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Abstract. Plant breeding and seed production of new generation fodder crops is the groundwork for creating a fod-
der base for livestock production in sufficient quantities. The Federal Williams Research Center of Forage Production
and Agroecology founded in 2018 based on of the All-Russia Williams Fodder Research Institute and other scientific
institutions is the largest and most comprehensive center in the field of food production. It develops new techniques
and methods for creating initial seed material based on a wide use of genetics, biotechnology, microbiology, im-
munology, ecology, biogeocenology, and cell selection. During the existence of the Fodder Research Institute and
its experimental stations, up to 300 varieties of feed crops were created, which occupied leading positions in the
production of fodder in meadows, pastures, and hayfields. Eighty-five modern varieties of fodder crops of the latest
generation are widely used and zoned in all regions of Russia. However, the destroyed system of elite and com-
mercial seed production does not allow these varieties to take their rightful place in fodder production, and the
market still possesses a large share of non-varietal and mass scale reproduction seeds. In addition, imported seeds
brought to the Russian market are often disguised as lawn varieties to reduce the cost and simplify their entry to the
market. In this way, 107 varieties of winter ryegrass (Lolium perenne L.), 47 varieties of cane fescue (Festuca arundina-
cea Schreb.), 21 varieties of creeping clover (Trifolium repens L.), etc. appeared in Russia. In such circumstances, the at-
tention of the Williams Center is focused on the development of techniques and methods for creating fundamentally
new varieties based on its own research in genetics, biotechnology, immunology, and ecological selection. Much at-
tention is paid to expanding the network of research stations throughout Russia in order to revive the system of elite
seed growing, especially in the regions with the most favorable climate for growing seeds of particular crops. A seed
production center was organized as a branch of the Williams Center at the end of 2020. In the future, it is planned
to create a united coordinated interdepartmental complex for the breeding of fodder crops in accordance with the
regional needs of animal husbandry.

Key words: fodder crops; plant genetic resources; source material for breeding; molecular certificate; DNA
markers.
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Pa3BuTIE COBPpEeMEHHOI CceJIeKIINI 1 CEMEeHOBO/CTBA
KOPMOBBIX KVJIBTYP B Poccun
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MepepanbHbii HayYHbIN LLEHTP KOPMOMPOU3BOACTBA 1 arpo3Konoruu um. B.P. Bunbamca, . JTobHsa, MockoBckasa obnacTb, Poccua
® cherniavskih@mail.ru

AHHoTayuma. Cenekuymsa 1 CEMEHOBOACTBO KOPMOBbIX KyNbTyp ABAAIOTCA GyHAAMEHTOM CO3[aHnA KOPMOBOW 6a3bl
LA NPON3BOACTBA KMBOTHOBOAYECKOW MPOAYKLNM BbICOKOTO KayecTBa U B Tpebyemom Konndectse. OefepasnbHbiin
HayYHbI LLeHTP KOPMOMPOU3BOACTBa 1 arposkonorum nm. B.P. Bunbamca (DHL, «<BUK rm. B.P. Bunbamcay), co3gaHHbI
B 2018 . Ha 6a3e Bcepoccuiickoro HUW kopmos rm. B.P. Bunbamca 1 paga Apyrux HayuHblx yupexxaeHuin, — Hanbonee
KPYMHbI LeHTp B 0611acTi KOPMOMPOM3BOACTBA — pa3pabaTbiBaeT HOBblE MPUEMbI Y METOAbI CO3AaHNA CeNeKLMOH-
HOro MaTepuana Ha OCHOBE LUIMPOKOro MPUMEHEHMWA FEHETUKN, BUOTEXHONOTUN, MUKPOOMONOrY, NMMYHOJIOMN,
3KOMorny, GUOreoLeHONOMM, KNETOYHOW cenekuun. bbino BbiBefeHo okono 300 COPTOB KOPMOBBIX KyJbTyp, KO-
Topble 3aHUManu B CCCP n 3aHumatoT B Poccuinckon Oefilepaui OCHOBHbIE NOWaAn NOA STUMKN KylbTypaMu Ha
nyrax, nactéuuax n ceHokocax. CoOBpeMeHHble 85 COPTOB KOPMOBbBIX Ky/bTYp HOBOFO MOKOMEHWA HALWAW WNPOKOoe
NPYIMEHEHVE 1 PaiOHNPOBaHbI BO BCeX pernoHax Poccun. Ho pa3pylueHHas B cTpaHe CcrcTeMa 3/IMTHOro 1 ToBap-
HOrO CEMEeHOBO/CTBA He MO3BONAET 3TUM COpPTam ObITb HA MOMOXEHHOM VM MeCTe B NMPOV3BOACTBE KOPMOB, TaK Kak
Ha pPblHKe elle BennKa JONA HECOPTOBbIX CEMAH U CEMAH MAcCOBbIX penpoayKumi. K Tomy »e Hauyanacb sKcnaHcms

