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Abstract. Modern sunflower breeding is significantly diversified due to the different needs of agricultural produc-
tion. The breeding of sunflower varieties and hybrids is carried out at V.S. Pustovoit All-Russian Research Institute of
Oil Crops (VNIIMK) in all areas in demand on the market and is based on fundamental biological research. In the field
of breeding for faster maturing, the following commercial cultivars were obtained: very early maturing, cv. Skormas
and the three-way hybrid Achilles, early maturing cvs. Varyag and Uspekh, medium maturing cvs. Amelie, Aris and
Aurus. Within the framework of breeding for immunity, eight hybrids and one variety have been produced. So at
the Don experimental station (Rostov region), productive hybrids were bred, resistant to the virulent broomrape of
the G race due to the presence of the Or7 gene:‘Gorstar; ‘Gorfild; ‘Grant; ‘Status, ‘Fogor’ and the three-way hybrid
Nika. On the central experimental base, the following were obtained: the mid-early hybrid Typhoon and the early-
maturing variety Platonych with resistance to common races of downy mildew and a high oil content of achenes
(up to 53 %) as well as the mid-early hybrid Tayzar, which is simultaneously resistant to virulent races of broomrape
and to the causative agent of downy mildew. The early maturing large-fruited sunflower variety Belochka was in-
cluded in the “Russian State Register of Selection Achievements.. .’ and the large-fruited varieties Karavan, Konditer
and Kalibr are currently undergoing state tests. The breeding use of germplasm with genes for herbicide resistance
was accompanied by their extensive genetic study. A practical recommendation for all three alleles of the ALS gene
(Imr, CLHA-Plus, Sur) was the need to create homozygous hybrids for their reliable use in appropriate production
systems. For Clearfield technology, the hybrids Imidzh, Arimi and Immi have been developed; for Clearfield Plus,
the hybrid Klip; and for Express Sun (or SUMO), the hybrid Surus. Klip and Surus are mid-oleic. All newly developed
fertile ornamental sunflower varieties — Aurelia, Fizalia, Zhemchuzhny, Rumyanets, Agat and Mazhor — were trans-
ferred for practical use to a sterile CMS RIG basis. Thus, new achievements have been attained across the entire
spectrum of modern trends in sunflower breeding.
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resistance; ornamental.

For citation: Lukomets V.M., Trunova M.V., Demurin Ya.N. Modern trends in breeding and genetic improvement
of sunflower varieties and hybrids at VNIIMK. Vavilovskii Zhurnal Genetiki i Selektsii = Vavilov Journal of Genetics and
Breeding. 2021;25(4):388-393. DOI 10.18699/VJ21.042

CoBpeMeHHbIe TPeH/Ibl CeJIeKIIVIOHHO-TeHeTMUYEeCKOro VIyUIlleHS
COPTOB U TMOPUOOB MOACOMHeUHKa BO BHUVMK
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AHHoTayuna. CoBpemMeHHaa cenekumsa MOACONHEYHUKA CUMNIbHO AuBepcuduUMpOBaHa PasinyHbIMU NOTpebHOo-
CTAMM CeNbCKOXO3ANCTBEHHOrO NPon3BoAcTBa. Bo Bcepoccuinckom HayuHo-nccneaoBaTenbCckoM MHCTUTYTE Mac-
NNYHbIX KynbTyp (BHUMMK) cenekuua copToB v rbpraos NOACONHEYHMKA BeAETCA MO BCEM BOCTPE6OBaHHbIM Ha
pblHKe HanpaBieHVAM U OCHOBbIBAETCA Ha dyHAAMeHTanbHbIX 61MONOrMyecknx nccnefoBaHuax. B HanpasneHun
ceneKkuMmn Ha CoKpalleHne BereTaurMoHHOro Nepuoaa pacteHni nosyyeHbl: ckopocnenblie copt CKopmac 1 Tpex-
NNHERHBIN rmbpua AXUnnec, paHHecnesnble copTa Bapsar u Ycnex, cpegHecnensie rubpugsl Amenu, Apuc n Aypyc.
Mpu ceneKkummn Ha yCTONUMBOCTb K 60NI€3HAM CO3AaHbl BOCEMb MMOPYAOB 1 OAMH COPT. Tak, Ha [LOHCKOI OMbITHON
CTaHLUMV BbiBeLI€HbI MPOAYKTUBHBIE FTMOPUADI, YCTONUMBBIE K BUPYNIEHTHOW 3apa3mxe pacbl G 3a CYET HaMyms reHa
Or7: Topctap, fopdung, MpanTt, Cratyc, ®orop n TpexnnHenHbii rmbpug Hrka. Ha ueHTpanbHON SKCneprMeHTasnb-
Holi 6a3e nonyyeHbl cpeaHepaHHNi rnbpua TandyH 1 paHHecnenbi copT MNaToOHbIY C YCTONUYMBOCTBIO K pacnpo-
CTPaHEeHHbIM pacam JIOKHOWM MYYHUCTOI POChbl U C BbICOKOWM MaC/IMYHOCTbIO CeMAHOK (80 53 %), a Takke cpepHe-
paHHWI TMbpug NoAcoNHeYHMKa Tal3ap, KOTopblii 06nafaeT YCTONUYMBOCTbIO K BUPYIEHTHBIM pacam 3apasuxu v
K BO3OYAMUTENIO IOXKHON MYUYHUCTOW POChbl. B «TocyaapcTBEHHbIN peecTp cenekLMOHHBIX JOCTVXKEHWI. ..» BHECEH
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CoBpemeHHble TpeH/ibl ceNleKLMOHHO-TEHETNYECKOTO
ynyulleHns COPTOB U rMOPKAOB NofCconHeYHnKa Bo BHUMMK

