 219,2+ 31,44 280,2 + 36,14
Lactation stability coefficient 89,0 £ 14,6 87,8 £9,8 91,0+ 12,53 91,6 £9,28
102 Siberian Herald of Agricultural Science * 2024 + 54 = 1 Zootechnics and veterinary medicine



D} PEeKTUBHOCTH MCIONIB30BAHUS OBIKOB POCCUICKOM
1 UMIIOPTHOH CEJIeKIIMH Ha MATOYHOM I10r0JIOBBE KPACHOM CTEITHON
M YEPHO-TIECTPOiT MOpo B X03siiicTBax OMCKOI o0macTi

Tlepmunosa O.B.

Selection of the male and female ancestors
plays an important role in breeding and pedi-
gree work to improve herd performance. Table
3 shows the difference in the main productive
indicators of the first and highest lactations of
daughters and their mothers ("D-M") depending
on the belonging to fathers of different breeds of
the Russian and foreign breed selection.

The superiority of daughters over their moth-
ers was observed almost by all productive in-
dices. But the magnitude of these differences
was different. Thus, in the first-calf heifers of
the Russian selection of both Red Steppe and
Black-and-White breed it was noted at the level
of 653—692 kg, while in the animals of foreign
root — 869— 1174 kg. As a consequence, the dif-
ference in milk fat and protein yield was greater
in the animals originating from imported bulls:
Red Steppe breed — 25.1- 41.6 kg and Black-
and-White breed — 47.1-52.2 kg, respectively.

Bulls of foreign origin failed to improve the
protein content in milk of first-calf heifers of the
Red Steppe breed (— 0.06%), and in first-calf
heifers of the Black-and-White breed — bulls of
domestic origin (—0.02%).

According to the results of the highest lac-
tation, the maximum superiority of the daugh-
ters over their mothers in terms of milk yield
was observed in the cows of domestic breed by
792-1959 kg. In terms of protein content in milk,
only the daughters of the Black-and-White breed
surpassed their mothers by 0.10-0.11%.

The results of the influence of selection of the
bulls of different breeding to the pedigree stock
of different productivity levels are clearly pre-
sented in Fig. 1 and 2.

Positive difference "D-M" was shown by
those bulls, which worked as milk yield improv-
ers on the given herd.

All bulls of the foreign rootstock showed im-
proving qualities on milk yield of their daughters
of the Red Steppe breed (see Fig. 1). The bulls of
domestic rootstock worked as improvers only on
the Red Steppe breed breeding stock with milk
yield up to 7000 kg.

Apparently, for high-yielding cows (with
milk yields over 7000 kg), individual selection
of bulls with specific improving qualities was
not carried out, so that the high genetic potential
of these animals was not utilized to produce out-

Ta6a. 3. Pasanna nokaszareneil mpoayKTUBHOCTH jJouepeid u ux marepei («1-M») B 3aBUCHMOCTH OT

MIPOUCXOKICHUS OT OBIKOB Pa3HOMN CEIEKITUU

Table 3. The difference in productivity indicators of the daughters and their mothers («D-M») depending

on the origin of the bulls of different breeding

Bull fathers
Russian | Foreign
Indicator Improveable breeding stock
Red Steppe breed | Black-and-White | Red Steppe breed Black-and-White
First lactation (305 days)
Milk yield, kg +692 +653 +869 +1174
Fat content, % +0,09 +0,01 +0,11 +0,05
Milk fat quantity, kg +35,1 +26,9 +41,6 +52,2
Protein content, % +0,05 —0,02 —0,06 +0,11
Milk protein quantity, kg +26,1 +20,0 +25,1 +47,1
Highest lactation

Milk yield, kg +792 +1959 +672 +483
Fat content, % 0 0 +0,03 0
Milk fat quantity, kg +21,2 +78,4 +29.9 +23,1
Protein content, % 0 +0,11 -0,07 +0,10
Milk protein quantity, kg +16,9 +73,6 +17,1 +26,7
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Fig. 1. The difference "D—M" in the milk yield for the 1st lactation depending on the milk yield of the Red
Steppe breed mothers, kg

«D-M»
4000
| 3305 |
3500
3000 [2595]

2500 D

2000 M \ [1705|

1500 [2094] -, \\ [818]

1000

500 oyl m [12]

0 = \ Mothers' milk yield

30004000 4001-5000 5001-6000 6001-7000 7001—8000 8001‘—90&) 9001-10000
-500 =

~1000 - ~ o8
[-703]

—1500

Foreign bulls eseees Domestic bulls

Puc. 2. Paznuna «/I-M» 1o ya010 3a nepByIo JaKTalliio B 3aBUCUMOCTH OT Y105l MaTepeil uepHo-necTpoi
MIOPOJBL, KI

Fig. 2. The difference "D-M" in the milk yield for the 1st lactation depending on the milk yield of the
Black-and-White breed mothers, kg
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standing progeny.

Foreign breeding bulls of the Black-and-
White breed worked as improving breeders on
the pedigree stock when selecting sows with
milk yield up to 8000 kg, and the Russian bulls
—up to 7000 kg (see Fig. 2).

CONCLUSION

The effect of daughters' milk yield improve-
ment occurs only when the bulls of the Russian
selection are matched to the mothers with milk
yield up to 7000 kg. Foreign bulls for all cows of
the Red Steppe breed were improvers, for cows
of the Black-and-White breed — only with the
level of milk yield of 8000 kg. With increasing
productivity of mothers, the effect of using such
bulls decreases. Improving ability of stud bulls
with high genetic potential will be promoted by
individual selection of highly productive cows
to them with careful analysis of their genealogi-
cal affiliation.
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METOJ MAPAMETPUUECKOU ONTUMM3ALMU I'MJIPOCOOPYKEHUI
JIJIS1 OTPULATEJABHBIX TEMITEPATYP

Heiigeana E.B., Acmankun E.M., C<) Ymakos F0.A., UBanos I1.A., Kapraes U.1O., ®omun M.b.
Opernbypeckuii 20cy0apcmeenHblil azpapHslil YHugepcumem

