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Background. While working with such cross-pollinated
crops as sugar beet, the greatest problem is the fixation of
valuable genotypes. Using apomixis to produce breeding
material helps to accelerate the breeding process and save
the desired combination of genes. Materials and methods.
The research objects were 110 accessions of sugar beet
from the VIR collection. Field experiments and assessments
of the resistance to Cercospora leaf spot, monogermity, and
non-bolting were performed according to VIR’s guidelines
in 2016-2018 at Pushkin and Pavlovsk Laboratories of VIR
and Maikop Experiment Station of VIR. The sugar level in
roots was measured using an optical refractometer. Re-
sults. A comprehensive study of sugar beet accessions re-
sulted in the development of apomictic lines with cytoplas-
mic male sterility, followed by an evaluation of their eco-
nomically important characters. An extremely rare occur-
rence of biotypes with the 0-type sterility (less than 0.5%)
was observed in the population. The seeds obtained from
apomixis-prone lines demonstrated a significant difference
during inbreeding from the seeds of fertile inbred geno-
types: no inbreeding depression was observed in apomictic
lines. Lines combining sterility and monogermity in their
genotype were produced. Testing parent accessions and
apomictic forms did not reveal significant differences in the
sugar content and root yield, so the resulting forms can be
efficiently used in future breeding programs. Conclusion.
Using apomixis to develop sugar beet lines helped to fixate
the sugar content level, biennial plant development cycle,
and Cercospora leaf spotresistance. Thus, apomixis is prom-
ising for ensuring maternal inheritance and preserving the
desired combination of genes in sugar beet, thereby acceler-
ating the breeding process.

Key words: Beta vulgaris L., genotype, cytoplasmic male
sterility, monogermity; inbreeding, seed quality, bolting re-
sistance.

AkTyanbHOCTh. HaubGosbuiyro npo6jeMy npu paboTe
C IepeKpeCcTHOONbIIAKILeHCcA Ky/JIbTypol caxapHOM cBe-
KJIbI IPeJICTaBJIsleT 3aKpelJieH’e LleHHbIX FeHOTuMnoB. tc-
M0JIb30BaHUe allOMUKCHUCA AJIs1 CO3AaHUs CeJeKIIHOHHOT O
MaTepHaJia 03B0JIsIeT YCKOPUTH CeJIeKIIMOHHbIH npouecc,
COXPaHUTD XKeJlaTeJbHYI0 KOMOUHalLMI0 reHoB. MaTepua-
Jibl 1 MeToAbl. 06'beKTOM UCCJIeLOBAaHUS NOCaY)uau 110
06pas1oB caxapHOU cBekJibl U3 KoJiekuu BUP. [losieBrie
HabJI0leHHs BbINIOJIHEHBI 10 €JUHON MeTO/JUKe B TeueHHe
2016-2018 rr. Ha Hay4YHO-NPOU3BOACTBEHHOU 6a3e «Ilywi-
kuHckUe U [1aBnoBckue 1abopaTopuu BUP» u Malikonckoit
ONBITHOM cTaHUUU - dunuane BUP. U3onsuuto pacTeHui
NPOBOJU/IN C UCNOJIb30BaHUEM HHJAUBUAYAJbHBIX U30J5-
TOpPOB. YpPOBeHb caxapa B KOPHeIJIoAax U3MepsJu C IOMO-
b0 ONTHYeCcKoro pedppakToMeTpa. PesynbTaThl. JKcoe-
pUMeHTaJIbHO ObIJIM CO3JJaHbl U OLeHEeHbl M0 KOMILJIEKCY
X0351MCTBEHHO Ba)XHbIX IPU3HAKOB allOMUKTUYHbIE INHUU
C UTOIJIa3MaTHYeCKONH MY>KCKOH cTepuJbHOCTbIO. OTMe-
yeHa KpalHe peJiKasi BCTpe4yaeMOCTb B IONy/ALUU GUOTH-
noB 0-tTuna ctepuabHocTU — MeHee 0,5%. BrisiBaeHO 3Ha-
YyUMOe OT/JWYMe NPU UHOPHUJUHIEe Y [I0Jy4YeHHOI0 MOTOM-
CTBa CKJOHHBIX K alOMUKCHUCY JTUHUHN OT HHOpeJHbIX dep-
TUJIbHBIX OMOTHUIIOB: UHOpeHas Aelpeccusl y aloMUKTHY-
HbIX JUHUN He nposBasaack. Co3[aHbl JUHUH, COYETAlO-
1iMe B CBOEM IeHOTHUIle CTePUJbHOCTb U pPa3/ie/IbHOIJIOA-
HOCTb. 3akJ/lo4eHue. TecTUpoBaHUEe POAUTENbCKUX 00-
pasLoB U CO3JaHHBIX HA UX OCHOBE allOMUKTHUYHBIX GpopM
[0 CaXapUCTOCTH U YPOXKaHHOCTU KOPHEIJIOJOB 3Ha4u-
MBIX pas/JIMYHUM He BBISIBUJIO, YTO NO3BOJIIET B JaJbHel-
11eM HUCNO0JIb30BaTh MOJydeHHble GOpMbI B cesiekLuu. [lo-
JlyyeHUe JIMHUH C IOMOIbI0 allOMHUKCHCA MO3BOJIMJIO 3a-
KpeNnuTb MOKa3aTesb CaXapUCTOCTH, ABYJeTHUM LUKJ
pa3BUTHUSA U YCTOHUYHUBOCTB K Liepkocnopo3y. Takum obpa-
30M, NyTeM aloMHMKCUCAa MOXHO 00eClneuyuTb MaTepHUH-
CKY!0 HacJeJCTBEHHOCTb U COXPAHUTDb KeJlaTeJbHbIN ¢e-
HOTHUII y CAXapHOM CBEKJIbl, yCKOPUB TeM CaMbIM CeJleKLIU-
OHHBIN IpoLecc.

