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Abstract

Naydenova, G. & Petkova, M. (2024). Direct reseeding of degraded grass stands with various fodder species and 
genotypes of perennial legumes. Bulg. J. Agric. Sci., 30(2), 310–316

During the period 2018-2021 in the ecological conditions of the Central Northern Bulgaria, a comparative test was con-
ducted in terms of share and stability in the grass stand of different types and genotypes of perennial self-sown legumes, 
directly reseeded on a degraded pasture grass stand. The following variants were studied: Trifolium pratense L. Nika 11(2n) 
var. 1, Astur(2n) – var. 2 and a selection population obtained from the subspecies crossings T. pratense ssp. pratense and T. 
pratense ssp. nivale – var. 3; Onobrychis viciifolia Scop., Vishnovski – var. 4 and local population – var. 5; Lotus cornicula-
tus L., Targovishte 1 – var. 6 and local pasture ecotype – var. 7; Anthyllis vulneraria L., Pamir cultivar – var. 8. According to 
the results, the type and genotype of the reseeded grasses cause significant differentiation regarding the share of the legume 
component in the degraded grass stand. The best results were obtained in reseeding with a selection population of red clover 
(Trifolium pratense) obtained from the subspecies crossings T. pratense ssp. pratense X T. pratense ssp. nivale, as well as with 
sainfoin (Onobrychis viciifolia) Vishnovski cultivar. The study of the mixed reseeding of the two species and genotypes under 
the conditions of Central Northern Bulgaria is well founded. The species of bird’s-foot-trefoil (Lotus corniculatus) and kidney 
vetch (Anthyllis vulneraria), under conditions of early spring direct reseeding, fail to establish themselves in the grass stand, 
regardless of the adaptive potential of the used genotypes – cultivars and populations. Other methods of successful reseeding 
should be evaluated and selected. 
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Introduction

Direct reseeding with legumes is a rational method of 
improving and restoring pastures and meadows. It is applied 
through different technologies adapted to specific climat-
ic and edaphic conditions, to the type and mode of use of 
grass stands (Mocanu & Hermemean, 2009; Skládanka et 
al., 2016; Gaweł & Grzelac, 2020; Gaweł et al., 2022). A 
significant number of studies indicate that the inclusion of 
legumе components by this method extends the longevity 
of economically profitable use of the grass stand, increases 
the productivity and quality of the obtained fodder (Golka 

et al., 2016; Lazarev et al., 2020; Vasileva & Vasilev, 2020; 
Grebennikov et al., 2021; Bozhanska & Iliev, 2021). The 
success of direct reseeding depends largely on the type of 
legume reseeded. It is also related to the availability of seeds 
of suitable cultivars. When selecting a cultivar for this pur-
pose, it is necessary to assess its adaptability to the habitat, 
including the existing grass community, as well as to the 
regime of use of the grass stand (Abusuwar, 1993; Riday, 
2008). Main fodder-grass crops, such as red clover (Trifo-
lium pratense L.) and alfalfa (Medicago sativa L.) have a 
high success rate in direct reseeding (Lazarev & Avdeev, 
2018), but because of their low grazing sustainability, they 
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again fall out from the grass stand when are used for a pas-
ture or combined (Georgieva & Nikolova, 2012; Mantino et 
al., 2016; Marinova, 2017). This imposes a selection interest 
in local populations and wild species/subspecies of legumes 
or in non-traditional for Bulgaria species that have specific 
biological characteristics serving the purposes of direct re-
seeding. Тhe subterranean clover, common vetch, red clover, 
arrow-leaf clover, black medick have been defined as such 
in previous Bulgarian studies (Naydenova & Vasileva, 2016; 
Vasileva, 2017). 

Red clover (Trifolium pratense L.) is the most common-
ly used legume for direct reseeding, because of its rapid 
seedling growth under competitive conditions, shade toler-
ance and good compatibility with the most common fodder 
grass species (Riday, 2008). This species is a major legume 
component of grass mixtures for combined use in Northern 
Bulgaria (Bozhanska & Churkova, 2019). Direct reseeding 
appears to be a successful method for its maintenance as a 
significant component of the grass stand (Skládanka et al., 
2016). 

