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Abstract. Agriculture in the Russian Federation is fundamental to the country’s economic performance, living
standards, the wellbeing of people and state safety. Considerations relating to food security, prospects of and
challenges before plant breeding in the Siberian Federal District (SFD), the largest agricultural area of the Russian
Federation, are provided in the article. The agricultural area used in the SFD is about 50 million hectares and ac-
counts for 13 % of the country’s gross grain production. The need for the introduction of modern molecular bio-
logical methods, bioengineering and IT technology is demonstrated and discussed. As Russia as a whole, Siberia
is largely engaged in unpromising extensive farming practices, which rely on natural soil fertility, and this factor
should be taken into account. Another issue is noncompliance with intensive farming technologies used for cul-
tivating new-generation commercial cultivars. Although capital investments in plant breeding are the most cost
effective investments in crop production, breeders’ efforts remain underfunded. The article explains the need for
fundamental reform in this economic sector: the recognition of plant breeding as being a fundamental science;
afairincrease in its funding; the development of a breeding strategy, nationally and regionally; the further expan-
sion of the network of the Breeding Centers; the re-establishment and improvement of the universities’ depart-
ments specialized in plant breeding and seed production; having more state-funded places in the universities for
training plant breeders to be able to maintain and cement the country’s advanced position in plant breeding and
to develop new globally competitive next-generation cultivars of main crops. Should these issues be ignored, all
the problems that have accumulated to date will lead to risks of long-term instability in this economic sector. The
need for the careful preservation of continuity in plant breeders and plants being bred is stated. The regulatory
functions of the state and agricultural science in plant breeding, plant industry and seed production are con-
sidered.
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AHHoTayus. ArpapHoe npon3BoacTBo Poccniickon Oepepaunv NpefcTaBiseT cobor cTep)KeHb SKOHOMUYECKON
CUCTeMbl FOCYAaPCTBa, OT Pa3BUTUA KOTOPOrO BO MHOFOM 3aBUCKT YPOBEHb »KMU3HW 1 611aroCOCTOAHNA HaceNeHus.
OHo obecneumBaeT OCHOBY 6€30MacHOCTM CTpaHbl. B cTaTbe paccmaTpumBaloTCA BONPOCHI NPOAOBONbCTBEHHOMN
6e3onacHocT Cnbupw, NepcneKkTnBbl U Npobnembl cenekummn pacteHnii B Cnbupckom depepanbHOM OKpyre —
camoli KpynHou arpapHoi Tepputopumn PO. MNnowanb cenbCKoxo3ancTBEHHbIX yroanii B Cnbupckom denepanb-
HOM OKpyre okono 50 MJH ra, 3aecb npomnsBoamnTca 13 % BanoBoro obbema 3epHa cTpaHbl. B Cnbupw, Kak n Bo
BCel Poccun, npeobnapaet 6ecnepcnekTMBHOE SKCTEHCUBHOE 3eMIIEfieNIe, OCHOBAHHOE Ha SKCMJlyaTalumy ecTe-
CTBEHHOTO MIOJOPOANA MOUB, MOSTOMY CENEKLMA JOSKHA YUUTbIBaTb He TOMbKO HECOOMIOAeHEe TEXHONOMMI
BO3[€/1bIBaHNA HOBbIX COPTOB MHTEHCVBHOIO TUMA, HO 1 3TOT HEMANIOBaXKHbI dakTop. HecmMoTps Ha To UTo Kanu-
TasibHble BIIOXKEHNA B CeneKkLuio ABNATCA Hambonee OKynaembiM1 B PacTeHNEBOACTBE, CeNleKLMOHEPbl A0 CUX
nop paboTaloT B CIOXKHbIX SKOHOMMYECKMX ycnoBuax. ObCyKaaeTca NCnosnb3oBaHre B CeNleKLMn COBPEMEHHbIX
MOJIEKYNAPHO-OMONTOTNYECKX METOLOB, OGuonHXeHepumn 1 IT TexHonoruin. O60CHOBbLIBAETCS HEOOXOAUMOCTb
npoBefeHnA KapanHanbHon pepopMbl OTpacuv, BKIOYasA Npu3HaHue cenekumn ¢yHAameHTanbHOW HayKoW,
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CyLLeCTBEHHOE yBenunyeHne ee O1ogKeTHOro GUHAHCMPOBAHWSA, ONpeaereHne cTpaTerny ee pa3BuTna Ha dege-
panbHOM 1 pervioHasbHOM YPOBHSX, fasibHelLee LeneHanpasieHHoe paclupeHme CeTh CeNeKLMOHHbIX LieHT-
OB, BOCCTAHOBJIEHUE U YKPEMNSIEHUE B arpapHbIX YHUBEPCUTETaX NPOdUAbHBIX AnA oTpaciy Kadeap cenekymm
1 CEMEHOBO/CTBA, BblereHne OI04KETHbIX MECT B By3aX PErvoHa Ans NOArOTOBKY CeNeKLMOHEPOB, CNOCOOHbIX
COXPaHUTb 1 YNPOYNTb NepefoBble NO3ULMM CTPaHbI B CENEKLMN pacTeHNI U cO34aBaTb KOHKYPEHTOCNOCOOHbIe
Ha MMPOBOM arpapHOM PblHKEe COpTa HOBOFO MOKOJIEHUA OCHOBHbIX CENbCKOXO3ANCTBEHHbIX KynbTyp. B npo-
TUBHOM CJlyyae HaKOMMBLUMECA K HACTOSILLEMY BPeMEeHM Npobnembl MOTYT MPUBECTU K BOSHUKHOBEHUIO HOBbIX
LONITOCPOYHBIX PUCKOB HECTAaBUNBHOCTY B OTpacu. [lenaeTtcs BbIBOg 0 HEOOXOANMOCTY GEPEXKHOIO COXPaHeHNs
NpPeeMCcTBEHHOCTH, KaK CMeLranncToB, Tak U CeNeKLMOHHOro (cenekTnpyemoro) matepuana. PaccmaTtpuriBatoTca
0COBEHHOCTIN perynupylowmnx GyHKUUIA rocyfapcTBa U arpapHOi HayKu B Cenekuun pacteHuin 1 B oTpacin B
Lesnom.
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Introduction

The food sovereignty of the Russian Federation is the
basis of the country’s safety. This strategically impor-
tant point is documented in normative acts. Challenges
of the 21st century in Russia’s and its Siberian Federal
District’s agricultural sector are well known: global and
local climate changes (Gurova, Osipova, 2018) entailing
the drying out of soils in the southern areas, which are
most favorable for farming, a continued decline in soil
fertility (Syso, 2017) and a reduction in the working rural
population (Shabanov et al., 2019). All these factors lead
to new long-term risks to the stability of the agricul-
tural market. Recently, the concept of smart agriculture
has become more and more popular worldwide (Ani-
schenko, 2019). In the Russia of today, it means that
agriculture is supposed to proceed on its own. This is
a good old national tradition: the Ministry of State Pro-
perty of the Russian Empire, together with the Depart-
ment of Agriculture as its part, did not seem to think too
much about how scientific achievements could be ap-
plied to agriculture, nor did they seem to think about
agriculture itself (Elina, 1995, p. 45). According to
Elina, that negligence stemmed from a popular belief in
the Russia of the 19th century that farming was Russian
peasants’ natural occupation, and so it was supposed
to evolve by itself, without governmental or scientific
involvement (p. 45).

