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Abstract

A field trial was conducted during 2007-2010 at the Institute of Forage Crops, Pleven, Bulgaria to study the
nodulation of subterranean clover (Trifolium subterraneum L.) and white clover (Trifolium repens L.) in some
pasture mixtures using wheatgrass (Agropyron cristatum L.) as grass component. The treatments tested were:
Subterranean clover (100%), White clover (100%), Subterranean clover + Wheatgrass (50%:50%), White clover
+ Wheatgrass (50%:50%), Subterranean clover + White clover (50%:50%), Subterranean clover + White clover
+ Wheatgrass (25%:25%:50%). It was found that subterranean clover in a mixture with wheatgrass formed
11.9% more nodules and by 11.0% higher root dry mass than in pure sward. White clover nodulated better in
pure sward as compared to mixture and subterranean clover showed better nodulation than the white clover.
The results obtained in the present study also indicated that wheatgrass in a mixture with white clover inhibited
the root dry mass production by 22.2%. In the triple mixture (wheatgrass, subterranean clover and white clover)
no significant differences were observed in characteristics of nodulation and dry mass production.
Introduction
Legume-rhizobial symbiosis is a significant source of nitrogen and plays an important role in ecological and
agronomic structure of sustainable agriculture (Dita et al., 2006). Often legumes are grown in mixtures with
grasses. The choice of suitable components is important to create sustainable and balanced mixture (Peeters et
al., 2006). Advantage of grass-legume mixtures is the ability to supply grass component with nitrogen through
symbiotic nitrogen fixation (Botha, 2002; Nyfeler et al., 2005). Nodulation and nitrogen fixation in mixture can
be variable over the years and is related to the proportion of legumes in the sward (Kristensen et al., 1995).
White clover is a nitrogen-fixing crop resistant to grazing and has an high nutritive value which makes it
suitable for pasture mixtures (Elgersma & Hassink, 1997; Frame et al., 1998; Hepper & Lee, 1979; Kleen et al.,
2006; Leung & Bottomley, 1994). Subterranean clover is an annual drought resistant legume with winter-spring
type of development and selfsowing ability (Yakimova and Yancheva, 1986, 1987). It is widespread component
in pastures of temperate areas of middle and northern Europe and America. However, it is a relatively new crop
for Bulgaria. The studies to date show its ability to successfully overcome the difficult winter period conditions
of Danube plain which are crucial for its possible establishment in perennial grass mixtures (Vasilev, 2006,
2009). In pot study on nodulation of birdsfoot trefoil in mixture with white clover, birdsfoot trefoil formed 2527% more nodules than pure growing, and subterranean clover depressed the nodulation of white clover by
52.5% (Vasileva & Ilieva, 2009). There are sporadic studied conducted in Bulgaria on nodulation and symbiotic
nitrogen fixation in forage legumes in mixtures with non-nitrogen-fixing pasture crops. The aim of this study
was to investigate the nodulation and root establishment of subterranean and white clover in some grass-legume
and legume mixtures.
Materials and Methods
The trial was conducted out at the experimental field of Institute of Forage Crops, Pleven Bulgaria during t
2007-2010. The experiment was initiated in the fall of 2007 using subterranean clover (Trifolium subterraneum
L.) cv. Clear, white clover (Trifolium repens L.) cv. Milka and wheatgrass (Agropyron cristatum L.) cv. Svejina.
The seed of these species were obtained from the forage production unit of our Institute. The size of plot was 6
m2 . The sowing was done manually keeping line spacing of 11.5 cm. The sowing rate was kept at :
subterranean clover 2.5 kg/da, white clover 1.1 kg/da and wheatgrass 2.5 kg/da. The experiment was conducted
in a randomized block design with 4 replications of each treatment. The treatments were tested were:
Subterranean clover (100%), White clover (100%), Subterranean clover + Wheatgrass (50%:50%), White clover
+ Wheatgrass (50%:50%), Subterranean clover + White clover (50%:50%), Subterranean clover + White clover
+ Wheatgrass (25%:25%:50%).
Local agronomical practices and caring technologies in use for growing swards were adopted without
fertilization. The fields were set for sheep (Pleven breed Black headed) grazing for two times in 2008 and four
times in 2009. Soil monoliths were taken (20/30/40 cm) from each replicates in the beginning of flowering
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stage of the legumes in the second and third year. Nodule number were counted per plant and dry root mass was
recorded after drying at 60 oC (Beck et al., 1993). The experimental data were averaged and statistically
processed, using software SPSS for Windows 2000.
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Fig. 1. Dry root mass of subterranean clover and white clover in mixtures SC- Subterranean clover;
Wg- Wheatgrass; WhC- White clover

