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Condition and changes in types of natural pasture swards in the Sakar mountain under the 
influence of climatic and geographic factors 

1 2 3V. Vateva , K. Stoеva , D. Pavlov *

1Department of Soil Erosion and Conservation, Institute of Soil Science, Agrotechnologies and Plant Protection N. Pushkarov, 7 Shosse Bankya, 1080 
Sofia, Bulgaria
2Experimental Station of Agriculture, 1 G. Dimitrov Square, 8300 Sredets, Bulgaria
3Department of Plant Production, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. The research focuses on the vegetative development, the state and changes of the types of natural pasture compositions from the Sakar mountains 
region, by tracking the influence of the climatographic factors. The favorable combination of climatic indicators and the good water ensure the normal 
vegetative development of the natural pasture compositions and grassland, and in the different kinds of pastures their height varies from 40 to 71 cm. The 
unfavorable manifestation of the climatographic conditions negatively affects the vegetative development of the pasture compositions. It changes the 
composition and ways of usage, and the height reduces by 15 to 32 cm. The most significant changes are observed in pasture-type Andropogon ischaemum, in 
which the height decreases by 32 cm, and the composition of the pasture grassland considerably degrades. Weaker affected by the changes in the climatic 
parameters are the pastures type Cynodon dactylon – Lolium perenne and Festuca myuros – Bromus sp., due to the larger percentage of drought-resistant 
species, which constitute them. Water supply in the months April, May and June exercises stronger influence on the grass height than the rainfall amount during 
the entire vegetation period. 
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Introduction Material and methods

Condition, vegetative growth and composition of natural grass 
associations depend primarily on the climatic and geographic 
factors. Natural swards are a constant dimension, as far as in the 
process of evolution they have shaped as communities inherent in 
the existing soil and climatic conditions of a given geographical area. 
However, under the influence of a number of objective and 
subjective factors they are a slowly changing dimension.

We are contemporaries of global climate changes in the 
direction of warming. Up to 2070, the average annual air 
temperature will be increased by about 3°C (Seres, 2010). On the 
Balkan Peninsula, including Bulgaria the warming of the climate 
defined by periods of drought has been oberved since the 1980s 
(Alexandrov, 2002). The forming tendency of the country is warming 
to continue in the coming decades of this century (Slavov, 2002). 
Climate change is also observed in the Sakar agro-ecological region 
(Vateva, 2008), resulting in reduction of annual rainfall and 
increased average air temperature on average for twenty years by 
0.4°C. Inevitably the started warming affects vegetative 
development, state and composition of natural grass associations 
(Stoeva et al., 2010; Vateva and Stoeva, 2010). The location and 
usage in natural vegetation are of great importance for the changes 
that occur.

The study aims to trace the impact of climatic and geographic 
factors on vegetative development of the various natural grasslands 
of Sakar Mountain area.

A visit of natural grass associations of Sakar Mountain was 
made and five points of observation were selected. They had 
different exposure, slope and altitude and were the most 
representative for the most frequently used natural swards in Sakar 
area. The locations of these points and detailed description of the 
composition and type of pasture swards are reflected by Vateva 
(2011). In three consecutive years (2008, 2009 and 2010) 
observations on marked swards regarding vegetative development 
and usage were conducted. The changes that occurred as a result of 
manifestation of climate indicators were traced. Vegetative 
development of pasture swards was reflected using height of sward 
as an indicator.

Results and discussion

The location of Sakar Mountain is in Southeast Bulgaria. Soils 
typical of the area are maroon forest, in its varieties – leached, 
strongly leached, podsolized and shallow. Most of them (up to ¾) are 
affected in varying degrees by erosion. The climate is transitional 
continental with Mediterranean influence. Mild winters without snow 
and warm and dry summers are typical. Spring is relatively moister, 
and in autumn droughts are observed, and autumn is warmer than 
spring. The amount of annual rainfall is less than the national 
average, and the average annual air temperature is one of the 
highest in Bulgaria. An emerging trend for the area over the past two 
or three decades is the increase of average annual air temperature 
by up to 0.4°C. The trend is similar in the three years of observation. 
(Figure 1).
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At a rate of rainfall during the vegetation period (IV – X) of 371,9 As it is apparent from the figure the excessive supply of 
mm, the amounts of rainfall from IV month to X month during those moisture is in July 2009 due to a series of torrential rains. They have 
years were lower and were 312.5, 254.2 and 354,6 mm, no relevance to the development of the swards as a period of 
respectively. However, the air temperature for the period IV – X and prolonged drought followed. Quite low and with values tending to the 
for three years was higher than the rate by 1 – 1.3°C. absolute critical minimum of moisture security was August. Better 