The agricultural area used in the Siberian Federal
District (SFD) is about 50 million hectares and ac-
counts, according to the Federal State Statistics Service
(rosstat.gov.ru), for 13 % of the country’s gross grain
production. Before 2013, scientific support to regional
agriculture was provided by the Siberian Branch of the
Russian Academy of Agricultural Sciences. The regional
responsibility for the development of agricultural science
has since been delegated by the Department of Agri-
cultural Sciences of the Russian Academy of Sciences
and the Ministry of Science and Higher Education of
the Russian Federation to the Siberian Federal Scientific
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Center for Agrobiotechnology (Krasnoobsk, Novosibirsk
region) created out of the former Presidium of the Si-
berian Branch of the Russian Academy of Agricultural
Sciences and several agricultural research institutes in
Novosibirsk region, Tomsk region, Kemerovo region
and Zabaykalsky Krai, to the Omsk Agrarian Scientific
Center and to the Federal Altai Scientific Center for
Agrobiotechnology (Barnaul). With that done, the entire
agrarian area of Eastern Siberia and the Extreme North
has virtually been left without scientific support. The
Joint Academic Council of Agricultural Sciences of the
Siberian Branch of the Russian Academy of Sciences
(with Full Member of the Russian Academy of Sciences
N.l. Kashevarov as Chair and Prof. I.M. Gorobey as Aca-
demic Secretary) is the only entity that is doing its best
to keep running scientific support. The Joint Academic
Council has the Joint Academic and Topical Council
of Plant Industry, Breeding, Biotechnology and Seed
Production (now with Full Member of the Russian Aca-
demy of Sciences N.P. Goncharov as Chair), which was
created in 1972 at the Presidium of the Siberian Branch
of the V.I. Lenin All-Union Academy of Agricultural
Sciences and has since 1992 been operating at the Presi-
dium of the Siberian Branch of the Russian Academy of
Agricultural Sciences. The Council provided scientific
and methodological guidance to the Siberian Breeding
Centers and coordinated their cooperation (Shumny et
al., 2016). Before the COVID-19 pandemic, the Coun-
cil had held 46 annual retreat sessions, with the last
event having taken place in Krasnoyarsk, July 23-26,
20191, The sessions were traditionally timed to coin-
cide with plant breeding conferences: originally with
national only and later with national and international;
and the participating organizations were supposed to
display their newest commercial regional cultivars for
comparison. The venues for the sessions alternated be-

T Theses of the International Scientific Conference “Optimization of the Breed-
ing Process — a Factor of Stabilization and Growth of Crop Production in Sibe-
ria” OBP-2019. Krasnoyarsk, 2019.
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Fig. 1. The network of research agrarian institutions in Siberia at the
beginning of the 20th century.

Experimental Fields were organized in 1907 in Tulun and Temir, in 1908-1910
in Yalutor, Shadrinsk, Kupino, Krasnoyarsk, Minusinsk, Kazachinsk, Bayandai,
and Onokhoy and in 1911 in Semipalatinsk and in other places.

tween different Siberian agricultural plant production
institutions.

Before ‘reorganized’ (eliminated) in 2013 and losing
its institutes to the Federal Agency for Scientific Orga-
nizations of the Russian Federation, the Russian Acade-
my of Agricultural Sciences had had eight specialized
Breeding Centers in the Siberian Federal District:

« Siberian Research Institute of Agriculture (B.I. Gera-
senkov, K.G. Aziev, R.I. Rutz)?;

* Altai Research Institute of Agriculture (V.I. Kandau-
rov, V.I. Yanchenko, N.I. Korobeinikov);

* Krasnoyarsk Research Institute of Agriculture

(N.A. Surin);
 Siberian Research Institute of Plant Production and

Breeding (P.L. Goncharov, I.E. Likhenko);

* Siberian Research Institute of Fodder Crops (A.V. Zhe-
leznov, R.1. Polyudina);

» Lisavenko Research Institute of Horticulture for Si-
beria (1.P. Kalinina, I.A. Puchkin, T.N. Nelyubova);

» Research Institute of Agriculture of Northern Trans-

Urals (V.V. Novokhatin);

» Kemerovo Research Institute of Agriculture (V.N. Pa-
kul”).

All these institutes, except the Altai Research Institute
of Agriculture (now the Federal Altai Scientific Center
for Agrobiotechnology) and the Siberian Research Insti-
tute of Agriculture (now the Omsk Agrarian Scientific
Center), are now the branches of other organizations.

These Breeding Centers worked according to two
20-year programs: 1971-1990 and 1991-2010 (Pro-
gram..., 1978, 1989). A third 20-year program, 2011—
2030, has been elaborated for each of these eight breed-

2 Heads of the Breeding Centers appear in parentheses in chronological order.
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ing centers (see, for example, Program..., 2011a, b). In

addition, there were Siberian regional scientific pro-

grams (‘Diallel Analysis’ (Dragavtsev et al., 1984) and

‘Siberian Wheat’ (Goncharov P.L. et al., 1989)) as well

as All-Union and All-Russian goal-oriented programs

(Goncharov N.P., Shumny, 2006), including the All-

Union program “Lucerne” (Goncharov P.L., 2009).

Information on cultivars zoned for Siberia is provided

in a systematized manner in a four-volume set, Cata-

logues... (see, for example, Catalog..., 2009).

In 2020-2021, the Ministry of Science and Higher
Education of the Russian Federation organized 36 nar-
rowly specialized Breeding and Seed Production Cen-
ters, of which only four are in Siberia: three in Western
Siberia (Omsk region, Kemerovo region and Altai Krai)
and one in Eastern Siberia (Krasnoyarsk Krai). Of note,
this was the third attempt to organize Breeding Centers in
the country. Of the two previous attempts, one had been
made by Nikolai I. Vavilov in 1929 (Goncharov N.P,,
2017) and one, by A.V. Pukhalsky in 1972 (Shumny,
Goncharov P.L., 2008).

Although investments in breeding are the most re-
warding in crop production, breeders are still struggling:
 they are permanently short of material and human

resources;

* the system that used to ensure seed production and
the introduction of new commercial cultivars has now
been destroyed,;

* the sector has been suffering chronic underfunding
ever since Mikhail Gorbachev’s rule. As aresult, there
is a continuous search for funding to ensure the coun-
try’s food security.

At the moment, the amount of scientific patronage
over crop production in Siberia is short of that taken at
the beginning of the last century (Fig. 1). In the Siberian
Federal District, breeding activity has been disconti-
nued for many crops for the lack of high-quality human
resources. In Eastern Siberia, only two regional agricul-
tural research institutes, branches of the Krasnoyarsk and
Irkutsk Scientific Centers of the Siberian Branch of the
Russian Academy of Sciences, are still active in plant
breeding. Agrarian science has always been much less
developed and much less sustainable in Siberia than in
the European part of the country.

Shortly after elimination of the Russian Academy of
Agricultural Sciences and “withdrawal” of the responsi-
bility for scientific support to agricultural science in the
Siberian Federal District from its former institutes, the
annual release of recommendations for field work was
discontinued (Alkhimenko et al., 2015; Donchenko et
al., 2015), as they do not count as performance indicators
as per the Ministry of Science and Higher Education of
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Fig. 2. Soil resources of the Russian Federation (agricultural potential of
land).