KniwoueBbie cioBa: Beta vulgaris L., reHOTHII, L[UTOI/Ia3Ma-
THUYEeCKass MYXCKasi CTePUJIbHOCTb, Pa3esbHOMJIOLHOCTD,
WHOPUAUHT, Ka4YeCTBO CEMSIH, YCTOUYHUBOCTD K IIBETYIIHOCTH.

Introduction

Sugar beet (Beta vulgaris L. subsp. vulgaris var. saccha-
rifera Alef) is one of the main industrial crops in Russia,
serving as raw material for sugar production. Developing
new cultivars and hybrids of this crop with ahigh sugar
content and a set of valuable characteristics is one of the

most important tasks for breeders. When breeders are
working sugar beet, it is important for them to have well-
aligned, well-studied source material. Obtaining homozy-
gous lines by inbreeding is difficult due to a distinctly ex-
pressed system of self-incompatibility in most plants (Zhu-
zhzhalova et al., 2020). By the third inbred generation, plant
forms with distinct self-incompatibility are eliminated, and
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single self-fertile lines with elements of apomictic repro-
duction remain. The use of apomixis makes it possible to ac-
celerate the breeding process, preserve the desired combi-
nation of genes and offspring uniformity, and fixate the ef-
fect of heterosis in sugar beet (Bogomolov, 2008).

Apomixis is an exceptional natural phenomenon that
promotes clonal seed propagation of plants while preserv-
ing the genotype of the parent plant. In such seeds, the em-
bryos do not occur as a result of the fusion of male and fe-

analysis of segregating populations and applying cytologi-
cal techniques, the idea has been formed about the three-
gene inheritance of the sterility/fertility character (Bliss,
Gabelman, 1965; Hjerdin-Panagopoulos et al., 2002). CMS in
beets is determined by the sterile S cytoplasm, and nuclear
x, z and rff*" (restorer of fertility parity) genes. With the N-
type cytoplasm (fertile), only fertile pollen is produced. Dis-
tinguishing phenotypic characteristics of a sterile plant are
listed in Table 1.

Table 1. Sterility types in sugar beet

Ta6una 1. Tunbl CTEPUIBHOCTH CAXapHOI CBEKJIbI

Types of .
sterility Idiotype Phenotype
SxxzzRfParrfear
0 SxxZzrfrarrfear Sterile plants: with white transparent, empty anthers.
Sxxzzrfrarrfrar
I SxxZzRfrarrfear Sterile plants: with shrunken semi-empty, non-cracking anthers containing
SXxzzrfrarrfrar non-viable pollen.
They have large bright yellow anthers, partially or completely filled with
I1 SXxZzrfrarrfrar ; . .
a mixture of sterile and normal pollen grains. Anthers do not crack.
Semi-fertile SXxzzRfrarpfrar A mixture of sterile and fertile pollen.
Fertile SXxZzRfparrfear Fertile plants.

male gametes, as it occurs during sexual reproduction, but
due to the cloning of the ovum’s maternal tissues. The study
of this phenomenon is of great importance for agriculture.

