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Abstract. In the Russian Far East, a highly profitable crop is soybean, which predominates in all farms’ crop rotation
in the region. An increase in this crop production occurs here both by increasing the sown area and increasing its
yield. Therefore, in scientific institutions, great attention is paid to breeding varieties that can produce high yields
in conditions with limited thermal resources with adaptation to the extreme soil and climatic conditions of the
region’s soybean growing zones. In 2020, 45 varieties developed by scientific institutions of the Far Eastern Federal
District were introduced to the State Register of the Russian Federation and approved for use in production in code
12 region (Far Eastern), with the largest number of the entries coming from the All-Russian Scientific Research In-
stitute of Soybeans. The share of cultivated areas in the Russian Far East occupied by domestic varieties was 63.7 %,
the largest share of sown varieties — 48.9 % - belongs to the Federal Research Center All-Russian Scientific Research
Institute of Soybean. The most popular were the varieties of the All-Russian Scientific Research Institute of Soy-
bean, such as Alena, Kitrossa, Lydiya, Evgeniya, MK 100, Primorsky varieties (Musson, Primorskaya 4, Primorskaya 86,
Primorskaya 96, Sphera) are in demand mainly in Primorsky Krai, and Khabarovsk varieties (Batya, Marinata) have
an advantage in Khabarovsky Krai and the Jewish Autonomous Region. All varieties are not genetically modified
and are created mainly by classical breeding methods. Breeders of the Federal State Budgetary Scientific Institu-
tion, “Federal Research Center of Agrobiotechnology of the Far East named after A.K. Chaika” and biotechnologists
carry out the selection of pairs for crossing using biotechnological methods to assess their polymorphism, instead
of long-term selection for phenotypic features in the field. Evaluation of domestic and foreign varieties for disease
resistance revealed a high degree of damage to foreign varieties by dangerous viral and fungal diseases. Together
with Japanese scientists from the University of Niigata, the astragalus mosaic virus was detected on Canadian and
Chinese varieties in Primorsky Krai and the Amur Region using DNA analysis. The carrier of this disease is soybean
aphid (Aphis glycines).
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HayuHoe obecrieueHrie SQPEeKTUBHOTO PA3BUTHS
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AHHoTayusa. Ha [lanbHem BocToke cos — BbicOKopeHTabenbHas KynbTypa, ee noceBbl NpeobnafaloT B ceBoobo-
poTe BCex X03ANCTB permoHa. HapalymBaHne Npor3BOACTBa 3€pHa STOW KyNbTyPbl MPONCXOANT 3a CYET yBennye-
HWA NOCEBHbIX NIOLAAEN U NOBbILLEHUSA ee YPOXKaNHOCTU. [T03TOMY B HayUHbIX YUpeXAeHMAX PernoHa orpoMHoe
BHUMaHWe yaenseTcsa cenekuum coptos, 06nagatoLmx cnocoOHOCTbIO B YCNIOBUAX C OFPaHNUYEHHbIMU TENTOBbIMY
pecypcamu faBaTb BbICOKME ypoxau. B ctaTbe npuBeaeHbl OCHOBHbIE Pe3ynbTaThl, MOSlyYeHHbIe B yUpeKAeHMAX
[anbHeBocTouHoro depepanbHoro okpyra (APO) no cenekumm cont. B 2020 r. 45 cOpTOB COM, CO3AAHHbIX Hayy-
HbiMK yupexaeHuamu JOO, 3apernctpupoBaHbl B «[0CyfapcTBEHHOM peecTpe CenekLMOHHbIX AOCTVXKEHWN. ..»
1 JonyLeHbl K UCNOoNb30BaHUio B Npon3soacTae no 12-my (JanbHeBOCTOYHOMY) pervoHy. bonblWMHCTBO U3 3TKX
COPTOB NpUHaANEXNT Bcepoccninckomy HayyHo-uccnenoBaTenbCckomy UHCTUTYTy com (BHUW con). Ha pontio no-
ceBHbIX nnowagen cou [lanbHero BocToKa, 3aHATbIX COPTaMM OTeYeCTBEHHOW cenekumm, npuxoautca 63.7 %, npu
3ToM 48.9 % cocTaBnstoT copta BHUU coun. Cambimy BocTpeboBaHHbIMU ABAAOTCA copTa BHUW coun, Takme Kak
AneHa, Kutpocca, Jlngna, Esrenunsa, MK 100. Copta npumopckon cenekuun — MyccoH, lNMpumopckas 4, MNpumop-
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ckas 86, Mpumopckas 96, Chepa — NoONb3yOTCA CMPOCOM B OCHOBHOM B [1pMOpPCKOM Kpae, a copTa xabapoBcKom
cenekumm — bata, MapuHaTa — MeloT NpenumMyLLecTBo B XabapoBCKOM Kpae 1 EBpelickoli aBTOHOMHOI 06nacTu.
Bce copTa reHeTMYecKn He MOAMPULMPOBAHbI 1 CO3AAITCA FaBHbIM 06Pa30M KlaCcCMYeCcKUMM METOAAMU Cenek-
yun. CenekymoHepbl OIBHY «OHLL arpobroTexHonoruin JanbHero Boctoka nm. A.K. Yalikn» coBMeCTHO ¢ broTex-
HoMoramu NPOBOAAT NOAGOP Nap ANA CKpeLMBaHWA C NPUMEHEHNEM B1OTEXHONMOMMYECKUX METOLO0B MO OLEHKe
nx nonmmopdunsma BMeCTo MHoroneTHero otbopa no GpeHoTUNMYECKMM NPU3HaKaM B NoneBbiX ycnoBuax. OueHKa
OTeyeCTBEHHbIX U 3apyOeXXHbIX COPTOB Ha YCTONUMBOCTb K 6ONE3HAM NO3BOJIUIA BbISBUTb BbICOKYIO CTEMEHb Mo-
pakeHuA 3apybOeXXHbIX COPTOB OMaCHbIMW BUPYCaMM U MaTOreHHbIMY rpubamu. COBMECTHO C AMOHCKUMM YYEHBIMU
13 yHUBepcuTeTa Humnrata o6Hapy»eH BUPYC KapankoBocTn actparana (MDV, Milk vetch dwarf virus) Ha kaHag-
CKUX W KUTaCKUX copTax B Mprumopckom Kpae 1 AMypckoi obnactu. MepeHocunk 3Toro 3aboneBaHna — coesas