CKOpOCMenbl KPYMHOMIOAHbIA COPT MNOACONHEYHUKa benouka; npoxodaT roccoptoncnbiTaHe KPYMnHOMIOAHble
copta KapaBaH, KoHautep n Kannbp. Pe3ynstaTom reHeTUYECKOro N3yUYeHs reHoB repouLMaoyCcTonymMBOCTU CTana
npakTnyeckaa pekomeHgauma Ana NpYMeHEeHVA B CeNnekuumn NogCconHeYHKa TpexX reHoB YCTONYMBOCTU K UHIU-
6uTopam aueTonakTatcmHTeTasbl (Imr, CLHA-Plus, Sur), KoTopas 3aknoyaeTcs B HEO6XOAMMOCTN CO3[aHUsi FOMO3K-
FOTHbIX FTMOPUAOB ANA VX HALEXKHOTO NCMOJNIb30BaHNA B COOTBETCTBYIOLLMX NMPON3BOACTBEHHbIX CcTeMax. [Ana Tex-
Honorui Clearfield nonyueHbl rubpugbl imngx, Apumn n immu, ana Clearfield Plus - ru6pug Knun, a gna Express
Sun (nnn SUMO) - rubpup Cypyc. mbpuabl Knun n Cypyc ABNATCA CpegHeonenHoBbIMU MO KayecTBy Macna. Bce
co3paHHble GepTuiibHble AeKopaTrBHblE COpTa NOACONHeYHUKa Aypenusa, Ousanna, XKemuykHbli, Arat, Maxkop 1
rmbépug PymaHeL nepeBefeHbl 4A NPakTUYeCKoro NCNoNb30BaHWA Ha cTepunbHyto ocHoBy LIMC RIG. Takum 06-
pa3om, No BCcemy CNeKTPy COBPEMEHHbIX HanpaBfieHWIn cenekumumn nogconHeyHmka so BHUMMK nmetotca HoBble

OOCTUXKEHWNA.

KnioueBble cnoBa: MOACONTHEYHVIK; CeneKkLms; copT; FVI6pVI,D,; CKOpOoCnenocCTb; yCTOI‘/'NVIBOCTb K natoreHam; KpynHo-
NAOAHOCTb; rep6VIL|,VI,U,0yCTOVILIVIBOCTb; AEeKOPATUBHOCTb.

Introduction

Throughout the more than a century-old history of sunflower
(Helianthus annuus L.) breeding in Russia, which began
at V.S. Pustovoit All-Russian Research Institute of Oil
Crops (VNIIMK) in 1912, several developments of the Insti-
tute’s scientists have obtained a clear global priority. First of
all, it is the academician V.S. Pustovoit’s development of a
practically new field crop of oil sunflower with oil content in
achenes of up to 50 %. After that, there was a focused effort
to change the fatty acid composition of sunflower oil, which
led to the development of the world’s first high-oleic variety
Pervenets (Skori¢ et al., 2012). These two most significant
breeding achievements formed the basis of the modern gene
pool of oil sunflower and breeding trends in the world and
significantly influenced the work of the agro-industrial com-
plex of many countries.

