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Abstract: To obtain sustainable agriculture and adaptive forage production,it is necessary to develop new varie-
ties of forage crops,combining high productivity and ecological stability. Perennial grass breeding in Bulgaria
has now a strong 49 year-long tradition,especially in the Institute of Forage Crops in Pleven. The objective of
breeding program was to develop new perennial grass varieties with high forage and seed productivity, high for-
age quality and high adaptive potential for pasture,hay and landscape improvement use. A great amount of ini-
tial breeding materials (local native populations and introduced varieties) of perennial forage grasses of cool and
warm climate was collected and studied in the Institute of Forage Crops.Pleven during the period 1966-2015.
Biodiversity of new plant forms and varieties was developed by applying conventional and modern breeding
methods-purposeful efficient selection by productivity and adaptivity, ecologogenetic analysis of quantitative
traits, polyploidization, hybridization,including interspecific one. The ploidy level was determined in the Institu-
te of Genetics and Breeding, Merelbeke, Belgium in 2007. The samples were analyzed by Partec Cell Analyzer
CA-II and software DPAC (Miinster,Germany). The intensity of fluorescent emission correlated linearly with
DNA quantity. The results were obtained as histograms. During these years six varieties of 6 perennial grass
species were developed as follows: cocksfoot (Dactylis glomerata 1.) Dabrava,smooth brome, ( Bromus iner-
mis Leyss. )Nika,tall fescue (Festuca arundinacea Schreb. ) Albena, perennial ryegrass (Lolium perenne 1..)
IFK Harmoniya.crested wheatgrass (Agropyron cristatum Gaerth.) Svejina and standard wheatgrass (Agro-
pyron desertorum (Fich. ) Schultes. ) Morava. Variety description was made according CPVO (2011) and UP-
OV (2006) technical guidelines. The perennial grass varieties have valuable characteristics,such as high forage
and seed productivity, persistency,stress tolerance,{orage quality,different direction of use and different ploidy
level. The Institute of Forage Crops maintains the registered varieties and produces Prebasic and Basic seeds.
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To obtain sustainable agriculture and adap-
tive forage production,it is necessary to develop
new varieties of forage crops, combining high
productivity and ecological stability. Reestablish-
ment and establishment of new grass areas in-
tended for meadows and pastures,landscape ma-
intenance and soil erosion control are required in
connection with the taken measures for help to
rural development in Bulgaria according to EU a-

greements (2014-2020) and for environment pro-
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tection and sustainable land management. Under
Bulgarian conditions, production of grass forage
can be realized during the whole vegetation peri-
od with suitable species and varieties of cool and
warm climate. Perennial grasses are the main
components of native and sown swards in the
lowlands and from hill to mountain belts '), Pe-
rennial grasslands occupy 40% of land used by
the EU for agriculture, more than any other agri-
cultural crop. Lolium multiflorum ( Italian
ryegrass) and L. perenne ( Perennial ryegrass)
are considered to provide the highest quality for-
age for animal production and provide safe ani-
mal products for human consumption. Unfortu-
nately,these grasses are generally not adapted to

grow in marginal and upland areas as they lack
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the hardiness required. The recommended and
grown in Bulgaria mesophytes and xeromeso-
phytes perennial grasses (orchard grass.perenni-
al and Italian ryegrass, timothy, smooth brome
grass, meadow, red and tall fescue and meadow
bluestem) form their main biomass during spring
and an additional quantity-in late autumn, these
are cool season grasses. The optimal temperature
range for their development and growth is 20~
25°C.In June, July, August and the first half of
September under the influence of high tempera-
tures and drought these species are in stress,
they decrease or stop growing and have summer
dormancy. The optimal temperature range for
the development and growth of warm season
grasses is 30 ~ 35°C. Recently, world ecological

2l show that the Earth climate is war-

studies *
ming continuously. According to some authors
for Bulgarian conditions *% the warming will
prolong the vegetation period. That gives us pos-
sibility for a new approach to searching and se-
lecting perennial grasses with a view to grow and
use them in changing ecological conditions of our
country. Morphological and economical charac-
teristics of some species of Agropyron genus in

U1, and results for

Southern Bulgaria was done
biological properties of these species in Northern
Bulgaria were presented . We search and
found new untraditional forage grass species, tol-
erant to marginal ecological conditions, which
possess a complex of good characters and give e-
nough vegetative mass during the warmest and
the driest months of the year.