OpenOypr, Poccus
C<De-mail: 1u6jlalS9@mail.ru

[IpencrasieH MeTOA ONTUMHU3AIMN KOHCTPYKIIMOHHO-TEOMETPHUUECKUX MTApaMEeTPOB € UCIIOIh30Ba-
HHEM «YIIPOLICHHOT0» MOAEINPOBAHUS MPOLIECCA OXIAXKICHNS BOBI. JIaHHBII METOI MTO3BOJISIET pe-
IIaTh BOIIPOCHI SKCIUTYaTallMOHHOM TEXHOJIOTHYHOCTH B aCTIEKTe CO3/IaHMs DHEPro- U pecypcochepe-
TaloIINX KOHCTPYKIMIA BOJOHAKOITMTEIFHBIX EMKOCTEH. B ricciieoBaHuy 1St Onpe/iesieHNs pa3MepoB
MOA3EMHOM M Ha/l3eMHON YacTeill BOJOHAKOUTEILHONW EMKOCTH MPUHST KPUTEPUH MUHUMAIILHOCTH
TCIUIOIIOTEPHL U COCTABJICHA MaTeMaTH4Y€CKasd MOICJIb TeHJIOO6MeHa BOJbI C TPYHTOM IIPU YCJIOBUHU €TI0
OZIHOPOIHOCTH M CTALIOHAPHOCTH TEIJIOBOTO PEXKMMA. YCTAaHOBJICHO COOTHOIIECHUE MEXIY BHICOTON
U paanycom HO}ISCMHOﬁ 4aCTu IMpU MUHUMAJIBHOCTH 3HAYCHUA KOB(b(bI/IHI/IeHTa Terionepeaadyn oT
BOZIBI K TPYHTY 4epe3 METAUTMYECKYIO CTeHKY. VIcTionp3ys ypaBHEHHE TEIUIOBOTO OajaHca, HalIeHo
aQHAJINTHYECKOE BBIPAKEHHUE, OTPEIEIIIONIee TEMITEPaTypy KHUIAKOCTH B HAJA3EMHOM 9acTH JUIsl JIF000-
ro MoMeHTa BpeMeHu. Ha ocHoBe Teopun nuddepeHInanbHOro HCYMCICHUS BBISIBICHO YCIOBUE MU-
HUMAaJIbHOCTH TeMIIa OXJIQKJCHUS BOJBI, OTAAIOUICH TEIUIO Yepe3 OOKOBbIE CTEHKH B OKPY’KaIOIIYIO
Cpe/ly W BO3AYIIHOE MPOCTPAHCTBO IMOJ] KPBIIIEH EMKOCTH, YTO CIENIAI0 BO3MOKHOH ONTHMH3AIIHIO
pa3MepoB ee Ha3eMHOi yacTu. OnpezeneHa B3auMOCBI3b paanyca n 001mero odbemMa BOIOHAIOPHOH
€MKOCTH JUISl CPEJHECTATHCTHYECKUX 3HAYCHUH TeMITepaTyphbl OKPYKaIOIIei Cpeibl 1 CKOPOCTH BET-
pa, 3aperucTpUPOBAHHBIX B PErHOHE MPOBEICHUS HCCIeoOBaHuil. Pa3paboTaHHBIN alropuT™M MeToIa
«YIPOLICHHOT0» MOACIHPOBAHUS U €T0 MPEACTaBICHHE B BUIEC OJIOK-CXEMbI MOTYT OBITh peajin30Ba-
HBI NIpH HU(POBU3ALNN PACUETHO-AHATUTHYECKUX MPOLEAYP AJI TT0A00pa KOHCTPYKIIMOHHO-TeOMe-
TPUUECKHX MapaMeTPOB €MKOCTH 0 KPUTEPHUI0O MUHUMYyMa TEIUIOBBIX MOTeph. I padudecku npowni-
JTIOCTPUPOBAHBI (DYHKITMH pagdyca M BBICOTHI MTOI3EMHOM, a TakKe HAI3EMHON 9acTe eMKOCTH OT
aprymMeHTa ee obmiero oobema.

KroueBble ciioBa: BOIOHAKONUTEIbHAS €MKOCTb, 3arTyOJIeHHE, OXJIaXKICHUE, MOICIUPOBAHNE,
ONITUMM3ALIUS

METHOD OF PARAMETRIC OPTIMIZATION OF HYDRAULIC STRUCTURES
FOR SUBZERO TEMPERATURES

Neifel'd E.V., Asmankin E.M., ©<)Ushakov Yu.A., Ivanov P.A., Kargaev 1.Yu., Fomin M.B.
Orenburg State Agrarian University

Orenburg, Russia
C<De-mail: 1u6jlal5S9@mail.ru

A method for optimizing design and geometric parameters using a "simplified" simulation of the
water-cooling process is presented. This method allows solving the issues of operational manufactur-
ability in the aspect of creating energy- and resource-saving constructions of water storage tanks. In
the study to determine the size of underground and above-ground parts of the water storage tank the
criterion of heat loss minimization is accepted and the mathematical model of water heat exchange
with the ground under the condition of its homogeneity and stationarity of the thermal regime is
compiled. The relationship between the height and the radius of the underground part at the minimum
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Method of parametric optimization of hydraulic structures
for subzero temperatures

Neifel'd E.V., Asmankin E.M., Ushakov Yu.A.,
Ivanov P.A., Kargaev I.Yu., Fomin M.B.

value of the heat transfer coefficient from water to the ground through the metal wall is established.
Using the heat balance equation, an analytical expression is found that determines the aboveground
fluid temperature for any instant of time. On the basis of the theory of differential calculus the condi-
tion of minimality of the cooling rate of water, which gives up heat through the side walls to the envi-
ronment and air space under the roof of the vessel, was revealed, which made possible to optimize the
size of its above-ground part. The relationship of the radius and the total volume of the water holding
capacity was determined for the average values of ambient temperature and wind speed recorded in
the region of the research. The developed algorithm of the method of "simplified" modeling and its
representation in the form of a block diagram can be implemented at digitalization of calculation-an-
alytical procedures for selection of structural and geometrical parameters of the vessel according to
the criterion of minimum heat losses. The functions of the radius and the height of the underground
and above-ground parts of the vessel from the argument of its total volume are graphically illustrated.

Keywords: water storage capacity, deepening, cooling, modeling, optimization
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INTRODUCTION

Water consumption by production and tech-
nological facilities of the agro-industrial com-
plex during a day is characterized by extreme ir-
regularity [1, 2]. In this regard, it is advisable to
use permanently filled water storage tanks when
operating hydraulic structures. These tanks cre-
ate a stable head in water distribution networks
and perform the function of compensation of
daily discreteness of water consumption regime
regardless of the periods of negative ambient
temperatures, during which the formation of ice
with subsequent destruction of both the tanks
and water flow control mechanisms is possible.
The relevance of this provision is confirmed by
the practice of operation of water storage tanks
in winter at critically low air temperatures (-25
°C), when regular renewal and mixing of the ac-
cumulated water mass is necessary to avoid ic-
ing and failure of the hydraulic structure'. How-
ever, during night hours, the period of "zero"

flow rate is not excluded, which leads to water
freezing and, as a consequence, to disruption of
water supply.

At present, water storage hydraulic structures
are still being improved, especially in the as-
pect of preventing intra-volume ice formation.
The proposed improved design solutions? [3] are
original and interesting, but the issue of oper-
ational manufacturability, hence, and econom-
ic efficiency in most cases remains open. This
represents a serious obstacle to the introduction
of new technical systems in water supply tech-
nologies [4-9]. In this regard, at present, design-
ers are particularly interested in energy- and re-
source-saving ways of realizing heat exchange
processes in the development of mechanisms
and devices for water supply systems [10—12].

One of the approaches to energy saving is
partial burial of the water storage tank into the
supporting ground?® [13], since it is a reliable fact
that the presence of the underground part of the

'Shatalina I.N., Tregub G.A. Ice problems of construction and operation of hydraulic structures monograph. SPb.: VNIIG, 2013, 451 p.
2Pat. No. 2446262C2 Russian Federation, IPC E 04 H 12/30 (2006.01) / V.G. Petko, A.B. Ryazanov. Water tower; No. 2010111539;

applied 25.03.2010; publ. 27.03.2012.