Currently, at VNIIMK, both varieties-populations and the
interline hybrids of sunflower are bred. For 2020, 41 sunflower
varieties of VNIIMK’s breeding have been included into the
“State Register of Selection Achievements...” of the Russian
Federation, which is 41 % of the total number of varieties per-
mitted for cultivation in the country (State Register..., 2020).
The sunflower hybrids (simple and three-way) are represented
by 58 genotypes, which is 9 % of their total number. A total
of 99 sunflower varieties and hybrids of VNIIMK’s breeding
occupy 14 % of their total number in the “State Register...”.
Moreover, among 16 varieties of ornamental sunflower in-
cluded in the “State Register...” six ones are of VNIIMK’s
breeding, which is 38 %.

The modern sunflower breeding is largely diversified by
various challenges of agricultural production and directions
of crop usage (Skori¢ et al., 2012). On the other hand, the
success of breeding at VNIIMK has always been based on
fundamental agrobiological research, including efficient me-
thods for evaluation of traits and selection of desired geno-
types. This article presents the main recent results of this work
(see the Table).

Breeding for decreasing

the length of the growth season

Decreasing the period from seedling emergence to physio-
logical maturity of sunflower, largely controlled genetically,
allows expanding the crop acreage and carrying out replanting
or resowing crops in one year. The main problem of using such
cultivation technology lies in minimizing the yield decrease
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and not in the absence of hereditary variability in the length
of the growth season. The period from physiological to har-
vesting (technical) maturity mainly depends on environmental
factors, including air temperature, precipitation, and desicca-
tion, and can vary from 14 to 20 days.

At VNIIMK, Krasnodar, the early-maturing variety-popu-
lation Skormas was developed from the oil variety SUR by
the classical breeding scheme, specifically by the method of
multiple individual selection with an evaluation of progeny
and subsequent pollination of the best families in terms of
a complex of traits. The period from seedling emergence to
physiological maturity of the variety Skormas is 79 days with
a productivity of 2.96 t/ha and oil content of achenes of 50 %
(Detsyna, Illarionova, 2018).

At the Siberian experimental station of VNIIMK (Isilkul,
Omsk region), two early-maturing sunflower varieties for
cultivation in the extreme conditions of Western Siberia were
developed. One of them, the variety Varyag, was developed
by the method of multiple self-pollination of plants of the
variety Skorospely-87 and the use of individual selection,
followed by pollination within the best families during free
flowering. The period from seedling emergence to physiologi-
cal maturity is 94 days with a productivity of 3.15 t/ha and
oil content of achenes of 52 % (Puzikov, Suvorova, 2018).
Another variety, Uspekh, was developed using individual se-
lection from hybrids obtained by crossing the early-maturing
varieties Rodnik and Ermak, followed by cross-pollination
of the best families during free flowering. The period from
seedling emergence to physiological maturity is 98 days with
a productivity of 3.47 t/ha and oil content of achenes of 55 %.
The variety Uspekh has one of the highest oil contents among
the varieties of its region.

In addition, at VNIIMK, an early-maturing three-way hy-
brid Achilles was developed, which showed the growth season
of 76 days with a productivity of 3.41 t/ha and oil content of
achenes of 49 % in trial conditions of Krasnodar.

The sunflower hybrids of mid-maturing group are cha-
racterized by the highest productivity. At the Armavirskaya
experimental station, the breeding in this direction led to the
development of highly productive hybrids Amelie, Aris and
Aurus.

Breeding for disease resistance
Numerous sunflower diseases can significantly decrease the

productivity and seed quality. The accelerating racial evolution
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The breeding direction Variety

The growth season/
productivity

Modern trends in breeding and genetic improvement
of sunflower varieties and hybrids at VNIIMK

* For Clearfield cultivation technology; ** for Clearfield Plus cultivation technology; *** for SUMO cultivation technology.

of both the flower parasite of sunflower broomrape Orobanche
cumana Wallr. (Khatnyanskij, 2020) and the obligate pathogen
of downy mildew Plasmopara halstedii (Farl.) Berl. et de Toni
makes breeding for resistance to them a constant process.

We revealed an incomplete dominance of the resistance
gene Or7 to the new virulent broomrape race G during the
hybridological analysis carried out at VNIIMK (Guchetl et
al., 2019). Moreover, we continue the search for molecular
genetic markers loci that control broomrape resistance. Similar
work is being carried out with genes that determine resistance
to the downy mildew pathogen (Ramazanova et al., 2020).