Gametophytic apomixis in sugar beet is one of the mech-
anisms of inbreeding that leads to genome homozygotiza-
tion - according to S.I. Maletskii, 42.8% of genes per one
generation of reproduction (Maletskii, 1997, 2000). Under
natural conditions, the ability of sugar beet to reproduce
apomictically is very weak (Bogomolov, 2005). It is consid-
ered that sugar beet is predominantly an allogamous crop.
Although cross-pollination is common to Beta vulgaris L., it
haslong been noted that individual plants exhibit the ability
to self-pollination to varying degrees (Nilsson, 1924).
N. I. Vavilov’s employee N. V. Favorsky reported it in 1928,
describing the formation of nucellar embryos in the ovules
of beet flowers (Favorsky, 1928). In the Russian Federation,
self-fertile races were first discovered in 1927 at Ivanovo
Experiment Station, where the work on sugar beet crops
had been underway (Grinko, 1927). Similar forms were also
found in the United States. One such line turned out to be
amonogerm mutant and served as the basis for producing
monogerm cultivars and hybrids (Owen, 1942a; Savitsky,
1950).

Apomicts are produced by anatural or induced tech-
nique. Obtaining seeds on isolated plants with cytoplasmic
male sterility (CMS) is a method of natural apomixis. To
date, all hybrid breeding of sugar beet is based on the forms
with CMS. The first female flowering plants were discov-
ered in the 1920s at Belotserkovsky and Ivanovo Experi-
ment Stations (Arkhimovich, 1931; Gelmer, 1939). The
American researcher F. V. Owen (1942b) also found plants
with functionally female flowers among inbred lines polli-
nated with irradiated pollen, and described them. Active
research on the use of CMS in sugar beet breeding started in
Germany in 1953 (Bandlow, 1958), and later in the USSR
(Zaykovskaya, 1960, Zosimovich, 1960). Today, using the

Also, one of the features needed for the development of
beet cultivars and hybrids is monogermity (MG). In general,
beets tend to form clusters of 2 to 6 closely fused fruits on
their inflorescence. Plants with detached flowers appear in
a beet population very rarely. The first attempts to produce
plant forms with separate flowers were made in the begin-
ning of the last century, but the resulting forms did not find
practical application (Towensend, Rittue, 1905). More than
100 years have passed since then, and the entire sugar indus-
try now uses the seed material of monogerm hybrids. The de-
gree of monogermity (monocarpic degree) is important for
accurate seeding and mechanized formation of the density of
aplant stand. The development and introduction of new
monogerm beet cultivars and hybrids that most fully meet the
requirements of industrial cultivation technologies is one of
the ways to increase the economic efficiency of its production
(Sokolova, 2010).

To be able to use the material in the breeding process, it
must have a number of traits valuable for the crop, e.g., resis-
tance to diseases, a biennial development cycle, high sugar
content, etc. Therefore, assessment of the source material for
main agronomic characters is extremely important.

The goal of the presented research was searching for, de-
veloping and studying apomictic lines (A)) of sugar beet for
their economically valuable traits.

Materials and methods

The target objects of the study were 110 accessions of
sugar beet from the collection of the N.I. Vavilov All-Russian
Institute of Plant Genetic Resources (VIR). They differed in
their countries of origin, years of placement into the collec-
tion, and degrees of monogermity. The production of sugar
beet hybrids all over the world is based solely on CMS forms.
Domestic and foreign hybrids used in this work were pro-
duced on the basis of CMS, which is recorded in the State
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Register for Selection Achievements Admitted for Usage in
the Russian Federation (State Register..., 2020), on the web-
sites of their originators, and in their descriptive documents
when they were placed into the VIR collection.

This makes it possible to classify with absolute certain-
ty all detected sterile biotypes as CMS.