na (Aphis glycines).

Kniouesble crnosa: [lanbHuii Boctok; cos; COpT; cenekyma n ceMeHOBOACTBO; BUPYCbI; I'pVI6HbIe 6onesHu.

Introduction
Soybean (Glycine max (L.) Merrill) as a valuable protein
and oilseed crop plays a strategic role in the economies of
many countries. Over the past decade, it has the highest
production growth rates (Sinegovskii, Kuzmin, 2020). At
present, Russia ranks 7th in world production with a sowing
area of about 3.0 million hectares (Fig. 1). In world produc-
tion, the 1st place belongs to Brazil — 36.9 million hectares
(30 % of the global area), the second — the USA - 30.4 mil-
lion hectares (25 %), the third — Argentina — 17.5 million
hectares (14 %).

In recent years, soybean production in Russia has shown
a stable positive trend (Malashonok, 2018; Dorokhov et
al., 2019; Rasulova, Melnik, 2020). The increase in sown
areas in 2020 compared to 2010 amounted to 134 %, and
gross production increased by 279 %. The main regions
of soybean cultivation in Russia are the Amur Region,
Primorsky Krai, the Kursk and Belgorod Regions, Kras-
nodarsky Krai, which account for 62 % of all sown areas.
The share of this crop in the Far East is 44 % of the total
Russian (Sinegovskii, 2020). Soybean production is grow-
ing not only due to an increase in acreage but also due to an
increase in crop yields, which is ensured by an increase in
the potential productivity of new varieties (Sinegovskaya,
Fokina, 2018; Butovets, Strashnenko, 2020).