The objective was to develop new perennial
grass varieties with high forage and seed produc-
tivity, high forage quality and high adaptive po-
tential for pasture, hay and landscape improve-

ment use.
1 Materials and methods

A great amount of initial breeding materials
(local native populations and introduced varie-
ties) of perennial forage grasses of cool and
warm climate was collected and studied in the

Institute of Forage Crops,Pleven during the pe-

riod from 1966 (the beginning)-till 2015 now-

L19)  Biodiversity of new plant forms and

days
varieties was developed by applying conventional
and modern breeding methods-purposeful effi-
cient selection by productivity and adaptivity,
ecologogenetic analysis of quantitative traits,
polyploidization, hybridization, including inter-

(15161 Main parameters for forage

specific one
quality-crude protein content (CP) was deter-
mined after Kejldahl and in vitro dry matter di-
gestibility (IVDMD) after Aufrere 177,

The ploidy level was determined by Kato-
val'® 1 in the Institute of Genetics and Breeding,
Melle, Belgium in 2007. The samples were ana-
lyzed by Partec Cell Analyzer CA-II and soft-
ware DPAC (Miinster, Germany). The intensity
of fluorescent emission (after nucleus staining
with specific fluorochroma) correlated linearly
with DNA quantity. The results were obtained as
histograms. The intensity of about 50 units cor-
responded to a diploid and that of about 100 u-
nits to a tetraploid.

Variety description was made according CP-
VO™ and UPOV % technical guidelines.

The Institute of Forage Crops maintains the
registered varieties and produces PB and B
seeds. The region of the study combines to a
great extent the climatic characteristics of Cen-
tral North Bulgaria. For the 40-year period the
average annual sum of rainfall was 578 mm, the
average annual temperature —11. 6°C. The aver-
age annual temperatures for the 10 years period
were higher (12. 3°C) than those for the previ-
ous 40-year period which confirmed the trend to
global warming. The hottest months for the re-
gion of Pleven were June,July and August. Tem-
perature maxima (46°C) were also recorded in
these months. The months of December, January
and February were coldest and temperatures of-
ten reached to —15°C/—28°C. The soil type was
leached medium deep chernozem, poor to medium
in humus, medium sandy clay one. The soil had
slightly acidic to neutral reaction and low humus

content.
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2 Results and analysis

2.1 Values of cultivation and use (VCU) charac-
teristics
During the 49-year period at the Institute of
Forage Crops in Pleven six varieties of the fol-
lowing perennial grass species were developed:
cocksfoot, smooth brome, tall fescue, perennial
ryegrass, crested wheatgrass and standard
wheatgrass. Main variety characteristics, such as
ploidy level, direction of use,forage productivity
with and without irrigation and in mixed swards
with suitable legume components, persistency

Table 1

and tolerance to stress factors were presented in
Table 1. Standard and crested wheatgrass were
superior in dry matter yield to the species of
cocksfoot,smooth brome and tall fescue in years
with insufficient rainfall ). The mixed swards
with legumes were higher productive than the

L5 Weed-suppressive ability and

pure grasses
productivity of mixed grass-legume swards and
weed control of forage and seed production grass
stands were studied P**, Results were general-
ized using data from many comparative and com-

petitive field trials and lab analysis.

Some characteristics of Bulgarian perennial grass species and varieties

developed at the Institute of Forage Crops in Pleven

Smooth Crested Standard
Tall fescue Perennial
Cocksfoot brome wheatgrass wheatgrass
(Festuca ryegrass
Species (Dactylis (Bromus (Agropyron (Agropyron
arundinacea (Lolium
glomerata 1..) inermis cristatum desertorum
Schreb. ) perenne L. ) .
Leyss.) Gaerth. ) (Fish. &.Schultes)
Varieties DABRAVA NIKA ALBENA IFK HARMONIYA  SVEJINA MORAVA

Direction of use Hay Grazing Hay Grazing

Hay Grazing

Grazing Hay Grazing Hay Hay Grazing

Silage Silage Erosion Silage Erosion Silage Amenity  Erosion control  Erosion control
Erosion control control control Erosion control
Ploidy level tetraploid octoploid hexaploid diploid diploid tetraploid
Dry matter yield/(t«hm?)-pure sward
No Irrigation 8 9 9 8 9 10
Irrigation 12 13 11 10 - -
Dry matter yield/(t* hm?)-mixture with Legumes
No Irrigation 16 13 13 11 11 12
Irrigation 19 15 14 12 - -
Forage quality Good Very good Good Excellent Very good Good
Seed yield/(ts hm?) 0.5 ~0.6 0.6~ 0.7 0.6~0.7 0.5~0.6 0.4~0.5 0.5~0.7
Persistency, years 5~6 6~7 9~10 4~5 9~10 9~10
Stress Drought, Drought, Drought, Intensive Drought, Drought,
tolerance to Cold, Leaf Cold, Leaf Cold, Leaf grazing, Cold, Cold,
diseases diseases diseases, Wear,Cold, Leaf Leaf
Soil acidity, Drought, diseases., diseases,
Soil salinity Weed Weed Weed

2.2 Forage quality
Crude protein content and in vitro digesti-
bility™*™*" of forage from perennial grass varie-

ties depending on developmental stage and sward
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type are given in Table 2. Perennial ryegrass in

pure stand or in mixture with white clover had

the highest in vitro dry matter digestibility.
Variety Dabrava (D. glomerata L. ) listed in
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official variety list first in 1978, then in 1998;
variety Nika (B. inermis Leyss. ) listed in official
variety list first in 1993; then 2008, variety Al-
bena (F. arundinacea Schreb. ) listed in official
variety list first in 1993,2005.

