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Productivity and grass density of the main types of pastures in Sakar and Strandja region

V. Vateva*

Department of Engineering and Technologies, Faculty of Technics and Technologies, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. Grassland associations are natural resource, which in their proper use might affect the welfare and economic development of the region in which 
they are located. In Sakar and Strandja regions such herbaceous plant associations occupy about 107.3 thousand hectares. Only in those regions of the 
country there is a favorable combination of environmental and climatic conditions allowing almost all year round utilization of pasture grass associations. They 
are the main potential to supply feed for the animals. In this experiment, the goal is to tracce and identify the productivity of natural pasture grass associations in 
Sakar and Strandja mountain. Observations were performed on the most typical, the most common and most used pastures located in these regions. The 
density of the pasture types was established. A comparative analysis of productivity of fresh mass and dry pasture grass of Sakar and Strandja region was 
performed. The results show that the pasture types in Strandja region possess higher density and greater productivity than those in Sakar region. With the 

2highest density in Sakar region are the grassland type Agrostis capillaris – Festuca fallax, with a density of up to 1972 pieces/m  at least. In Strandja region 
2pasture type Agrostis capillaris – Cynosurus cristatus – Lolium perenne reaches density 3716 pieces/m . These types of pastures are distinguished with the 

highest productivity of fresh and dry biomass. In Sakar region from pastures of type Agrostis capillaris – Festuca fallax 16680 kg/ha green mass and 4920 kg /ha 
dry matter can be obtained, and in Strandja region from grassland of type Agrostis capillaris – Cynosurus cristatus – Lolium perenne, 31700 kg/ha fresh mass 
and 7380 kg/ha dry matter can be obtained.

Keywords: Sakar and Strandja, climate factors, pasture types, density, productivity
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(Meshinev et al., 2005; Petkova et al., 1999; Whitte and Vanasseld, Introduction
2006), and this decreases the productivity or quality of herbaceous 
plant associations. In Bulgaria natural grass associations occupy When talking about natural pasture associations, we mean 
about 1,817,000 hectares, representing 33.4% of the total area of those herbaceous ecosystems of a region that are constantly used 
the country, of which 162,000 hectares are concentrated in Strandja-as pastures for permanent grazing. They are an important base for 
Sakar region. Grassland types representing two neighboring the present prosperity of farming in the region and in the country. 
regions differ in their composition and productivity.Expectations will be guaranteed if it is known what the productivity of 

The aim of this study was to trace the status of the two typical grazing associations is.
pasture regions, to make an assessment of their productive Productivity of natural pasture associations is quantitative and 
capabilities and to provide guidelines for their proper use.has very limited magnitude (Gherbin et al., 2007; Stoeva and 

Vateva, 2009; Todorova et al., 2001). It depends on many factors 
(Mitev and Belperchinov, 2001; Todorova and Mikhailova, 2001; 
Todorova et al., 2003) but having in mind that it does not apply any Material and methods
measures for its improvement, its determined mostly depends on 
natural conditions and climate in the region. Pasture biodiversity is Observations were carried out for three consecutive years 
often under threat because of improper and fraudulent utilization (2008, 2009 and 2010) on the most common, most representative 

* e-mail: vili13@gmail.com

Table 1. Type, distance from vicinity place and uses of pasture in Sakar and Strandja points of observation

Type of pasture at points

S
ak

ar
S

tr
an

dj
a

1. Agrostis capillaris  Festuca fallax

2. Agrostis capillaris  Festuca fallax

3. Cynodon dactylon – Lolium perenne

4. Andropogon ischaemum

5. Festuca myuros  Bromus sp.

–

–

–

1. Hordeum crinitum  Trifolium nigrescens

2. Cynоsurus cristatus  Lolium perenne  Trifolium subterraneum

3. Agrostis capillaris  Cynosurus cristatus  Lolium perenne

4. Cynodon dactylon  Lolium perenne

5. Avena flavescens  Cynosurus cristatus  Lolium perenne

–

– –

– –

–

– –

8 km, combined

6 km, pasture

4 km, pasture

5 km, pasture

10 km, combined

14 km, combined

10 km, combined

4 km, pasture

4 km, pasture

5 km, pasture

Distance from the vicinity and method of use
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and most used natural pasture associations for the region. After interference can lead to positive or negative consequences and 
visiting the two regions monitoring stations are marked and the changes in the composition and quality of the grass.
pasture type is determined by constituent species. Table 1 Located in Southeastern Bulgaria, Sakar and Strandja region 
summarizes the type of pasture areas under surveillance, their are close in location and soil conditions. This part of Bulgaria is one 
distance from the location and the manner of utilization. of the hottest in the country. It is characterized by better provision of 

Productivity of grassland types which are used combined was moisture in the winter, and frequent droughts in the summer. Spring 
established in pasture and hay maturity, and those which are used is pretty well secured with moisture and autumn is often warmer and 
as grazing pasture are determined at readiness for grazing. The dry compared to the other regions of the country. Climatic conditions 