© Kosolapov V.M., Cherniavskih V.I, Kostenko S.I., 2021

This work is licensed under a Creative Commons Attribution 4.0 License


http://www.bionet.nsc.ru/vogis/

V.M. Kosolapov, V.I. Cherniavskih
S.I. Kostenko

Fundamentals for forage crop breeding
and seed production in Russia

VIMMOPTHBIX COPTOB, 3aMaCKMPOBaHHbIX MOA COPTa rAa30HHbIX TPAB AN yAelleBAeHUA 1 YNPOLeHNA BbIxoda NX Ha
POCCUIACKIIA PbIHOK. TaKM 06pa3oM Ha Hall pbiHOK nonanu 107 copToB paiirpaca nactéuwHoro (Lolium perenne L.),
47 copTOB OBCAHWLbI TPOCTHUKOBOW (Festuca arundinacea Schreb.), 21 copt knesepa nonsyyero (Trifolium repens L.)
nT. 4. OcHoBHoe BHUMaHue OHL| «B/K nm. B.P. Bunbamca» HanpaBneHo Ha co3aHrie NprMeMoB 1 METOAOB NosyYeHns
NPVHLMMNNANbHO HOBbIX COPTOB Ha 6a3e COOCTBEHHbIX Pa3paboToK B 061aCTV reHeTUKM, 6BUOTEXHONOMM, UMMYHOSO-
T 11 SKONOTMYECKON cenekumnn. PaclumpaeTcs ceTb ONOPHbIX MYHKTOB MO BCEV TEPPUTOPUN CTPaHbl, BOCCO3AaeTCA
cucTema 3IMTHOTO CEMEHOBOACTBA C YYETOM MCMOMNb30BaHNA PErMOHOB C Hanboree 6MaronpuUATHBIM KNMaToOM A1
CEMEHOBOACTBA OTAENbHBIX KynbTyp. B KoHue 2020 r. Ha 6a3e OHL «BUK nm. B.P. Bunbsamca» co3faH cenekymoH-
HO-CEMEHOBOAYECKUI LEHTP. B fanbHelwem nnaHmnpyetca chopmmnpoBaTh eVHbI MeXBELOMCTBEHHbIN KOMMIEKC
Nno ceneKkuuny KOPMOBBIX KyNbTyp, paboTatolwuii o CKOOPANHUPOBAHHOW NPOrpaMMe COrfacHO PervoHanbHbIM Mo-

Tpe6HOCTﬂM KMBOTHOBOACTBA.

KnioueBble cnosa: KOPMOBbl€ KynbTypbl; reHeTU4YeCkne pecypcbl paCTeHVIVI; VICXOAHbIN maTepuan anAa cenekunu;

MOneKynApHo-reHeTnyeckmi nacnopt; JHK-mapkepbi.

Introduction

Fodder crop breeding and seed industry regain their para-
mount significance. Animal husbandry cannot be developed
without well-handled fodder supply. In addition to the main
function of fodder crops, which is the production of bulk
feed for animals, they play other roles, no less important
and sometimes outstanding: the formation of stable ecosys-
temic agrarian landscapes, improvement of performance and
phytosanitary state of cultivated lands, soil protection from
erosion by water and wind, and aesthetic function, as they
form the basis for favorable living environment in cities.

Genetic resources of plants attract the attention of scien-
tists throughout the world. They raise not only biological but
also political challenges, being involved in the competition
not only in the academic community but also among multi-
national food-producing corporations (Genetic Resources.. .,
2016). Breeding programs for fodder plants rest on the gene
pool as the main source of commercially significant traits.
The role of the initial material and the geographic distribu-
tion of plant genes is the basic tenet in breeding science
(Vavilov, 1987).