In breeding for immunity, eight hybrids and one sunflower
variety have been developed at VNIIMK in recent years. For
example, at the Don experimental station, the following pro-
ductive hybrids resistant to broomrape race G due to the pre-
sence of the Or7 gene were developed: Gorstar (Gorbachenko
etal., 2018), Gorfild, Grant, Status, Fogor (maximum broom-
rape resistance) and three-way hybrid Nika (Gorbachenko et
al., 2020).

At VNIIMK, Krasnodar, were developed the mid-early
maturing hybrid Typhoon with resistance to common races of
downy mildew and a high oil content of seeds —up to 53 %, and
the early-maturing variety Platonych with similar oil content
and resistance to downy mildew (Detsyna, Illarionova, 2019).

The latest breeding achievement is the mid-early maturing
productive hybrid Tayzar (Fig. 1), which has been submitted
for State variety trial in 2021; it is simultaneously resistant
to the virulent broomrape race G and five races of the downy
mildew pathogen — 330, 710, 730, 334, and 734 (Demurin et
al., 2020c).

Breeding of large-seeded varieties

The feature of Russian varieties of confectionery sunflower,
such as SPK, Dzhinn, Lakomka, and Oreshek; is their interme-
diate place in terms of achenes between edible and oil forms.
Exactly this type of achene is in demand in Russia and the
CIS countries. The study of the inheritance of the trait “seed
size”, estimated as a thousand-seed weight, showed polygenic

Fig. 1. Sunflower hybrid Tayzar at the flowering stage.
VNIIMK's field (Krasnodar), photo by the authors.
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control and a strong dependence of its expression on the ap-
plied cultivation technology (plant population).

In 2018, the new early-maturing large-seeded sunflower
variety Belochka developed at VNIIMK was included into
the “State Register of Selection Achievements...” (Detsyna
et al., 2018). It was developed using the method of multiple
individual selection with an evaluation of the progeny and
pollination within the best families in terms of economic
valuable traits, including broomrape resistance. In terms of
productivity, the variety exceeded the standard variety Oreshek
by 0.16 t/ha, with an average decrease of the growth season
by three days. The variety is characterized by uniformity of
flowering and maturing dates, with a thousand-seed weight
of'about 100 g with a plant population of 40 thousand pcs/ha.

Currently, new, more productive, large-seeded varieties
Karavan, Konditer, and Kalibr are undergoing the State va-
riety trial.

Breeding for herbicide resistance

Currently, for sunflower cultivation, three production systems
of growing “hybrid-herbicide” were developed and are widely
used, both in our country and abroad: Clearfield, Clearfield
Plus, and Express Sun (or SUMO), based on the use of the Imr,
CLHA-Plus, and Sur genes, respectively (Skori¢ et al., 2012).

At VNIIMK, the use of obtained sources with herbicide re-
sistance genes in breeding was followed by their genetic study.
In particular, we received important data on the dominance
type of resistance to the selective herbicide tribenuron-methyl
from the sulfonylurea class at various doses of the active
ingredient (Demurin et al., 2016). The main practical recom-
mendation when using the Imr, CLHA-Plus and Sur genes is
the necessity to develop homozygous parent lines and hybrids
for their reliable use in the mentioned production systems.

Imidzh and Arimi, the first Russian imidazolinone-resistant
hybrids of the VNIIMK breeding suitable for cultivation with
Clearfield technology, have been included into the “State
Register of Selection Achievements...” since 2014. The Immi
hybrid, also homozygous by the Imr gene and adapted for
this cultivation technology, is currently undergoing the State
variety trial.

A simple interline sunflower hybrid Klip was developed as
part of a breeding and genetic program for the development of
herbicide-resistant plants for growing by the Clearfield Plus
production system. This hybrid, like its parental forms, is ho-
mozygous by the CLHA-PIlus imidazolinone resistance gene.
The hybrid belongs to the mid-early group of maturity, has
high seed productivity, is resistant to races A—E of broomrape
and to race 330 of downy mildew, and tolerant to Phomopsis
blight caused by Phomopsis helianthi Munt. The period from
seedling emergence to harvesting maturity is 115 days, the oil
content of seeds is 50 %, the huskness is 21 % (Demurin et al.,
2020a). The hybrid Klip is undergoing the State variety trial.