The research was performed at Pushkin and Pavlovsk
Laboratories of VIR (Town of Pushkin, St. Petersburg) in
2016-2018, and at Maikop Experiment Station of VIR (Mai-
kop, Krasnodar Territory) in 2018. The length of the grow-
ing season was 130 days for the yield of roots, and 150 for
that of seeds. All cultivars were studied on a natural back-
ground, without fertilization or crop protection against
pests and diseases. Observations were made in accordance
with VIR’s guidelines (Burenin, 1989). Individual isolation
cages made of calico were used for inbreeding. A Master 53
alpha/53 Palpha optical refractometer (Japan) was used to

Austria | Belarus - Denmark
Sweden

Czech

Japan

Poland

a 5-point scale: 0 - no damage; 1 - up to 20% of the leaf sur-
face area damaged; 2 - 21% to 40% damaged; 3 - 41% to
60% damaged; 4 - 61% to 80% damaged; and 5 - 81% to
100% damaged.

The experimental data were evaluated with MS Excel
2007 and Statistica 7.0 software.

Results and discussion

A group of accessions representing the diversity of the
sugar beet collection held by VIR was selected for screening.
The sets of accessions from Russia, Germany and Ukraine
were the largest and most diverse (Fig.1). Ranked by the
years of placement into the collection, the accessions varied
from earliest entries of 1928, such as ‘Barbabictela Zuchero’
(Italy) and ‘Pervomaysky hybrid’ (Russia), to contemporary
hybrids from the UK, Denmark, Germany and Russia.

other countries;
10

France

Fig. 1. Grouping of the tested sugar beet accessions according to their countries of origin

Puc. 1. TpynnupoBKa ONBITHBIX 06Pa3Li0B CaXapHOM CBEKJIBbI IO CTPaHe NPOUCXOXKAEHUA

measure the sugar level in beet roots. Germination energy
and seed germination percentage were assessed in VIR’s
laboratory using standard methods for Russia (GOST 12038-
84...,,2020). Resistance of the beet leaf system to Cercospora
leaf spot was scored 20 days prior to harvesting employing

An assessment of the sugar content in roots of the tested
accessions showed a significant increase in this character
across the years of their placement into the collection, thus
evidencing the effectiveness of breeders’ efforts around the
world (Table 2).

Table 2. Grouping of the tested sugar beet accessions according to the years of their placement into the collection

Ta6una 2. TpynnupoBKa ONbITHBIX 06PA31[0B CAXapHO CBEKJIbI 0 roAY BK/IIOYEHHsI B KOJLJIEKIHIO

Number of Sugar content in roots, %
Group accessions in each Years

group M + SX min max

1 11 1928-1950 14.3 £0.47 12.0 17.5

2 36 1951-1973 15.3+0.22 12.0 17.6

3 50 1974-1994 15.5+0.19 12.1 18.2

4 13 1995-2016 16.2+0.12 15.5 16.9
110 154 +0.13 12.0 182

exp > t0.01

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING 181 (4), 2020



« 181 (4),2020 o

D. V. SOKOLOVA

The resistance of the tested accessions to the annual de-
velopment cycle (bolting resistance) was assessed in the envi-
ronments of Leningrad Province and showed that 94.5% of
the accessions were resistant. The highest percentage of bolt-
ed plants (5.8%) was observed in the modern domestic dip-
loid single-seeded hybrid ‘Kubansky MS 95’ (k-3770).

Cercospora leaf spot resistance was assessed in the field
under the epiphytotic conditions of 2016. Caused by the fun-
gus Cercospora beticola Sacc., this leaf spot is one of the most
widespread diseases of beets, affecting both sugar beet and
other cultivated beet varieties (Salunskaya, 1959). Resistant
lines can be identified by inbreeding among the least affected
biotypes (Smith, Gaskill, 1970). Under the 2016 epiphytotics,
all sugar beet accessions were more or less susceptible. At the

time when the damage was recorded, 98.2% of the accessions
had symptoms of Cercospora leaf spot at alevel from 1 to
4 points (Fig. 2). In most of them (53%), the damaged area of
the leaf surface did not exceed 10%. Two accessions mani-
fested 100% resistance under the conditions of field assess-
ment. Those were cultivars of American breeding, ‘F 1001’
(k-3478) and ‘C 562 CMS’ (k-3481), included into the collec-
tion in 1982. Meanwhile, their sugar content levels were be-
low average (14.0 and 14.5%, respectively).