A decisive factor for the development of plant communities is moisture security in September managed to some extent to 
the good moisture security during the growing season. Water compensate for the lack of moisture in the previous months, but 
security (calculated by Selyaninov) depends on the manifestation of generally good development of the autumn growing mass was not 
two climatic and geographic indicators – precipitation and observed.
temperature. The water security indicator presented in Figure 2 Vegetative development of the natural grazing associations is 
demonstrates the above. In April, May and June which are primarily a consequence of the manifestation of climatic and 
particularly important for the vegetative development of the sward, geographic factors. In such swards any anthropogenic interference 
water security during the three years of monitoring was low does not apply and the ways of use depend on their seasonal 
compared to the norm for the area. condition. Changes were observed under the influence of the limiting 

climate indicators, which made the natural pasture swards from 
different locations in Sakar Mountain different by themselves (Table 
1). In consequence, users navigate to those who offer well-
developed vegetative mass and are with richer diversity of species 
present.

Grass is with the best vegetative development compared to all 
swards observed in the first year. It is due to better weather 
conditions in March, April, May and June. The first two points of 
observation are of the same type of pasture - Agrostis vulgaris - 
Festuca fallax. They are located in the belt between 400 and 600 m 
above sea level (500 and 530, respectively), which is slightly cooler 
and moisture security is better. The nearby presence of forest 
formations is the cause of weaker evaporation of moisture. Typical of 
this type of sward is the presence of tall wheat grasses, which 
completely define the appearance of the sward (Figures 3 and 4).

The conditions of these two points are much more favorable for 
vegetative development of the swards throughout the growing 
season. By June the vegetative mass develops impetuously and due 
to the high altitude it is used for hay. The height of the sward in 
mowing maturity in point No. 1 reached up to 71 cm, and in point No. 
2 it was 60 cm (Figure 5). After decimation, the weather conditions 
were conducive to the resumption of vegetative development of the 
swards during the summer months. The second undergrowth that 
was used for grazing was formed in that way. As a result of the 
favorable combination of climatic indicators those two points were 
used most efficiently throughout the whole growing season, for hay 
and pasture (i.e combined). Over the next two years the height of the 
sward in both points decreased, in the second year by 15–12 cm, 
and in the third by 10–7 cm. Reducing the height is justified by the 
fact that in the second and third year of observation water supply in 
April and May was much lower than the norm, especially in the third 
year. The fact that in the third year grass height did not decrease so 

Figure 1. Rainfall month amount (mm) [1], and average monthly temperature (°С) [2] during the vegetation period (ІІІ-ІV)
by years and for a period of many years
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Figure 2. Water supply (%) in the vegetation period (ІV-Х)
by months and years of observation and for a period of
many years
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Table 1. Brief presentation of the observation points

Type of pasture

1. Agrostis vulgaris-Festuca faliax

2. Agrostis vulgaris-Festuca fallax

3. Cynodon dactylon-Lolium perenne

4. Andropogon ischaemum

5. Festuca myuros -Bromus sp.

500 m

530 m

390 m

370 m

300 m

Combined

Combined

Pasture

Pasture

Pasture

Altitude Method of use
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obviously as in the second year was due to better weather conditions low and affects negatively the development of the swards. From the 
in June. Then the parameters of the climatic indicators were close to observed types of swards, this type of pasture is with the most 
the normal level for the area. variable height. If it is grown under more favorable climatic 