Table 1. Nodulation of subterranean clover and white clover in mixture
Treatments
Number of nodules/plant
Subterranean clover 100%
42
to subterranean clover
Subter. clover + Wheatgrass (50%:50%)
47
+11.9
Subter. clover + White clover (50%:50%)
3
-92.8
SE (P=0.05)
13
White clover 100%
28
to white clover
White clover + Wheatgrass (50%:50%)
18
-35.7
Sub. clover+Wh. clover +Wheatgrass (25%:25%:50%)
27
-3.57
SE (P=0.05)
3
Results and Discussion
Legumes depending on the availability of mineral nitrogen effectively regulate nodulating ability and their
nitrogen-fixing efficiency (Nyfeler et al. 2006; Sebastia et al., 2004). Elgersma and Hassink (1997) found that
the uptake of mineral nitrogen in a mixture is more as compared to in pure sward and also affects the number of
nodules formed. It was observed that subterranean clover in mixture with wheatgrass formed 11.9% more
nodules as compared to pure growing (Table 1). Biological and morphological characteristics of the species in
mixture, and mutual tolerance between them were different. In mixture there are different relationships between
the plants, affecting their performance (Popov, 1971). Mutually inhibitory relationships was found between
subterranean clover and white clover in regard to nodulation and it was almost absent in subterranean clover.
Ledgard and Steele (1992) found that in mixtures with some legumes, the grass component inhibited the process
of nodulation. In our study wheatgrass depressed the nodulation of white clover by 35.7%. It is highly
aggressive species with active growth in the spring and autumn, slower in summer and dominated over white
clover (White, 1983). The data showed that white clover nodulated better as a pure crop than in the mixture.
This may be due to the weaker sensitivity to mineral nitrogen levels in mixture. It is assumed that symbiotic
nitrogen fixation in white clover is regulated by nitrogen need rather than the availability of carbohydrate
reserves in the heel (Seresinhe et al., 2008). This may be due to the cyclical nature of the dominance of legume
and grass in mixture, depending on levels of soil nitrogen (Ledgard and Steele, 1992).
Root dry mass was an accompanying characteristic of nodulation. In the mixture of subterranean clover
with wheatgrass, it was by 11.0% greater than in pure sward (Figure 1). In the mixture of subterranean clover
with white clover, the root dry mass of subterranean clover was 15.8% lower compared to pure stand. This
observation is in conformity with Vasileva and Vasilev (2011) who observed a 43% decrease in root dry mass of
subterranean clover in mixture with white clover grown in pot conditions. In another study Vasileva (2011)
found that root dry mass of white clover in mixture with wheatgrass was by 48% higher than that of pure white
clover but does not affect dry mass production. The results obtained in the present study also indicate that
wheatgrass in a mixture with white clover inhibited the root dry mass production by 22.2%. In the triple
mixture (wheatgrass, subterranean clover and white clover) no significant differences were observed in
characteristics of nodulation and dry mass production.
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Conclusion
Subterranean clover in a mixture with wheatgrass formed by 11.9% more nodules and by 11.0% higher
quantity of dry root mass as compared to the pure sward. White clover nodulated better in pure sward as
compared to mixture and Subterranean clover showed better nodulation as compared to white clover.
References
Beck, D. P., Materon, L.A. and Afandi, F. (1993). Practical Rhizobium Legume Technology Manual. ICARDA,
Aleppo, Syria.
Botha, P. (2002). The persistence of clovers in grass-clover pastures. Grassroots: Newsletter of the Grassland
Society of Southern Africa, vol. 1, Addendum 3.
Dita, M.A., Rispail, N., Prats, E., Rubiales, D. and Singh, K.B. (2006). Biotechnology approaches to overcome
biotic and abiotic stress constraints in legumes. Euphytica, 147: 1-24.
