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Abstract

Vasileva, V. and A. Ilieva, 2017. Some physiological parameters in mixtures of cocksfoot and tall fescue with sub-
terranean clover. Bulg. J. Agric. Sci., 23 (1): 71–75

Some physiological parameters (leafl et area, photosynthetic pigments) of subterranean clover, cocksfoot and tall fescue 
were studied in a fi eld trial in the Institute of Forage Crops, Pleven, Bulgaria (2011-2014). Three subspecies of subclovers – i.e. 
Trifolium subterraneum ssp. brachycalicinum (cv. Antas), Trifolium subterraneum ssp. yaninicum (cv. Trikkala) and Trifolium 
subterraneum ssp. subterraneum (cv. Denmark); and two grasses, i.e. cocksfoot (Dactylis glomerata L.) (cv. Dabrava) and tall 
fescue (Festuca arundinacea Schreb.) (cv. Albena) were grown purely and in mixture (a ratio of grass to subclovers 50:50%). 
From pure grown subclovers most leafl et area formed Trifolium subterraneum ssp. brachycalicinum (2.11 cm2), followed by 
Trifolium subterraneum ssp. yaninicum (1.98 cm2) and Trifolium subterraneum ssp. subterraneum (1.42 cm2). For the plas-
tid pigments content subclovers were arranged as follows: Trifolium subterraneum ssp. brachycalicinum (300.18 mg/100 g 
FW), Trifolium subterraneum ssp. subterraneum (283.53 mg/100 g FW) and Trifolium subterraneum ssp. yaninicum (283.35 
mg/100 g FW). Leafl et area of subclover was greater in mixtures with cocksfoot as compared to tall fescue. Total plastid pig-
ments content (chlorophyll a+b and carotenoids) was found be higher in both components of the mixtures of cocksfoot with 
Trifolium subterraneum ssp. brachycalicinum (by 16.2% and 10.6%, respectively).
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Introduction

Mixed crops between legumes and grasses have an essen-
tial role in building a system of sustainable and organic farming 
(Luscher et al., 2014; Kusvuran et al., 2014). They are more ef-
fective than pure grown in using environmental resources better 
withstand adverse conditions and are more productive (Porqued-
du et al., 2003; Albayrak et al., 2011; Chourkova, 2014).

One of the most important factors determining produc-
tivity is the photosynthesis process by which green plants 
accumulate organic matter and energy (Nichiporovich 1971; 
Smirnova et al., 2013). Ingestion and transformation of solar 
energy is achieved by photosynthetic pigments – chlorophyll 
a and b, and carotenoids. Major chlorophyll is chlorophyll 
a and it provides higher effi ciency of the conversion of car-

bon dioxide and of water in the organic compounds. Carot-
enoids also have a protective function – prevent destructive 
photo oxidation of organic compounds of protoplasm in the 
presence of free oxygen. The content of photosynthetic pig-
ments is an indication of the response of plants to changes 
in environmental factors and the degree of adaptation to new 
environmental conditions (Titova, 2010; Nurmakova, 2013; 
Smirnova et al., 2013).

In mixtures involving different components that come in 
competition, and productivity and quality of the forage de-
pends on their physiological status.

In the present study traditional pasture forage crops 
(cocksfoot and tall fescue) were included, the use of which 
in the pastures of temperate countries is known practice 
(Vučković, 2004).
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Subterranean clover (Trifolium subterraneum L.) is 
widely distributed in pastures of temperate climatic regions 
of Middle and Northern Europe and America (Nichols et al., 
2012). Studies in recent years showed that it has the practical 
applicability of the climatic conditions of Bulgaria (Vasilev, 
2006, Vasilev and Vasileva, 2012; Ilieva et al., 2015). 

The aim of this work was to study some physiological 
parameters – leafl et area and the plastid pigments content 
(chlorophylls and carotenoids) in plants of subterranean clo-
ver, cocksfoot and tall fescue grown for forage – pure and in 
mixtures at a ratio of grass to legume 50:50%.

Materials and Methods

The trial was conducted at the experimental fi eld (43o 

23’N, 24o 34’E, 230 m altitude) of the Institute of Forage 
Crops, Pleven, Bulgaria (2011-2014) on podzolized soil sub-
type without irrigation. Long plot method was used with size 
of plots 70 m2 four replicated. Three subclover subspecies, 
i.e. Trifolium subterraneum ssp. brachycalicinum (cv. An-
tas), Trifolium subterraneum ssp. yaninicum (cv. Trikkala) 
and Trifolium subterraneum ssp. subterraneum (cv. Den-
mark); and two grasses – cocksfoot (Dactylis glomerata L.) 
(cv. Dabrava) and tall fescue (Festuca arundinacea Schreb.) 
(cv. Albena), pure grown (100%) and in mixtures with grass-
es (a ratio of grass to subclovers 50:50%) were tested.

