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CEJIEKUMA N CEMEHOBOACTBO CEJIbCKOXO3ANCTBEHHbLIX PACTEHUN

['eHOOH, KOPMOBOW
cBekbl konnekumn BUP:
pa3Hoo0pa3me, NOTEHLMAT

PE3IOME

AxtyansHocTb. KopMoBas cBekna, Kak UCTOYHUK COYHbIX KOPMOB A1 XKNBOTHOBOACTBA, Urpa-
€T BeAylylo poJib Cpeayn KOPMOBbIX KOPHENIoAoB. Eil 0TBOAUTCS BaXHaa poJib B peLIeHUU
npo6nemMbl ynyylleHus OTe4eCTBEHHOr0 KOPMOMPOU3BOACTBA, T.K. MPOAYKUUS KOPMOBOW
cBeKbl ABNgeTcs Haubonee c6anaHCMPOBaHHOI MO YrNeBOAHO-NPOTEUHOBOMY KOMMJIEKCY.
BbicOKUi1 BbIXOA KOPMOBBIX €AUHUL, C NJIOLWAAN NOCEBa B KOMMJIEKCe ¢ 00MbLIOi ypoxaii-
HOCTbi0, c6anaHCMpPOBaHHbLIM MUHEpPaNbHbIM KOMMJIEKCOM U BO3MOXHOCTbIO AJIMTENBHOIO
XpaHeHus AenaeT KynbTypy BOCTPeGOBaHHON ANS XWBOTHOBOAYECKOro komnnekca Poccuu.
Konnekuusa kopmoBoii ceeknbl BUP oGnagaet 6orateim reHopOHAOM U, YYUTbIBAS HEAOCTa-
TOK COpPTOB M ru6pupoB. KynbTyphl B Focpeectpe PO, sBnsieTcs UICTOYHUKOM MCXOZHOTO MaTe-
puana ang ote4ecTBEHHON cenekuum. Lienb nccnenoBanns — BbisBUTb NOTEHLUAN KOMIEKLUN
KOPMOBOIA CBEKJIbI 0 Hanbonee BaXHbIM HanNpPaBieHUsIM COBPEMEHHOIA CeNeKLUMN KyNbTypbl.
Matepuans v meTozbl. B onbiTe ydacTBoBana penpeseHtaTmeHas Bbioopka u3 190 o6pa3uos,
KOTOpble BbipalWMBanM B OBOWHOM ceBooGopoTe Hay4HO-Npou3BOACTBEHHOUW 6a3bl
«MywkuHckue u Naenoeckme nadopatopum BUP» ¢ 2015 no 2019 roabl.

PesynbTtatbl. B pesynbTate uccnepoBaHus AaHbl XapakKTepUCTUKM COPTOTUMOB KOPMOBOM
CBeKJIbl C MPM3HaKaMM BbICOKOIA yPOXaiHOCTHU, NPOAYKTUBHOCTH, YCTOMYMBOCTHM K aBnoTHye-
CKUM 1 6MoTHYeCcKMM dakTopam, NPUroAHOCTbIO K MEXaHU3UPOBAHHOI YOOPKe U NEXKOCTbIO.
BbigeneHbl 00pasLbl ¢ BbICOKOI CTENeHbio 0AHOCEMSAHHOCTU. TeTpanionaHbie CopTa KOpMo-
BOWi CBEKJIbl, 06n1aganu 60sbLuei NPOAYKTUBHOCTbIO, HO UMENU NOBLILLIEHHYIO MOPaXaeMoCTb
LLePKOCNOPO30M 1 MAOXYI0 NeXKOCTb. OTMe4YeHO NposiBNeHne BuaoHecneumpmyecko (akce-
HWIAHOIA) YCTOIYMBOCTM KYNLTYP K LilepKkocnopo3y, o6ycnoeneHHoe Mophodusnonornyecku-
MM XapaKTepucTMKaMUu NIMCTOBOrO0 anmapaTta pacTeHuii. Boisoabl. Konnekuus kopmoBow
cBeknbl BUP o6najaeT wmMpokum pasHooOpa3uem U XOpoLIO M3y4eHHbIM reHOpOHAOM, YTO
fIBNSeTCs NOTEHUMaNoM Ans co3faHus HeoOXoAMMbIX AN BbICOKOTEXHONOIMMYHOIO Mpo-
M3BOACTBA COBPEMEHHbIE COPTOB U rMOPUAOB KYNbTypbl C KOMMIEKCOM XO3SWCTBEHHO LieH-
HbIX NPU3HAKOB.