URL: https://studfile.net/preview/1758647/page:3 (Acccessed Nov. 10, 2019).

the Russian Federation. Stable yield and grain harvest
in the SFD is now the responsibility of this ministry.

Pre-breeding

Soils. Although soils represent the most important
resource for humankind, the attitude towards them in
Siberia and throughout the Russian Federation is not
consistent with their importance for ensuring the coun-
try’s food security (Chekmarev, 2018). Companies and
farmers seek to secure their right to land through state
registration; however, they are unaware of the ferti-
lity status of the soils to become theirs, nor are they
responsible for maintaining and enhancing soil fertility
(Rassypnov, Ushakova, 2017). Additionally, neither the
powers that be nor the Ministry of Science and Higher
Education of the Russian Federation recognize the
experimental fields of the research institutes as being a
unique expensive research tool.

Nowadays, the depletion of soil fertility largely de-
termines possible uses for the soils in the future and the
vectors of development of breeding and seed production.
Soils have been “watered with our tears and fertilized
with our inactivity” for more than three decades. Farms
and joint-stock companies in the region have shifted to
an extensive three-field crop rotation system everywhere.
It should be noted that some modern technologies, such
as no-till cultivation, interfere with the process of min-
eralization of organic matter, which leads to a decrease
in the accumulation of nitrogen in the soil (Korchagina,
Yushkevich, 2017). Ridge tillage, too, is not universal
(Elina, 2017) and does not promote soil fertility in ag-
ricultural lands.

There is an urgent need to expand arable land for the
further development of the sector in a number of regions
(Renev etal., 2017). At the same time, the problem with

HAYYHOE OBECMEYEHUE CENIEKUNN N CEMEHOBOCTBA B PETMOHAX /

Fig. 3. Agro-climatic potential of the Russian Federation (from: Siberia...,
1993).

“1"stands for the country-average.

increasing crop production in the SFD is being addressed
extensively, thatis it is unlikely that someone in the Rus-
sian Federation, not to say in Siberia, may have the will
to invest in agricultural science, looking at the spaces
of abandoned farmland. Inferior to the European part of
the Russian Federation in terms of soil quality (Fig. 2)
and agro-climatic potential (Fig. 3), Siberia can only rely
on breeders. Incidentally, the introduction of scientific
developments is perhaps the only successful part there,
as the other resources for maintaining the existing vo-
lume of crop production in Siberia are scarce. It is sad
to observe that the SFD authorities are not fully aware
of their responsibility before the future generations of
Siberians for an uninterrupted food supply and that said
authorities allow the Ministry of Science and Higher
Education of the Russian Federation to bull-headedly
“reorganize” experimental agricultural institutions in
Siberia. It should be mentioned that over the past hun-
dred years this has been the country’s first reform in
agricultural science with neither local authorities not
Ministry of Agriculture involved (Chernoivanov, 2006).
Too bad, there are no such entities in the Siberian Fede-
ral District as agricultural holdings that would at least
keep local seed production running; while the reformers
say plant breeding should be competitive at all stages
and get quick profits. Came up with a cultivar? Get it
sold! At the same time, the state is not a regulator of the
agricultural market.

Gone are the days when the average grain yield was
substantially higher in Siberia than in the European
part of the Russian Empire and the tsarist government
had to set up the Chelyabinsk customs with a duty to
tax outbound crops so that the Siberian peasant would
not flood the rest of Russia with cheap grain (Gon-
charov N.P., Goncharov P.L., 2018). In response, the
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Siberian peasants organized themselves in production
cooperatives and began to export to Western Europe
and the exported products were not grain or flour, but
oil and cheese. It is estimated that the production of
1 kg of butter requires 25 liters of 3.5 % milk or 25 kg
of grain, because to produce 1 liter milk, about 1 kg of
grain is needed. To produce 1 kg of milk powder, 11 li-
ters of milk is needed. To produce 1 kg of meat, 15 kg
of grain is needed. On average, 1 ton of class 3 wheat
can yield about 600 kg of premium flour and 100 kg of
grade 1 flour, with the remaining product being bran.
Deep processing can further reduce cargo carriage vo-
lumes.

In the near future, crop production in the Siberian
Federal District and, therefore, the main breeding prio-
rities will become dependent on a grain terminal to be
constructed in the Bay Troitsy (Primorsky Krai), with
atotal capacity of 10 million tons of grain per year. This
link in the logistics chain for exporting from Siberia
to the countries of the Asia-Pacific region will further
increase the imbalance in the plant production.

Breeding strategy. To develop a good strategy for
future breeding process, awareness of the current and
past experience should be raised. N.I. Vavilov (1935)
noted that breeding is made up of knowledge about the
initial material, about variability and heredity, and about
the role of the environment; from hybridization theory
and plant breeding theory; from knowledge about im-
munity, resistance to adverse abiotic factors and breed-
ing for quality. Recently, high-tech technologies have
become yet another part of it.

Time taken to develop a new cultivar. A long-term
plan for a new cultivar is going through a series of
successive stages and is expected to be a solid achieve-
ment success on completion. The cultivars that the State
Variety Testing System includes in the State Register of
Breeding Achievements of the Russian Federation will
occupy vast areas not sooner than in the next few years.
The best cultivars that the breeders will submit to the
State Variety Testing System today will be included in
the “State Register...” only three years later and, there-
fore, will occupy large areas only five or ten years after.
The cultivars that are being created today will go into
production only after 20 years (it takes them 15 years
to be developed and passed competitive or ecological
tests, 3 years to be considered by the State Variety Test-
ing System and 3—4 years to occupy substantial areas)
(Goncharov N.P., Goncharov P.L., 2018). Thus, before
proceeding to developing a new cultivar, the breeder
should set strategic objectives and outline ways to
achieve them, not forgetting that in 20 years cultivar
requirements may become quite different due to possible
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changes in criteria, economic situation, cultivation and
processing technologies.

However, the development duration that long does not
represent a problem with any ongoing breeding process,
because the variety development “conveyer” keeps run-
ning and new cultivars are being permanently submitted
to the State Variety Testing System. The problem is only
how to ensure an inflow of professionals and breeding
material — and that should be the concern of the state
and agricultural science.

Cultivar model. Because the development of a culti-
var should be thoroughly planned, and the plan should
be clearly defined, the model or the idiotype of the
cultivar should be identified first. The cultivar model
for individual traits (the cultivar idiotype) has existed
for a long time (Donald, 1968). The first models were
local cultivars cultivated by peasants. It is reasonably
believed that breeding for a particular idiotype is largely
breeding for elimination of deficiencies (Davies, 1977),
that is, a plan for improving one or more characters of
the plant being worked on. However, because “critical
characters” can be revealed only after the cultivar model
has been described, the role of its specification becomes
unclear (Kazak, Loginov, 2019).

Expending and conservation biodiversity. Although
rich collections of cultivated species have been taken up,
most of accessions have lost their former genetic poten-
tial. The problem is not that the world VIR collection is
currently only the fourth largest collection in the world,
but that it has been left unsupplied with the accessions
of the best foreign commercial cultivars for the past
30 years. This has already alerted VIR competitors. Thus,
the plant gene collections — Siberian (see the Table) and
others (Goncharov N.P., Shumny, 2008; Kershengolts et
al., 2012; Levitskaya, 2017; Kosolapov et al., 2021) —
will sooner or later obtain accreditation and turn into
regional and national highly specialized genebanks. To
date, dozens of institutions have been included in the
National Plant Germplasm System of the USDA. And
what we have got on our side? It has taken us 10 years. ..
not to have yet commissioned the Federal Permafrost
Seed Repository in Yakutsk (Kershengolts et al., 2012).