Bird’s-foot-trefoil and sainfoin are other major legume 
crops for Bulgarian conditions. They have higher longev-
ity and resistance in grass stands in combined and pasture 
use compared to red clover (Churkova & Churkova, 2021), 
but there is no data on their performance in direct reseed-
ing.

Studies on genotypic effects on species performance in 
direct reseeding are also lacking. At the same time, a large 
number of our studies of local ecotypes and subspecies of 
red clover, sainfoin and bird’s-foot-trefoil (Naydenova & 
Vasileva, 2019b; Naydenova et al., 2015) found a large intra-
specific variability in biological and morphological charac-
teristics of interest for the selection of cultivars suitable for 
direct reseeding. In this connection, the current comparative 
test is also being conducted regarding share and stability in 
the grass stand of different species and genotypes of peren-
nial legumes, directly reseeded on degraded pasture grass 
stand under the ecological conditions of the Central North-
ern Balkan.

Material and Methods

Eight reseeding variants of a semi-natural grass stand 
used for unregulated grazing in a hilly area in the Central 
Northern Bulgaria were studied. The experiment was started 
on March 15, 2018, using the method of long plots with an 
experimental plot size of 30 m2. Reseeding was conducted 
with the following types and genotypes of legumes: 

• Trifolium pratense L. (TP) – 3 genotypes, including: 
the diploid cultivar Nika 11, the tetraploid cultivar 

Astur and a selection population obtained from the 
subspecies crossing T. pratense ssp. pratense and T. 
pratense ssp. nivale;

• Onobrychis viciifolia L. (OV) – 2 genotypes: Vish-
novski cultivar and local population (from the Cen-
tral Pre-Balkan region)

• Lotus corniculatus L. (LC) – 2 genotypes: Targov-
ishte 1 and local pasture ecotype; 

• Anthyllis vulneraria L. (AV) – 1 genotype: Pamir 
cultivar.

For all variants, a sowing rate of 1000/m2 germinated 
seeds was used. 

From the second to the fourth vegetation after reseeding, 
the relative share (by weight % of fresh mass) of the reseed-
ed and available legume species in the spring and summer 
regrowth of the grass stand, respectively, was assessed by 
taking samples in triplicate per variant and subjecting them 
to botanical analysis.

Results and Discussion

The best results were obtained in reseeding with red clo-
ver (Trifolium pratense). In the second vegetation, the rela-
tive share of the species in the grass stand is within the limits 
of 15–41% in the first regrowth and from 29 to 39% – in the 
second (Table 1a, 1b). In the third and fourth vegetation, the 
presence of clover is significantly lowerwith up to 8–9% in 
the spring regrowth and up to 20% in the summer (Table 
2a, 2b, 3). Grown as a monoculture under the conditions of 
Northern Bulgaria, the species is medium-long-lasting, with 
maximum development in the second vegetation. Its perfor-
mance during direct reseeding corresponds to the indicat-
ed agrobiological characteristic. In this regard, its positive 
effect on the productivity and quality of the grass stand in 
direct reseeding can be defined as short-lived, as it is ob-
served in the second vegetation and in the summer regrowth 
of the second and third vegetation. This makes it worthwhile 
to investigate mixtures of legume species to compensate for 
their biological limitations. The study by Gawel & Grzelac 
(2020), who sowed different seed mixtures involving red, 
white, hybrid clover and alfalfa indicated compensatory in-
teractions between alfalfa and clovers to maintain produc-
tivity across seasons and years, but best results in terms of 
botanical composition and corresponding quality of the grass 
stand was achieved in reseeding with a mixture of the three 
types of clover.