The diversity of forage plant species, varieties, and eco-
types, including natural populations, permits breeders to in-
volve diverse breeding material and raise cultivars for va-
rious purposes. Much attention is paid to the involvement
of forage plant resources. In annual expeditions collecting
forage plants, the gene pool department of the Federal Wil-
liams Research Center of Forage Production and Agroeco-
logy (hereafter the Williams Center) has assembled a col-
lection of more than 7,000 accessions for long-term storage.
Genetic resources of wild forage plants have been collected
and examined in many regions of Russia: the Kirov oblast,
Udmurtia, Tatarstan, Karelia, Altai, the Ryazan oblast,
lower reaches of the Don River, and along the Oka River
floodplain. The expedition route lengths in recent years have
totaled over 20,000 km (Trofimova et al., 2019).

In addition to the mobilization, collection, and use of
genotypes from natural vegetation, new materials for breed-
ing are being produced by using mutagenesis, somaclonal
variants, polyploidy, hybridization, and synthetic hybrid
populations. Biotechnological methods for clonal micro-
propagation and somatic hybridization are in broad use.

402

Cell selection is applied to breeding for fungus resistance
and tolerance of some adverse environmental factors. The
breeding material is tested against artificial infectious
backgrounds and under laboratory conditions. Work on ge-
netic markers is being conducted, and it brought about the
Soleustoichivaya salt-tolerant alfalfa variety and a series of
new-generation red clover (Trifolium pratense L.) varieties
(Kosolapov et al., 2019).

The main direction in the modern fodder breeding strategy
is targeting. It implies the necessity of a system involving
a diversity of varieties whose climatic and ecological dif-
ferentiation would make them fit for specific conditions of
each region.

Ecological and geographical approach

to the creation of new varieties of forage crops

The combined biogeocenotical approach is implemented
via phytocenotic selection, based on the doctrine of com-
petitive and neutral interactions among plants; edaphic selec-
tion, based on the response of plants to the physicochemical
and biochemical features of the edaphic environment; and
symbiotic selection, based on mutually beneficial interac-
tion of plants with nitrogen-fixing microbes (Shamsutdinov,
2010).

By now, over 740 fodder plant varieties have been raised
in Russia, of which over 240 — at the Williams Center.
Eighty-five new generation varieties have become the most
widespread (Kosolapov et al., 2019).

A significant part in fodder production and raise of
high-performance agrophytocenoses is assigned to clover.
Breeders of the Williams Center have raised over 20 red
clover (T. pratense L.) varieties: Mars, VIK 7, Tetra VIK,
VIK 84, Rannii 2, Trio, Dedinovskii 5, Zarya, VIK 77, To-
paz, TOS 870, Orlik, Stodolich, Ratibor, Altyn, Dobrynya,
Meteor, Mariya, Pamyati Lisitsina, Pamyati Burlakii, etc.
They form the required set of zoned varieties for all Russian
regions. A series of alsike clover (Trifolium hybridum L.)
varieties have been raised (Kosolapov et al., 2019). This
species is important in regions with poor heat supply and
acidic waterlogged soils. The varieties Marusinskii 488,
Pervenets, and Mayak may be of great importance on peaty
soils of northern Russia.
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With the intense development of organic agriculture and
high-quality farming products, meadow forage produc-
tion with the series of varieties including Smena, VIK 70,
Lugovik, etc., swards can be formed in all zones of Russia
where it is practicable.

Alfalfa (Medicago L.) is an important fodder crop form-
ing the base of high fodder production and high-tech animal
husbandry in the world (Chernyavskikh et al., 2012). The
most urgent task is its expansion to the north, to the vast
Nonchernozem Belt, and other regions with a short grow-
ing season (Urals and Siberia), acidic soils, and the flushing
soil regime. Varieties sustaining on pastures and salinized
soils are demanded.

Fundamentally new breeding approaches and methods
brought about many unique varieties: Lada, Pastbishch-
naya 88, Lugovaya 67, Selena, Soleustoichivaya, Sonata,
Nadezhda, Nakhodka, Galiya, and Vega 87, the last variety
being the most widespread in Russia. A new cultivar of
subspecies varia, Agniya, shows a high level of symbio-
trophism, which allows accumulation of 270-300 kg of
fixed nitrogen per hectare.

Fodder grasses are the base for fodder phytocenoses
on waterlogged, acidic, and cold soils as well as under the
conditions of erosion by water on slopes and by wind on
light soils.