In 2017, 2,200 beet seed plants (20 plants of each acces-
sion) were evaluated for their sterility and monogermity
(MG). Individual isolation was provided only for plants with
the 0-type sterility, monogerm forms, and 10 plants from each
identified accession with fertile pollen (Fig. 3). The desired

Damage fm;m Cercospor@sia score
P : .
[
3
2
3
5]
-1 ......
i A
o
1] 10 20 30 40 50 60

The percentage of damaged accessions

Fig. 2. Screening of the sugar beet accessions according to their resistance to Cercospora beticola Sacc., 2016

Puc. 2. CKpUHUHT 06pa31L,0B caxapHOM CBEKJIbI 10 YCTOHYMBOCTH K Liepkocnopo3y (Cercospora beticola Sacc.), 2016 r.

Fig. 3. Differences between a sugar beet flower with the 0-type sterility (A, B) and a fertile biotype (C, D); Pushkin, 2017

Puc. 3. Pa3inums nBeTKa caxapHO#H CBeKJIbI ¢ 0-TUNOM cTepubHOCTH (A, B) u peprunsuoro (C, D); llymkun, 2017 .

m TPY/IbI 110 IPUKJIAJITHOW BOTAHUKE, TEHETUKE Y CEJIEKIIUHK 181 (4), 2020



. B. COKOJIOBA

« 181 (4),2020 o

biotypes were identified in 9 plants (0.4%) of 7 accessions.
The genotype of three of them combined sterility and 100%
monogermity. Six accessions, i.e., representatives of contem-
porary domestic hybrid breeding and the Danish hybrid ‘Ven-
tura’, showed a low incidence of Cercospora leaf spot (1 point)
and sugar content from 15.7% to 17.0%. The Czech old-time
cultivar ‘Wohancova 5’ (1947) was characterized by non-bolt-
ing, low leaf spot incidence, and extremely low sugar con-
tent (12.1%), which allowed us to attribute it to the semi-sug-
ar type. Two plants of the desired biotype were isolated from
each of the two hybrids ‘Ventura’ and ‘Kaskad 3.

Practical application of inbreeding in beets faces a num-
ber of difficulties due to the distinct inbreeding depression
exhibited by self-pollinated lines. This is manifested in a de-
creased number of seeds, deterioration of their quality, re-
duced germination, growth weakening in young plants, and
a decrease in overall productivity (Sokolova, 2010). This is
expressed most notably in the first inbred generations. As
arule, the depression stops after reaching a certain plateau.
In our experiment, the seed productivity under apomictic
reproduction averaged 29 g per plant, and the seed germi-
nation percentage was 61.8% (Table 3). At the same time,
fertile forms showed symptoms of depression after the first
forced self-pollination. Thus, the seed productivity of fertile
plants averaged 10 g per plant, and seed germination per-
centage was 28.9%. It should be noted that all isolated
plants were able to form seeds to some extent. Probably, the
reproduction system in beets is quite flexible, and, if neces-
sary, it switches from the zygotic mode to the apozygotic
one. Itis known that some species of Beta L. set seeds exclu-
sively in the apozygotic way (Barocka, 1966): for example,
representatives of the section Corollinae Tran.: B. lomatogo-
na Fisch. & C.A. Mey. (2n = 36), B. corollifora Zosimovic ex
Buttler (2n=18), B. trygina Waldst. & Kit. (2n =54), and
B. x intermedia Bunge (2n = 36). Apparently, finding culti-
vated beet forms with the apomictic reproduction mode is
a confirmation of the N. I. Vavilov’s universal law of homolo-
gous series in variation, which applies to both morphologi-
cal and reproductive characters.

Differences in the productivity of seed plants are largely
related to the architectonics of the seed plantand depend on
the number of fruiting stalks, the nature and rate of differ-

entiation in buds, the number of clusters, and the quality of
seeds in them. The habitus of the seed plant, in its turn, in-
duces differences in the formation of seeds, which is reflect-
ed in their quality. The main mass of seeds (68-99%) is lo-
cated on the branches of the first and second branching or-
ders, versus 7% to 10% on the central stalks (Kononkov,
Balbyshev, 1982). The number of branches, their spatial po-
sition, and the expression degree of the main stalk (the lead-
er) are used to characterize beet seed plants. A leaderless
plant, with at least 3-4 stalks, is considered the optimal one.
Plants of such type are valued for their most harmonious
habitus, produce stalks that counterbalance each other in
the process of development, usually demonstrate matura-
tion synchrony, yield high-quality seeds, and have high seed
yields (Arkhangelsky, 1968). In our experiment, seed plants
of the sterile lines 5b from ‘Ventura’, 9b from ‘Kaskad 3’ and
12g from ‘RO 117’ formed a distinctly expressed leading
sprout with several first-order branches. This type of bush
partly explains their low productivity.