The sowing was done in autumn of 2011, between row 
space was 11.5 cm and sowing rates: tall fescue – 25 kg/ha, 
cocksfoot – 25 kg/ha, subterranean clover – 25 kg/ha. No 
fertilizers and pesticides were applied during the vegeta-

tion. The swards were harvested for forage and leafl et area 
of subterranean clover, pure and in mixtures from the fi rst 
cut during the three experimental years (2012-2014) was 
calculated. For leafl et area – length and breadth of the mid-
dle leafl et of clovers were measured on three representative 
leaves. Leafl et area was calculated according to formulae of 
Pecetti and Piano (1998): (length x breadth) x 0.730 for Tri-
folium subterraneum ssp. subterraneum; (length x breadth) 
x 0.769 for Trifolium subterraneum ssp. brachycalicinum 
and (length x breadth) x 0.645 for Trifolium subterraneum 
ssp. yaninicum. 

In fresh plant samples taken from the fi rst cut during the 
three experimental years plastid pigments content (chloro-
phyll a, chlorophyll b, carotenoids, and total) (mg/100 mg 
FW) was determined according Zelenskii and Mogileva 
(1980). For the mixtures samples were taken from every 
component. Ratios chlorophyll a/chlorophyll b and chloro-
phyll a+b/carotenoids were calculated. The samples from the 
crops pure grown were used for the control. Data were aver-
aged and statistically processed using SPSS (2012). 

Results and Discussion

Leafl et area
Leafl et area is an important indicator of the quality and 

uptake of forage, but there are also essential for the competi-
tiveness of subterranean clover (Smart et al., 1998; Pecetti and 
Piano, 1998; Evers and Newman, 2008; Østrem et al., 2013). It 
is related to the morphology of the different subspecies. Our 
data indicates that from the pure grown subclovers, most leaf-
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Fig. 1. Values of leafl et area of subterranean clover (pure and mixtures) (forsubclovers pure grown, ±SD = 0.37, SE 
(P = 0.05) = 0.21; for subclovers in mixture with cocksfoot, ±SD = 0.48, SE (P = 0.05) = 0.27; for subclovers in mixture 

with tall fescue, ±SD = 0.42, SE (P = 0.05) = 0.24
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let area formed Trifolium subterraneum ssp. brachycalicinum, 
followed by Trifolium subterraneum ssp. yaninicum and Trifo-
lium subterraneum ssp. subterraneum (Figure 1). 

Leafl et area that subterranean clover formed in mixtures 
with cocksfoot is greater than as a pure crops, namely for Tri-
folium subterraneum ssp. brachycalicinum (2.43 vs. 2.11), 
Trifolium subterraneum ssp. yaninicum (2.13 vs. 1.98) and 
Trifolium subterraneum ssp. subterraneum (1.49 vs. 1.42). 
The difference between leafl et area formed in mixtures with 
cocksfoot and the pure crops was the largest for Trifolium 
subterraneum ssp. brachycalicinum (by 15.2%) and less 
(from 4.9 to 7.6%) for the other two subspecies.

In mixtures with tall fescue leafl et area of subterranean 
clover was also more than as a pure crops, i.e., Trifolium 

subterraneum ssp. brachycalicinum (2.31 vs. 2.11); Trifo-
lium subterraneum ssp. yaninicum (2.10 vs. 1.98) and Tri-
folium subterraneum ssp. subterraneum (1.50 vs. 1.42). In 
Trifolium subterraneum ssp. brachycalicinum difference, 
similar to the mixture with cocksfoot was greatest in com-
parison with pure grown subclover (by 9.5%). The leaves 
of Trifolium subterraneum ssp. brachycalicinum were with 
larger size (morphological trait), making it more tolerant of 
shading and more competitive with compaining component.

The larger leafl et area formed from the subterranean clo-
ver in mixtures was due to the higher nitrogen use effi ciency. 
The components included in the mixtures tested have dif-
ferent type of nitrogen metabolism. Nitrogen in grasses is 
the result solely of nitrate nitrogen assimilation through the 

Table 1
Plastid pigments content in cocksfoot and tall fescue in mixtures with subterranean clover
Treatments Chl. a Chl. b Chl. a/b Chl. a+b Carotenoids Chl. a+b/

carotenoids
Total % to pure

mg/100 g FW
Trs brach (100%) 144.94 107.44 1.35 252.05 47.80 5.27 300.18 -
Trs yanin (100%) 141.24 94.94 1.49 236.18 47.17 5.01 283.35 -
Trs subter (100%) 138.14 99.91 1.38 238.05 45.48 5.23 283.53 -
Average 141.44 100.76 1.41 242.20 46.82 5.17 289.02
SE (P = 0.05) 1.96 3.63 0.04 5.00 0.69 0.08 5.58
±SD clovers 3.40 6.29 0.07 8.67 1.20 0.14 9.67