3Asmankin E., Ushakov Yu., Shakhov V., Kargaev I, Neifeld E. Experience and Prospects for the Development of Water Pressure
Tanks // AIP Conference Proceedings ICMTMTE 2021: AIP Publishing, USA, 2022, 7 p.
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tank due to the reduction of the water-cooling
rate will contribute to the increase of its resis-
tance to icing.

The analysis of theoretical studies has shown
that the issue of dimensional characteristics of
the underground and aboveground parts of a hy-
draulic structure has not been recently actualized
as a research issue. In this connection, there are
no methods for calculating the relevant design
parameters, but the essence of practical necessity
and theoretical value of providing ice resistance
of water storage tanks is a motivating impulse to
create the basis for the theoretical base of design
works in this direction.

The purpose of the research is to substantiate
the method of optimizing the design and geomet-
ric characteristics of buried water storage tanks
with the function of minimizing heat losses during
periods of negative ambient air temperatures.

The analysis is based on a fragment of the op-
erating condition of a cylindrical tank with struc-
tural and geometric parameters, on the basis of
which modeling of the water-cooling process for
the minimum heat loss mode was carried out.

MATERIAL AND METHODS

In the proposed method, a differentiated
analysis of the above-ground and underground
parts of the tower, which are cylindrical-shaped
vessels, i1s assumed to take into account the in-
fluence of thermophysical parameters of the
underground part of the hydraulic structure on
the overall functional scheme of heat exchange
(see Fig. 1).

The procedure of mathematical modeling of
the heat exchange process between water and
soil in the underground part of the tank is based
on the following assumptions:

— the ground mass around the vessel is homo-
geneous and its temperature field is stationary;

— temperature change from the ground sur-
face to the base level of the underground part
will be assumed to be equal to average statistical
values determined by climatological tables of
the region under consideration®.

Puc. 1. PacyeTHas cxeMa i BOOOHAKOITUTEILHOU
€MKOCTH HEBBICOTHOI'O THIIA C HAJI3€MHOM U I10]I-
3€MHO YaCTSIMH THIPOCOOPYKESHHUS

Fig.1. Calculation scheme for a low-rise water stor-
age tank with above-ground and underground parts
of a hydraulic structure

Due to the instability of the temperature state
of the ground at a shallow depth, especially in
winter, the criterion of optimality of the under-
ground part can be considered as preservation of
the maximum temperature level of water in it:
its optimal dimensions should correspond to the
condition of minimum value of the heat transfer
coefficient between water and ground.

If the underground part of the vessel is repre-
sented as a vertical cylinder in a semi-confined
massif, then in this case the heat transfer coeffi-
cient is calculated according to the formula’ (see
Fig. 1)

2h,

k, =2mh) /ln =, (1)

where krp — heat transfer coefficient of the un-
derground part of the vessel, W/(m? - °C); hi —
height of the underground cylinder, m; Agr —
heat conductivity coefficient of the ground,
W/(m - °C); Rn —radius of the underground cyl-
inder, m.

*Volkov M.M., Mikheev A.L., Konev K.A. Handbook of the gas industry worker: monograph. Moscow: Nedra, 1989, 144 p.
SKutateladze S.S. Fundamentals of the theory of heat transfer. M.: Nauka, 1970, 660 p.
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Equality (1) should be considered as a de-
pendence of the heat transfer coefficient on the
height of the underground cylinder with other
parameters being constant. As a result of differ-
entiation of this function, the condition of mini-
mality of the coefficient krp is determined:

¥ 2nh N, |
L) = =
In —*
RI'I
2h, R 2
) 27[7%13 -In n —27I:hn7\,rp . 2h, R—n )
- 12 2 Bl
Rn
2nkrp(ln 2Rh“ —IJ
- n . (2)
n> 2h,
R

According to the necessary condition of ex-
tremum by means of mathematical operations
the stationary point is determined:

Inh /R)-1=0,T.e. h, =eR. /2, (3)

when passing through which the sign of the de-
rivative changes from minus to plus.

Consequently, the function krp(hm) reaches a
minimum, and the obtained ratio makes it pos-
sible to optimize the dimensions of the under-
ground part of the hydraulic structure.

For the analysis of the above-ground part
of a hydraulic structure, the method involves
working with its simplified formalization mod-
el, where the following conditions are assumed
(see Fig. 1):

— the tank walls are only a heat transfer medi-
um and do not participate in the cooling process
with their heat content;

— heat flow through the bottom base of the
above-ground part is not taken into account due
to the stable temperature state of the separating
layer;

— the cooled surface area F of the above-
ground part is the sum of the side surface area
of the cylinder F1 and the area of the circle F2
(see Fig. 1).

For realization of calculation and analytical
procedures of the thermal state of a functioning
tank it is necessary to operate with temperature
indices of water at any moment of time. The
proposed method involves the construction of a
mathematical model of the water cooling process
in the tank, which is based on the heat balance
equation of the functional system under study,
expressing the law of conservation and transfor-
mation of energy. During modeling, it was taken
into account that the change in the heat content
of water in the aboveground part of the tank oc-
curs due to heat outflow through the side walls
and air space under the roof of the tank, which
is a consequence of convective heat exchange
between water and air in conjunction with heat
consumption for evaporation.

Accordingly, the heat balance equation will
be as follows

AQ=-0,. 9~ 0. 4
where AQ is the change of heat content of the
above-ground part of water at temperature
change by the value dT, J; Qbok is the absolute
value of heat outflow from water to air through
the side walls of the tank for the time interval
dt, J; Qk is the heat given off in the process of
convective heat exchange with air for dt, J; Qi is
the heat of water evaporation into the air space
under the roof of the tank for the same time in-
terval dt, J.

Further investigation is aimed at determin-
ing the temperature of water in the tank for any
moment of operation time, but in this case, it is
necessary to consider the components of the heat
balance.

In the left part of the equality (4), the calcula-
tion of the change in the intrinsic heat of water is
performed by the formula

)

where Vn — water volume of the above-ground
part of the tank, m*; ¢ — heat capacity of water, J/
(kg - °C); p — density of water, kg/m°.

The right side of the equation (4) calculates
the amount of the heat released from water to air
through the separating solid wall::

AQ =V pcdT»
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Ooor = (6)

where kBo3n — heat transfer coefficient through
the side walls of the above-ground part of the
tank, W/(m? - °C); F1 — area of the side surface of
the above-ground part of the tank, m?*; T — water
temperature at a given time, °C; Tcp — ambient
temperature, °C; t — time, s.

Based on the Newton's empirical law on the
magnitude of convective heat transfer between
the water surface and air, the equality was intro-
duced into the calculation and analytical algo-
rithm of the proposed method

F(T~T,)dt,

B03Z[

0, = oF,(T'~T,)dr. (7
where o — heat transfer coefficient from water
surface to air in the air space zone due to convec-
tion, W/(m? — °C); F2 — water surface area under
the tank roof, m?; Tc — air temperature above the
water surface in the tank, which is assumed to be
equal to the average between ambient and tank
water temperatures, °C.