Swards of the Agrostis vulgaris - Festuca fallax type of first and conditions it reaches height of 60 cm, but in case of more critical 
second point outperform the other types in height of the biomass value of climate indicators in 2010, its height is only 28 cm. On the 
formed (Table 2). Between the first and second point the difference other hand, this is one of the most used pastures and its excessive 
was not proven. There was no proven difference between the third and uncontrolled use has led to serious degradation of the sward. 
and fifth point either. The other three observed pasture swards are of Over the past twenty years quite a large percentage of grazing areas 
the type Cynodon dactylon - Lolium perenne, Andropogon in the foothill region of Sakar mountain is occupied by grassland of 
ischaemum and Festuca myuros - Bromus sp (points No. 3, No. 4 the type Festuca myuros - Bromus sp. The reason is that much of the 
and No. 5). What was common between them was the fact that they farmland occupying these areas moved to the category of 
were in zone 200–400 m above sea level (390, 370 and 300, abandoned (unused) agricultural lands and gradually it self grassed. 
respectively) and were only used mostly for pasture from early The influence of climatic parameters in this type of grassland is quite 
spring until June, but much more intensely than the previous two large, in spite of the fact that they are in the lower part of the belt 
points. The drought coming then led to drying of the overhead between 200 and 400 m above sea level Under more favorable 
vegetative mass and then they were virtually unusable. High conditions for 2008 the climatic and geographical conditions their 
summer temperatures and lack of fresh vegetative mass makes the height may reach 45 cm, but in low water supply it does not exceed 
herds of farm animals seek fresh pasture in the upper zone, where 31 cm. Compared to the previous two types of pastures in critical 
the higher swards are (points No. 1 and No. 2). In September and manifestations of climate indicators it maintains higher altitudes due 
October when sufficient precipitation resumes sward vegetative to the prevailing average high wheat grasses in the sward.
development in the late autumn they are again used for pasture. 
Such are the cases in September 2008 and 2009, and October 2010 
when the moisture supply is high and is above the normal for the 
area. In essence, these three types of pastures differ, both in types of 
species in the swards composition, and in their requirements for 
climatic and geographic conditions. Pasture sward of point No 3 was 
with the smallest height (Figure 4). This is due to the dominant wheat 
grasses Cynodon dactylon and Lolium perenne, which are low to 
medium tall grasses. In better weather conditions and better water 
security of 2008, the height of this type of pasture is 40 cm, and with 
scanty water supply in the early growing period of 2010, its height is 
only 23 cm. In Figure 5, the vegetative development of pasture 
sward of Point No 4 is depends most on climatic and geographical 
factors. The predominant type of Andropogon ischaemum is with 
late-spring type of development, i.e at a time when water supply is 

Figure 3. Pasture type Agrostis vulgaris-Festuca fallax Figure 4. Pasture type Cynodon dactylon-Lolium perenne 

Figure 5. Height of the swards (cm) in hay-ripeness by
years of observation
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Table 2. Statistical analysis of data for height, cm average for 3 years by points (grass types)

*Differences among the groups are statistically significant at P<0.05 if they have no equal letters

Points

1

2

3

4

5

All Grps

a56
ab49.5

cd32
b41.8
cd35.3

43.0

11.4

8.5

7.4

14.2

7.3

13.2

129.8

72.5

55.5

202.6

53.5

173.8

3.8

2.8

2.5

4.7

2.4

2.0

43.0

39.0

22.0

27.0

29.0

22.0

71.0

61.0

41.0

61.0

46.0

71.0

Means SD Variance SE Min Max
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The height of the sward is determined by the type of dominant between the height of the sward and water supply showed no 
grass species and water supply. In terms of this area in the studied 4 correlation between the total amount of rainfall during the vegetation 
types of swards of 5 points, the influence of two factors – water period and height. The correlation coefficient ranged from –0.06 for 
supply over the years and type of sward at the points is almost the growth amount to 0.69 for the amount of rainfall in April (Table 4).
identical (Table 3). Water supply is with slightly greater influence – The correlation between rainfall and height is good for April, 
47.76%. The interaction between both factors has no significant May and June. The regression analysis (Table 5) shows that 
influence. regression equations of second degree can be used evidencing the 

Modification factor profile shows that the height of swards relationship between the height of the sward and water supply, and 
decreased from 2008 to 2010, despite the increased rainfall in 2010 the rainfall in April, May and June is applied as an independent 
(Figure 6). A similar downward trend from the first to other points variable, and not the amount of rainfall throughout the growing 
exists. period.

The correlation analysis of dependence and the relationship 

Table 3. Influence of water supply and type of grass cover (points) on the grass height (ANOVA)

*Differences among the groups are statistically significant at P<0,05 if they have no equal letters

Years

Points

Years*Points

Error

3652.84

3536.80

426.93

31.33

2

4

8

30

1826.42

884.20

53.37

1.04

1748.70

846.57

51.10

0.000000

0.000000

0.000000

47.76

46.25

5.58

SS DF MS F p %
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Figure 6. Profile of height by punkts depending on the year

Table 4. Correlation among the plants height and water supply

Height, cm

IV

0.69

V

0.62

VI

0.40

VII

-0.6

VIII

0.42

IX

0.6

X

-0.51

ІV–Х

-0.06

Rаinfall, mm 

Table 5. Regression equations for grass height and water supply.

Y = 2.71 + 1.42IV - 0.0092 IV2

Y = 45.281 - 1.736V + 0.049V2

Y = 355.5 - 15.451VI + 0.183VI2

0.477

0.477

0.477

1.3

0.8

3.2

19.2

19.2

19.2

0.0001

0.001

0.001

Regression R2 SEE F P 
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