2 during the years of study are with deviation from the established density of the grass is reported per 1 m . Productivity is determined 
norms in both areas (Figure 1). Obviously the total annual rainfall in by the fresh and dry matter and the influence of climate factors on the 
first year of observation in both regions is much lower than yields obtained is traced. For comparison the real productivity is 
established norms. In normal precipitation of 631 mm in Sakar and expressed in pasture maturity.
650 mm in Strandja the annual rainfall in both regions does not even 
reach 500 mm. The first year (2008) was marked as a dry year. 
Extremely dry months for both regions are February, March, July, Results and discussion
August and October. Very different is the situation in the next two 
years, characterized by much higher precipitation quantities, 

Growth, development, productivity and quality of the biomass of 
especially in the third year. In this reporting year the annual amount 

natural pastures depend on the habitat conditions. The most 
of precipitation in both regions significantly exceeded the 

important is the location of the grass, the soil and climatic conditions. 
established standards. The excessive rainfall during the months of 

In addition, methods of use and any other anthropogenic 

Figure 1. Annual rainfall (mm), (a) and average annual air temperature (°C), (b) by years of research from
2008 to 2010, and the rate for Sakar and Strandja
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January, February, March and July is unusual for both regions and in 
July (for Sakar 174 mm and Strandja 176 mm), due to series of very 
heavy and intense rainfall.

In terms of average temperatures summary it can be said that 
the three-year observation period was warmer and the three years 
are with higher temperatures than the norms of the regions (Figure 
1b). A significant increase in temperature is observed in February, 
March, June, July and August.

Pasture types in Sakar and Strandja regions have rich diversity 
of botanical groups. In their composition and nature these 
associations are a unique gene bank of species and groups, some of 
which are distinctive and unique to these two regions. On Figure 2 
are shown typical pasture grass associations from the higher zone of 
the two regions. Apparently they are fresh, with high density and the 
presence of many grass species.

The density of the grass is an important indicator that takes into 
account the presence and density of constituent species. It is also a 
variable whose values vary depending on many factors. For density 
greater role had the influence of climatic factors and the system of 
utilization. The density is also important for the productivity of the 
grass association. As shown in Figure 3, the density of the observed 
pasture types in both regions is the lowest in the first year of 
observation. This is due to poor vegetative development of the 
grasses due to low water availability that year. During the second 
and third years the density increases 2 – 5 times in the Sakar region 
and 1.5 to 2.5 times in Strandja region. An important role in the case 
of increasing density in the second and third years of observation 
plays the higher water supply during those years and systematic 

type Avena flavescens - Cynosurus cristatus - Lolium perenne with grazing and mowing of the grass. Comparing the density of 
2density at least 2900 pieces/m .grassland types in both regions it can be established that in the 

In regions such as Sakar and Strandja feeding of farm animals Sakar region density is lower than in the Strandja region, which is 
relies primarily on products derived from pasture grass explained by the different botanical presence of the species in the 
associations. It does not matter how you use them, whether for hay composition and the lower precipitation in the Sakar region. 
or pasture, grass natural associations are a valuable source of Associations with good density in Sakar can be said to be pasture 
vitamin nutritious food for livestock. Productivity of pasture types and type Agrostis capillaris – Festuca fallax with density reaching at least 

2 all other parameters characterizing the state of a grass cover is 1972 pieces/m  and pasture type Andropogon ischaemum with 
2 variable dependent primarily on the manifestation of climatic factors. density at least 1828 pieces/m . In Strandja high density is observed 

Table 2 shows productivity of fresh mass of the main types of for  pasture type Agrostis vulgaris – Cynosurus cristatus – Lolium 
2 grassland in Sakar and Strandja region.perenne with density reaching at least 3716 pieces/m  and pasture 

The yield of fresh mass varies considerably by year and points 

2Figure 3. Density of grassland types (pieces/m  at least) in Sakar and Strandja region, by year of study 2008 – 2010
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Table 2. Yield of fresh biomass  from the grass associations
in Strandja and Sakar

*Differences among the variants by columns are
statistically significant if they do not have an equal letter

Points

1

2

3

4

5

Average

1

2

3

4

5

Average

13200*

12800*

18800***
a11980
a11200

13584

8800***

7400**
a6000

6800**
a6000

7000

a14800
a12600

19400**

17000**

24780***

17716

11800**
b10600

a9600
b10800

a9600

10480

a21720
a21280

31700***

18000***

25250***

23590

16680**
b15040
a12220
b14540
a12080

14112

a56173.3
a53960.0

79700.0***
a51600.0
a54010.0

18297

a12426
a11013

b9273
a10713

b9226

10531

2008

2008

2009

2009

2010

2010

Average

Average

Yield of fresh biomass, kg/ha, Strandja

Yield of fresh biomass, kg/ha, Sakar
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they were twice as high at 11200 to 18800 kg/ha. In the second year 
the yield of fresh mass in the Sakar region increased from 1,1 to 1,6 
times, and during the third year of observation compared to the 
second one the increase is 1,1 to 1,3 times. During the three years of 
exploration the first points exceeds the other points and the 
difference was statistically significant at P<0,05 – 0,005.