Kniouesbie cnioBa: KOpMOBasi CBeKNa, reHeTUYECKME PECYPChbl, COPTOTUMbI, NPOAYKTUBHOCTb,
LepKoCcnopo3, 0OAHOCEMSAHHOCTb.

Fodder beet gene pool from the
VIR collection: diversity, potential

ABSTRACT

Relevance. As a source of juicy feed for livestock, fodder beet plays a leading role among
fodder root crops. It plays an important role to solve the problem of improving domestic feed
production, since the production of fodder beet is the most balanced in terms of carbohy-
drate and protein complex. A large number of feed units from the area of sowing in a complex
with a high yield, a balanced mineral complex and the possibility of long-term storage makes
the crop in demand for the livestock complex in Russia. The VIR fodder beet collection has a
rich gene pool and, given the lack of varieties and hybrids in the State Register of the Russian
Federation, is a source of raw material for domestic breeding. The purpose of the study is to
identify the potential of the collection of fodder beet in the most important areas of modern
crop selection.

Materials and methods. The experiment involved a representative sample of 190 accessions
that were grown in the vegetable crop rotation of the Research and Production Base of
Pushkin Laboratories of the VIR from 2015 to 2019. Description and biochemical studies
were carried out according to the VIR Guidelines.

Results. The characteristics of fodder beet cultivars with signs of high yield, productivity,
resistance to abiotic and biotic factors, suitability for mechanized harvesting and storability
were given. There was a manifestation of axenium resistance of the culture to cercosporosis
due to morphophysiological characteristics of the leaf apparatus of plants. Conclusions. The
VIR fodder beet collection has a wide variety and well-studied gene pool, which is the poten-
tial to create the modern varieties and hybrids of crops with a complex of economically valu-
able characteristics, which are necessary for their high-tech production.

Keywords: fodder beet, genetic sources, types of varieties, productivity, cercosporosis,
monogermicity.
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Introduction

oot crops occupy an important place in providing

livestock with juicy feed. A balanced diet of animals
on the content of digestible protein and carbohydrates is
necessary for productive mass building. Fodder beet
plays a leading role among fodder root crops. It plays an
important role in solving the problem to improve domestic
fodder cropping, since the production of feed beets is the
most balanced in terms of carbohydrate and protein com-
plex. The optimal ratio of raw protein and carbohydrates
is 1:1.2-1.5.

One of the advantages of the culture is high content of
carbohydrates in it (mainly sucrose). Their number
according to long-term data of the VIR biochemical labo-
ratory varies from 9% to 13% with the accumulation from
15% to 16.6% of dry matter [1]. Good preservation of root
crops until spring and the use of tops for silage prepara-
tion is also a significant advantage of the crop. The accu-
mulation of betaine, which is a necessary feed additive in
animal husbandry, in root crops allows to reduce costs
and improve the quality of meat products. Betaine, con-
tained in all varieties of root beets, contributes to better
metabolism in animals, improves the quality of protein,
and serves as an anti-stressor and hepatoprotector [2, 3].
Root crops are well stored in winter and suitable for feed-
ing all types of livestock and poultry, especially dairy
cows and pigs. Every 100 kg of root crops contain 8.5-
11.3 feed units, 0.9 kg of digestible protein. The mineral
composition of fodder beet is mainly represented by alka-
line elements, which helps to neutralize the acids, con-
tained in the silage, and thereby, eliminates the excessive
acidity of gastric juice, which is formed when feeding
silage, in animals [4].

Fodder beet gives a large number of feed units per
hectare compared to carrots and turnips. Due to the high
yield (up to 110-120 t/ha) of root crops and tops, fodder
beet provides from 1.0 to 1.5 tons of feed units per a
hectare under favorable conditions [5]. This variety of
beet is affected by diseases much less than sugar and
table ones and can be successfully grown both in the
southern and more northern regions of the Russian
Federation. The content of individual elements is associ-
ated with a complex of reasons: a specific genotype, the
point of cultivation, meteorological conditions of the year,
the applied agricultural technology, the size of the root
crop, etc. [6].

