
 
 

Trakia Journal of Sciences, Vol. 17, № 1, 2019                                                       19 

  

 

Trakia Journal of Sciences, No 1, pp 19-27, 2019 

Copyright © 2019 Trakia University 

Available online at: 

http://www.uni-sz.bg 

                                                                  ISSN 1313-7050 (print)                  

                                                                  ISSN 1313-3551 (online)        doi:10.15547/tjs.2019.01.004 
 

                         Original Contribution 

GROWTH AND DEVELOPMENT OF LEGUME AND GRASS 

COMPONENTS IN MIXED GRASSLANDS GROWN IN THE CENTRAL 

BALKAN MOUNTAIN 
 

T. Bozhanska*, B. Churkova 
 

Research Institute of Mountain Stockbreeding and Agriculture, Troyan, Bulgaria 

 

 
ABSTRACT 

PURPOSE of the present study is to establish the growth, development and competitiveness of grass 

and legume components in mixed grasslands grown under the conditions of the Central Balkan 

Mountains.  

METHODS: In the spring of 2014-2016, the growth and development of typical meadow legumes 

and grass species for that region were observed in the experimental field of RIMSA - Troyan, in 

double mixtures: 1. Bird's-foot-trefoil - Red fescue; 2. White clover - Perennial ryegrass; 3. White 

clover - Kentucky bluegrass; 4. Red clover - Timothy-grass; 5. Blue hybrid alfalfa - Cock's foot; 6. 

Red clover - Meadow fescue. 

RESULTS: From all grass crops - Dactylis glomerata L. has the most pronounced competitive 

ability with respect to the biometric height indicator of plants, while Poa pratensis L. has the 

slightest one. For the three-year study period, Trifolium repens L. in its mixture with Lolium perenne 

L. recorded the lowest average growth values compared to the other legumes included in the 

experiment.  

CONCLUSIONS: The best intercompatibility and, respectively, the most favorable combination of 

grass and legume components is found between Trifolium pratense L. and Festuca pratensis L., and 

the weakest among the components in the blue hybrid alfalfa - cock's foot mixture.  

The length of the flower-bearing stems and leaf stalks of Trifolium pratense L. in the mixed 

grassland with meadow fescue have higher values (41.8:89.0 cm) and those with timothy-grass are 

lower (38.1:52.5 cm).  
 

Key words: grass mixtures, heights, variation coefficient, growth and development 

 

 

INTRODUCTION 

Ecological researches (1) show significant 

changes in the Earth's climate, which requires 

extensive studies on the adaptability of plant 

species to the cultivation conditions (2, 3).  
 

The optimal combination of certain types of 

grass and legume species could provide 

advantages for mixed grasslands for the better 

use of environmental resources (4, 5), growth 

and development of plants. 
 

The ecological conditions and the usage 

regime regulate the interaction of the grass and 

legume component in the mixture and 

___________________________ 
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determine its organic production (6-9) and the 

quality of the grass mass (10, 11). 
 

In this sense, the white clover has good 

compatibility both with Kentucky bluegrass 

and perennial ryegrass, but the variants with 

the legume grass of Poa pratensis L. (12) has 

better realization of clover plants and higher 

productivity. This necessitates a suitable 

selection of the types of grasses and legumes to 

maintain the dynamic stability in mixed 

grasslands. 
 

The purpose of the present study is to establish 

the growth, development and competitiveness 

of grass and legume components in mixed 

grasslands grown under the conditions of the 

Central Balkan Mountains. 
 

http://www.uni-sz.bg/
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MATERIAL AND METHODS 

The experiment was set in the spring of 2014 

at the Research Institute of Mountain 

Stockbreeding and Agriculture - Troyan, using 

the block method in four replications with the 

size of the 5 m
2
 plot. The study period is three 

years. Experimental variants are: 1. Bird's-

foot-trefoil (Lotus corniculatus L.) + Red 

fescue (Festuca rubra L.); 2. White clover 

(Trifolium repens L.) + Perennial ryegrass 

(Lolium perenne L.) 3. White clover (Trifolium 

repens L.) + Kentucky bluegrass (Poa 

pratensis L.) 4. Red clover (Trifolium pratense 

L.)  + Timothy-grass (Phleum pratense L.); 5. 

Blue hybrid alfalfa (Medicago sativa L.) + 

Cock's foot (Dactylis glomerata L.); 6. Red 

clover (Trifolium pratense L.) + Meadow 

fescue (Festuca pratensis L.).  