The problem of conservation and effective use of
biodiversity is closely related to plant variety right.
As soon as a cultivar enters the genepools’ collections, it
automatically becomes their property (see, for example,
the website of VIR).

Another way to deal with the dissipation of “gene bank
assets” is through international cooperation. In 2000,
CIMMYT people organized the Kazakhstan-Siberia
Network on Spring Wheat Improvement (KASIB). The
goals are: (1) to screen modern breeding materials (in-
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Collections of crops kept as living accessions in the Siberian Research Institute of Plant Production and Breeding,
a branch of the Institute of Cytology and Genetics of the Siberian Branch of the Russian Academy of Sciences

(Likhenko LE., p.c.)

Collection

*There is collection of 387 arboreal taxon.

cluding those provided by CIMMYT) through environ-
mental testing; (2) to increase genotypic diversity and
to accelerate the breeding process; (3) to exchange the
experience and professional development of breeders of
the Russian Federation and the Republic of Kazakhstan,
including participation in conferences, seminars and in-
ternships in CIMMYT divisions. In addition, a number
of foreign breeding and seed production companies have
come to Siberia on easy terms. The German breeding
company “Strube” is successfully operating in Altai,
together with local breeders (Korobeinikov et al., 2020).
Admittedly, the Siberian Federal District cannot boast
having created subdivisions of KWS or other breeding
and seed production giants, which the European part of
the Russian Federation can.

Traditional breeding

The use of traditional methods has already been reviewed
in detail (see, for example, Goncharov N.P., Goncha-
rov P.L.,2018). Let us briefly consider the main of them.

Distant hybridization. Uses of distant hybridization
in breeding in Siberia were suggested in the 1930s by
N.V. Tsitsin and have since given real results. The first
winter cultivars of Triticale in the Siberia were produced
on the basis of V.E. Pisarev’s amphidiploids (AD), and
the world’s first commercial Triticale cultivar ‘Ros-
ner’, on the basis of spring accession *‘AD-20’. Distant
hybridization as a breeding method has again become
popular in Siberia (Stepochkin et al., 2012). It can be
considered an alternative to GMOs, because it allows
the transfer of the desired genes between plant spe-
cies without the use of vectors (genetically engineered
constructs).

Polyploid forms. Polyploid cultivars of rye (Likhen-
ko et al., 2014) and clover (Polyudina, 2016) have the
highest yield and high level of winter hardiness in Sibe-
ria. Unfortunately, triploid beet cultivars and polyploid
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Number of accessions™

Storage method
Seeds

Fig. 4. A common wheat mutant with three grains per flower: a, spike;
b, grains (from: Manual Book..., 2009).

Photo by V.P. Shamanin, Omsk State Agrarian University.

cultivars of a number of vegetable crops can no longer
be found in Siberian fields.

Breeding for productivity and grain quality. The
yield of common spring wheat cultivars in Western
Siberia depends on the number of plants preserved for
harvesting and kernel weight per spike (Kazak, Logi-
nov, 2019). Productive tillering is 1.2 stems per plant. In
this case, breeding for the optimization of ear architec-
tonics is possible (Konopatskaia et al., 2016), and so is
breeding for branch spike (Dobrovolskaya et al., 2017),
for other characters of ear architectonics (Fig. 4) and
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for close (heavy) seedlings by using mutes with erected
leaves (Dresvyannikova et al., 2019), as is the case with
some corn cultivars.

Duration of vegetation period. Early maturation is
an important breeding character throughout our country
(Vavilov, 1935). Most spring wheat varieties in Russia
carry two dominant Vrn genes, which control the expres-
sion of this character. New alleles of these genes have
promise for changing vegetative duration in common
wheat by breeding (Chumanova et al., 2020). For most
cultures, the genetics of this character is poorly studied,
which prevents an extensive use of molecular biological
methods.

Disease resistance. A phytopathological assessment
of the collection of local and commercial Siberian com-
mon spring wheat cultivars showed that only 10-15 % of
the accessions had low susceptibility to leaf (brown) and
stem rust and powdery mildew (Leonovaetal., 2017). To
increase the diversity of new genes that control resistance
to these pathogens, it is efficient to perform their intro-
gression from wheat relatives (Orlovskaya et al., 2020;
Adonina et al., 2021), including artificial amphiploids
(Goncharov N.P. etal., 2020). The common spring wheat
cultivar Grenada with horizontal resistance to stem rust
has been developed as an alternative using of effective
resistance genes in breeding by the Research Institute
of Agriculture of Northern Trans-Urals — a branch of
the Tyumen Scientific Center (Novokhatin et al., 2019).

Non-conventional breeding
Breeding and improving soil fertility. Crop rotation
was a former practice in Siberia to improve soils with,
including the obligatory cultivation of legumes and pe-
rennial forage grasses (llinykh, 2016). Currently, a new
direction in breeding has come to the scene: the commer-
cial grain wheatgrass cultivar ‘Sova’ was developed for
regenerative agriculture with the accumulation of carbon
in the soil (Shamanin et al., 2021). It has been included
in the “State Register...” since 2020 as an alternative
to perennial wheat. It is simultaneously cultivated for
grain, which is harvested before the green mass dies, and
for hay. Its grain yield is 9—-10 tons per ha/year and hay
yield is 7-7.5 tons per ha/year. Sowing is used without
replanting for up to 7 years. It is drought- and disease-
resistant. ‘Sova’ is extremely interesting in view of the
Russian Federation’s ratification of the Paris climate
agreement, because this variety is capable of accumu-
lating up to 3.7 tons per ha carbon annually in the soil.
Functional nutrition is directly related to the longe-
vity of a person. For this reason, it is believed outside
Russia that it is cheaper and more profitable to properly
feed people than treat them (Fotev et al., 2018). However,

454

Scientific support to plant breeding
and seed production in Siberia in the XXI century

this requires that plants be bred for specific nutrients. In
Russia, about 80 % of commercial vegetable production
accounts for the so-called “borscht set”: white cabbage,
tomato, cucumber, carrot, table beet and onion3. The
assortment can be significantly expanded both by new
vegetable crops and new grain crops. For example, it is
possible to bake “healthy bread” from wheatgrass (Thi-
nopyrum intermedium (Host) Barkworth & D.R. Dewey)
grain, which contains five times as much calcium and
10 times as much folic acid than bread from common
wheat (Shamanin et al., 2021). Cereal varieties with
increased contents of trace elements can be used (Abu-
galieva et al., 2021).

Molecular biological methods

in plant breeding

Breeders have received new tools to improve the geno-
types of cultivated plants. The Institute of Cytology and
Genetics of the Siberian Branch of the Russian Academy
of Sciences took part in the assembly of the wheat ge-
nome (IWGSC..., 2018). The next stage of breeding in
the future is working with the pan-genome of economi-
cally important plants (Pronozin et al., 2021a).

Breeding for resistance to adverse abiotic factors.
A variant of breeding for drought resistance using me-
thods in molecular biology is shown in Fig. 5.