As a result of algebraic transformations, tak-
ing into account the condition for Tc, the equa-
tion follows

O, =aF,(I'~1,)dt =
T+T7, T-T,
=aF2(T— ZCPJdtzan( 2°"

o

sz

characterizing convective heat exchange.

According to the proposed method, although
it is allowed to calculate the heat input for evap-
oration by empirical formulas, but since the
amount of heat given up for evaporation de-
pends on the same factors as for convective heat
exchange®, in the approximate model it can be
assumed and considered that Qu ~ Qk.

Thus, the heat balance equation of the above-
ground part of the vessel takes the following
form

(8)

V. pcdT =

F(T- T, )dt. (9)

BOSI[

p)dt—z-%Fz(T—

After algebraic simplification the equation
(9) 1s reduced to the form

F+ab, (T -T,)dt =V, pcdT. (10)

Equation (10) is a differential with separable
variables (time t is an argument, T is a time-de-
pendent function), which after their separation is
transformed into the equality Integration of both
parts (11)

( BO3I

dT ( Bo311F + aFZ)dt . (11)

r-1, V,pe

Integration of both parts (11)
J- ar J-(kBmF + oF, )dt (12)

Vape
finally gives the equation
k... I +aF,

|77, [ === —24C. (13)

¥ V.pc

To unambiguously determine the dependence
between the above variables, it is necessary to set
the initial conditions. If at the initial moment of
time the water temperature in the above-ground
part of the hydraulic structure was everywhere
the same and equal to TO, 1.e. att =0

T = TO, then further the integration constant
C = In|TO - Tcp| can be determined and after
transformations by the property of logarithms
the equality takes the form

T
"6,

k F+aF

BO3J

14
V pe (14)

Potentiation of both parts of equality (14)
gives the ratio

(o Fi+oF5 )t
cpVy s

+(Z)_Tcp)'e (15)

allowing to determine the temperature T of
water at any moment of time.

r=1,

The obtained dependence between the tem-
perature of water in the above-ground part of

*Gotlib Ya.L., Zhidkikh V.M., Sokolnikov N.M. Thermal regime of reservoirs of hydroelectric power plants. L.: Gidrometeoizdat,

1976, 204 p.
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the vessel and the ambient temperatures, as
well as water at the initial moment of time, heat
transfer and heat transfer coefficients, cylin-
der dimensions and cooling time allows us to
set the condition of thermal losses minimiza-
tion. In this case, the time interval of zero con-
sumption t, heat capacity and density of water
should be considered as constant values. In this

cace the minimum corresponds to the fraction
k.. F, +ok,

BO3X 1

. According to the known formulas,
for tﬁ/é area of the side surface of the cylinder
F, =2nRh ,
F,=nR’ and the volume of the cylindrical
body y, =z, h,

follows

the area of the "mirror" of water

the relation is formalized as

BO3JT
VH
Kooy - 20R , + 0 TR,
R h,
— 2kBo311 +£= 2k BO3J( (1 TERH (16)
R, h, R, Ve

As a rule, technical conditions specify a con-
stant value of the volume of the above-ground
part of the cylinder Vn, therefore, it can be stated
that expression (16) depends only on one vari-
able — the radius of the cylinder, the determina-
tion of which is one of the tasks of the optimiza-
tion process.

The result of the further solution of the math-
ematical problem of finding the extremum of a
function using the derivative

k F+aF

Ky + O, _ 2k, Lo 2nR, _
v, R’ v,
3
— 2(“ : TCRH B03£[ H) (17)
V.R’

is the expression which is equated to zero for
finding the stationary points

o-nR -k, .V, =0,

BO3I

T.€. R, = V, /(am) . (13)

BO31

Taking into account the ratio between the
volume and height of the above-ground part of
the water storage tank, the following equation is
obtained

(19)

determining its optimal dimensions while
minimizing heat losses.

In the absence of additional conditions, a re-
lationship shall be established between the total
volume of the vessel and the radius of the above-
ground portion of the vessel.

It is clear that the total volume of the wa-
ter tower is the sum of the volumes of its abo-
veground VH and underground Vi parts

h,=R.alk

BO3T °

V=V+V,. (20)

In order to create a structure with minimum
thermal losses in design calculations, the equa-
tions (3) and (22) are taken into account, as well
as the formula for the volume of the cylinder,
allowing to formalize the ratio at a given total

volume:
V= nth + nth =

=R R, R

BO3Z

- TRy

BO3Z

To build a simplified model of the cooling
process of a hydraulic structure, Ru = R is as-
sumed. Then

1)

o
V=R 4R =
kBOSI[ Rﬂ
] &g - mCat ko )Ry ()
kBOSI[ 2 2k1303;(

The final desired result is represented by the
formula

2k, V

BO3]T

n(2a+e

R =3 (23)

BOSL[)

which is the quintessence of the method with the
use of a simplified functional model in determin-
ing as well as further optimization of parametric
characteristics (in the presented variant radius
Ro6mr = Ru = Rm) of a cylindrical hydraulic
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structure tank under the given technical condi-
tions of its manufacturing material and design
volume for the actually established temperature
parameters of the ambient air.

RESULTS AND DISCUSSION

As one of the technological options, the de-
sign and mode initial parameters for calculating
the optimal dimensions of water storage tank
type are as follows:

— total vessel volume V = 10 m?;

— minimum of mean temperature for the cold-
est winter month Tav.min = —19.3 °C and mean
winter wind speed v = 3.1 m/s recorded in the
region under consideration;

— initial water temperature TO = 4 °C;

— vessel steel wall thickness 6 = 0,005 m and
steel thermal conductivity coefficient A = 47 W/
(m - °C).

The proposed method, which allows to deter-
mine the optimal radius and heights of the un-
derground and above-ground parts of the vessel
of a given volume, is represented by the follow-
ing algorithm of actions.

1. For practical realization of the method it is
necessary to find the value of the heat transfer
coefficient according to the environmental pa-
rameters and thermophysical characteristics of
the metal vessel. Since the water tank is thin-
walled, for its determination the calculation is
carried out as for a flat wall according to the for-

mula’
kBo3n:1/(i+§+ ! ]

a A oa,

24)

where al is the heat transfer coefficient from
water to the wall, W/(m? - °C); & is the thickness
of the tank wall, m; A is the thermal conductivity
coefficient of the steel wall, W/(m - °C); a2 is the
heat transfer coefficient from the wall to the air
due to free convection, W/(m? - °C).

Considering the range of possible values, the
study assumes ol = 500 W/(m? - °C).

In the presence of wind, the heat transfer co-
efficient from the metal wall to the air is deter-
mined by the empirical relationship®:

@, =56+4-v, (25)

where v — wind speed, m/s.

In this connection, the formula for calculat-
ing the heat transfer coefficient through the side
walls, taking into account the wind, takes the
following form

kmfl/[ ! +6+ !