BREEDING AND SEED PRODUCTION OF AGRICULTURAL CROPS

For 2020, the Russian State Register of Breeding
includes 10 varieties and 18 hybrids of fodder beet only.
For successful work of breeders, it is necessary to have a
diverse, well-studied source material. Given the lack of
modern varieties and hybrids of this crop in the Russian
Federation and the importance of producing juicy feed for
livestock, the analysis of the potential of the VIR collection
is relevant and timely.

Materials and methods

The material for the study was 190 accessions of the
VIR collection of fodder beet, which were studied by a set
of characteristics during 2015-2019. This sample repre-
sentatively reflects global diversity, as it includes acces-
sions from 28 countries that produce this crop. The
experimental part of the work was performed according to
a unified methodology in the Research and Production
Base of the Pushkin and Pavlovsky Laboratories of the VIR
(Pushkin, Leningrad region). The area of the accounting
plot was 10 sq. m; the repeatability of the experience was
three times.

Observations and records were made in accordance
with the VIR Guidelines for the Study and Maintenance of
the World Collection of Root Crops [7].

Cercosporosis was detected using the following 5-
point scale: 0 points — no affects; 1 — up to 20% of the leaf
surface area is affected; 2 - 21-40%; 3 — 41-60%; 4 — 61-
80%; 5 - 81-100%.

The level of monogermicity of seed plants was estimat-
ed by counting of fruits/ stems on 10-centimeter seg-
ments of the main and 2-3 side shoots.

The content of dry substances’ mass was determined
by weighing the average accession before and after dry-
ing in a drying cabinet at 105°C.

The obtained experimental data were processed by the
standard methods of statistical analysis using Excel.

Results and discussion

World collection of fodder beet (Beta vulgaris L. subsp.
vulgaris var. crassa) of the VIR is unique in its genetic
diversity and origin. The collection has existed since 1928
and currently includes 443 accessions, which is 22% of
the total collection of the genus Beta L. of the VIR.

At the beginning of the last century, fodder beet was
one of the three most common fodder root crops in
Europe. Breeding work was actively carried out in France,

Fig. 1. The first accessions of the fodder beet VIR's collection
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the Netherlands, Germany, Sweden, Denmark, Italy, and
Great Britain. The first varieties appeared in the VIR col-
lection in 1928. That year, the collection was supplement-
ed with 58 accessions of fodder beet from European
breeding companies. At that time, the main areas of
breeding work were increasing yields, resistance to dis-
eases and keeping (the ability of root crops to maintain
their quality during long-term storage at low tempera-
tures). Among the first arrivals there were the accessions
from France - ‘Jaune Globe a petite fenille’ (k-719),
‘Jaune ovoide des Barres’ (k-726), ‘Eckendorfer rouge’
(k-731); the accessions of Dutch selection - ‘Barres
Sludstrup’ (k-740), ‘Grosse glatte weisse’ (k-749); the
Danish variety ‘Eckendorfer verbesserte gelbe’ (k-755);
the German varieties — ‘Riesen Pfahl-lange rote’ (k-802),

D

a)

= red beet
» chard

sugar beet
= wild form

Representatives of breeding in Denmark, Ukraine,
Sweden and Belgium are after them (Fig.3).
Characteristically there is no receipt of accessions from
the countries of the southern hemisphere, and the inter-
est in breeding with the crop is more characteristic of the
countries of the northern hemisphere. The collection con-
tains one local variety from Iraq ‘Red local’ (k-1833) - a
1960 expedition collection from the southernmost point.
Phenotypically, fodder beet accessions show the
greatest polymorphism in terms of the main element of
productivity — the root crop. According to the similarity of
morphological features, all accessions are grouped into
11 groups - types of variety.
Characteristic features of the types of variety (Fig. 4):
Eckendorf. Group of the types of variety: yellow (var.

-y
e’

b)

= fodder beet

Fig.2. Structure of the genetic Beta L. collection of VIR in 1940 (a) and today (b)

‘Klumpen gelbe’ (k-813), ‘Eckendorfer gelbe Riesen
Walze’(k-881) and etc. (Fig. 1).