 

Soil preparation includes autumn plowing of 

self-sown fallow ground at a depth of 22-25 

cm and repeatedly spring disc, milling and 

rolling before and after sowing. 

 

The sowing of the field experiment was carried 

out manually, scattered, at the optimum 

agrotechnical period (the middle of March) on 

a pre-created solid bed at a depth of 0.5-1.0 

cm. Sowing rates were calculated on the basis 

of 100% seed germination as for bird's-foot-

trefoil and white clover is 1.2 kg/da, for red 

clover - 1.5 kg/da, and for blue hybrid alfalfa - 

2.5 kg/da. Grasses in the grass mixtures are 

sown with a 2.5 kg/da sowing rate. The ratio of 

components in the mixtures is 50:50. 

Immediately after sowing, sown areas are 

rolled for better seed contact and soil 

germination.  

 

Seeds of the most common cultivars of 

legumes and meadow grasses were used: 

Bird's-foot-trefoil - 'Leo', White clover - Huia, 

Red clover - 'Altaswede', Blue hybrid alfalfa, a 

local population of Troyan origin and Red 

fescue - 'Ryder', Meadow fescue - 'Laura', 

Cock's foot - 'Loke', Kentucky bluegrass - 

'Sobra', Timothy-grass - 'Erecta' and Perennial 

ryegrass - 'Belida'. 

 

Fighting weeds during vegetation is 

mechanical in order to avoid further chemical 

interference with plants. The grasslands were  

 

 

cut in the beginning of the blossoming phase of 

the legumes and tasseling/ear formation of 

grass crops. 

 

The height of mowing (cm) of the grassland is 

observed at the time of harvesting. The plants 

(at 4 points) are measured from the surface of 

the soil to the top of the highest stems in both 

diagonals of each parcel. The height is reported 

by components (of each variant of 40 plants of 

a species) by year and regrowth. The average 

indicators are calculated on the basis of data 

obtained.  

 

The degree of variation (CV) of parameters 

was determined through variation coefficient 

according to the scheme of Mamaev: up to 7% 

- very low; 7.1 to 12.0 % - low; 12.1 to 20.0 % 

- moderate; 20.1 – 40.0 % - high; over 40.0 % - 

very high. 

 

RESULTS AND DISCUSSION 

Height of plant stems in grass-legume 

mixtures. 

The height of the components in the grassland 

provides information related to the combined 

use of grasses and legumes, assesses their 

compatibility, which in turn influences the 

stability and productivity of the mixed crop in 

the predominantly unfavorable soil and 

climatic conditions in the mountainous regions 

(Figures 1, 2 and 3). 
 

For the three-year study period, the white 

clover in its mixture with perennial ryegrass 

(variant 2) recorded the lowest average growth 

rates compared to the remaining legumes 

included in the experiment.  The data show 

minimal differences in heights of this 

leguminous crop during spring and summer 

regrowth. The type of grass component 

affected the height of flower-bearing stems and 

leaf stalks of white clover. They are with 8.2 to 

8.6 cm taller in association with Kentucky 

bluegrass than those in the mixture with 

perennial ryegrass.  

 

In the year of establishment of the mixed 

grasslands, alfalfa shows the highest average 

height among legumes, in the second 

vegetation - red clover (in the variant with 

meadow fescue) and in the third - bird's-foot-

trefoil.  
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Figure 1.  Height of grass and legume components in mixed grasslands in first vegetation, by regrowth (cm) 

 

In the second one in 2015, red clover plants in 

its mixture with meadow fescue are higher in 

the spring regrowth (46.5 cm) compared to the 

summer (42.2 cm), when the conditions of the 

environment favour its development.  
 

In the third vegetation of Lotus corniculatus 

L., we observe a reverse trend. Plants in the 

first regrowth are about 20 cm lower than the 

second one (63.2 cm), which confirms the 

great ecological plasticity and draught 

resistance of this crop.  
 

In the sowing year the variation of this 

indicator in the blue alfalfa crops is low (CV: 

8.1%) to a medium high (CV: 18.3%) 

respectively in the first and second regrowth, 

while in the second vegetation the height of the 

stems of red clover have a high coefficient of 

variation (CV: 26.3% - spring and CV: 23.9% - 

summer regrowth). In 2016, the values of 
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variation in the height of bird's-foot-trefoil in 

the regrowths were average (CV: 15.7%) in 

spring and high in summer regrowth (CV: 

25.7%).  
 