With the grass collection of the Williams Center, cultivars
for all regions of Russia can be raised. Scientists of the
Williams Center have bred varieties of timothy (Phleum
pratense) (VIK 9, VIK 85, and VIK 911), winter ryegrass
(Lolium perenne L.) (VIK 66, Duet, Tsna, and others), tall
fescue (Festuca arundinacea Schreb.) (Lira), festulolium
(x Festulolium F. Aschers. et Graebn.) (VIK 90, Fest, and
Alegro); meadow fescue (Festuca pratensis Huds.) (VIK 5,
Kvarta, Binara, Dedinovskaya 8, Krasnopoimskaya 92,
and others), Kentucky bluegrass (Poa pratensis L.) (Tam-
bovets, Pobeda, and Dar), Hungarian brome (Bromopsis
inermis (Leyss.) Holub) (Morshanskii 760, Fakel’nyi, Vo-
ronezhskii 17, Pavlovskii 22/05, and others), cock’s foot
(Dactylis glomerata L.) (VIK 61 and Dedinovskaya 4),
crested wheatgrass (Agropyron pectinatum (M. Bieb.)
P. Beauv.) (Pavlovskii 12), red fescue (Festuca rubra L.),
Regel’s tall fescue (Festuca regeliana Pavlov), black bent
(Agrostisgigantea Roth), etc. (State Register..., 2021). The
breeding process at the Williams Center involves the creation
of varietal-microbial consortia, improvement of the ability
of varieties to fix atmospheric nitrogen, and improvement of
the phosphorus-mobilizing potential. The Williams Center
works intensively on the breeding of lupine (over 20 varie-
ties), vetch, and cruciferous vegetables.

Accessions are being tested for resistance to major pests.
Data for the database for long-term phytosanitary monitor-
ing of major fodder crop diseases have been obtained. New
fungal pathogen isolates have been isolated from the root
microbiota of red clover (T. pratense L.), grasses, and vetch
(ViciaL.) The breeding and growing of varieties resistant to
adverse biotic and abiotic environmental factors contributes
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much to the control of the phytosanitary state of farming
ecosystems.

The breeding of arid crops holds a special place in the
Williams Center. It is of prime importance with regard to
the current climatic changes, the expansion of arid, blown,
and salt-affected arable lands, and desertization. A prominent
scholar school on arid crop breeding exists at the Williams
Center. New varieties of Haloxylon aphyllum (Minkw.) Iljin,
Kochia prostrata (L.) Schrad., Salsola orientalis S.G. Gmel.,
Salsola subaphylla C.A. Mey, Camphorosma lessingii Litv.,
Poa bulbosa L., Elymus racemosus Lam., and others are
targeted at the formation of year-round pastures. The scienti-
fic substantiation of the environment-forming role of halo-
phytic plants in vegetative reclamation, physical loosening
of the soil pan and improvement of salinized soil drainage
conditions by plant roots, organic matter accumulation for
the nutrition of microbes in aridic and salinized plant eco-
systems, salt lowering in the root layer of halophytes, etc.
have been developed.

Main directions and ways of development breeding
of forage crops in Russia

Another important line of inquiry is the development of a
DNA marker-based system for molecular tagging aimed at
the genetic identification and certification of fodder crop
varieties (Chesnokov et al., 2019).

The Laboratory of Molecular Studies of Fodder Crops
was founded in the Williams Center in 2019. Its primary
task is the development of molecular tagging systems for
cultivar certification, DNA tagging of traits essential for
breeding, and study of the genetic variability of wild and
cultivated fodder plant species (Klimenko et al., 2020). The
results indicate that the identification of cultivars by DNA
markers improves the protection of patents as intellectual
property items and shortens the time for the development
of high-performance fodder crop varieties resistant to ad-
verse environmental factors. A molecular certificate form
for crops based on SSR markers has been designed (Fig. 1).
Comparison of a sample with a standard DNA certificate
will help in genetic identification, testing varietal purity,
and testing the compliance of seed material with the variety
certificate.

For successful breeding of fodder crops, special attention
should be paid to the activity of existing breeding units, the
restoration of closed ones, and the creation of new ones in
various regions of Russia. This notion is no novelty, but
its effectiveness in ecological tests of new forms has been
proven. All that is left is to remember our recent past. It is
increasingly important with regard to the ongoing rapid
global climatic changes (Chernyavskikh et al., 2012). The
formation of the field station network should be continued.
Fundamentals for the geographic distribution of crops have
been developed (Fig. 2).