The interest in the crop was quite great. In the first
years of the collection’s existence, it was fodder acces-
sions that made up the largest part of the collection (38%)
until 1940 (Fig. 2). In subsequent years, the dynamics of
new arrivals of fodder beet accessions was gradually
reducing. To date, their share is 22% of all accessions of
the Beta L. collection.

To date, the collection of fodder beet is represented by
old-local varieties, diploid and polyploid variety popula-
tions, hybrids, linear materials, primitive and semi-sugar
forms. The largest share is made up of selected varieties
from the Netherlands, Germany, Russia and France.

Fig. 3. Countries - originators of collection accessions
of fodder beet.
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lutea), white (var. virescens m.), and red (var. rubidus
m.). It is a high-yielding group of accessions with a
smooth root crop skin, convenient for cleaning and wash-
ing. It differs in the characteristic shape of the root crop:
cylindrical or saccular one with a blunt base, often with an
intercept in the middle. The immersion in the soil is shallow
and therefore it easily extracts from the soil. It also tolerates
lack of moisture relatively easily. The length of the growing
season is 125-130 days. They are relatively resistant to bolt-
ing (2.45-6.3%), major diseases, and well-stored. Modern
varieties are widely zoned, give a consistently high yield. The
earliest specimens in the collection are: with yellow skin color
— ‘Gul Eckendorfer’ (k-775, Sweden), ‘Eckendorfer gelbe
Riesen Walze’ (k-881, Germany), ‘ldeal Poltavskiy’ (k-1471,
Ukraine); with white skin color — ‘Grosse glatte
weisse’ (k-749, Netherlands), ‘Weiss Gimsing’
71 (k-1961, Denmark), ‘Lange weisse’ (k-770,
Germany); with red skin color - ‘Rubra
36 schwedische rosakopfide’ (k-752, Netherlands),
‘Eckendorf red’ (k-1016, Netherlands), ‘Peragis
1 Rote’ (k-2211, Germany). The accessions with
white skin are less productive.

Barres. The oldest, most productive and
most common type of the variety of fodder
beet along with Eckendorf’s one. The history
of the first variety goes back to 1853, when
and the ‘Barres’ and ‘Vorjak’ varieties were
developed from the ‘Yellow german’ variety
by the Vilmorin Company. A distinctive feature
is the orange color of the skin of the root crop.
Its shape can be cylindrical or oval. This type
of variety is characterized by an increased
content of dry matter, less tendency to cer-
cosporosis, good keeping and drought resist-
ance.

Vegetables crops of Russia Ne4 2020 ISSN 2072-9146 (Print)
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Fig. 4. Fodder beet of various types of varieties
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For the northern latitudes, our research institute creat-
ed the variety of ‘Northern Orange’ (k-3334, author V.T.
Krasochkin), the most resistant to bolting from fodder
beet varieties. It has been included in the State Register
of the Breeding Achievements of the Russian Federation
since 1953 and is widely zoned on the territory of the
country. The first varieties of the Barres type of variety are
the progenitors of many modern varieties and hybrids of
fodder beet. This type of variety is represented by ‘Barres
Sludstrup’ (k-740, the Netherlands), ‘Barres cylindrical’
(k-1427, Russia), ‘Angora’ (k-3342, Belgium), ‘Siberian
Orange’ (k-3020, Russia), ‘Barres Struno’ (k-1993,
Germany), ‘Winner’ (k-1469, Ukraine), ‘Garant’ (k - 2129,
Sweden), ‘Kolds Barres Stryno’ (k-2018, Germany),
‘Jaune Viking’ (k-2114, France), ‘Poly Productiva’ (k-
2094, the Netherlands), and etc.

Leutewitz’s. A group of varieties of German origin.
The color of the root crop skin is yellow and orange-yel-
low, the flesh is pale yellow. The shape of the root crop is
rounded, the maximum weight reached 2.5 kg. Leaf blade
is dark green; it easily tolerates autumn frosts. The
rosette of leaves is powerful, approaching a standing
form that does not prevent to use harvesting equipment.