Plant height and architectonics. Breeding for short
stems is once again among the priorities of Siberian
breeders (Korobeynikov et al., 2020). Selection for
genes that control the optimal plant height can now be
effectively carried out by molecular markers (Sukhikh
etal., 2021).

Genetic modifications to improve cultivated plants.
Breeders widely use genomic modeling and editing
technologies to address plant breeding problems (Salina,
2016). Modern systems demonstrate the possibility of
obtaining non-transgenic plants with specified mutations
(Borisuyk et al., 2019), for example editing the genes that
control the optimal flowering time of the most important
crops (Kishchenko et al., 2020).

Bioinformatics

New challenge for bioinformatics is the development of
IT, providing a quick, accurate, massive and at the same
time detailed description of plant phenotypes both in the
field and in laboratory settings (Kolchanov et al., 2017;
Genaev et al., 2019). At the same time, it is necessary
to substantially reduce the cost and time of obtaining
relevant data with the maximum coverage, resolution

3 Chekmarev P. A. The state, prospects of development and measures of state
support for vegetable growing. URL: https://agrotip.ru/wp-content/uploads/
2018/11/Presentatsia_Petra_Chekmareva.pdf (Accepted 14.01.2021).
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Fig. 5. Production of drought-resistant spring wheat cultivars with high yield and grain quality for the southern part of Western Siberia and Northern
Kazakhstan using modern molecular biological methods (Jatayev et al., 2020).

and dynamics. For the diagnosis of the state of crops,
it is promising to use drones (Alt et al., 2019); for the
diagnosis of plants, automatic morphology phenotyping
(Pronozin et al., 2021b); for a risk assessment of edited
plant organisms, dynamic programming (Korotkov et
al., 2021).

Varietal seed production

and varietal authenticity control

Cultivar authenticity control. Identification of cultivars

grown from seeds delivered by non-Russia’s companies

is often not possible due to the lack of standard acces-

sions from originator (Lobach, Samus, 2018); it is only

possible to assess how cultivar’s seed dockage has.
Foreign cultivars. Foreign and non-local commercial

cultivars of grain crops have been successfully displaced

from the Siberian Federal District by local breeding
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cultivars (Loginov et al., 2016; Surin, 2019). At the
same time, the seeds of foreign vegetable cultivars just
have no rivals. The same goes to many other crops, for
example, leguminous ones (Kazydub et al., 2020): for
a list of reasons, their import substitution does not occur.

Cultivar change is important for the dynamic de-
velopment of crop production in the Siberian Federal
District. There is no doubt that the so-called “varietal
mosaic” helps control diseases in the fields (Bespalova,
2016). At the same time, the cultivar should be culti-
vated for as long as it can provide a stable, high-quality
yield. For example, the potato cultivar Russet Burbank
developed at the end of the 19th century, is still grown
in the United States and Australia for the production of
chips. It should be kept in mind that F; hybrid varieties
substantially distort the statistics of the dynamics of
variety substitution in the country.
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Conclusion

Agriculture in the Russian Federation is the backbone
of the country’s economic system and is fundamental
to the living standards and wellbeing of people. This
sector sets the pattern of the future development of the
Russian state (Belyaev, 2018) and, therefore, address-
ing its issues, including those with breeding and seed
production, should be one of the primary tasks of state
authorities. Plant breeding is a lasting process, and so
it is extremely important to be sure that we have now
chosen the right way to go.

To the Government of the Russian Federation. Breed-
ing should be given the status of a fundamental science,
as there is nothing more fundamental in the world than
feeding people and defeat hunger. Not only does breed-
ing deserve a conspicuous place in the national program
“Science”, but it also should be funded from the state
budget through dedicated funds. Neither self-financing
nor self-supporting should be an option.

Teaching future breeders is an important factor in en-
suring the country’s food security. For the breeders to be
duly taught, it is required that (1) the breeding and seed
production chairs be fully restored in all universities of
the Ministry of Agriculture; (2) more state-funded places
be allocated to breeder students; (3) the state agricultural
universities of the Ministry of Agriculture, which, for
a reason unknown, live up to the educational standards
set up by the Ministry of Science and Higher Education
of the Russian Federation, become relevant.

To the RAS Department of Agricultural Sciences and
the SFD Ministries of Agriculture. There is an urgent
need for the adoption of a regional resolution with a
title “On the normalization of genetic-based breeding
research and launching original seed production in the
Siberian Federal District” — unless we want to live up to
Project “Breeding 2.0” by the National Research Uni-
versity Higher School of Economics and the Federal
Antimonopoly Service of the Russian Federation.

References

Abugalieva A., Flis P., Shamanin V., Savin T., Morgounov A.
lonomic analysis of spring wheat grain produced in Kazakh-
stan and Russia. Commun. Soil Sci. Plant Anal. 2021;52:7.
DOI 10.1080/00103624.2020.1865398.

Adonina 1.G., Timonova E.M., Salina E.A. Introgressive hyb-
ridization of common wheat: results and prospects. Russ. J.
Genet. 2021;57(4):390-407. DOI 10.1134/S102279542103
0029.

Alkhimenko R.V., Berzin A.M., Bobrovsky A.V., Bopp V.L.,
Brylev S.V., Butkovskaya L.K., Vasil’ev A.A., Veber O.N.,
Edimeichev Yu.F., Zobova N.V., Krupkin P.l., Kuznetso-
val.A., Kuzmin D.N., Malakhova Z.V., Malinnikov A.V., Ple-
khanova L.V., Purlaur V.K., Romanov V.N., Smykova T.K.,
Selivanov N.I., Surin N.A., Toptygin V.V., Trubnikov Yu.N.,

456

Scientific support to plant breeding
and seed production in Siberia in the XXI century

Fedorova M.A., Shorokhov L.N., Shpagin A.l., Shpedt A.A.
The System of Agriculture of the Krasnoyarsk Territory on
a Landscape Basis: Recommendations. Krasnoyarsk, 2015.
(in Russian)

AltV.V,, Pestunov I.A., Melnikov P.V., Elkin O.V. Automated de-
tection of weeds and evaluation of crop sprouts quality based
on RGB images. Sibirskii Vestnik Sel’skokhozyaistvennoi
Nauki = Siberian Herald of Agricultural Science. 2018;48(5):
52-60. DOI 10.26898/0370-8799-2018-5-7. (in Russian)

Anischenko A.N. “Smart” agriculture as a promising vector of
growth of the agrarian sector of economy. Prodovolstvennaya
Politika i Bezopasnost’ = Food Policy and Security. 2019;
6(2):97-108. DOI 10.18334/ppib.6.2.41384. (in Russian)

Belyaev V. Historiography of agrarian reforms in Russia in the
twentieth century. Sotsialno-ekonomicheskiy i Gumanitarnyy
Zhurnal Krasnoyarskogo GAU = Socio-economic and Hu-
manitarian Journal of Krasnoyarsk State Agrarian Univer-
sity. 2018;2(8):116-127. (in Russian)

Bespalova L.A. High level of breeding determines the rate of
variety change. Selektsiya, Semenovodstvo i Genetika =
Breeding, Seed Production and Genetics. 2016;4:24-28. (in
Russian)

Borisjuk N., Kishchenko O., Eliby S., Schramm C., Ander-
son P, Jatayev S., Kurishbayev A., Shavrukov Y. Genetic
modification for wheat improvement: from transgenesis
to genome editing. BioMed Res. Int. 2019;6216304. DOI
10.1155/2019/6216304.