Lo L) e
500 A S5.6+4-v

according to which the value of kso3n = 17.34
W/(m? - °C) was found for the initial parameters.
2. Due to the impossibility of selecting an
empirical formula based on the experiment, it
is considered reasonable to calculate the heat
transfer coefficient a using the formula for free
convection of air along horizontal surfaces’

a=215-41,-T,, (27)

where TO — initial temperature of water in the
tank, °C; Tc = (TO + Tcp)/2 — air temperature
above the water surface, °C.

With the given initial data, the value of the
heat transfer coefficient from the water surface
to the air in the airspace zone is o =~ 3.97 W/ (m?
- °C).

3. The radius of the underground and abo-
veground parts of the vessel is determined by
the formula (23):

Ru=Rn~=1,26 m.

4. As a result of the calculation, the height of
the underground part was: hn = 1,71 m.

5. The volume of the underground part of the
hydraulic structure is calculated: Vi = 8,56 m>.

6. The volume of the above-ground part is de-
finedas VE=V - Vo = 1,44 m>.

7. The height of the above-ground part of the
vessel is calculated by the formula (19) hu =
2,29 m.

"Isachenko V.P, Osipova V.A., Sukomel A.S. Heat Transfer. Textbook for universities. Ed. 3rd, revised and supplement. M.:

Energia, 1975, 488 p.

8Kuhling H. Reference book on physics: transl. from German, E.M. Leikin, 2nd ed. M.: Mir, 1985, 520 p.
*Machinsky A.D. Heat Transfer in Construction. M.: GOSSTROYIZDAT, 1939, 343 p.
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Thus, the given example of the proposed
variant demonstrates a characteristic ratio of the
heights of the aboveground (0.29 m) and under-
ground (1.71 m) parts of water storage tanks to
ensure protection from ice formation in case of
"zero" water consumption mode by technologi-
cal facilities. Such redistribution of water mass
is economically justified in the aspect of energy
saving using geothermal energy, but the lability
of the temperature characteristics of the environ-
ment leads to the need to implement automat-
ic control systems of water storage taking into
account the reduction or increase of the risk of
freezing and destruction of hydraulic structures.
It is about operative change of the liquid volume
ratio in the above-ground and underground parts
of the water storage tank with the possibility of
filling the maximum volume, but with complete
blocking of the ice formation process in its in-
ternal cavity. Creation of the control programs
for such systems may well be based on the cal-
culation algorithms developed by the method of
"simplified" modeling (see Fig. 2).

In accordance with the initial parameters for
the given example, the software visualization
potential is quite sufficient to represent the de-
pendence of the radius of the cylindrical ves-
sel (see Fig. 3, a), as well as the heights of the
underground (see Fig. 3, b) and above-ground
parts (see Fig. 3, c¢) of the hydraulic structure on
the given volume at the given values of ambient
temperature and wind velocity.

Y

However, this method also allows to obtain
similar dependencies for other types of water
towers, velocities and ambient air temperatures.
Fig. 4 shows the graphs for the radii of the water
storage tank at the change of wind speed in the
range of three values of the interval of the inves-
tigated ambient temperatures.

CONCLUSION

As a result of the conducted research, a meth-
od is proposed, the peculiarity of which is the
optimization of structural and geometric pa-
rameters of water storage tanks with the use of
"simplified" mathematical models designed to
analyze the conditions of homogeneity and sta-
tionarity of the temperature fields of the environ-
ment, as well as the supporting soils in contact
with the underground part of the tank.

Despite the fact that the issues of precision
are not a priority in the design of hydraulic struc-
tures with water storage tanks, the proposed
method can be developed in the aspect of digita-
lization of the process of selection of tank sizes
for specific volumes of accumulated liquid, ther-
mophysical parameters of structural elements,
ambient temperature, and wind speed. Selection
of the optimal size ratio of the functional ele-
ments of the hydraulic structure will allow the
technological object, effectively utilizing the
geothermal energy of the supporting soils, not
only to operate in the energy-saving mode, but

2

Vo0, Topaun To> 8, 0 R =R = | Kuod” V.=V -V,
1 nQa+ek,, ) v -
kBO3 = v hH :RH .
8 L §+71 h — ﬁ BO3J
500 }\. 5)64—4.0 it 2 "

v

a=2154/T, =T o

W

Puc. 2. brok-cxema anropuTMa «yIpoIIeHHON» MOIETH pacieTHO-aHATHUTHIECKOTO

rpouecca s MoA3eMHON U HaJI3eMHOM YacTell BOJOHAKOIIUTENbHON EMKOCTH

Fig. 2. Block diagram of the algorithm of the "simplified" model of the calculation and analytical process
for the underground and aboveground parts of the water storage tank
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ee o01ero oobemMa, pacCYMTaHHBIe 0 MUHUMAIIEHOCTH TETUIOBBIX ITOTEPh

Fig. 3. Structural and geometric parameters of the water storage tank depending on its total volume and

calculated by the minimum heat loss

g 1294 -
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21,289 ;;;,
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Puc. 4. 3aBUCHMOCTH pajiyca BOJIOHAKOIHUTEIHHON
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MBIX 3HAYEHUH TEMIIEPATYP OKPYKAIOIIEH cpebl

Fig. 4. Dependence of the radius of the water stor-
age capacity on the wind speed in the range of the
studied values of ambient temperatures

also to save material resources, since this meth-
od involves, first of all, the creation of water
storage tanks of low-height type with nominal
pressure characteristics for domestic and indus-
trial water consumption.

In the future, the possibility of developing the
calculation and analytical process to create pro-
grams for the dimensioning of hydraulic struc-
tures in the declared technological spaces of pro-
duction facilities is not excluded.
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HALIN FOBUJIAPBI
OUR JUBILJARS

HUKOJIAIO UBAHOBHUYY KAINIEBAPOBY-70 JIET

JlokTOpy CenbCKOX03HCTBEHHBIX HAyK, akafeMuKy PAH, npodeccopy, 3aciaykeHHOMY JesTeNto
Hayku Poccuiickoit Denepannu, pyKOBOIUTEIIO HayYHOTo HarpasieHuss CHOMPCKOTO Hay4HO-HUC-
CJIEIOBATEIbCKOI0 MHCTUTYTa KOPMOB, U3BECTHOMY YYEHOMY B 00JacTH KOPMOIIPOM3BOJCTBA U
pactenueBonctsa Hukonaro MBanosuuy Kamesaposy 3 ssHBaps 2024 r. ucnonsumiocs 70 Jiet.

Hukonait IBanoBuy pomwiics B ¢. ArncuMoBka Kapacykckoro paitona HoBocuOupckoit o6ma-
ctu. [lociie okoHuaHust arpoHOMHYECKOTO (hakynpreTa HOBOCHOMPCKOTO CEbCKOXO3SIMCTBEHHOTO
MHCTUTYTa Havyas TpyaoBylo AesrenabHocTh B CuOHWMU xopMoB, re mpoiien Bce CTyIeHN Kapbep-
HOTO pocta, ¢ 1993 mo 2023 r. 611 TUpEeKTOpOoM 3Toro HHCTUTYTA. B 2001-2005 rT. paboTan oxHo-
BPEMEHHO INIABHBIM Y4Y€HBIM cekpeTapem, B 20052012 rr. — nepBbIM 3aMECTUTENIEM MIPEACeaaTeNs
Cubupckoro otaenenus Poccenbxo3akaieMun.