Elegersma, A. and Hassink, J. (1997). Effects of white clover (Trifolium repens L.) on plant and soil nitrogen
and soil organic matter in mixtures with perennial ryegrass (Lolium perenne L.), Plant and Soil, 197: 177186.
Frame J. J., Charlton, J.F. and Laidlow, A.S. (1998). Temperate Forage Legumes. CAB International, 107-159.
Hepper, C.M. and Lee, L. (1979). Nodulation of Trifolium subterraneum by Rhizobium leguminosarum. Plant
and Soil, 51, 441-445.
Kleen, J., Gierus, M. and Taube, F. (2006). Performance of several forage legumes submitted to different
management systems. COST 852 Legume-Based Forage Systems for Contrasting Environments. Final
Meeting at HBLFA Raumberg-Gumpenstein, Austria, August 30th to September 3rd 2006, p. 8.
Kristensen, E.S., Hogh-Jensen, H. and Schjoerring, J.K. (1995). A simple model for estimation of
atmospherically-derived nitrogen in grass-clover systems. Biol. Agric. Hort., 12, 263-276.
Ledgard, S. F., and Steele, K.W. (1992). Biological nitrogen fixation in mixed legume/grass mixtures. Plant and
Soil, 141: 137-153.
Leung, K. and Bottomley, P.J. (1994). Growth and nodulation characteristics of subclover (Trifolium
subterraneum L.) and Rhizobium leguminosarum BV. trifolii at different soil water potentials. Soil Biol.
Biochem.,26: 805-812.
Nyfeler, D., Huguenin-Elie, O., Frossard, E. and Luscher, A. (2005). Symbiotic nitrogen fixation during the first
year of the COST 852 common experiment in Switzerland. Workshop on Sward dynamics, N-flows and
forage utilisation in legume-based systems, November 10-12, 2005 Grado (Italy) COST Action 852, 275278.
Nyfeler, D., Huguenin-Elie, O., Frossard, E. and Luscher, A. (2006). Regulation of symbiotic nitrogen fixation
in grass-clover mixtures. In: Sustainable Grassland Productivity. Lloveras J., A. Gonzales-Rodríguez,
O.Vazquez-Yañez, J. Piñeiro, O. Santamaría, L. Olea and M. J. Poblaciones (Eds.), Grassland Science in
Europe, 11, 246-248.
Peeters, A., Parente, G. and Le Gall, A. (2006). Temperate legumes: key-species for sustainable temperate
mixtures. In: Sustainable Grassland Productivity. Lloveras J., A. Gonzales-Rodríguez, O.Vazquez-Yañez, J.
Piñeiro, O. Santamaría, L. Olea and M. J. Poblaciones (Eds.), Grassland Science in Europe, vol. 11, 205220.
Popov, I. (1971). A study on the interrelations of lucerne, red clover and orchardgrass grown in irrigated
mixtures on chernozem soils in the Pleven area, Plant Sci., 8, : 97-108. (In Bulgarian)
Seresinhe, T., Hartwig, U.A., Kessler, W. and Nosberger, J. (2008). Symbiotic nitrogen fixation of white clover
in a mixed sward is not limited by height of repeated cutting. J. Agron. Crop Sci.,72: 279-288.
Vasilev, Е. (2006). Productivity of subterranean clover (Trifolium subterraneum L.) in pasture mixtures with
some perennial grasses for the conditions of Central North Bulgaria. Plant Sci., 4: 149-152.
Vasilev, Е. (2009). Chemical composition of forage and crude protein yield of subterranean clover (Trifolium
subterraneum L.) in double mixtures with perennial grasses. J. Mount. Agric. Balkans, Agricultural
Academy, 12: 329-341.
Vasileva, V. (2011). Study on productivity of perennial legumes in mixtures. J. Mount. Agric. Balkans,
Agricultural Academy. (In press).
Vasileva, V. and Vasilev, E. (2011). Study on productivity of some legume crops in pure and mixtures. Agric.
Consp. Sci., (In press).
Vasileva, V. and Ilieva, A. (2009). Nodulating ability and nitrate reductase activity of birdsfoot trefoil, sainfoin
and white clover in grass-legume mixtures. J. Mount. Agric. Balkans, Agricultural Academy, 12 : 567-582.
White, L.M. (1983). Seasonal changes in yield, digestibility and crude protein of vegetative and floral tillers of
two grasses. J. Range Manage., 38: 402-405.

VASILEVA ET AL (2011), FUUAST J. BIOL., 1(1): 1-4

4

Yakimova, Y. and Yancheva, H. (1986). Phytocenological and ecological characteristics of some annual clovers
in Strandja region, Plant Sci., 23: 47-53.
Yakimova, Y. and Yancheva, H. (1987). Morphological characteristics and development of four annual clovers,
disturbed in Strandja, Plant Sci., 24: 25-30.