When assessing the benefits of reseeding with red clover, 
its high levels of nitrogen fixation should also be taken into 
account. They amount to 373 kg N∙ha−1∙year−1 (Carlsson & 
Huss-Danell, 2003) which implies a significant effect on the 
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trophic relationships in the grass stand and, accordingly, on 
the restoration and maintenance of its biodiversity.

The red clover genotype/cultivar used for reseeding also 
significantly affected the relative share of the species in the 
mowed biomass. The diploid hay cultivar Nika 11 has a 
higher share in the spring regrowth, whereas the tetraploid 
cultivar Astur in the summer. The selection population ob-
tained from the subspecies crossing T. pratense ssp. pratense 
X T. pratense ssp. nivale stands out with seasonally stable 
high share in the grass stand and relatively best longevity 
(Table 3). The low percentage of clover in the fourth vege-
tation can also be associated with insufficient summer and 
autumn moisture reserve in 2020 compared to the average 
for the region (Figure 1). The presence of the tetraploid cul-
tivar Astur is two times lower than that of the diploids, which 
confirms our previous results on the lower drought tolerance 
and, accordingly, longevity of the tetraploid germ plasm of 
the species (Naydenova & Vasileva, 2019a).

According to Belanger &Tremblay (2010), good mois-
ture availability before sowing and in the year after direct 
reseeding favored establishment and yield of reseeded 
grasses. The high share of the clover genotypes studied 
by us can also be connected with the large amount of late 
spring precipitation in the first and second vegetation. On 
the other hand, this raises the question whether to reseed 
more drought-resistant species, such as Onobrychis vicii-
folia, Lotus corniculatus and Anthyllis vulneraria in areas 
with unstable spring moisture supply over the years. These 
species were included as variants in the present study, with 
contrasting results observed regarding their suitability for 
direct reseeding. 

The share of sainfoin (Onobrychis viciifolia) in the 
mowed biomass in the second vegetation is up to 17% in the 
first regrowth and up to 15% in the second one. In the third 
vegetation, when the regrowths were formed in significant-
ly drier conditions, the relative share of the species was up 

Table 1a. Relative share of legumes in the grass stand, which are reseeded and self-sown in the spring regrowth of the 
second vegetation, weight %
Reseeding variants Weight percentage of reseeded spe-

cies/genotype I cut / II vegetation
CV VC ML MS MF Legumes 

total
TP cv. Nika 11 35 3 – 3 – 41
TP cv. Astur 15 5 – 3 – 5 28
TP Breeding population 41 5 – 2 – 11 59
OV cv. Vishnovski 17 2 – – 2 – 21
OV Local population 9 5 – – – 6 20
LC cv. Targovishte 1 3 2 6 – – – 11
LC Local population 3 6 5 – – 11 25
AV cv. Pamir 0 11 11 – – 8 30
Mean 15.4 4.9 7.3 2.7 2.0 8.2 40.5
CV, % 85.6 59.5 43.8 21.7 33.8 50.3

Legend: TP – Trifolium pratense; OV – Onobrychis viciifolia; LC – Lotus corniculatus; AV – Anthyllis vulneraria; CV – Coronilla varia; VC  – Vicia crac-
ca; ML – Medicago lupulina; MS – Medicago sativa; MF – Medicago falcata

Table 1b. Relative share of legumes in the grass stand – reseeded and self-sown in the summer regrowth of the second 
vegetation, weight %

Reseeding variants Weight percentage of reseeded spe-
cies/genotype II cut / II vegetation CV VC ML MS MF Legumes 

total
TP cv. Nika 11 29 11 – – 3 15 57
TP cv. Astur 35 8 – – – 23 66
TP Breeding population 39 3 – – – 30 72
OV cv. Vishnovski 15 3 – – – 30 48
OV Local population 3 3 – – – 23 29
LC cv. Targovichte 1 0 11 – – – 15 26
LC Local population 0 11 8 – – 23 42
AV cv. Pamir 0 15 – – 15 30
Mean 15.1 7.1 11.5 3.0 21.8 46.3
CV, % 111.5 56.2 43.0 28.9 38.0
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to 18 and 24%, respectively, for the spring and summer re-
growth. In the fourth vegetation, despite its higher drought 
resistance and longevity, sainfoin had an equal share in the 
grass stand with that of clover  (Table 3). When comparing 

both species, it is important to note that the share of sain-
foin is more stable in years and seasons. A significant effect 
of genotype on reseeding performance was also observed 
in this species. Except for the fourth vegetation, Vishnovski 