The type of grass component affected the 

growth of red clover. In the mixture with 

timothy-grass, the plants remained lower, both 

in the spring and summer regrowths compared 

to those in the mixture with meadow fescue. 

This gives reason to believe that the 

competitive ability of timothy grass exceeds 

that of the meadow fescue. 
 

In the year of sowing, the red fescue has the 

lowest values for the stem height in spring 

(22.7 cm) and Kentucky bluegrass in the 

summer regrowth (19.5 cm). Such occurrence 

of Kentucky bluegrass is observed in the 

second and third vegetation, with no 

significant difference in the height of stems 

during the wet spring and dry summers. In the 

first regrowth of the third vegetation, Kentucky 

bluegrass, in the mixture with white clover, has 

the same height as perennial ryegrass (48 cm), 

associated with the same legume grass.  In the 

summer regrowth, perennial ryegrass stems 

retain the values of the indicator while 

Kentucky bluegrass is significantly higher 

(approximately 10 cm). In the first vegetation, 

bird's-foot-trefoil and red clover are superior in 

height to the grass components with which 

they are combined in the mixtures. In the 

second and third vegetation, the legumes 

remain lower than the grass species. Meadow 

fescue and cock's foot (with the exception of 

fescue in the first regrowth of 2014) have the 

highest stems in the regrowths by year and 

average for the experimental period. 
 

In the first experimental year in the spring 

regrowth of bird's-foot-trefoil - red fescue 

mixture, the leguminous component has higher 

values for the stem height (40.6 cm) compared 

to grass component (22.7 cm) - the regularity 

associated with the biological features of both 

crops (Figure 1). 
 

The summer regrowth of the mixture have a 

better uniformity in plant height due to one of 

the advantages of grasses compared to 

legumes, namely their higher competitive and 

adaptive capacity.  
 

In a second regrowth, the plants of Lotus L. are 

10.2 cm lower than the first one, and those of 

the genus Festuca L. with 5 cm higher. For the 

same period, the coefficient of variation of the 

grass and legume component was CV: 28.3% 

and 12.6%, respectively. In 2015 (Figure 2), 

the growth rate of Lotus corniculatus L. and 

Festuca rubra L. retained the trend of the first 

vegetation. Red fescue forms almost twice as 

high grassland in the first (61.7 cm) and 

second (67.6 cm) regrowth compared to the 

bird's-foot-trefoil. This is due to the fact that 

the species in the studied grasslands fall into a 

cenotic group, which corresponds to their 

relatively weak aggressiveness and good 

intercompatibility in the grass mixture (13).  
 

In the third year of the experiment, the mixture 

of bird's-foot-trefoil - red fescue is one of the 

most balanced and close share participation of 

grass and legume component in grass biomass. 

 

The average height of bird's-foot-trefoil in the 

spring and summer regrowth is 42.8 and 63.2 

cm respectively, while fescue is 66.6 and 71.3 

cm respectively. From the analyzed data we 

find that in 2016 Festuca rubra L. recorded 

about 6.6 cm higher grassland compared to the 

average height of the plants (50-60 cm) 

established for this crop.  
 

In the year of sowing, there is no significant 

difference in the height of the plants in both 

regrowth in the mixture of white clover - 

perennial ryegrass. Values of clover in its 

mixtures with perennial ryegrass are lower 

compared to its mixtures with Kentucky 

bluegrass. There are aspects of both intra-

species and inter-species competition in the 

mixed cultivation of two or more species (14). 

As an explanation for what is observed in this 

experiment, it can be mentioned the rapid 

growth rate and the great competitive ability of 

ryegrass, which lead to suppression of the 

development of the basic legume species in the 

mixture, which grows more slowly in the year 

of its sowing.  The results obtained for the 

second and third vegetation from the life cycle 

of the grassland are similar. The average height 

of clover and perennial grassland in 2015 and 

2016 has minimal difference in spring and 

summer regrowth (0.3 to 1.5 cm). The data 

from the analysis show a higher degree of 

variation in the grassland of the leguminous 

crop for the second vegetation (CV: 23.2-

27.3%), compared to the third one (CV: 11.0-

19.2%). They are opposed to the results of the 

coefficient of variation (CV: 15.4-14.6% for 

2015 and CV: 30.8-22.7% for 2016) for grass 

crop respectively in spring and summer 

regrowth.  