In general, apomixis does not promote adaptability to
evolution because it does not affect the spread of new genes
in a population and usually serves only to reduce genetic di-
versity. Many apomictic species retain some ability to re-
produce sexually. This apomictic feature allows them to
thrive under conditions where pollination is impossible, but
they can also resume sexual reproduction when conditions
allow. Therefore, apomixis equips a plant species with an
enhanced ability to adapt and survive under unfavorable
conditions. As shown in Table 3, the inbreeding in fertile
biotypes led to adecrease in all seed quality characters:
productivity, 1000 seed weight, and germination percent-
age. Contrariwise, seed setting under the apozygotic mode
did not result in a manifestation of inbreeding depression
symptoms. The exceptions were two lines: 9b from ‘Kas-
kad 3’ and 12g from ‘RO 117’, with the lowest indicators,
which implies that they are not prone to the apomictic mode
of seed formation and that, in all likelihood, such biotypes
will be completely eliminated in the future.

Of particular interest were three identified lines that com-
bined the O-type sterility and monogermity (MG). As shown
earlier by our experiments on table beet, self-pollination of
MG forms leads to a clearly expressed inbred depression, oc-

Table 3. Statistical quality indicators of sugar beet seeds produced by inbred lines of the isolated sterile
and fertile biotypes, 2017

Ta6una 3. [loka3aTe M KayecTBa CEMSH cCaXapHOM CBeKJIbl, MOJIyYeHHBIX B pe3y/ibTaTe MHOPHU/MHTA
y CTepUJIbHBIX U GepPTUIbHBIX 6MOTUNOB, 2017 I

Indicators Inbred form M SX Cv LSD (P < 0.05)

A,s* 28.97 7.18 74.4

Productivity, g/plant 15.6
I, £+ 10.03 1.61 48.3
Ags 20.4 1.81 26.7

Weight of 1000 seeds, g 4.59
If 16.71 1.17 21.1
Ags 61.78 9.01 43.7

Seed germination, % 21.3
If 27.36 4.46 48.8

* A, s - apomictic lines

**1,f - inbred lines of fertile beet plants

* A,S -~ aOMUKTUYHbIE IMHUH

**1,f - un6peHbIe TMHUU GEPTUILHBIX PACTEHUH CBEKJIbI
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currence of teratological changes, and complete elimination
of lines (Sokolova, 2010). The analysis of the 2017 data re-
vealed that isolation of monogerm sugar beet forms, both fer-
tile and sterile, mainly affected the overall productivity of
a seed bush by reducing it (Fig. 4). At the same time, seed ger-
mination percentage as well as germination energy remained
at the same level. Thus, the presence of MG genes in the geno-
type of sterile or fertile plants reduces seed productivity dur-
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ing inbreeding. Minor manifestations of fasciation (less than
1%) were observed on several plants of the fertile biotype.

A comparative test on the obtained apomictic lines (A )
and the original parent material (P) to assess main economi-
cally useful characters was carried out in the beet-growing
zone at Maikop Experiment Station of VIR in 2018. The lines
with seed productivity below 10 g were not included in the
field experiment (Table 4).

® Productivity, g/plants
©1 Weight 1000 seeds, g
® Germination energy, %
Seed germination, %
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Fig. 4. Comparative indicators of seed plant productivity and seed quality after inbreeding
in different sugar beet genotypes, 2017

Puc. 4. CpaBHHMTe /IbHbIE NIOKAa3aTe /I NPOAYKTUBHOCTH CEMEHHBIX PaCTEHUH U KayecTBa N0JIyYeHHBIX CEMSH
WHOpPeAHBIX IUHUUA CAaXapHOH CBEKJIBbI C pa3/IMYHbIMU reHoTUnamy, 2017 r.