In Strandja region increase of yields is not observed in this 
sequence. The yields in some of the points in the first and second 
years are almost equal. Equal yields were observed in some points 
in the second and third year as well. Overall, during the three years of 
observation yields of fresh mass in the Strandja region are higher. 
This is due both to better supply with moisture and a more stable 
presence of grass species and groups and higher density of 
associations in this region. As with density, greater productivity of 
fresh mass is accounted for by the type of grassland association 
Agrostis capillaris – Festuca fallax, with yields reaching up to 16680 
kg/ha and Andropogon ischaemum with yields reaching 14540 
kg/ha. The same is the situation in Strandja region, there is also a 
best productivity feature type pasture with the best density. In 
pasture type Agrostis capillaris – Cynosurus cristatus – Lolium 
perenne, fresh mass yield is up to 31700 kg/ha and in pasture type 
Avena flavescens – Cynosurus cristatus – Lolium perenne the yield 
of fresh mass is 25250 kg/ha. In Strandja point three exceeds the 
other points and supplies the highest yield of fresh matter. The 

of observation. The first year both regions reported lower yields of difference is statistically significant at P<0,05.
fresh mass. At low water supply this year yields of fresh mass in the Productivity of dry mass follows the trend of productivity of fresh 
Sakar region were from 6000 to 8800 kg/ha, while in Strandja region mass (Table 3), with the difference that the increase in dry matter 

Table 3. Yield of dry matter  from the grass associations in
Strandja and Sakar

*Differences among the variants by columns are 
statistically significant if they do not have an equal letter

Points

1

2

3

4

5

Average

1

2

3

4

5

Average

3320**

3600**

4400***
a3260

3200a

3556

3400**
ab3100
a3040
b3200
a3000

3148

a3400
a3540

4500*

4700*

6470***

4522

4920**
a4400

3700*
a4200

3400*

4124

a5040

5420*

7380***
a5000

6600***

5888

4920**

4400
b3700
a4200
b3400

4124

a3920.0
a4186.6
b5426.6
a4320.0
b5423.3

4655

a4413
ab3966
bc3480
b3866
c3266

3799

Yield of dry matter, kg/ha, Strandja

Yield of dry matter, kg/ha, Sakar

Figure 4. Profile of productivity of dry matter of grass associations in Strandja and Sakar by points and years
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yield in the second year is not so great compared to the first year. The 
increase in dry matter yield in the third year compared to the second 
year is only expressed in some of the observed types of pastures.  
Maximum yield of dry matter in the Sakar region is obtained from 
pasture type Agrostis capillaris – Festuca fallax – 4920 kg/ha, while    
in Strandja region – from Agrostis capillaris – Cynosurus cristatus - 3.
Lolium perenne – 7380 kg/ Meshinev T, Apostolova I, Georgiev V, Dimitrov V, Petrova A and 

Figure 4 shows a summary profile for dry matter yield in the two Veen P, 2005. Graslands of Bulgaria. Final Repord on the National 
regions, in the five points for three years. There can be seen that Graslands Inventary Ptojekt, 103.
yields are higher in the pastures of Strandja, in the first and second Mitev D and Belperchinov K, 2001. Ecological plasticity of some 
point in 2009 and 2010. meadow associations involving red fescue, available at the slopes of 

the foothills of the Balkan Mountains. VII. Productivity and botanical 
composition of mixed grass stands of red fescue, meadow grass and 
alfalfa. Journal of Mountain Agriculture on the Balkans, 4, 298-304.

 (37.06%), then the interaction regions – Petkova D, Yahtcheva Ch and Doduntchev N, 1999. Productivity 
 third place is the effect of  regions (14.76 %). of Bulgarian multifoliolate alfalfa at two ecological regions. Bulgarian 

Journal of Agricultural Science, 6, 871-876.
Stoeva K and Vateva V, 2009. Productive potential of perennial 
herbaceous species cultivated in the Strandja – Sakar conditions. 
Journal of Mountain Agriculture on the Balkans, 12, 1366-1378.

at least 1972 
Vateva V and Stoeva K, 2012. State of natural pasture swords in the ,
Sakar mountain in different locations II. Productivity. Journal of 16680 kg/ha and 4920 kg/ha.
Mountain Agriculture on the Balkans, 15, 412-425.In Strandja region with the best quantitative indicators are 

pastures of type Agrostis capillaris –Cynosurus cristatus – Lolium 
2 World perenne, respectively, with density reaching at least 3716 pieces/m , 

and yields up to 31700 kg 7380 kg
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Factors SS MS F p %d. f.

Regions

Point

Year

Regions*Point

Regions*Year

Point*Year

Regions*Point*Year

Error

18871143

2247589

47371954

27095771

10585120

6429303

13719451

1509800

18871143

561897

23685977

6773943

5292560

803663

1714931

20131

937

28

1177

336

263

40

85

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

14.76

1.76

37.06

21.20

8.28

5.03

10.73

1.18
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2

8

8
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informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
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resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
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In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
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The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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