B 1983 . H.M. KameBapoB 3amuTii KaHIWAATCKy0 auccepranuio, B 1993 . — nokropckyto, B
1997 1. u3bpan wieHom-koppecnonaeHToM, B 2005 1. — akagemukom Poccenbxo3zakagemun. B 2005 1.
eMy MpHUCBOEHO 3BaHMe npodeccopa, B 2008 1. — 3BaHME «3aCITyKEHHBIH Aearesb Hayku PDy.

Hayunast nesrensHocts Huxonas MiBaHoBMYA MOCBAIIEHA PELIEHUIO TEOPETUUECKUX U METOU-
YECKUX HampaBiIeHUH (yHKIHOHUPOBAHUS OTPaciii KOPMOIPOU3BOJCTBA, pa3paboTKe MpaKTHye-
CKUX BOIIPOCOB MAaKCHMAaJIbHOW peayin3aluy OHOJOTMYeCKOro MOTeHIMajga KOPMOBBIX KYJIBTYp B
Cubmupu.

H.N. KameBapoB BHEC 3HAUUTENLHBIN BKJIAJl B pa3pabOTKy TEOPETHUECKUX BOMIPOCOB POJIU U
3HAUUMOCTU KOPMOIIPOU3BO/ICTBA B CUCTEME JIaHIIA()THOTO 3eMIIeeNus], IPUHLIUIIOB pa3Melle-
HUS OTPACII 110 arpOKIMMAaTHYeCKUM 30HaM peruoHa. [lox ero pykoBoacTBoM B ycioBusix Cubup-
CKOT'O PETMOHA MPOBEICHBI KOMITJIEKCHBIE UCCIIEIOBAHUS 110 BO3/IEIBIBAHUIO PA3IMYHBIX IO CKOPO-
CHENIOCTH THOPUAOB KYKYpy3bl, 000CHOBAaHA U B 3HAUYUTEIBHOMN CTENIEHN peajan30BaHa B IPOU3BO/I-
ctBe 3(h(heKTUBHASI CHCTEMa KOPMOIIPOU3BO/ICTBA, 00ECIIEUNBAIOIIAs! MTOBBIIICHUE YPPEKTUBHOCTH
orpaciu B 1,5-2,0 pa3za.

Huxkonaem MBaHOBHYEM COBMECTHO C KOJUIETaMM IPOBEIEHBI OOIIMPHbIE HAyYHbIE U TPOU3BO/I-
CTBEHHBIE 3KCIIEPUMEHTHI IO COBEPLICHHO HOBOMY is 3anaaHoii CuOupyu HampaBIIeHUIO — a/ian-
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HALTN OBUJIAIPHI

TAl[MM COU CHUOMPCKOM CEJEKIMU B KauecTBE 3epHOO000BOI M KOPMOBOI1 KyJbTYpHl, pazpaboTaHa
TEXHOJIOTHS BO3JENBIBAHUS M PEKOMEH/IOBaHA CHCTEMa 3alIMThl KOPMOBBIX 0000B. IIpoBomuTcs
UHTPOLYKIHS HOBBIX A1 CUOUPH KyIbTYP.

H.. KameBapoBbIM c03/1aHa M YCIIEUTHO (PYHKIIMOHUPYET Hay4yHasl IIKOJIA MO MOJTrOTOBKE Kal-
POB BBICIIEH KBaTU(HUKAIMH, TII€ €T0 YYSHUKH YCIIEITHO TTOATOTOBWIIN U 3aIIUTHIN Oojee 15 kaH-
TUIATCKUX W JOKTOPCKUX aucceptanuii. Mim omybnukoBaHo Oosee 280 HaydHBIX padOT, B TOM
qucyie JIMYHO U B coaBTOpcTBe 17 MOHOrpaduii, momyueHo 10 aBTOpCKUX CBHIETENLCTB Ha COpTa
KOPMOBBIX pacTeHHid. B Hay4HBIX Tpynax oTpa)keHa PoJib OCHOBHBIX 00pabOTOK MOYBHI, IPUEMOB
yXoJ1a 3a TT0CeBaMH, OOJIBIIIOT0 HAOOpa MOYBEHHBIX TEPOMIINIOB, BUIOB, 103 M CIIOCOOOB BHECEHUS
MUHEpaJIbHBIX y100peHUH, TYCTOThI CTOSIHUS, CPOKOB IOCEBA U YOOPKH, ONPEIEISIOIUX ypoXKaii-
HOCTb ITOCEBOB, SKOHOMHUYECKYIO U OMOIHEPreTHYECKYI0 IPPEKTUBHOCTH CUIIOCHBIX KYIIBTYD.

Hukonaem VBaHOBHYEM BIIEPBBIE B YCIOBUAX PETMOHA IIPOBEACHBI KOMIUIEKCHBIE UCCIIEN0BA-
HUS 110 BO3/I€JIBIBAHUIO B €IMHOM arpolieH03€ pa3IMYHbIX IO CKOPOCHENIOCTH THOPUAOB KYKYpPY3bl
C LIEJIbIO MOBBIILIEHUS] YCTOMYMBOCTH IIOCEBOB K YCIIOBUSIM IIPOU3PACTAHNUS U TIOBBIIIIEHHS KaueCTBa
CBIPbsI, & TAK)XKE YIBTPApaHHECIENIbIX THOPUIOB C BBICOKOOEIKOBBIMU KyNbTypaMu. HayuHsle Tpy-
JIbl YYEHOTO SIBJISIFOTCSI BECOMBIM BKJIAZIOM B pa3BUTHE padOT MO PaCTEHUEBOJCTBY U KOPMOIPO-
n3BONCTBY B CHOMPCKOM pernuoHe M MMEIOT CYIIECTBEHHOE HAayYHOE M HApOTHOXO3SHCTBEHHOE
3HA4YCHHUE.

H.N. KameBapos sBisieTCss KypaTOpoOM COBMECTHBIX HUCCIIEIOBAHUM 110 KOPMOIPOU3BOJACTBY U
pacTeHUEBOACTBY C HayYHbIMU yupexaeHusamu Kuras, bonrapuu, benapycu, Ykpaunsl, Kazaxcra-
Ha ¥ MoOHronmu, pyKoBOOUT KOOPAMHALMEN HAy4YHBIX HCCIIECIOBAHUN, TPOBOJAUMBIX HAyYHBIMU Y-
pexxnenusmMu Cubupu.