New varieties IFKHarmoniya (L. perenne
L.), C A. Gaerth.)
Morava (A. desertorum (Fich. ) Schultes. ) were

Svejina cristatum and
in official variety testing trials, 2006-2009. The
varieties had been registered on the Official Va-
riety List of the Republic of Bulgaria (OVL) for
the years 2010-2015, on OECD list for the year

2010-2015,with Certificates from the Patent Of-

fice of the Republic of Bulgaria from 2010.
Bulgaria issituated on the borders of two
gene centres ( Mediterranean and Caucasian),
where the biodiversity was the biggest “*! and
was a zone of adaptation of plant genetic re-
sources. There were 5 soil-climatic regions inclu-
ding vertical (mountain) zone. Perennial gras-
ses: cocksfoot,smooth brome, tall fescue, peren-
nial ryegrass, crested wheatgrass and standard
wheatgrass grow and develop well from the low-

lands to the high altitude, from hill to mountain
belts H7-12490

Table 2 Crude protein content and in vitro dry matter digestibility of forage

from perennial grass varieties

Crude protein/ %

In vitro DMD/ %

Species, Variety Sward type Early Early
Tillering Aftermath Tille-ring Aftermath
heading heading
Cocksfoot Pure 19~20 16~17 15 70 68 60
DABRAVA Mixture(alfalfa) 20~21 17~18 16 75 70 65
Smooth brome Pure 20~21 17~18 16 70 68 60
NIKA Mixture(sainfoin) 21~22 18~19 17 75 70 65
Tall fescuc Pure 18~19 15~16 14 70 65 59
ALBENA Mixture(alfalfa) 19~20 16~17 15 70 67 62
Perennial ryegrass] Pure 19~20 16~17 15 75 70 70
FK HARMONIYA  Mixture(white clover) — 20~21 17~18 16 75 72 72
Crested wheatgrass Pure 18~19 15~16 14 70 65 62
SVEJINA Mixture(alfalfa) 19~20 16~17 15 70 67 65
Standard wheatgrass Pure 18~19 15~16 14 70 65 62
MORAVA Mixture(sainfoin) 21~22 16~17 15 70 67 65
2.3 Ploidy level evaluation (2n) and Agropyron desertorum Fich. Schultes
The study was conducted to characterize (4n) ,and two induced polyploid breeding popu-

theploidy level of registered Bulgarian varieties
and breeding populations of perennial grasses in
DvP,Melle,Belgium in 2007.

For the first time flowcytometry was used
to determine nuclear DNA content expressed on
a diploid basis (DNA pg 2C '-values) for the
(Fig. 1): Dactylis

glomerata 1..-Dabrava (4n), Festuca arundina-

following Poaceae species

cea Schreb.-Albena (6n), Bromus inermis Ley-

ss. -Nika (8n)., Agropyron cristatum Gaerthn.

lations of Lolium perenne L. (Fig. 2 and Fig. 3),
for which this first characteristic in DUS variety
testing according to UPOYV technical guides was
missing. The first induced perennial ryegrass
tetraploids were developed on the basis of Bul-
garian germplasm and the analysis showed 100%
4n for C; generation. The flow cytometry was a
precise, fast and valuable technique to measure
nuclear DNA content and ploidy level of perenni-

al forage grasses 17,
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Fig. 1 Histograms as results from the flowcytometric analysis for the ploidy level
of the Bulgarian varieties of perennial grasses
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Fig. 2 Histogram of diploid Lolium perenne-St-1IFK Fig. 3 Histogram of tetraploid Lolium perenne
Harmoniya .
3 Conclusions
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Six varieties of 6 perennial grass species
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were developed as follows: cocksfoot (Dactylis
glomerata L. )Dabrava, smooth brome, ( Bromus iner-
mis Leyss.) Nika, tall fescue (Festuca arundinacea
Schreb. ) Albena, perennial ryegrass (Lolium perenne
L.) IFK Harmoniya, crested wheatgrass(Agropyron
cristatum Gaerth. ) Svejina and standard wheat-
grass(Agropyron desertorum (Fich. ) Schultes. )
Morava.

The perennial grass varieties of the Institute
of Forage Crops have valuable characteristics,
such as high forage and seed productivity, per-
sistency, stress tolerance, forage quality, differ-
ent direction of use and different ploidy level.

The Institute of Forage Crops maintains the
registered varieties and produces Prebasic and

Basic seeds.
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