The first additions to the collection in 1928 are
‘Leutewitzer’ (k-765, Germany), ‘Leutewitzer gelbe’ (k-
794, Germany), and ‘Champion Yellow globe’ (k-1008,
United Kingdom). This group of precocious non-bolting
accessions is promising to grow in northern regions.

Tankard (var. aurantia m.). A small group of acces-
sions of English origin. The type of variety is characterized
by a golden-yellow color of the skin and flesh. Petioles
and leaf veins also have yellow pigmentation. The rosette
of leaves is small, semi-erect. Root crops do not exceed
600 grams, the yield is low, the dry matter content is
increased. It relatively is resistant to bolting and drought.
It does not tolerate excessive waterlogging. This type of

BREEDING AND SEED PRODUCTION OF AGRICULTURAL CROPS

variety is represented by of ‘Jaune rouge sucree’ (k-16,
France), ‘Golden Tankard’ (k-835, Germany), ‘Golden
Tankard’ (k-1564, Russia).

Mammut (var. rubidus m.). The type of variety is char-
acterized by a red-pink color of the root crop skin, slight-
ly pinkish flesh and elongated conical shape. The leaf is
pigmented; the leaf veins are maroon. The petiole is thin,
long, and the rosette of leaves is spreading. In the 19th
century, this type was widely distributed. It values for its
consistently high content of dry matter — from 12% to
16%. It does not tolerate lack of moisture, but resistant to
salinity. The varieties of this type are late-maturing,
strongly affected by cercosporosis, and they require fer-
tile soils. The tendency to branch leads to difficulty to
extract from the soil. This type of variety is represented by
‘Mammut’ (k-1574, USA), ‘Mammut 1192' (k-1592,
Russia).

Semi-sugar. The group of the types of variety: pink (var.
rosea Moq.) and white (var. virescens m.), characterized by
high sugar content and elongated or oval-conical shape of
the root crop. In the group with white root crops, a subgroup
of Owen’s accessions is distinguished - with an oval or
shortened-oval shape. Some of the accessions were the pri-
mary forms of sugar beet at early last century, others came
from crossing fodder with sugar one. This type of variety is
resistant to both excess and lack of moisture in the soil. In
the North, it produces a high percentage of bolting. The
forms with white root crops contain more sugars (12-17%).
The first representatives of this type of variety in the collec-
tion are ‘Polusakharnaya rozovaya’ (k-903, Ukraine),
‘Marienlyst 5’ (k-1348, Denmark), ‘Marienlyst 5 Gusrof’ (k-
1028, Sweden), ‘Monorosa’ (k-2096, Germany), ‘Geante
Blanche’ (k-727, France).

Red Otofte. The accessions of this type of variety are
characterized by an oval and oval-conical shape of the root
crop, red or crimson skin of the root crop with white or pink-

Table 1. Characterization of agronomic traits of fodder beets types (2015-2019)

Twesoffodderbest 2 Theleaeritd
accessions
Eckendorf
yellow 42+85 70
red 22+82 80
white 30 =80 70
Leitevitskaya 55 +68 68
Barres 110+118 75
Tankard 23+34 75
Mammut 45+68 78
Semi sugar
pink 48 =110 67
white 42 +100 70
Ovana 58 +115 80
Red Otofte 38+75 78
Grovas 38 +106 94

Root dry matter content, %

The mass

of the root, g (min +max) cv, %
500 +2500 7.5+15.2 14.8
620 +2100 6.7 +15.5 14.4
500 +2300 9.0+11.0 12.0
420 +780 11.0+15.5 15:3
1243 = 2777 11.1+18.5 13.8
350 =600 7.8+16.0 16.2
650 =720 12.0+16.2 12.8
760 +2100 8.8+18.2 16.6
1500 +2300 9.1+16.0 13.6
600 +2200 7.2+17.2 17.1
620 +1300 8.8+17.2 15.8
600 +2300 8.0+18.2 16.4
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ish flesh. It weakly affects by cercosporosis. It is suitable for
machine cleaning. This type of variety is represented by Red
Otofte 10’ (k-1720, Denmark), ‘Red Otofte round’ (k-3152,
France), ‘Belarusian red’ (k-2118, Belarus).