Catalog of Varieties of Agricultural Crops Produced by Scien-
tists of Siberia and Included in the State Register of the
Russian Federation (zoned) in 1929-2008. (Compiled by
P.L. Goncharov et al.). Novosibirsk, 2009. (in Russian)

Chekmarev P.A. Fertility recovery is the cornerstone of sus-
tainable development of Russian agribusiness. Plodorodiye =
Fertility. 2018;1:4-7. DOI 10/25680/S19948603.2018.100.01.
(in Russian)

Chernoivanov V.I. One and a Half Centuries of Agrarian Prob-
lems: The Agricultural Department of Russia in Persons.
1837-2005. 2nd edn. Moscow, 2006. (in Russian)

Chumanova E.V., Efremova T.T., Kruchinina Y.V. The effect of
different dominant VRN alleles and their combinations on the
duration of developmental phases and productivity in com-
mon wheat lines. Russ. J. Genet. 2020;56(7):822-834. DOI
10.1134/S1022795420070029.

Davies D.R. Creation of new models for crop plants and their
use in plant breeding. Appl. Bot. 1977;2:87-127.

Dobrovolskaya O.B., Amagai Y., Popova K.I., Dresvyanniko-
va A.E., Martinek P., Krasnikov A.A., Watanabe N. Genes
WHEAT FRIZZY PANICLE and SHAM RAMIFICATION 2
independently regulate differentiation of floral meristems
in wheat. BMC Plant Biol. 2017;17(2):15-27. DOI 10.1186/
512870-017-1191-3.

Donald C.M. The breeding of crop ideotypes. Euphytica. 1968;
17:385-403. DOI 10.1007/BF00056241.

Donchenko A.S., Kalichkin V.K., Goncharov P.L., Gergert V.A.,,
Gorobey 1.M., Ashmarina L.F,, ... Kotenev V.M., Munga-
lov V.V.,, Efanov E.V., Kolinko P.V., Golikov R.P. Field Work
in Siberia in 2015: Recommendations. Novosibirsk, 2015. (in
Russian)

Dragavtsev V.A., Zilke R.A., Reuter B.G., Vorobiev V.A.,
Dubrovskaya A.G., Korobeinikov N.I., Novokhatin V.V,

BaBunosckuii xypHan reHeTuku u cenekuun / Vavilov Journal of Genetics and Breeding - 2021 - 25 - 4


https://pubmed.ncbi.nlm.nih.gov/?term=Kurishbayev+A&cauthor_id=30956982
https://pubmed.ncbi.nlm.nih.gov/?term=Shavrukov+Y&cauthor_id=30956982

H.M. ToHuapos

Maksimenko V.P., Babakishiev A.G., Ilyushchenko V.G., Ka-
lashnik N.A., Zujkov Yu.P., Fedotov A.M. Genetics of Pro-
ductivity Traits of Spring Wheat in Western Siberia. Novosi-
birsk: Nauka Publ., 1984. (in Russian)

Dresvyannikova A.E., Watanabe N., Muterko A.F., Krasni-
kov A.A., Goncharov N.P., Dobrovolskaya O.B. Charac-
terization of a dominant mutation for the liguleless trait:
Aegilops tauschii liguleless (Lg?). BMC Plant Biol. 2019;
9(Suppl.1):55. DOI 10.1186/s12870-019-1635-z.

Elina O.Yu. Science for agriculture in the Russian Empire:
forms of patronage. Voprpsy Istorii Estestvoznaniia i Tekh-
niki = Issues of the History of Natural Science and Techno-
logy. 1995;1:40-63. (in Russian)

Elina O. Lysenko’s predecessors: the Demchinskys and the bed
cultivation of cereal crops. In: The Lysenko Controversy as
a Global Phenomenon. Vol. 1. Palgrave Macmillan, Cham.,
2017;37-66.

Fotev Yu.V., Pivovarov V.F., Artemyeva A.M., Kulikov .M.,
Goncharova Yu.K., Syso A.l., Goncharov N.P. Concept of
producing of the Russian national system of functional food.
Vavilovskii Zhurnal Genetiki i Selektsii =Vavilov Journal of
Genetics and Breeding. 2018; 22(7):776-783. DOI 10.18699/
VJ18.421. (in Russian)

Genaev M.A., Komyshev E.G., Smirnov N.V., Kruchinina Y.V.,
Goncharov N.P., Afonnikov D.A. Morphometry of the wheat
spike by analyzing 2D images. Agronomy. 2019;9:390. DOI
10.3390/agronomy9070390.

Goncharov N.P. Nikolai lvanovich Vavilov. 2nd edn. Novosi-
birsk: Acad. Publ. House “Geo”, 2017. (in Russian)

Goncharov N.P., Boguslavsky R.L., Orlova E.A., Belouso-
va M. Kh., Aminov N.Kh., Konovalov A.A., Kondratenko E.
Ya., Gultyaeva E.l. Leaf rust resistance in wheat amphi-
diploids. Pisma v Vavilovskii Zhurnal Genetiki i Selektsii =
Letters to Vavilov Journal of Genetics and Breeding. 2020;
6(3):95-106. DOI 10.18699/Letters 2020-6-14. (in Russian)

Goncharov N.P., Goncharov P.L. Methodical Bases of Plant
Breeding. 3rd edn. Novosibirsk: Acad. Publ. House “Geo”,
2018. (in Russian)

Goncharov N.P., Shumny V.K. Plant genetics methods in plant
breeding: the 80th anniversary of Siberian Institute of Plant
Industry and Breeding. Informatsionnyy Vestnik VOGIS =
The Herald of Vavilov Society for Geneticists and Breeders.
2006;10(2):395-403. (in Russian)

Goncharov N.P., Shumny V.K. From preservation of genetic
collections to organization of National project of plant gene
pools conservation in permafrost. Informatsionnyy Vestnik
VOGiS = The Herald of Vavilov Society for Geneticists and
Breeders. 2008;12(4):509-523. (in Russian)

Goncharov P.L. Crop production and plant breeding in Siberia.
Sibirskii Vestnik Sel’skokhozyaistvennoi Nauki = Siberian
Herald of Agricultural Science. 2009;10:36-45. (in Russian)

Goncharov P.L., Zhukov V.1., Maksimenko V.P,, Zilke R.A., Mi-
kheev V.A., Sirotkin V.V., Khristov Yu.A. Complex Breed-
ing Program “Siberian Wheat”. Novosibirsk, 1989. (in Rus-
sian)

Gurova T.A., Osipova G.M. The problem of combined stress
resistance of plants under climate change in Siberia. Sibirskii
Vestnik Sel’skokhozyaistvennoi Nauki = Siberian Herald of
Agricultural Science. 2018;48(2):81-92. DOI 10.26898/0370-
8799-2018-2-11. (in Russian)

HAYYHOE OBECMEYEHUE CENIEKUNN N CEMEHOBOCTBA B PETMOHAX /

2021
25-4

HayuHoe obecneueHue cenekyumn
1 cemeHoBogcTea Cnburpm B XXI B.