 
 

 

BOZHANSKA T., et al 

Trakia Journal of Sciences, Vol. 17, № 1, 2019                                                       23 

  

 

 

 

Figure 2. Height of grass and legume components in mixed grasslands in second vegetation, by 

regrowths (cm) 

 

White clover shows greater competitive ability 

than grass crop, when it is Associated with 

Kentucky bluegrass. Its height in the spring 

regrowths in the first, second and third 

experimental years (Figures 1, 2 and 3) 

reaches 27.2, 25.7 and 23.3 cm (compared to 

those of the Kentucky bluegrass - 35.0, 36.0 

and 48 cm), and in the summer regrowths- 

23.2, 24.2 and 22.2 cm (compared to those of 

Kentucky bluegrass - 19.5, 35.6 and 59.0 cm). 

In the first (2015 and 2016) and second (2014 

and 2015) regrowth, the grass component 

recorded the lowest values in the plant height 

indicator compared to other perennial grass 

components. Kentucky bluegrass has a high 

coefficient of variation (CV>20%) in the year 

of sowing and in the summer regrowth of the 

second vegetation. The variation indicator of 

white clover average for the period of 2014-

2016 is CV≤20%.  
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Figure 3. The height of grass and legume components in mixed grassland in third vegetation, by 

regrowths (cm) 

 

 

The results of the analysis are related to the 

biological features of Kentucky bluegrass, 

which is a typical grazing grass and as it slows 

down its growth after mowing. Data determine 

its growth rate as the weakest for the three-year 

experimental period compared to other grasses. 

There are no significant differences in this 

mixture in the standard deviation in the height 

indicator of white clover in the spring and 

summer regrowths.  
 

On average for the experimental period, the 

grassland of two-component mixture of 

Trifolium repens L. - Poa pratensis L. is less 

pronounced in the height of legume and grass 

crops (24.3:38.9 cm), compared to the variant 
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of Trifolium repens L. - Lolium perenne L. 

(19.6:49.0 cm).  
 

Good moisture availability during the first year 

of the experiment helped the growth rate of the 

plant species in the mixture of red clover - 

timothy-grass. As a representative of a second 

cenotic group, red clover demonstrates a 

higher competitive ability and its height in the 

grassland of the first vegetation increased 

almost twice from the spring (26.4 cm) in the 

summer regrowth (44.5 cm), whereas in the 

grass crop the average plant height has a 

decreasing trend from the first (47.9 cm) in the 

second (42.0 cm) regrowth (Figure 1). The 

high temperatures and the lower soil and air 

humidity, along with the biologically inferior 

summer regrowth ability, determine the lower 

grassland of the meadow timothy-grass in the 

summer regrowths during the three-year 

experiment. In the second vegetation, in the 

warmer and drier year, the components in the 

mixture of red clover - timothy-grass shows a 

slightly higher grasslands in spring regrowth 

(42.8 - leguminous and 56.4 cm - grass crop) 

compared to summer (37.5 - legume and 55.0 

cm - grass crop). In the third vegetation both 

components are equal in height, the ratio of 

both crops by this feature is 56.5:55.7 cm in 

favour of meadow timothy-grass.  
 

The biological characteristics of the individual 

species, as well as the interrelationships among 

them in mixed crops, influence their durability 

and purpose. 
 

In 2014 in the initial stage of development of 

the mixture of red clover - meadow fescue, we 

observe a relatively low level of weed 

infestation. In the same period, legumes and 

grasses have significant differences in the 

height of the plants, cut in spring (23.9 cm - 

bean and 39.1 cm - grass) and summer (61.9 

cm - beans and 54.9 cm - grasses) regrowth 

(Figure 1). This trend is not sustained in 2015, 

the second year of the experiment. The average 

height of Trifolium pratense L. and Festuca 

pratensis Huds. is greater in the spring (about 

4 cm more for the legumes and 9 cm more for 

the grasses) compared to the summer regrowth. 

The environmental conditions favored the 

rapid growth of the meadow fescue and its 

plants reached the maximum of 114.1 cm - an 

indicator which is directly dependent on the 

productivity of this grass species grown in 

mixed grasslands. In the second regrowth of 

the second experimental year, the height ratio 

of the grass components in the composition of 

the mixture of red clover - meadow fescue is 

42.2:105.0 cm, with a high coefficient of 

variation (CV>20%) for both grasses.  
 

There is a noticeable increase in the values of 

the standard deviation in the regrowths from 

the first to the second vegetation, both for 

legumes and grass crops. In 2016, the clover 

marked a significant difference in the average 

height of the plants in spring and summer 

regrowth (28.6 and 56.6 cm) - Figure 3. The 

opposite is observed for the meadow fescue - 

the height of the plants in the second regrowth 

(120.5 cm) is greater than the first one (103.5 

cm). 
 