Grovas. The shape of the root crop is oval or oval-con-
ical, the skin and flesh are white. It has a high crop yield
(up to 94% of the crop). This type of variety includes
‘Barron’ (k-2213, Netherlands), ‘Cyklop Bumono’ (k-
2886, Poland), ‘Hinderupgaard’ (k-2393, Denmark),
‘Hunsballe Kora 7’ (k-1908, United Kingdom), ‘Porsina’
(k-2124, Romania), ‘Tekavil’ (k-2887, France), ‘Zentaur’
(k-2030, Poland).

In the breeding of fodder beet at this moment, the following
main directions have now been determined: increasing pro-
ductivity, resistance to diseases and pests, cold resistance
and resistance to bolting, earliness, suitability for machine
cleaning, keeping and monogermicity. These directions are
connected with each other to a certain extent.

It is known that an important indicator of the productiv-
ity of fodder beet is the content of dry matter in root
crops. In our study (Table 1), the accessions of different
types of varieties differed in this feature, but all the exper-
imental accessions showed a slight variability (Cv=17.1-
12.0%). The stability of this indicator was noted earlier in
other varieties of root beet [8]. The highest content of dry
matter was observed in the types of the varieties of
Barres, Semi-Sugar Pink, Semi-Sugar White and Grovas.
There is no negative correlation between the weight of a
single root crop and the dry matter content, which allows
for the selection to increase the biomass without loss of
productivity.

It is known that one of the factors determining the area
of beet growing is temperature. Seedlings die in light

CEJIEKUMA N CEMEHOBOACTBO CEJIbCKOXO3ANCTBEHHbLIX PACTEHUN

frosts and negatively react to long-term spring cold
spells, which usually induce bolting. Such plants dramati-
cally reduce crop yield impairing the quality of products.
Cold tolerance or resistance to the bolting of beets is
important not only for northern and middle latitudes, but
also for southern ones when sowing at early terms. The
screening of genotypes for resistance to bolting in the
conditions of Pushkin area revealed the types of variety:
Leitevitskaya, Barres and Tankard (Table 2). The acces-
sions from Sweden, the Netherlands, and the United
Kingdom showed higher rates.

Cercosporosis is a disease caused by the pathogenic
fungus Cercospora beticola Sacc. The disease manifests
as multiple rounded grayish-brown necroses on leaves
with a brown border measuring 2-4 mm. With epiphytotic
course, the disease can lead to the loss of up to 30% of
the yield. The genotypes of fodder beet being absolutely
resistant to cercosporosis were not detected. The resist-
ance, not specific to this species, due to the morphophys-
iological characteristics of plants, was noted there. Thus,
accessions with a smooth leaf surface, sparse and semi-
raised rosette of leaves were more resistant to the dis-
ease. The accessions of the types of the varieties
Leitevitskaya, Semi-Sugar White and some representa-
tives of the Barres had a similar architecture of the leaf
rosette. It is interesting that in all the years of research,
under equal conditions of growing, fodder beet was
affected by Cercosporosis significantly less than table
and leaf beet.

The most harmful beet disease in the north-west and
central regions of Russia is a root rot disease caused by a
complex of microorganisms: soil fungi and bacteria. The
ratio and composition of pathogens varies significantly

Table 2. Characteristics of resistance and storage fodder beets types (2015-2019)

Types Bolting, Damage from
of fodder % Cercosporosis,
beet accessions min +max score
Eckendorf
yellow 6.3 (0 +27.5) 1.4
red 2.45(0+12.3) 1.7
white 3.4(0+14) 1.4
Leitevitskaya 0.6 (0+4) 1.1
Barres 1.3(0+13.1) 1.0
Tankard 1.8(0+9.1) 2.2
Mammut 2.5(0+10.2) 2.8
Semi sugar
pink 20.8 (0+42.8) 1.8
white 14,0 (7.7 +26.4) 1.2
Ovana 11.5 (0 +38) 1.5
Red Otofte 5.4 (0+22) 1.6
Grovas 2.7(0+24.1) 1.3