II’inykh V.A. The star and the death of the Siberian grassland
farming. Krestyanovedenie = Russian Peasant Studies. 2016;
1(1):93-212. DOI 10.22394/2500-1809-2016-1-1-93-121. (in
Russian)

IWGSC; Appels R., Eversole K., Feuillet C., Keller B.,
Rogers J., Stein N., ... Du X., Feng K., Nie X., Tong W,
Wang L. Shifting the limits in wheat research and breeding
using a fully annotated reference genome. Science. 2018;
361(6403):eaar7191. DOI 10.1126/science.aar719136.

Jatayev S., Sukhikh I., Vavilova V., Smolenskaya S.E., Gon-
charov N.P., Kurishbayev A., ... Anderson P., Jenkins C.L.D.,
Soole K.L., Shavrukov Y., Langridge P. Green revolution
‘stumbles’ in a dry environment: dwarf wheat plants with
Rht genes fail to produce higher yield than taller genotypes
under drought. Plant Cell Environ. 2020;43:2355-2364. DOI
10.1111/pce.13819.

Kazak A.A., Loginov Yu. P. Scientific areas of spring soft wheat
for Western Siberia. Vestnik Kurganskoy GSHA = Herald of
Kurgan State Agricultural Academy. 2019;3:9-12. (in Rus-
sian)

Kazydub N.G., Kuzmina S.P., Borovikova M.A., Bezuglo-
va E.V., Bykova K.A. Leguminous Crops in Western Siberia
(Common Bean, Vegetable Bean, and Chickpea): Biology,
Genetics, Breeding, and Use. Omsk, 2020. (in Russian)

Kershengolts B.M., Zhimulev I.F., Goncharov N.P., Zhang R.V.,
Filippova G.V., Shein A.A., Prokopiev |.A. Preservation of
the gene pool of plants under permafrost conditions: state,
advantages, and prospects. Russ. J. Genet.: Appl. Res. 2013;
3(1):35-39.

Kishchenko O., Zhou Y., Jatayev S., Shavrukov Y., Borisjuk N.
Gene editing applications to modulate crop flowering time
and seed dormancy. aBIOTECH. 2020;1:233-245. DOI
10.1007/s42994-020-00032-z.

Kolchanov N.A., Kochetov A.V.,, Salina E.A., Pershina L.A.,
Khlestkina E.K., Shumny V.K. Status and prospects of
marker-assisted and genomic plant breeding. Vestnik RAN =
Herald of the Russian Academy of Sciences. 2017;87(2):
125-131. DOI 10.1134/S1019331617020113.

Konopatskaia I., Vavilova V., Blinov A., Goncharov N.P. Spike
morphology genes in wheat species (Triticum L.). Proc. Latv.
Acad. Sci. B. Nat. Exact. Appl. Sci. 2016;70(6):345-355.

Korchagina I.A., Yushkevich L.V. Nitrogen nutrition of spring
wheat varieties in the forest-steppe of West Siberia. In: Soil
Resources of Siberia: Challenges of the XXI century: Pro-
ceedings of the All-Russia Scientific Conference with inter-
national participation dedicated to the 110th anniversary of
the prominent science manager and the first director of the
Institute of Soil Science and Agrochemistry R.V. Kovaley,
Dec. 4-8, 2017, Novosibirsk. Tomsk, 2017;212-215. DOI
10.17223/9785946216456/49. (in Russian)

Korobeynikov N.I., Valekzhanin V.S., Penner I.N. Breeding of
intensive short-stem varieties of common spring wheat in the
Altai Krai. Dostizheniya Nauki i Tekhniki APK = Achieve-
ments of Science and Technology of AIC. 2020;34(7):62-67.
DOI 10.24411/0235-2451-2020-1071. (in Russian)

Korotkov E.V., Yakovleva I.V., Kamionskaya A.M. Use of
mathematical methods for the biosafety assessment of agri-
cultural crops. Prikladnaya Biokhimiya i Mikrobiologiya =
Applied Biochemistry and Microbiology. 2021;57(2):196-
205. DOI 10.31857/S0555109921020069. (in Russian)

457

REGIONAL SCIENTIFIC SUPPORT OF BREEDING AND SEED PRODUCTION


https://science.sciencemag.org/content/361/6403/eaar7191.abstract#aff-66
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Anderson%2C+Peter
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Jenkins%2C+Colin+L+D
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Soole%2C+Kathleen+L
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Shavrukov%2C+Yuri
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Langridge%2C+Peter

N.P. Goncharov

Kosolapov V.M., Chernyavskih V.I., Kostenko S.I. Fundamen-
tals for forage crop breeding and seed production in Russia.
Vavilovskii Zhurnal Genetiki i Selektsii = Vavilov Journal of
Genetics and Breeding. 2021;25(4):401-407. DOI 10.18699/
V/J21.044.

Leonova I.N., Stasyuk A.l., Skolotneva E.S., Salina E.A. En-
hancement of leaf rust resistance of Siberian winter wheat
varieties by marker-assisted selection. Cereal Res. Comm.
2017;5(4):621-632. DOI 0.1556/0806.45.2017.048.

Levitskaya G.E. Rare species in experimental collection of
wilding seeds in the Institute of Cell Biophysics of RAS.
Vestnik Tambovskogo GU = Tambov University Reports. Ser.
Natural and Technical Sciences. 2017;22(5):940-944. DOI
10.20310/1810-0198-2017-22-5-940-944. (in Russian)

Likhenko I.E., Artemova G.V., Stepochkin P.I., Sotnik A.Ya.,
Grinberg E.G. Gene pool and breeding of agricultural plants.
Sibirskii Vestnik Sel’skokhozyaystvennoy Nauki = Siberian
Herald of Agricultural Science. 2014;5:35-41. (in Russian)

Lobach I.A., Samus M.V. Ground control is an effective tool in
the fight against counterfeit goods. Selektsiya, Semenovod-
stvo i Genetika = Breeding, Seed Production and Genetics.
2018;2:33-35. (in Russian)

Loginov Y.P., Kazak A.A., Yakubisin L.I. Import substitution of
crops in the Tyumen region. Vestnik Altayskogo Gosudarst-
vennogo Agrarnogo Universiteta = Bulletin of the Altai State
Agricultural University. 2016;7:14-20. (in Russian)

Manual Book of Common and Hard Wheat Varieties (Com-
piled by N.P. Goncharov). Novosibirsk: Izdatelstvo SO RAN
Publ., 2009. (in Russian)

Novokhatin V.V., Dragavtsev V.A., Leonova T.A., Shelomen-
tseva T.B. Creation of a spring soft wheat variety Grenada
with the use of innovative breeding technologies based on
the original theory of eco-genetic arrangement of quantita-
tive traits. Sel’skokhozyaystvennaya Biologiya = Agricultural
Biology. 2019;54(5):905-919. DOI 10.15389/agrobiology.
2019.5.905eng.

Orlovskaya O., Dubovets N., Solovey L., Leonova 1. Molecu-
lar cytological analysis of alien introgressions in common
wheat lines derived from the cross of Triticum aestivum with
T. kiharae. BMC Plant Biol. 2020;20(Suppl.1):201. DOI
10.1186/512870-020-02407-2.