B xauecTBe Bule-npe3nieHTa 1 uieHa npesuanyma Cudupckoro oraenenus Poccuniickoil akaze-
Mmuu Hayk Huxonait IBanoBuY BeneT 00:1b11yI0 paboTy MO COBEPIIEHCTBOBAHUIO HAyYHO-UCCIIEA0-
BaTEJIbLCKOM A€ATEIbHOCTH HayYHbIX YupexaeHui Cudupckoro peruona. B 1995-2012 rr. Huxonaii
VBaHOBUY pyKOBOJMIJI CHELMATU3UPOBAHHBIM COBETOM IO 3aIUTE JOKTOPCKUX M KaHAWJIATCKUX
JUCCEpTalUi MO0 TPEM CIIEHHAIbHOCTAM. B HacTosIiee BpeMs OH WIEH PEAKOJUIETHH JKypPHAJIOB
«BectHuk Poccenbxo3akagemuny, «KopmonponsBoactso» 1 «CHOMPCKHUIA BECTHUK CEJIbCKOXO035H-
CTBEHHOM HayKW».

Hayunsie noctmxenus Hukonas MiBaHoBHYa OTMEUYEHBI TOCYIapCTBEHHBIMU HarpagaMu. OH Ka-
BaJiep MeJaiu opAeHa «3a 3aciyru nepes OreuectsoMm Il crenenny, HarpakKJaeH 30J10THIM 3HAKOM
«OO01mecTBeHHOE PU3HAHKUEY», Menaibio «3a cinyxenne Kysdaccy», MoYeTHBIMH TpaMOTaMH pas3-
JIMYHOTO YPOBHS.

Konnextus Cu6HUUN xopmo COHIIA PAH cepaeuno nozapasnser Hukonas MBaHoBuua co
3HAMEHATEJIbHOM JaToM, JKelaeT eMy KpPEIKOro 3/10pOBbs, CEMEMHOTO OJIarornoixy4usi 1 HOBBIX Ha-
YYHBIX JI0CTHKCHUH.
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HAMATH YYEHOI' O
IN COMMEMORATION OF SCIENTIST

WBAH MUXAWJTOBUY MUTYHOB

Komnnextus Cubupckoro ¢enepaibHOro HayyHoro LeHrpa arpoouorexsonoruit PAH u ero ¢u-
nuan HayuHo-uccrnenoBaTenbcKuii HHCTUTYT BeTepuHapun Bocrounoit Cubupu ¢ mpuckoporem
COOOMIAIOT, YTO Ha 91-M rojy yuien u3 *U3HHU 3aMevaTeIbHbIN YeT0OBEK, U3BECTHBIN YUEeHBIN, JOK-
TOp BETEPUHAPHBIX HAyK, 3aciykeHHbII BeTepuHapHbiil Bpad PCOCP, Ilouetnslii rpaxxanus Yu-
TUHCKOM oOnactu MiBan MuxaiimoBud MUryHos.

WBan Muxaiinosud poauics 29 oktsiops 1933 1. B ¢. Bepxuss Kysnra Cperenckoro paiiona Yu-
TUHCKOW 00J71acTH B ceMbe KpecThsHuHA. B 1949 1. okoHumn 7 kiaaccoB U noctynui B MpKyTCKuii
CEJIbCKOXO3SMICTBEHHBIM TEXHUKYM Ha BETEPUHAPHOE OTHAEJIECHUE, KOTOPOE C OTIMYMEM OKOHYMII B
1953 1. C 1953 no 1954 1. paGotain BeTdenpamepoM YIIOHCKOTO BETEPHHAPHOTO yJacTKka bapry3un-
ckoro paiiona bBypsitckoit ACCP. B 1959 1. ¢ omnimunem okoHYMII BeTepuHapHbIi GakynasreT bypst-
CKOTO ceNbcKoxo3siiicTBeHHOro HHCTHTYTA. C 1959 mo 1960 1. paGoTan BETBpavoM-31H300TOIIOTOM
ATHHCKOH OKpYXHOU BeTepuHapHOi naboparopun. B 1962 1. OKOHYHI KypCHI MTOBBIIIEHHS KBAJIU-
¢buxauuu npu Jlenunrpaackom BerepuHapHoM uHcTUTyTe. C 1960 1o 1973 1. — nupexTop AruHckoin
OKpykHOU BeTiaboparopuu. B 1971 1. Obu1 HarpaxkaeH opaeHoM «3Hak modetay. B 1972 1. 6e3 ort-
PpBIBa OT MPOU3BOCTBA OKOHYMJI 3a04HYt0 actiupanTypy npu BHUVBBC (Mocksa) u 3amurnn KaH-
nunarckyro apuccepranuio. C 1973 . — 3aBenyromuii 1abopatopueil napaszutonorun Hayuno-uccie-
JIOBATEILCKOTO MHCTUTYTA BeTepuHapuu Boctounoit Cubupu, 3amMmecTutesh 1upekTopa YuTHHCKOTO
¢unmana MaCTUTYTA SKCTIepuMeHTanbHON BetepuHapun Cubupu u lansaero Boctoka Cubupckoro
otaenenust BACXHIJIL. C 1974 r. .M. MuryHoB OblJ1 wieHOM KoopAuHaIMoHHOro coBera CO BA-
CXHWMJI no Berepunapuu. B 1980 r. UBany MuxaiiioBudy MpUCBOECHO YYEHOE 3BaHUE CTAPIIUN
Hay4YHbIH coTpynHUK. B 1998 1. oH 3a1IUTHIT TOKTOPCKYIO TUCCEPTALIUI0 « DHTOMO3BI (3CTPO3, BOJIb-
daptro3 u menoduo3) osen 3abalikanbs U MEpbl OOPHOBI C HUM.

NBan MuxaiinoBuu Obut n30pan wieHoM AruHckoro paiikoma KITCC, nemyrarom MHromuHcko-
ro paiiorHoro CoBera JIenmyTaToB TPyASImIUXcs YWThl, BOCeMb pa3 M30paH cekpeTapeM MapTOrpo
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ITAMATH YYEHOI'O

Hay4Ho-nccnenoBaTensCKoro MHCTUTYTa BeTepuHapun Boctounoit Cubupu, OblT mpencenarenem
BHemrarHon naptuitHor komuccun Aruackoro PK KIICC, 3amecturenem npencenarenss ATHHCKOTO
OKPY>KHOTO KOMHTETa MPoJCcor03a pabOTHUKOB CEIILCKOTO XO3SHCTBA.

.M. MuryHOB — NU3BECTHBII YUECHBII U MMPAKTUK B 00JIACTH )KUBOTHOBO/ICTBA U BeTepuHapuu. OH
aBTOp M COABTOp 0ojiee CTa HAyUHBIX TPYJOB, OMyOJIMKOBAHHBIX B HAYUHBIX M3JAHUSX, Jy4IIHE U3
koTopbIx yTBepkieHbl Ha ypoBHE [ YB MCX CCCP 1 PC®CP B kauecTBe HOpMaTUBHBIX IOKYMEH-
ToB. MM pa3paboraHo, yTBEpKACHO U U31aHo Oosee 10 MeToarnueckux peKOMEeH IAIHii o BOIpocam
poUIaKTUKK U OOPHOBI ¢ Pa3TMYHBIMH 3a00JIEBAaHUSIMHU )KHBOTHBIX, KOTOPHIE IIMUPOKO BHEIPCHBI B
BETEPUHAPHYIO MPAKTUKY 3a0aliKaIbs.