Damage Ke_eping quality Soil
0.2 (0+16) 75.6 (46.2 +96.7) 1/4-1/5
4.1(0 +13) 78.6 (48.9 +92.3) 1/3-1/5
0.6 (0 +12) 85.1 (56.3 +96.8) 1/4-1/5
0.8(0+12) 80.3 (62.6 +96.4) 1/2-3/4
4.15 (0 +36) 64.3 (43 +92.7) 1/2-2/3
5.4 (0 +24) 56.8 (43.4+72.2) 1/2
3.2(0 =14) 65.0 (54.8 +77.1) 2/3

0.6 (0+3) 70.0 (58.8 +78.5) 1/2-2/3
5.0(0+11) 83.3 (72.1+90.0) 2/3
3.1(0+25) 81.3(73.3+94.3) 1/2-2/3

2.3(0+9) 71.2(36.2 +95.0) 1/2-1/3
10.4 (0 +35) 74.7 (57.7 +90.2) 1/2
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depending on soil conditions and the growing region.
About 80 types of microflora that induce the disease have
been identified. With severe damage, crop losses can
reach 20% [9]. Pathogens are especially active in water-
logged, heavy, sour and floating soil. In our study, the
group of accessions of the types of the varieties
Eckendorf Yellow and Eckendorf White, Leitevitskaya,
Semi-Sugar Pink showed itself as the most resistant to
root rot.

Keeping of fodder beet roots infected with cercosporo-
sis and root rot is accompanied by their significant dam-
age by pile rot, which leads to losses during keeping. We
noted the deterioration of keeping quality and the high
incidence of diseases in tetraploid accessions of fodder
beet among all the types of varieties. In general, fodder
beet has a good keeping for a long period and can keep
root crops until the end of April at the level of 90-95% with
proper agricultural techniques and favorable weather
conditions.

The tendency to switch all grown varieties and hybrids
of beet to monogerm forms is dictated by the need to
mechanize the growing process fully. Sugar beet produc-
tion around the world is almost completely switched to the
use of monogerm seed material. The varieties of table and
fodder beet are significantly behind in this parameter. The
characteristic collection of single-seeded accessions of
the VIR fodder beet is about 0.45% of all the accessions in
the collection. The degree of monogermicity ranged from
95% to 99%. Such biotypes include the varieties and
hybrids: ‘Avangard’ (k-3351, Ukraine), ‘Donor’ (k-2952,
Ukraine), ‘Monovigor’ (k-2171, France), ‘Timiryazevskaya
Single-Seeded’ (k-2948, Russia), ‘Smolevicheskaya’ (k-
3039, Belarus), ‘Monogold’ (k-3350, Germany),
‘Monobamba’ (k-3553, the Netherlands), ‘Mono Fix’ (K-
3568, France), ‘Svenska Redmono’ (K-3592, Sweden),
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‘Monorosa’ (K-2096, Germany), ‘Monoblanc 1715’ (K-
3335, the Netherlands).

The shape of the leaf rosette and the depth of immer-
sion of root crops in the soil is an indicator of the possibil-
ity to use harvesting equipment on the crop. The acces-
sions of the types of the varieties Eckendorf Yellow and
Eckendorf Red are slightly (by 1/3-1/5) submerged in the
soil, but they have a spreading form of leaf rosette. The
type of the variety Eckendorf White is more suitable for
mechanized harvesting, but is inferior in yield.

Thus, the VIR fodder beet collection reflects all the
diversity of the crop and includes the necessary geno-
types for the main areas of selection.

Conclusions

The analysis of varietal diversity of fodder beet from the
VIR collection indicates significant changes in the direc-
tions of selection that have occurred over the past
decades. In a number of European countries, intensive-
type varieties with high yields and high dry matter content
ensuring maximum quantity of fodder units from the area
of sowing, have been developed. Also varieties and
hybrids with a high degree of single-seeding, not inferior
in yield to multi-seeded forms, obtained. Due to the
directed breeding, a combination of a number of econom-
ically valuable traits and properties in one accession was
achieved: high productivity, non-bolting, resistance to
diseases and pests, adaptability to mechanized cultiva-
tion, and others. The study showed that the VIR collection
of fodder beet has a wide variety, a well-studied gene
pool, which makes it possible to conduct breeding work
on a complex of economically valuable characteristics
and create modern varieties and hybrids of the crop,
which is necessary for high-tech production.
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