Table 2a. Relative share of legumes in the grass stand – reseeded and self-sown in the spring regrowth of the third veg-
etation, weight %
Reseeding variants Weight % of reseeded species/

genotype I cut / III vegetation
CV VC ML MS MF Legumes 

total
TP cv. Nika 11 9 – – 8 – – 17
TP cv. Astur 8 – – 12 – – 20
TP Breeding population 8 – – 9 – – 17
OV cv. Vishnovski 18 – – 6 – – 24
OV Local population 11 – – 8 – – 19
LC cv. Targovishte 1 0 5 – 15 – – 20
LC Local population 0 6 – 12 – – 18
AV cv. Pamir 0 11 – 18 – – 29
Mean 6.8 7.3 11.0 20.5
CV, % 95.3 43.8 36.7 20.0

Table 2b. Relative share of legumes in the grass stand – reseeded and self-sown in the summer regrowth of the third 
vegetation, weight %
Reseeding variants Weight % of reseeded species/

genotype II cut / III vegetation
CV VC ML MS MF Legumes 

total
TP cv. Nika 11 8 11 – – 15 34
TP cv. Astur 16 – – – 2 9 27
TP Breeding population 20 6 17 – – 7 50
OV cv. Vishnovski 24 8 – – 9 41
OV Local population 8 3 2 – – 8 21
LC cv. Targovishte 1 0 3 15 – – 6 24
LC Local population 0 6 6 – – 8 20
AV cv. Pamir 0 8 26 – – 3 37
Mean 9.5 6.4 13.2 2.0 8.1 31.8
CV, % 100.5 44.8 71.8 41.8 33.4

Table 3. Relative share of legumes in the grass stand – reseeded and self-sown in the spring regrowth of the fourth 
vegetation, weight %
Reseeding variants Weight % of reseeded  

species/genotype I cut /  
IV vegetation

CV VC ML MS MF Legumes 
total

TP cv. Nika 11 7 3 – 8 – – 18
TP cv. Astur 3 – – 9 – – 12
TP Selection population 8 9 8 12 – – 37
OV cv. Vishnovski 8 5 – 3 – – 16
OV Local population 6 6 3 6 – – 21
LC cv. Targovishte 1 0 5 3 9 – – 17
LC Local population 0 8 3 15 – – 26
AV cv. Pamir 0 6 5 12 – – 23
Mean 4.0 6.0 4.4 9.3 21.3
CV, % 91.6 33.3 49.8 40.8 36.3
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cultivar had several times higher percentage share in the 
biomass than that of the local population.

The reseeded genotypes of bird’s-foot-trefoil (Lotus cor-
niculatus), such as Targovishte and local pasture population 
participate in the grass stand only in the first regrowth of the 
second vegetation with the same weight share of 3% (Table 
1a). Despite the favourable conditions, the bird’s-foot-trefoil 
did not manage to establish itself in the grass stand by direct 
reseeding, thus repeating the results of our previous study 
conducted in the period 2013–2015. Similar results are also 
presented by Lazarev et al. (2020). Bird’s-foot-trefoil has a 
high natural capacity for self-sowing. Its seeds preserve ger-
mination rate in the gastrointestinal tract of grazing animals, 
which also helps its spread and maintenance in the meadows. 
Adapted cultivars were used in the present study, and it can 
be considered that seed ecology is not the cause of the failure 
of the species under direct reseeding. In our other studies for 
the area, a high abundance of bird’s-foot-trefoil was found 
in grass stands degraded as a result of fire (Naydenova et al., 
2022). The above relates the failure of the species in direct 
reseeding to the low competitive ability of seedlings in the 
existing grass communities. In this regard, in order to use 
the significant characteristics of bird’s-foot-trefoil for the 
restoration of degraded grass stand (such as drought resis-
tance, grazing sustainability, high levels of nitrogen fixation, 
optimal content of condensed tannins) other methods for its 
successful reseeding should be evaluated and selected. 