For the Express Sun production system was developed
and is also undergoing the State variety trial a simple inter-
line sunflower hybrid Surus, which is highly resistant to the
tribenuron-methyl herbicide. Both parental forms, as well
as the hybrid, are homozygous by the Sur gene. The hybrid
Surus belongs to the mid-maturing group, has high producti-
vity, is resistant to broomrape (races A—E) and downy mildew
(race 330), and tolerant to Phomopsis blight. The period from
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seedling emergence to harvesting maturity is 120 days, the
oil content of seeds is 50 %, the huskness is 22 % (Demurin
et al., 2020Db).

Breeding for oil quality

The trait of high oleic acid content keeps ranking high in the
breeding programs of companies in most countries. The her-
bicide-resistant hybrids Klip and Surus have a medium oleic
segregation type of oil in the commercial seeds of F, hybrids.
Earlier, in 2014, we developed a high oleic hybrid Oksi with a
modified composition of tocopherols (vitamin E). A molecular
marker was validated to control the genetic purity of lines with
a high oleic content mutation Ol (Guchetl, 2020).

Breeding for ornamentality

The development of ornamental forms of sunflower at
VNIIMK initially led to the breeding of two varieties with an
ornamental phenotype in 2016 (Fig. 2). The variety Aurelia
was received during the study of the genetic collection by
crossing the dwarf sample 15/303 and the ornamental variety,
followed by self-pollination and individual selection based
on morphotype traits. The main ornamental characteristics
of the variety Aurelia (see Fig. 2, b) are low height, compact
pyramidic habitus, large number of inflorescences, common
branching of the stem, location of the central head above the
lateral inflorescences, and long flowering period. The main
ornamental characteristics of the variety Fizalia (see Fig. 2, a)
are low height, compact cylindric habitus, large number of
inflorescences, apical branching of the stem, location of the
central head on the same level with the lateral inflorescences,
and long flowering period.

In 2017, the ornamental variety Zhemchuzhny was submit-
ted to the State Commission of the Russian Federation for
Selection Achievements Test and Protection. It was received
by crossing a dwarf sample LD4 and the line VIR721. Its
main ornamental characteristics (see Fig. 2, ¢) are light yellow
color of ligulate florets, light-green leaf with blue-grey tint,
low height, compact single-head habitus (Peretyagina et al.,
2018).

The hybrid of ornamental sunflower Rumyanets was re-
ceived by crossing the parental lines LD110 and LD120. The
main ornamental characteristics of the hybrid Rumyanets (see
Fig. 2, d) are common branching of the stem, large number of
inflorescences, crimson color of ligulate florets, long flower-
ing period. The hybrid belongs to the late-maturing group.

In 2019, the ornamental variety Agat was submitted to
the State Commission of the Russian Federation for Selec-
tion Achievements Test and Protection. It was received by
crossing a dwarf sample LD4 and the line LD11. The main
ornamental characteristics of the hybrid Agat (see Fig. 2, 1)
are active accumulation of anthocyanins in the mesophyll of
young leaves, stems, and husk leaves; purple color of ligualte
and tubular florets; large, bladder-like leaves creviced along
the edges; low height; compact habitus; long growth season.

The ornamental variety Mazhor was received by crossing
the ornamental variety and the line LD11, followed by self-
pollination and individual selection based on morphotype
traits. The main ornamental characteristics of the variety
Mazhor (see Fig. 2, e) are yellow-red color of ligulate and
tubular florets; weakly pleiopetalous inflorescence of the
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Fig. 2. Ornamental varieties of VNIIMK breeding: g, Fizalia; b, Aurelia; ¢, Zhemchuzhny; d, Rumyanets; e, Mazhor; f, Agat.
Photo by the authors.

head; heavy habitus; large number of inflorescences; long
growth season.

All fertile ornamental sunflower varieties have been trans-
ferred for practical use to a non-restorable sterile base CMS
RIG to protect the copyright of breeders and eliminate the
factor of pollen allergenic capacity, since the plants are used
both for cutting for bouquets in a confined space, as well as
in parks, gardens, and individual land properties.

Conclusion

Breeding of sunflower varieties and hybrids for all direc-
tions that are in demand on the market for this crop is being
conducted at VNIIMK. The breeding process is based on
fundamental agrobiological research. The genetic collection
of this oil and ornamental crop collected and maintained at
VNIIMK provides with the necessary sources and donors of
economically valuable traits the breeding throughout the Rus-
sian Federation and several CIS countries. Further prospects

392

for sunflower breeding in Russia and in the world will probably
be focused on the development of competitive advantages of
this crop in comparison with other agricultural plants in terms
of profitable production of raw materials for the food industry,
as well as for fodder, technical, and ornamental uses.
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