Polyudina R.I. Breeding of red clover in Siberia. Sibirskii Vest-
nik Sel’skokhozyaistvennoi Nauki = Siberian Herald of Agri-
cultural Science. 2016;5:106-112. (in Russian)

Program of Works of the Breeding Center of the Siberian
Research Institute of Plant Cultivation and Breeding until
1990. Novosibirsk: Siberian Branch of VASKHNIL, 1978.
(in Russian)

Program of Works of the Breeding Center of the Siberian
Research Institute of Plant Cultivation and Breeding until
1990. Novosibirsk: Siberian Branch of VASKHNIL, 1989.
(in Russian)

Program of Works of the Breeding Center of the Siberian
Research Institute of Plant Cultivation and Breeding until
2030. Issue 3. (I.E. Likhenko et al.). Novosibirsk: Siberian
Branch of RASKHN, 2011a. (in Russian)

Program of Works of the Breeding Center of the Siberian Re-
search Institute of Agriculture for the period 2011-2030
(R.I. Rutz (Ed.)). Novosibirsk: RASKHN, 2011b. (in Rus-
sian)

458

Scientific support to plant breeding
and seed production in Siberia in the XXI century

Pronozin A.Yu., Bragina M.K., Salina E.A. Crop pangenomes.
Vavilovskii Zhurnal Genetiki i Selektsii = Vavilov Journal of
Genetics and Breeding. 2021a;25(1):57-63. DOI 10.18699/
V/J21.007.

Pronozin A.Yu., Paulish A.A., Zavarzin E.A., Prikhodko A.Yu.,
Prokhoshin N.M., Kruchinina Yu.V., Goncharov N.P., Komy-
shev E.G., Genaev M.A. Automatic morphology phenotyp-
ing of tetra- and hexaploid wheat spike using computer vision
methods. Vavilovskii Zhurnal Genetiki i Selektsii = Vavilov
Journal of Genetics and Breeding. 2021b;25(1):71-81. DOI
10.18699/VJ21.009.

Rassypnov V.A., Ushakova E.V. Philosophy of soil science in
the changing Russian economy. In: Soil Resources of Sibe-
ria: Challenges of the XXI century: Proceedings of the All-
Russia Scientific Conference with international participation
dedicated to the 110th anniversary of the prominent sci-
ence manager and the first director of the Institute of Soil
Science and Agrochemistry R.V. Kovalev, Dec. 4-8, 2017,
Novosibirsk. Tomsk, 2017;244-248. DOI 10.17223/978594
6216456/56. (in Russian)

Renev E.P., Eremin D.I., Eremina D.V. Estimation of the main
indicators of fertility of soils most appropriate for expansion
of croplands in Tyumen Region. Dostizheniya Nauki i Tekh-
niki APK = Achievements of Science and Technology of AIC.
2017;31(4):27-31. (in Russian)

Salina E.A. Genome modeling and editing technologies for
solving the breeding challenges. Dostizheniya Nauki i Tekh-
niki APK = Achievements of Science and Technology of AIC.
2016;30(9):9-14. (in Russian)

Shabanov L.V., Kutenkov R.P., Blinova T.V. Using the Fourier
method for forecasting demographic processes. Regionalnye
Agrosistemy: Ekonomika i Sotsiologiya = Regional Agricul-
tural Systems: Economics and Sociology. 2019;3:142-149.
(in Russian)

Shamanin V.P., Morgunov A.l., Aidarov A.N., Shepelev S.S.,
Chursin A.S., Pototskaya 1.V., Khamova O.F., Dehaan L.R.
Large-grain variety of gray wheatgrass (Thinopyrum inter-
medium) Sova as an alternative to perennial wheat. Selsko-
khozyaystvennaya Biologiya = Agricultural Biology. 2021;
56. (in Russian)

Shumny V.K., Goncharov P.L. In the memory of Academician
of the Russian Agricultural Academy Anatoly Vasilyevich
Pukhalsky (16.07.1909-28.02.2008). Informatsionnyy Vest-
nik VOGIS = The Herald of Vavilov Society for Geneticists
and Breeders. 2008;12(1-2):262-267. (in Russian)

Shumny V.K., Tikhonovich I.A., Bespalova L.A., Surin N.A.,
Kharitonov E.M., Kharchenko P.N., Kosolapov V.M., Sham-
sutdinov Z.Sh. In memoriam Academician Pyotr L. Goncha-
rov (1929-2016). Pisma v Vavilovskii Zhurnal Genetiki i Se-
lektsii = Letters to Vavilov Journal of Genetics and Breeding.
2016;2(3):27-28. (in Russian)

Siberia, the Far East, and the Far North in the State Research
and Development Program of the Ministry of Science “Pro-
mising Processes in Agricultural Production” (Compiled by
P.L. Goncharov). Novosibirsk, 1993. (in Russian)

Skorenko T. Invented in Russia. The history of Russian inven-
tive thought from Peter | to Nicholas Il. Moscow: Alpina
non-fiction Publ., 2017. (in Russian)

Stepochkin P.I., Ponomarenko V.I., Pershina L.A., Osad-
chaya T.S., Trubacheeva N.V. Utilization of distant hybri-

BaBunosckuii xypHan reHeTuku u cenekuun / Vavilov Journal of Genetics and Breeding - 2021 - 25 - 4



H.M. ToHuapos

dization for development of breeding material of winter
wheat. Dostizheniya Nauki i Tekhniki APK = Achievements
of Science and Technology of AIC. 2012;6:37-38. (in Rus-
sian)

Sukhikh 1.S., Vavilova V.Y., Blinov A.G., Goncharov N.P. Di-

versity and phenotypical effect of the allele variants of dwarf-
ing Rht genes in wheat. Russ. J. Genet. 2021;57(2):127-138.
DOI 10.1134/S1022795421020101.

Surin N.A. State and prospects of breeding work on field crops
in Siberia. In: Optimization of the Breeding Process is a Fac-
tor of Stabilization and Growth of Crop Production in Sibe-
ria. OSP-2019: Proceedings of the International Conference
dedicated to the 90th anniversary of RAS Member P.L. Gon-

HayuHoe obecneueHve cenekymu 2021
1 cemeHoBopcTBa Crnbmpu B XXI B. 25.4

charov and 50th anniversary of SB RAAS. July 23-26, 2019,
Krasnoyarsk. Krasnoyarsk, 2019; 9-12. (in Russian)

Syso A.l. Current problems in the biogeochemistry and agro-

chemistry of macro- and microelements in Siberia. In: Soil
Resources of Siberia: Challenges of the XXI century: Pro-
ceedings of the All-Russia Scientific Conference with in-
ternational participation dedicated to the 110th anniversary
of the prominent science manager and the first director of
the Institute of Soil Science and Agrochemistry R.V. Kova-
lev, Dec. 4-8, 2017, Novosibirsk. Tomsk, 2017;12-15. DOI
10.17223/9785946216456/3. (in Russian)

Vavilov N.I. Botanogeographical Base of Breeding. Moscow—

Leningrad: Selkhozgiz Publ., 1935. (in Russian)

Acknowledgements. The work was support by the budget project of the IC&G SB RAS No. 0259-2021-0012.

Conflict of interest. The author declares no conflict of interest.
Received March 3, 2021. Revised April 7, 2021. Accepted April 7, 2021.

HAYYHOE OBECMEYEHUE CENTIEKUNN N CEMEHOBOACTBA B PETMOHAX/ 459
REGIONAL SCIENTIFIC SUPPORT OF BREEDING AND SEED PRODUCTION