Anthyllis vulneraria – kidney vetch – was not recorded 
in the samples subjected to botanical analysis in any of the 
experimental years. The conditions in the area correspond to 
the ecological requirements of the species, respectively the 
genotype (Pamir cultivar). When this cultivar is sown as a 
pure crop in the grass stands in the hilly regions of Northern 
Bulgaria it is distinguished by very good development and 
excellent forage characteristics (Athar et al., 2019). But ac-

cording to the results of the present experiment, successful 
reseeding of Anthyllis vulneraria in degraded grass stands 
probably also requires a specific method of grass stand 
preparation.

In accordance with what has been presented so far, the 
variation coefficient shows a stronger differentiation in terms 
of legume component of the grass stand depending on the 
reseeding variant in the second and fourth vegetation (Table 
1–3). 

Of the self-sown legumes, black medick (Medicago lu-
pulina) has the largest share in the grass stands in the first 
regrowth, whereas sickle alfalfa in the second one (Medica-
go falcata). The average weight percentage of black medick 
increased from 2.7 in the second vegetation to 11.0% in the 
fourth one. A high share of this species was observed in plots 
unsuccessfully sown with bird’s-foot-trefoil and kidney 
vetch with up to 18.0%. Gorski et al. (1984) found high alle-
lopathic activity of black medick. According to the authors, 
it contains up to 2.5% hemolytic saponins of the dry matter, 
which exhibit an allelopathic effect, suppressing the germi-
nation and growth of other types of fodder grasses. Such a 
reason for the failure of reseeded bird’s-foot-trefoil and kid-
ney vetch can also be assumed. 

The sickle alfalfa, is the other established valuable local 
pasture grass (Naydenova et al., 2022). According to the re-
sults, its presence in the resulting fodder mass is not affected 
or limited by the reseeded grasses. The highest share of Med-
icago falcata in the summer regrowths in the second vege-
tation reached up to 30% in the reseeding variants with the 
selection population of red clover and with the Vishnovski 
sainfoin cultivar. Synergistic interactions between these gen-
otypes and the local sickle alfalfa genotype can be hypoth-
esized. These interactions result in a significant increase in 
the share of the functional group of legumes in the degraded 
grass stand. 

Another self-established legume species in the improved 
grass stand is the crown vetch (Coronilla varia), which has 
a stable average share in the biomass over the years and re-
growths with up to 7.1%. Crown vetch is a legume with low 
fodder quality and its weaker presence in the plots reseeded 
with red clover and sainfoin underlines the potential of these 
species to improve the quality of the directly reseeded grass 
stands. 

A significant share (up to 13.2%) of bird vetch (Vicia 
cracca), which is a rhizomatous species with high resistance 
in degraded grass stands by overgrazing or fire, was also ob-
served in grass stands with unsuccessfully reseeded bird’s-
foot-trefoil and kidney vetch. Allelopathic activity has also 
been observed for many species of the genus Vicia (Geddes 
et al., 2015; Kitiş et al., 2016).We are not aware of such data 

Fig. 1. Monthly precipitation amounts (mm) for the 
vegetation period of the experimental years
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for Vicia cracca, but there are well-founded studies on how 
this wild species affects the legume cultivars and genotypes 
reseeded in the grass stand.