The results of soybean breeding research
Three scientific institutions carry out scientific support of
the soybean industry in the Far Eas: Federal Research Cen-
ter All-Russian Scientific Research Institute of Soybean
(Blagoveshchensk), Federal Research Center of Agro-
biotechnology of the Far East named after A.K. Chaika”
(Ussuriysk, Primorskiy Krai) and Far Eastern Agricultu-
ral Research Institute (Mostochnoye village, Khabarovsk
Krai). The main direction of scientific work in all scientific
institutions is the creation of varieties adapted to the Far
East’s extreme conditions and resistant to the main harm-
ful organisms, the production of original seeds and the
development of innovative methods of their cultivation
(Table 1).

In 2020, the “State Register of Selection Achievements
Authorized for Use for Production Purposes” of the Rus-
sian Federation contained 45 varieties of selection of the
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scientific institutions of the Far East, approved for use
in production in 12 regions, the largest number of which
belongs to the ARSRIS (State Register..., 2020). The
share of sown areas in the Far East, occupied by varie-
ties of domestic selection, was 63.7 %, the largest share
of sown varieties belongs to the ARSRI of soybean —
48.9 % (Fig. 2). In Primorsky Krai, varieties of FRC of
Agrobiotechnology of the Far East accounted for 7.2 %,
and varieties of FEARI accounted for 6.5 %. Varieties of
foreign selection occupied 36.3 % of all sown areas of the
Far Eastern Federal District.

In general, in the Far East in 2020, 78 varieties of soy-
beans of domestic and foreign varieties were used for
sowing, of which 19 varieties were of the breeding of
ARSRI of soybean, occupying an area of sowing of 484.9
thousand hectares, three varieties — Far Eastern Agricul-
tural Research Institute with a sowing area of 64.9 thou-
sand hectares, ten varieties — FRC of Agrobiotechnology
of the Far East, cultivated on an area of 72.0 thousand
hectares. The total sowing area of domestic varieties of
Far Eastern varieties was 621.8 thousand hectares, foreign
varieties — 358.7 thousand hectares. The most popular
were the varieties of the ARSRI of soybeans, such as
Alena, Kitrossa, Lydiya, Evgeniya, MK 100, and others.
In 2019, a new early ripening variety Sentyabrinka was
included in the “State Register ...” (2019), and already
this year, at the request of farms, the institute produced
32 tons of original seeds of this variety, which is in de-
mand by commodity producers as a high-yielding (3.0 t/
ha) with a protein content of more than 40 %. Primorsky
breeding varieties: Musson, Primorskaya 4, Primorskaya
86, Primorskaya 96, Sphera are in demand mainly in Pri-
morsky Krai. Varieties of the Khabarovsk breeding Batya,
Marinata are sown in the Khabarovsk Territory and the
Jewish Autonomous Region. This year, a new soybean
variety, Khabarovsky yubilyar, is included in the “State
Register ...” (2020), and 0.8 tons of original seeds have
already been grown for commodity producers (Table 2).

The protein content and yield of soybean seeds

depending on a variety

In solving the country’s food security, the size and the
quality of the crop are important. In this direction, the
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Fig. 1. The sown area of soybean in Russia (thousand ha) in 2020 and 2010 years.

Table 1. Soybean varieties approved for use

in the Far East region, 2020 (State Register..., 2020)

Originator Number % of the
of varieties, gty total
FRC ARSRI of soybean 28 32
FRC of Agrobiotechnology 11 13
of the Far East named after AK. Chaika
Far Eastern Agricultural Research 6 7
Institute
Other domestic originators 10 11
Total
domestic varieties 55 63 1.1%
foreign varieties 32 37
Total 87 100 Federal District, 2020.

2000 2500 3000

2833

[ 2020 year
m 2010 year

M Foreign varieties
M FEARI

M FRC of Agrobiotechnology
of the Far East

71 Other Russian scientific
institutes

I FRC ARSRI of soybean

72%

Fig. 2. Share of soybean varieties (%) used in production in the Far Eastern

Table 2. Production of original soybean seeds by scientific institutions of the Far Eastern Federal District, 2020

Variety name

Year of registration in State Register Acreage, ha

Seed production, t

FRC ARSRI of soybean
2014 57600
2016 31000
2005 31200
2011 15120
2019 New
2015 100400

2015 13767
2014 15934
2014 4619
2014 23706
2016 1327

2016 56000
2002 24000
State variety testing 3
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Fig. 3. Yield and protein content in seeds of soybean varieties of various genetic origin, the average for 2018-2019.

institutes are working on creating soybean varieties with
high protein content in seeds (Fig. 3).