The distribution of these field stations correlates with
regions of the most favorable location of fodder crop seed
industry and the greatest seed yields (Fig. 3). It is a com-
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MOLECULAR CERTIFICATE
RED CLOVER (Trifolium pratense L.)
variety VIK 77

Breeder:
Federal Williams Research Center
of Forage Production and Agroecology

Ploidy:
diploid (2n = 14x)

Features:

m early-ripening, double-cut, winter-
hardy

m resistant to pod spot and bean root rot,
medium extent of damage by cancer

m seed yield 600 kg/ha

m high purple color of seeds with yellow
specks

CULTIVATION

REGIONS:

Approved for use

in the Central, Volga-Vyatka,
and Ural regions of Russia

L
[=]

Molecular picture:
A219/219B249/249C182/182
Diesn74E180/180F193/207G156/156H 1447144+

*A - RCS3666; B - ACS3510; C - ACS7228; D - RCS4797;
E-RCS2199; F - RCS5781; G - RCS1307; H - RCS0017.
RCS - Red clover SSR (DOI: 10.1093/dnares/dsi018)

SSR markers for identification:

RCS3510 RCST228

249 182

RCS35107TC ACA AGT TTT TCG GGT GAA CTT TTG AAA ACA ACT TAT AGT GTG TAT GAA AAC AGC
TTA CTT GGT ATT TTT TTT TTT TTG TAG AAA TAG CTA ATA CAA AGG CTT TTA TAT GAT AGT TAA CGT
TTA TGC TAT AAG TGC TTA ATT AAG CTA TTT ATC CAC ACA GAA AAG GTG ATA TCA TGG GAT CAT CTG
CTG AAT ATC ATA TGC AGC AAA TAA TTA ACA TTC CAG AAA AGA TTG AAC CTT CCC TTT GGC 249
RCS7228TCA ACA ATG TGG CTT CTC CTA CTT TTT TAC AGT GGC AGG AAA AAT AAT CTT TAG TCA ACA
AAC ATT ATC AAA GAA TAT ATA ACC TAC ACT ATT GAT GTT GTA CAA TGA TTC AAC AAT AGC TAT ATA TAT
ATT ATG TGC AGT GGT AGA AGC TTA CTC CAA GCT GAA ATT GGG TTG GGAACC TT 182

(Sanger sequencing by Eurogen, Russia)

since 2006

20—

Electrophoretic DNA profile:

MW, molecular weight ladder; 5, 6, 7, 8, variety — specific DNA fragments

Fig. 1. An exemplary molecular certificate: red clover (T. pratense L.) variety VIK 77.

plicated piece of work, but the activity of the creative asso-

ciation of breeders (CAB) “Clover” has been a good prac-

tice. The collaboration of its members produced 12 new-

generation winter-hardy high-performance varieties of red

clover (T. pratense L.):

1. Trio (Williams Center + Federal Agrarian Research Center
for the Far Northeast);

2. Meteor (Siberian Federal Research Center of Agrobio-
technologies + Williams Center);

3. TOS 870 (Buryatian State Agricultural Academy + Wil-
liams Center);

4. Ratibor (Federal Agrarian Research Center for the Far
Northeast + Williams Center);

5. Orlik (Federal Scientific Center of Legumes and Groat
Crops + Williams Center);

6. Altyn (Williams Center + Morshansk Breeding Sta-
tion);

7. Mariya (Buryatian State Agricultural Academy + Wil-
liams Center);
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8. Pamyati Lisitsyna (Federal Scientific Center of Legumes
and Groat Crops + Siberian Federal Research Center of
Agrobiotechnologies + Williams Center);

9. SOZh (Buryatian State Agricultural Academy + Wil-
liams Center);

10. VIK 84 (Williams Center + Moscow Breeding Station +
Nemchinovka Federal Research Center);

11. Dobrynya (Williams Center + Nemchinovka Federal
Research Center);

12. Prima (Siberian Federal Research Center of Agrobio-
technologies + Williams Center).

Five more red clover varieties are under official tests in
Russia and Belarus (Ecological Selection..., 2012).