Conclusions

The type and genotype of the reseeded grasses caused 
significant differentiation regarding the share of the legume 
component in the degraded grass stand. The best results were 
obtained in reseeding with a selection population of red clo-
ver (Trifolium pratense) obtained from the subspecies cross-
ing T. pratense ssp.pratense X T. pratense ssp.nivale, as well 
as with sainfoin (Onobrychis viciifolia) Vishnovski cultivar. 
The species, such as bird’s-foot-trefoil (Lotus corniculatus) 
and kidney vetch (Anthyllis vulneraria), under conditions of 
early spring direct reseeding, failed to establish themselves 
in the grass stand, regardless of the adaptive potential of the 
used genotypes – cultivars and populations. Other methods 
of successful reseeding should be evaluated and chosen. 

References

Abusuwar, A., Dixon, R. M. & Schonhorst, M. H. (1993). Im-
printation inter-seeding, soil moisture and seedling emergence. 
University of Khartoum Journal of Agriculture Sciences, 1, 59-
80.

Athar, M., Naydenova, G., Mihovsky, T., Ilieva, A. & Vasileva, 
V. (2019). Agronomic characteristics of common kidney vetch 
(Anthyllis vulneraria ssp. vitellina (Velen.) Kuzm.) in artificial 
grasslands in the Central Northern Bulgaria. Pak. J. Bot., 51(1), 
221-223.

Bélanger, G. & Tremblay, G. F. (2010). Fodder quality of le-
gume-based pastures. NJF Seminar 432. The potential of forage 
legumes to sustain a high agricultural productivity-A Nordic 
perspective. NJF  Report, 6(3), 97-112. 

Bozhanska, T. & Churkova, B. (2019). Growth and development 
of legume and grass components in mixed grasslands grown 
in the Central Balkan mountain. Trakia Journal of Sciences, 
17(1), 19.

Bozhanska, T. & Iliev, M. (2021). Changes in the composition of 
natural grassland (Chrysopogon gryllus type) in grazing and 
haymaking mode of use. Ecologia Balkanica, 13(1).

Carlsson, G. & Huss-Danell, K. (2003). Nitrogen fixation in pe-
rennial forage legumes in the field. Plant and Soil, 253(2), 353-
372.

Churkova, B. & Churkova, К. (2021). Morphological character-
istics and correlation dependences among quantitative indica-
tions in bird’s foot trefoil cultivars. Trakia Journal of Sciences, 
19(1), 39.

Gaweł, E. & Grzelak, M. (2020). Influence of grassland renova-
tion methods on dry matter and protein yields and nutritive val-
ue. Appl. Ecol. Environ. Res., 18(1), 1661-1677.

Gaweł, E., Grzelak, M., Waliszewska, B. & Janyszek-Sołtysiak, 
M. (2022). The impact of the renovation of grassland on the 

development of segetal weeds in organic farming. Agriculture, 
12(5), 738.

Geddes, C. M., Cavalieri, A., Daayf, F. & Gulden, R. H. (2015). 
The allelopathic potential of hairy vetch (Vicia villosa Roth.) 
mulch. American Journal of Plant Sciences, 6(16), 2651.

Georgieva, N. & Nikolova, I. (2012). Density and reduction of the 
stand at alfalfa varieties (Medicago sativa L.). Banat’s Journal 
of Biotechnology, 3(2), 18-23.

Golka, W., Żurek, G. & Kamiński, J. R. (2016). Permanent 
grassland restoration techniques-an overview. Agricultural En-
gineering, 20.

Gorski, P. M., Turzysta, M., Burda, S., Oleszek, W. & Plosz-
insky, M. (1984). Studies on Medicago lupilina saponins IV. 
Variation in saponin content of M. lupilina. Acta Societatis Bo-
tanicorum Poloniae, 53(4), 543-550. 

Grebennikov, V. G., Shipilov, I. A., Khonina, O. V. & Ashiboko-
va, L. R. (2021). Ways to improve low-productive hayfields 
and pastures in arid regions. Agricultural Science, 7-8, 81-84.