For 2014-2016, the average height of red 

clover has higher values in the mixed grassland 

with meadow fescue (41.8:89.0 cm) and lower 

in the mixture with timothy-grass (38.1:52.5 

cm). The difference in standard deviation of 

clover in variant 4 (SD-9.8 cm) and 6 (SD-8.2 

cm) is insignificant. The height of the stems of 

timothy-grass is characterized by a higher 

coefficient of variation of that characteristics 

compared to that of the meadow fescue.  
 

Both crops in the composition of the mixture 

of blue hybrid alfalfa - cock's foot are 

representatives of the first cenotic group (15). 

Their aggressiveness and high competitive 

ability is a major factor in suppressing the 

development of weed vegetation. Grass crop is 

the predominant component according to the 

height characteristics of the grassland for the 

whole experimental period. 
 

Data from the analysis indicate that Dactylis 

glomerata L. have higher values of growth in 

both regrowths in the year of sowing. The 

spring regrowths of cock's foot have better 

uniformity compared to the summer in the first 

and second vegetation and with a minimum 

difference in the values of the indicator (45.9 

cm - spring and 48.7 cm - summer regrowth 

for 2014; 99.4 cm - spring and 100,1 cm - 

summer regrowth for 2015) - Figures 1 and 2. 

The ability of this culture to develop evenly 

throughout the year determines the high and 

well distributed productivity in summer (16, 

17, 18). The summer regrowths of blue hybrid 

alfalfa in the first, second and third 

experimental years have higher plant stems 

than the spring. The data show a decreasing 

intercompatibility (from first to third 

vegetation) between legume and grass 

component in the mixture. This is confirmed 
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by the exceptionally small percentage of alfalfa 

(about 2% in the grassland in the second 

vegetation and 2.5% in plant biomass of third 

one) and suggests lower quality of the 

harvested biomass (12, 19). The low relative 

soil and air humidity during the vegetation 

period in 2016 as well as the acidic soil 

reaction do not create good conditions for 

tuber bacteria, depress nitrogen fixation and do 

not positively affect the growth of blue hybrid 

alfalfa. This is the reason for the weaker 

growth of alfalfa grassland (X-32.2 cm) and 

the high degree of variation in the spring and 

summer regrowth (CV: 25.3-22.2%), 

compared to the legumes in the other variants. 

Cock's foot also recorded lower values relative 

to plant height (82.8 cm) than those found for 

this species - 100-140 cm. This crop prefers 

deep clay soils with sufficient content of lime 

that are absent in the growing area. The 

standard deviation in the height of the 

grassland of cock's foot in third vegetation is 

over 12 cm, and the variation coefficient from 

17.1 to 22.2% in the first and second regrowth. 
 

CONCLUSIONS 

During the experiment the soil and climatic 

characteristics of the area influenced the 

participation of the species in the mixed 

grasslands.  
 

As for the grass components, cock's foot has 

the highest competitiveness with respect to the 

biometric height indicator of the plants, while 

Kentucky bluegrass is the weakest. Meadow 

fescue and cock's foot (with an exception of 

fescue in the first regrowth in 2014) have the 

highest stems in the regrowths by year and 

average for the experimental period.  
 

On the basis of this indicator, the most 

favourable combination of grass and legume 

component is found in the mixture of red 

clover and meadow fescue. The mixture of 

blue hybrid alfalfa - cock's foot has the 

weakest adaptability and intercompatibility 

(from first to third vegetation) of the 

components. The share of alfalfa in the 

harvested biomass is significantly reduced 

(around 2.0% in 2015 and 2.5% in 2016). 
 

For the three-year study period, white clover in 

its mixture with perennial ryegrass recorded 

the lowest average growth rates relative to the 

remaining legumes included in the experiment. 

The grassland of the two-component mixture 

of Trifolium repens L. - Poa pratensis L. has a 

lesser difference in the height of the legume 

and grass crop (24.3:38.9 cm), compared to the 

variant with Trifolium repens L. - Lolium 

perenne L. (19.6:49.0 cm).  
 

The plants of Trifolium pratense L. have 

higher values for the length of flower-bearing 

stems and leaf stalks in the mixed grassland 

with meadow fescue (41.8:89.0 cm) and lower 

in the variant with timothy-grass (38.1:52.5 

cm). The difference in the standard deviation 

of clover in both variants is insignificant.  
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