Table 4. Comparative data of economically valuable traits in parent accessions (P)
and apomictic lines (A,) in their first growing season

Ta6smna 4. CpaBHUTe/IbHBIE JAHHbIE X035 CTBEHHO IIeHHBIX IPU3HAKOB Y POAUTE/IbCKUX 06pa3ios (P)
¥ NOJTy4eHHBIX Ha MX OCHOBe allOMHUKTHYHBIX JIMHUH (A ) B epBLIii ros BereTanuu

. Weight of one . 2 Sugar Bolting, Damage from Cercospora
FEEEIDIETTE root, kg Kb g content, % % leaf spot, score
P 0.74 56.40 16.70 0 1
Ventura
A, 0.69 52.50 16.40 0 1
P 0.96 67.20 15.50 3 2
PMC 120
A0 1.18 82.60 16.10 0 1
P 1.33 88.40 19.00 3 2
Kaskad 3
A0 091 60.40 17.90 1 1
P 1.14 79.80 14.40 3 1
Wohancova 5
A, 0.96 68.00 13.70 1 1
P 1.02 69.40 16.80 13 2
Ramoza
A 1.18 80.20 16.80 0 1
P 0.78 38.90 18.50 2 1
PMC 121
A 0.80 39.90 17.80 0 1
Femp< FO.OS

* — plants combining sterility and monogermity in their genotype
* — pacTeHwUs, coueTalolle B TeHOTUIIE CTePUIbHOCTD U pa3/ie/IbHOIIOAHOCTh
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Statistically significant differences in metric parameters
between the obtained lines and the parent accessions were
not detected (Femp< F,,s)- It confirmed the absence of the
signs of inbred depression in apomictic lines. The flowering
rate of apomicts was lower than that of the parent compo-
nent, confirming the effectiveness of selection and consolida-
tion of the maternal genotype in apomixis. For example, the
line 4g from ‘Ramoza’ was more productive (80.2 kg/10 m?)
than the parent hybrid, which showed a significant tendency
to the annual development cycle under the conditions of Mai-
kop Experiment Station of VIR (bolting was 13%).

Conclusions

As aresult of a comprehensive study of 110 accessions
from VIR’s sugar beet collection, a gradual increase in the
sugar content was found in the roots of more recent acces-
sions, attesting to the effectiveness of this breeding trend.
The population of sugar beet cultivars and hybrids was ob-
served to incorporate very few forms with the 0-type steril-
ity (less than 0.5%). All identified sterile plants produced
viable seeds in different amounts (germination rates varied
from 12% to 86%).

Sugar beet hybrids with sterile cytoplasm served as
a basis for the development of apomictic lines with CMS,
which were evaluated according to a set of economically im-
portant characters. Compared with the seeds of inbred fer-
tile biotypes, the quality of the obtained apomictic seeds
(1000 seed weight, seed germination percentage, and ger-
mination energy) was higher. An assumption can be made
that the sugar beet forms with CMS are able to switch quite
easily to the apozygotic mode of offspring formation. In con-
trast to fertile biotypes, there was practically no inbreeding
depression in apomictic lines of the first generation.

Comparative evaluation of the parent accessions and
apomictic forms isolated from them revealed the absence of
significant differences between them in the sugar content
and yield. Producing sugar beet lines through apomixis
made it possible to fixate the indicators of sugar content, bi-
ennial development cycle, and resistance to Cercospora leaf
spot. This would promote the use of the resulting forms in
future breeding programs. Of particular interest are two
apomictic lines: 4g from ‘Ramoza’ and 10v from ‘RMS 127’
combining the 0-type CMS and 100% monogermity in their
genotype.

Thus, the use of apomixis can ensure maternal inheri-
tance in sugar beets and preserve the desired genotype,
thereby accelerating the breeding process.

The research was performed within the framework of the
State Task according to the theme plan of VIR, Project
No. 0662-2019-003 “Genetic Resources of Vegetable and Cu-
curbit Crops in the VIR Global Collection: Effective Ways to Ex-
pand Their Diversity, Disclose the Patterns of Hereditary Vari-
ability, and Use Their Adaptive Potential”.

Paboma evinoaHeHa 6 pamkax 2ocydapcmeeHHo20 3a0a-
HUSl co2/1acHo memamuyeckomy nsaaHy BHP no npoekmy
Ne 0662-2019-003 «['enemuueckue pecypcbl 080WHbLIX U 6aX-
yegblX Kynbmyp mupogoll koanekyuu BHUP: sgpdexkmusHble
nymu pacwupeHusl pazHoobpasus, packpblmusi 3aKOHOMep-
Hocmell HacnedcmeeHHOU U3MeHYUs8ocmu, UCNO/1b308AHUS
aodanmueHo20 NOMeHyuana».
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