Cocksfoot (100%) 92.91 67.36 1.38 160.27 35.53 4.51 195.80 -
Cocksfoot + 109.57 77.86 1.41 187.43 40.12 4.67 227.55 +16.2
Trs brach (50:50) 163.99 121.06 1.35 285.05 46.89 6.08 331.94 +10.6
Cocksfoot + 93.03 67.36 1.38 160.39 34.47 4.65 194.86 -0.5
Trs yanin (50:50) 135.79 99.21 1.37 235.00 40.5 5.80 275.50 -2.8
Cocksfoot + 79.4 57.07 1.39 136.47 27.95 4.88 164.42 -16.0
Trs subter (50:50) 143.74 104.47 1.38 248.21 49.08 5.06 297.29 +4.9
SE (P = 0.05) grass 6.17 4.24 0.01 10.41 2.50 0.01 12.88
SE (P = 0.05) clover 8.39 6.58 0.01 14.89 2.57 0.30 16.43
±SD grass 12.34 8.48 0.01 20.82 5.01 0.15 25.77
±SD clover 14.54 11.40 0.02 25.79 4.45 0.52 28.46

Tall fescue(100%) 101.71 72.05 1.41 173.76 38.67 4.49 212.43 -
Tall fescue+ 104.19 73.84 1.41 178.03 38.44 4.63 216.47 +1.9
Trs brach (50:50) 132.42 99.7 1.33 232.12 40.81 5.69 272.93 -9.1
Tall fescue+ 84.28 59.79 1.41 144.07 30 4.80 174.07 -18.1
Trs yanin (50:50) 152.25 110.4 1.38 262.65 43.5 6.04 306.15 -8.0
Tall fescue+ 103.17 76.7 1.35 179.87 35.17 5.11 215.04 +1.2
Trs subter (50:50) 160.49 115.94 1.38 276.43 47.79 5.78 324.22 +14.4
SE (P = 0.05) grass 4.71 3.72 0.01 8.38 2.02 0.13 16.66
SE (P = 0.05) clover 8.33 4.76 0.01 13.09 2.03 0.10 31.83
±SD grass 9.42 7.45 0.03 16.77 4.04 0.27 33.32
±SD clover 14.42 8.25 0.03 22.67 3.52 0.18 55.14
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roots due to the activity of nitrate reductase, while in subclo-
vers nitrogen fi xation process was included. Upon successful 
competition among the components for available nitrogen, 
the effi ciency of use of nitrogen is higher.

By comparing the leafl et area of clovers in the mixtures 
with grasses, it is seen that in mixtures with cocksfoot, the 
leafl et area was greater than formed in mixtures with tall fes-
cue. We assume it is due to the allelopathic effect of tall fescue 
found by Siegel and Bush (1997) and Renne et al. (2004).

Plastid pigments content 
The content of plastid pigments as an indicator of the 

physiological status of the plant is changing under the infl u-
ence of various factors.

In our study, the average data for the three years showed 
that the highest total plastid pigments content in pure grown 
subclovers was found in Trifolium subterraneum ssp. brachy-
calicinum (300.18 mg/100 g FW), followed by Trifolium 
subterraneum ssp. subterraneum (283.53 mg/100 g FW) and 
Trifolium subterraneum ssp. yaninicum (283.35 mg/100 g 
FW) (Table 1). For grasses, total plastid pigments content 
in tall fescue was 212.43 mg/100 g FW, and in cocksfoot – 
195.80 mg/100 g FW. It is evident that the results in the two 
groups of crops slightly varied.

In mixtures plastid pigments content varied in a stron-
ger degree, due to the competitive relationship between the 
components. 

The physiological status in terms of total plastid pig-
ments content was changed more signifi cant in plants from 
the mixtures of cocksfoot with subterranean clover com-
pared to when grass component was tall fescue. In mixtures 
with Trifolium subterraneum ssp. brachycalicinum plastid 
pigments content in cocksfoot increased by 16.2% and in 
tall fescue remains unchanged. In mixtures with Trifolium 
subterraneum ssp. yaninicum plastid pigments content in 
cocksfoot did not change, but decreased signifi cantly (by 
more than 18.0%) in tall fescue. The trend was reversed only 
in mixtures with Trifolium subterraneum ssp. subterraneum, 
where the plastid pigments content did not change in tall fes-
cue, but decreased by 16.0% in cocksfoot.