Evaluation of domestic and foreign varieties grown on
the experimental field of the ARSRI of soybean in identical
conditions in terms of the protein content in seeds and the
value of yield showed that Far Eastern varieties are not
only not inferior to Canadian, Chinese, and American va-
rieties, but surpass them both in seed quality and terms of
yield (see Fig. 3) (Kodirova et al., 2020; Sinegovskaya et
al., 2020). Foreign varieties, generally, have a long grow-
ing season that exceeds the frost-free period of the culti-
vation region, and producers receive soybeans damaged
by frost. Foreign varieties showed an adverse reaction to
the length of the day, temperature regime, waterlogging of
the soil during pod formation, which is confirmed by the
high abortion rate of pod ovaries, a low number of seeds in
pods, and a decrease in plant productivity. The varieties of
Russian breeding, having a shorter growing season, have
time to ripen in a short frost-free period and are resistant
to the main diseases and pests of soybeans (Vasina et al.,
2019; Butovets, Strashnenko, 2020).

In 2020, the yield of mid-ripening Amur varieties va-
ried from 2.12 to 3.43 t/ha, and Chinese — from 2.03 to
3.32 t/ha. The yield of Canadian and American varieties
was 0.19...0.63 t/ha less than the varieties bred by the
ARSRI of soybean.

Assessment of soybean varieties

for disease resistance

Far Eastern soybean varieties have advantages in disease
resistance over foreign, mainly Canadian and Chinese
varieties, widely advertised in the Far East and imported
for sale to producers of the region (Barsukova et al., 2015;
Vasina et al., 2019).
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Evaluation of domestic and foreign varieties revealed a
high degree of damage to Canadian and Chinese varieties
by dangerous viruses and pathogenic fungi. In cooperation
with Japanese scientists from Niigata University, using
DNA markers, the astragalus dwarf virus (MDV, Milk
vetch dwarf virus) was detected on Canadian and Chinese
varieties in Primorsky Krai and the Amur Region. The
carrier of this disease is aphids (Fig. 4).

The cultivars of the Amur breeding showed resistance
to the development of this viral disease. The Canadian
variety Maxus was affected by the virus mosaic of soybean
(Soybean mosaic potyvirus) by the stage of seed filling
up to 25 %, and the sample of the Chinese variety — by
50 %, which indicates weak resistance and danger for
infection of other soybean varieties growing nearby. The
virus causes leaf chlorosis and plant dwarfism.

During the research, for the first time bacterial wilt
(Curtobacterium flaccumfaciens pv. flaccumfaciens (Hed-
ges) Dowson) was discovered on American, Canadian and
Chinese varieties, leading to the wilting of the plant and its
further death (Fig. 5). The degree of infection with bacte-
rial wilt (C. flaccumfaciens pv. flaccumfaciens) has not
yet exceeded the harm threshold and amounted to 10 %,
but the further spread of this bacterial disease can lead to
significant death of soybean crops.

Severe disturbances in crop rotation in the Far East
region led to the spread of soybean cyst nematode (Hete-
rodera glycines Ichinohe). Inspection of the Amur Region
fields for the presence of this pest has revealed lesions of
the root system. Evaluation of our soybean varieties for
resistance to nematodes artificially infected showed that the
root system of plants of Sentyabrinka, Evgeniya, Sonataand
Kukhanna varieties was completely free of the pest by the
phase of full pods.
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Fig. 4. Soybean plants infected with the astragalus dwarf virus (Milk vetch dwarf virus) (a); the virus carrier is soybean aphid (Aphis

glycines Matsumura) (b).

Fig. 6. Early maturing soybean variety Luchistaya.