Iliev, M., Bozhanski, B., Petkova, M. & Bozhanska, T. (2021). 
Impact of biological fertilizing on the composition and produc-
tivity of degraded mesophytic meadow in mountain conditions. 
Ecologia Balkanica, 13(2), 199-209.

Kitiş, Y., Kolören, O. & Uygur, F. (2016). Allelopathic effects of 
common vetch (Vicia sativa L.) on seed germination and devel-
opment of some weed species. Tarla Bitkileri Merkez Araştırma 
Enstitüsü Dergisi, 25(1), 100-106 (Tr).

Lazarev, N. N. & Avdeev, S. M. (2018). Efficiency of underseed-
ing of variable alfalfa and red clover in the sod of old-sown 
hayfield. Feed Production, 1, 8-12.

Lazarev, N. N., Shibukov, A. A. & Kosimova, S. J. (2020). Effi-
ciency of improving old-sown meadows by oversowing grasses 
in the sod. In: TSCA Reports (7-10).

Mantino, A., Ragaglini, G., o di Nasso, N. N., Tozzini, C., Tacci-
ni, F. & Bonari, E. (2016). Alfalfa (Medicago sativa L.) over-
seeding on mature switchgrass (Panicum virgatum L.) stand: 
biomass yield and nutritive value after the establishment year. 
Italian Journal of Agronomy, 11(3), 143-148.

Marinova, D. H. (2017). Variability and relationships of some im-
portant alfalfa germplasm traits. Banat’s Journal of Biotechnol-
ogy, 8(15), 18.

Mocanu, V. & Hermenean, I. (2009). Restoration of grassland 
multifunctionality by direct drilling method: A solution for sus-
tainable farming system. Rom. Agric. Res., 26, 71-74.

Naydenova, G., Radkova, M. & Iantcheva, A. (2022). Legumes 
in natural post-fire successions of forest meadows and pas-
tures in Northern Bulgaria. Thaiszia J. Bot., 32(1), 067-079. 

Naydenova, G.  & Vasileva, V. (2016). Direct undersowing of de-
graded stands with annual and perennial legumes in the North-
ern Bulgaria. Ratarstvo i povrtarstvo, 53(2), 46-52.

Naydenova, G. & Vasileva, V. (2019a). Comparative evaluation 
of diploid and tetraploid red clover genotypes in a flat area of 
Northern Bulgaria. Journal of Central European Agriculture, 
20(3), 919-927.

Naydenova, G. & Vasileva, V. (2019b). The potential breeding val-
ue of snow clover (Trifolium pratense ssp. nivale (WDJ Koch) 
Arcang.) and red clover (Trifolium pratense ssp. sativum) hy-
brids. Thaiszia Journal of Botany, Kosice, 29(2), 217-224.



316 Galina Naydenova and Magdalena Petkova

Naydenova, G., Vasileva, V. & Mitev, D. (2015). Productivity of 
Bulgarian grazing ecotypes of perennial legumes. Journal of 
Mountain Agriculture on the Balkans, 18(6), 972-982.

Riday, H. (2008). Heritability of frost-seeded red clover establish-
ment. Euphytica, 163(1), 81-87. 

Skládanka, J., Kohoutek, A., Odstrčilová, V., Houdek, I. & 
Horký, P. (2016). Direct sowing of red clover by three tech-
nologies. In The multiple roles of grassland in the European 
bioeconomy. Proceedings of the 26th General Meeting of the 

European Grassland Federation, Trondheim, Norway, 4-8 Sep-
tember 2016 (519-521). NIBIO.

Vasileva, V. (2017). Under sowing of degraded seed production 
stands with subterranean clover. Journal of Mountain Agricul-
ture on the Balkans, 20(1), 159-171.

Vasileva, V. & Vasilev, V. (2020). Agronomic characterization and 
the possibility for potential use of subterranean clover (Trifoli-
um subterraneum L.) in the forage production in Bulgaria. Pak. 
J. Bot., 52(2), 565-568.

Received: March, 02, 2023; Approved: May, 15, 2023; Published: April, 2024