The physiological status of subterranean clover was also 
more favorably infl uenced in mixtures with cocksfoot. Plas-
tid pigments content in Trifolium subterraneum ssp. brachy-
calicinum increased by approximately 11.0% in a mixture 
with cocksfoot and decreased by 9.1% in mixture with tall 
fescue. In Trifolium subterraneum ssp. yaninicum the con-
tent of plastid pigments decreased slightly when grass com-
ponent was cocksfoot, and by 8.0% when grass component 
was tall fescue. In Trifolium subterraneum ssp. subterrane-
um an increase of that plastid pigments content as well as in 

mixtures with cocksfoot (4.9%) and with tall fescue (14.4%) 
was observed. Increase the total content of photosynthetic 
pigments in both components was found in the mixture of 
cocksfoot with Trifolium subterraneum ssp. brachycalici-
num (by 16.2% and 10.6%, respectively), while proven in-
crease the plastid pigments content in the two components in 
the mixtures of tall fescue was not observed.

The degree of formation of the photosynthetic apparatus 
was assessed by the ratio of chlorophyll a to chlorophyll b. 
This ratio is related to the basic activity of chlorophyll a and 
in its high values are indications of the greater intensity of 
photosynthesis (Titova, 2010).

The ratio of chlorophyll a to chlorophyll b in pure grown 
subterranean clovers was as follows: Trifolium subterrane-
um ssp. yaninicum (1.49), Trifolium subterraneum ssp. sub-
terraneum (1.38) and Trifolium subterraneum ssp. brachy-
calicinum (1.35). In grasses, the values were in close range, 
i.e. – tall fescue (1.41) and cocksfoot (1.38).

In the components of mixtures a slight variation in the 
values of this ratio was observed, but generally it was stable. 

The chlorophyll a+b/carotenoids ratio is also important as 
a characteristic of the photosynthetic apparatus and respond 
to changes in environmental factors. In our study, its values 
for pure grown crops, as well as mixtures were similar. Thus, 
in mixtures, the ratio of chlorophyll a+b/carotenoids for 
cocksfoot was between 4.65 and 4.88. Trifolium subterrane-
um ssp. brachycalicinum in mixtures with cocksfoot showed 
a higher chlorophyll a+b/carotenoids ratio as compared to 
that of pure grown subclovers (6.08 vs. 5.27). The same is 
for Trifolium subterraneum ssp. yaninicum (5.80 vs. 5.01).

In other grass component – tall fescue, the values of the 
ratio chlorophyll a+b/carotenoids were in the range of 4.63 
to 5.12. In the subterranean clover the highest value of the ra-
tio of chlorophyll a+b/carotenoids compared to pure grown 
subclover was recorded in Trifolium subterraneum ssp. yani-
nicum (6.04 vs. 5.01).

In mixtures the legume component through nitrogen-
fi xing ability is supplying grasses with nitrogen, which af-
fects positively on the physiological status of the plants. It is 
known that legumes and grasses have different type of root 
system. Legumes have deep rooting system but grasses even 
when these which developed deeper root system most of the 
roots are concentrated in the top of the soil to a depth up to 
20 cm. The ability grasses to absorb the fi xed nitrogen from 
legumes are different for different grasses and depend on the 
activity of roots. According Matsunaka and Takahasi (2001) 
cocksfoot has the ability to quickly absorption (absorption) 
of nitrogen to the roots. This is a possible reason for the ob-
tained better results in terms of data for physiological status 
of cocksfoot in mixtures with subterranean clover.
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Conclusions

Trifolium subterraneum ssp. brachycalicinum formed the 
most leafl et area (2.11 cm2), followed by Trifolium subterra-
neum ssp. yaninicum (1.98 cm2) and Trifolium subterraneum 
ssp. subterraneum (1.42 cm2). 

Leafl et area of Trifolium subterraneum ssp. brachycalici-
num in mixtures was by 15.2% greater as compared to pure 
subterranean clover, when grass component was cocksfoot 
and by 9.5%, when grass component was tall fescue.

In total content of plastid pigments (chlorophyll a+b and 
carotenoids) pure grown subclovers rank: Trifolium subter-
raneum ssp. brachycalicinum (300.18 mg/100 g FW), Tri-
folium subterraneum ssp. subterraneum (283.53 mg/100 g 
FW) and Trifolium subterraneum ssp. yaninicum (283.35 
mg/100 g FW). 

Plastid pigments content was found be higher in both com-
ponents of the mixtures of cocksfoot with Trifolium subterrane-
um ssp. brachycalicinum (by 16.2% and 10.6%, respectively).
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