Hayunbie usbickanust .M. MuryHoBa, 0COOEHHO B 00JIaCTH apaXxHOAPHTOMO30B KHBOTHBIX, IITH-
POKO BHEZIPEHBI B BETEPUHAPHYIO MTPAKTUKY 3a0abKabsl.

Bce, xto 30211 iBana MuxaiinoBuda u paboTal ¢ HUIM, COXPAHAT CBETIYIO MaMSITh 00 ATOM Yello-
BEKE.

K.C. T'onoxsacr, A.C. [lonuenko, A.M. 3axapenko, B.B. Anbr,
B.A. Conomenxo, H.A. llIxuns, C.K. [lumos, B.A. Mapuenxo, B.I". Uepasix, A.M. TpeTrskos,
A.A. Exxunos, H.W. T'antumypos, A.I. Llepenxanos, H.C. Mensaukos, 1.B. Bonkos
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AUTHOR GUIDELINES

The guidelines are drawn up in accordance with the ethical principles, common for all the members of the scientif-
ic community, and the rules for publications in international and local scientific periodic magazines as well as in com-
pliance with the requirements stipulated by the State Commission for Academic Degrees and Titles for the periodicals
included in the List of Russian peer-reviewed scientific journals in which the major scientific outcomes of theses for
the degrees of Doctor or Candidate of Sciences must be published.

The journal publishes original articles on fundamental and applied issues by the following directions:
»  general agriculture and crop production;

» plant breeding, seed production and biotechnology;

» agrochemistry, soil science, plant protection and quarantine;

e fodder production;

* infectious diseases and animal immunology;

*  private zootechnics, feeding, technology of feed preparation and production of livestock products;
*  breeding, selection, genetics, and animal biotechnology;

» technologies, machinery and equipment for the agro-industrial complex;

*  food systems.

The article sent to the editorial board must correspond to the thematic sections of the journal “Siberian Herald of
Agricultural Science”:

Code and name of the scientific specialty in accordance with the Nomenclature of Scientific

Section name Specialties, for which academic degrees are awarded

. o 4.1.1. General agriculture and crop production
Agriculture and chemicalization ] o . .
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
Problems. Opinions
4.1.3. Agrochemistry, soil science, plant protection and quarantine
Scientific relations
4.2.3. Infectious diseases and animal immunology
From the history of agricultural
science 4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock
products
Brief reports

From dissertations 4.2.5. Breeding, selection, genetics, and animal biotechnology

4.3.1. Technologies, machinery and equipment for the agro-industrial complex
4.3.3. Food systems

RECOMMENDATIONS TO THE AUTHOR BEFORE SUBMITTING AN ARTICLE

Submission of an article to the journal “Siberian Herald of Agricultural Science” implies that:

. an article has not been published before in any other journal;

. an article is not subject to review in any other journal;

. all co-authors agree with the publication of the current version of the article.

Before submitting an article, it is necessary to make sure that the file (files) contains all the information required
in Russian and English, tables and figures provide the source of the information presented, all references are written
correctly.
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PROCEDURE FOR SENDING MANUSCRIPTS OF ARTICLES

1 Submission of the article is carried out through the electronic editorial board on the journal’s website https://
sibvest.elpub.ru/jour/index. After preliminary registration of the author, choose the option “Send a manuscript” in the
upper right corner of the page. Then download the manuscript (in *.doc or *.docx format) and the accompanying 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 ex-
pressed 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 send-
ing it to the editorial office, thereby transfers the copyright for the publication of this article to SFSCA RAS;

. author questionnaires in Russian and English (sample author questionnaire);

. a scanned copy of your post-graduate school transcript (for full-time postgraduate students).

2. All manuscripts received by the editorial board are registered via the electronic editorial system. The author’s
personal account shows the current status of the manuscript.

3. Non-reviewed materials (scientific chronicles, reviews, book reviews, materials on the history of agricultural
science and activities of institutions and scientists) are sent to the e-mail: sibvestnik@sfsca.ru and are registered by the
executive secretary.

ARTICLE DESIGN PROCEDURE

The text of the manuscript is printed in Times New Roman font, type size 14 with 1.5 spacing, all margins 2.0 cm,
page numbering at the bottom. The size of a manuscript should not exceed 15 pages (including tables, illustrations and
bibliography); the articles placed in the sections “From dissertations” and *“ Brief reports” should not exceed 7 pages.

Article design structure:

1. UDC

2. Title of an article in Russian and English (no more than 70 characters).

3. Surnames and initials of the authors, full official name of the scientific institution where the research was 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 num-
ber 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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If it is necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manuals,
GOSTs, information from websites, statistical reports, articles in socio-political newspapers, etc., such information
should be placed in a footnote at the end of the page. Footnotes are numbered in Arabic numerals, placed page by
page through numbering.

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, key-
words, 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/
translit-bsi) = English title of the source. The order of presentation for a monograph is the following: city, English
name of the publisher, year, number of pages; for a journal: year, number, pages). (In Russian).

Example: Author A.A., Author B.B., Author C.C. Title of article.

Transliteration of the authors. English title of the article.

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Transliteration of the source = English name of the source

Monograph

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ.,
1990, pp. 230-235. (In Russian).

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricul-
tural Science, 2018, vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

FOOTNOTES:

Quated text,.

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

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

Example:

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

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

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

FIGURES, TABLES, SCREENSHOTS AND PHOTOGRAPHS
The figures must be of good quality, suitable for printing. All figures must have captions. The caption must be trans-
lated into English. Figures should be numbered in Arabic numerals according to the order in the text. If there is only
one figure in the text, it is not numbered. References to figures should be formatted as follows: “Fig. 3 indicates that
.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
numbered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not num-
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bered. 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 transla-
tion of the table title should be placed after the table title in Russian.

Photos, screenshots and other non-drawn illustrations must be uploaded separately as *.jpeg files (*.doc and
* docx if the image has additional marks). The resolution of the image should be >300 dpi. The image files should be
given a name corresponding to the figure number in the text. In the description of the file a caption should be given
separately, which should correspond to the name of the picture placed in the text.

Attention should be paid to the spelling of formulas in the article. To avoid confusion, it is necessary to write
Greek (a, B, 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, F, 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 compli-
ance 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 Edi-
tor-in-Chief. If the reviewer’s opinion is positive, the article is submitted to the editor for preparation for publication.

In case a decision is made to have the manuscript revised, reviewer’s comments and remarks are passed to the au-
thor. The latter is given two months to make amendments. If, within this period, the author has not notified the editors
about the actions planned, the article is cancelled from the register.

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author.

The designated author (contact author) is sent the final version of the manuscript accepted for publication, which
he/she must check.

REVERSAL OF EDITOR/ REVIEWER’S DECISION

In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision
made. In order to do this, the author should:

» amend the manuscript in compliance with the comments substantiated by reviewers and editors;

* clearly outline their stance on the issue under question.

The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected
due to the need of significant amendments or collection of the additional data, and are ready to clearly explain what
must be rectified in the manuscript for it to be accepted for publication.

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA
FALSIFICATION DETECTION

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles
for scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Commit-
tee 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 with-
drawn. 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 withdrawal is sent to data bases where the journal is indexed.
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