Seed production of forage crops:

state of the art and prospects

Deeper insight into the current state and potential of fodder
crop breeding and seed industry shows that seed farming is
in the most trouble. The state of breeding in Russia is satis-
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T/

i@
o Breeding of many fodder plants
¢ Breeding of few fodder plants

% Regions without breeding units

Winter ryegrass, festulolium

Brome

Red clover, timothy grass, cock’s foot
Alfalfa

Winter cock’s foot

Red fescue

Wheat grasses

Fig. 3. The best regions for growing various fodder crops.

factory: many varieties have been developed, and some of
them are outstanding, but primary and elite seed production
are rated low. Unfortunately, the cooperation between fodder
crop breeding and seed industry presents a lingering problem
in Russia. The remark made by N.I. Vavilov at the All-Russia
Conference on Fodder Plant Breeding and Seed Industry
still sounds relevant: “We should combine our research with
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production, not only without descending from theoretical
heights but raising them even higher. We should manage the
work of all our facilities, including botanical nurseries, so
as to arrange a pipeline towards production, reproduction,
and seed industry.” (Vavilov, 1935, p. 3).

The major issues are poor funding, obsolete machines,
aging staff, uncertainty of intellectual property, etc. With the
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breakup of the Soviet Union, the interactions in the breeding
and seed industry of fodder crops, in particular, perennial
plants, based on the clear mediation system of breeding re-
search enterprises, elite seed farms (group one seed farms),
and farms producing seeds for reproduction (group two
farms) were disrupted. The fancied market system, based on
the economic concern of all participants, did not come into
being. No prerequisites for the development of an efficient
interaction system between breeding and seed production
have emerged within the elapsed 30 years.

The succession breeding—primary seed production—com-
mercial seed production—commercial farming experiences
stagnation, most pronounced in the first two links. The
cause is apparent: chronic underfunding because of no rapid
remuneration. It is aggravated by the economic pressure of
multinational companies, which are key stakeholders in the
world seed and food market. For instance, 107 varieties of
winter ryegrass (L. perenne L.), 47 varieties of cane fescue
(F. arundinacea Schreb.), and 21 varieties of creeping clo-
ver (T. repens L.) were enlisted into “The State Register of
Selection Achievements Authorized for Use for Production
Purposes” (2021) as lawn grasses to make it simpler and
cheaper to push them to the market. In this way, they came to
the Russian market through a hole in Russian regulations to
be sold as fodder crops. In most cases, such swards survived
till the nearest winter. This situation not only jeopardizes
the breeding research institutions and education of students
and postgraduates. The very Russia and Russian nation are
menaced (Kosolapov et al., 2012). The premise “we will buy
everything” does not work. We will not. Fodder scientists
and breeders are aware of the menace. Producers in major
agrarian enterprises are also coming to this awareness.

With the groundwork in hand, we can rehabilitate the
production of elite fodder crop seeds by collaboration of
research institutions belonging to various departments and
commercial enterprises, raise sets of appropriate varieties
for most regions of Russia, and provide enough high-quality
seeds to animal farming industry (Fig. 4).

Breeding science and primary seed production demand
funding. Transparent interaction among governmental
institutions, breeding institutes, private seed-producing en-
terprises, and agricultural commodity producers is essential.

Conclusion

While having a potent academic base, fodder breeding
and seed industry in Russia need support from federal and
regional authorities, large holding groups, and large farms.
This is true for breeding all crops, this is our future, which
we can make present in a short while.

We have a stepping stone to solving the tasks posed by
fodder crop breeding and seed industry. Academic schools
of experts in breeding alfalfa, clover, vetch, grasses, and
arid crops exist and continue their development. They prime
groups of followers, carry basic works on donor identifica-
tion, and fill pre-breeding collections. A method for identi-
fication and certification of fodder crop varieties has been
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Fodder crops and herbs
Annual and perennial herbs: legumes and cereals

BS-
Williams Center/ propa-

and other research / 9ating \ ggha
institutions arms
32t
Williams Center/  Super stock
and other institutions BS 1000 ha
500t
Branches
of the Williams Center Elite 12,000 ha
and other institutions
10,000 t
Seed farms Primary seeds 190,000 ha
150,000 t
Animal farms Annual
(seed Market seeds production
for fodder growin area
customers) gt 6,000,000 ha

Fig. 4. Structure of fodder crop production.
BS - breeder seed.

developed in order to test the varietal purity and conformity
to varietal standards and to improve seed production effi-
ciency. However, issues related to the system of elite seed
production are still to be resolved, and they should be in the
focus of science, production, and business.
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