Far Eastern varieties are also resistant to fungal diseases
such as Peronospora sparsa (Peronospora manshurica
Naum.), Cercospora (Cercospora sojina Hara.), Phyllo-
sticta (Phyllosticta sojaecola Massal.), Cercospora blight
(Cercospora kikuchii (Matsuet Tomoyasu) Yardn.) and
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Septoria (Septoria glycines Hemmi.). Work on creating
varieties resistant to fungal diseases is carried out annually
using quarantine areas, based on studying the physiologi-
cal and biological characteristics of varieties. All varieties
are not genetically modified, which attracts the attention
of the countries of the Asia-Pacific region (China, Korea,
Japan).

The results of fundamental research

in soybean breeding

In recent years, fundamental research in soybean breed-
ing has been significantly strengthened in the region,
which is ensured by the interaction of joint works in
physiology, biotechnology, and genetics. Under the na-
tional project “Science”, in order to deepen fundamental
research in 2019, two new laboratories were created and
are operating at the ARSRI of Soybean, the laboratories
of biotechnology and plant physiology, at the FRC of
Agrobiotechnologies of the Far East — the laboratory
for breeding and genetic research of field crops and Far
Eastern Agricultural Research Institute — the laboratory
of breeding cereals and legumes.

A multidisciplinary approach, including knowledge of
genetics, biochemistry, physiology, and plant breeding,
makes it possible to create varieties with a wide range of
phenotypic plasticity and resistance to external unfavor-
able environmental factors (Koshkin, 2010; Rahimzadeh-
Bajgiran et al., 2012; Shcherban, 2019). In the ARSRI of
Soybean, in a long-term study of the genetic collection
of soybeans, physiologists isolated varieties with a high
level of assimilation of the photosynthetically active part
of the daylight spectrum, which they passed on to breeders
for inclusion in the breeding process (Sinegovskaya, Tol-
machev, 2011; Sinegovskaya, Dushko, 2017). The joint
work of physiologists and breeders created a new soy-
bean variety with a high level of absorption of photosyn-
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thetically active light quanta. The new variety, called Lu-
chistaya, has early maturity, exceeds the yield standard
by 0.33 t/ha, with a productivity potential of 3.12 t/ha
(Fig. 6). The variety belongs to the Manchurian subspecies
(Glycine max ssp. manshurica (Enken) Zel. et Koch.), the
approbation group — flavida Enk, the growing season is
105-107 days, the protein content is 39.8—-40.7 %.

An indeterminate type of growth characterizes the varie-
ty, the stem is straight, forms 2—4 long and short branches.
The height of the plants is 72-85 cm, the height of attach-
ment of the lower pods is 14 cm, the leaf is pointed ovoid,
the flower is purple. Seeds are yellow, spherical, hilum is
seed-colored and oval-shaped. The mass of 1000 seeds
is 124.8-148.8 g. The variety is resistant to common pa-
thogens, waterlogging and lodging, it is characterized by
the increased photosynthetic activity of the leaf appa-
ratus.

The creation of a new variety of classical breeding me-
thods requires 15-20 years. To reduce the time of breed-
ing new highly productive varieties, the breeders of the
FRC of Agrobiotechnology of the Far East named after
A.K. Chaika together with biotechnologists select pairs
for crossing using biotechnological methods based on
the assessment of their polymorphism instead of long-
term selection for phenotypic traits in the field (Fisenko,
Butovets, 2019).

Conclusion

Scientific institutions of the Far East create highly produc-
tive soybean varieties, under production conditions, which
are capable of providing soybean yield in the region of
at least 2.5 t/ha, therefore the share of domestic varieties
in soybean crops remains at a stable level and should
increase, which requires an increase in the production
of original seeds of new varieties and an improvement
of their quality. The advantages of the varieties bred by
the scientific institutions of the Far East are confirmed by
their resistance to major diseases and harmful organisms
compared to foreign varieties. The involvement in the
breeding process of biotechnology methods and the study
of physiological processes in photosynthesis is already
yielding positive results and is the key to creating highly
productive and high-quality varieties of a new generation.
Besides, the low rates of renewal of the outdated material
and technical base, as well as the lack of instrumentation of
the regional scientific institutions engaged in the breeding
and seed production of the strategic crop — soybean — re-
strain the rate of increase in this production of valuable
high-protein crop.
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