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Abstract 

 
Nitrogen fixation in legume species sown in pure culture or in pasture 

mixtures is positively influenced by the technological work of bacterial 

inoculation, but this process can be inhibited by nitrogen fertilisation. Research 
estimated the contribution of the studied legume species to nitrogen fixation on 

temporary pastures where these species are cultivated in mixtures with pasture 

grass species.  
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INTRODUCTION 

 
 

Temporary pastures are 

an important source of fodder 

and, due to their contribution to 

nitrogen fixation (symbiotic 

fixation) make the entire fodder 

mixture efficient (DRAGOMIR, 

2012). 

The diversity of 

ecological conditions where 

about 150,000,000 ha of 

temporary pastures are cultivated 

worldwide determines a wide 

range of variation of nitrogen 

fixation rates. Depending on the 

legume species in the pasture 

mixtures with different grass 

species, we could see wide limits 

of estimation of fixed nitrogen 

amounts: 65-99 kg/ha in the 

pastures with Trifolium repens, 

73-343 kg/ha in the pastures with 

Trifolium pratense, 82-319 kg/ha 

in the pastures with Medicago 

sativa, and 25-130 kg/ha in the 

pastures with Lotus corniculatus 

(BOLLER and NÖSEBERGER, 

1987; FARNHAM and 

GEORGE, 1993; HEICHEL and 

HENJUM, 1991; LOGES et al., 

2000; RIFFKIN et al., 1999; 

VINTHER and JENSEN, 2000; 

WIVSTARD et al., 1987). 

Most researches pointed 

out that nitrogen fixation in 

temporary pasture cultures is 

influenced by several factors 
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such as their ecological nature, 

their technological nature and the 

method of determining fixed 

nitrogen amounts (LEDGARD 

and STEEL, 1992). The paper 

points out the contribution of 

perennial legume species sown in 

pure and mixed cultures to 

biological nitrogen fixation 

(BNF) on temporary pastures in 

different technological 

conditions.

 
MATERIAL AND  METHODS 

 

Research was carried out 

during 2012-2014 on a cambic 

chernozem and within a 

polyfactorial experiment with 

three trial factors: bacterial 

inoculation of legumes, nitrogen 

fixation (N100), pure legume 

cultures or cultures associated 

with grasses (Medicago sativa, 

Lotus corniculatus, Medicago 

sativa + Dactylis glomerata, 

Lotus corniculatus + Lolium 

perenne, Medicago sativa + 

Lotus corniculatus + Dactylis 

glomerata + Lolium perenne). 

In order to inoculate 

bacterially, we used specific, 

improved stems of 

Sinorhizobium meliloti and 

Rhizobium meliloti, and the 

amount of fixed nitrogen (BFN) 

was estimated through the 

nitrogen difference method of 

EVANS and TAYLOR (1987). 

The estimated amount of 

BFN in the soil rizosphere was 

assessed based on research 

results; thus, 75% of the amount 

of BFN is in the aerial biomass 

and 25% remain in the soil, in the 

root system; after decomposition, 

this amount of nitrogen will go to 

the grass species in the pasture or 

to the crops in the crop rotation 

(NUTMAN, 1976; MOGA et al., 

1996).

 

 
RESULTS AND DISSCUSSIONS  

 

The ecological 

importance of legumes in 

nitrogen fixation has been an 

important concern for researchers 

due to both the biological size of 

the phenomenon and particularly 

to the rate of improvement of 

natural and cultivated 

ecosystems. Technological 

conditions can decrease or, on 

the contrary, increase the 

nitrogen fixation capacity of the 

soil depending on the nature of 

the technological elements used 

in the process.
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Table 1  

Difference of BFN in trial variants compared to the control 

 
Pasture sepcies and species 

mixtures 

No 

inoculation 
or 

fertilisation 

 

(kg/ha/year) 

Inoculation and 

fertilisation 

No inoculation, 

fertilisation N100 

kg/ha
/year 

Difference to 
the control 

kg/ha
/year 

Difference to 
the control 

kg/ha/yea

r 

% kg/ha/yea

r 

% 

Medicago sativa (Ms) 256 

168 

107 

90 

61 

323 

202 

141 

98 

109 

67 

34 

34 

8 

48 

126 

120 

132 

109 

179 

164 

124 

83 

46 

52 

130 

44 

24 

44 

9 

64 

74 

78 

51 

85 

Lotus corniculatus (Lc) 

Ms+Dactylis glomerata 

(Dg) 

Lc+Lolium perenne (Lp) 

Ms+Lc+Dg+Lp 

 

In the control variants, 

where there was no bacterial 

inoculation or nitrogen 

fertilisation, the estimated 

amounts of BFN are 256 

kg/ha/year in pure culture of 

Medicago sativa, 168 kg/ha/year 

in pure culture of Lotus 

corniculatus, 107 kg/ha/year in 

the mixed culture of Medicago 

sativa + Dactylis glomerata, 90 

kg/ha/year in the mixed culture 

of Lotus corniculatus  + Lolium 

perenne and 61 kg/ha/year in the 

mixed culture of Medicago sativa 

+ Lotus corniculatus + Dactylis 

glomerata + Lolium perenne. 

With bacterial inoculation of 

legumes, the share of BFN 

increases compared to the control 

with 9-79% depending on the 

legume cultivation method. In all 

cultivation variants with nitrogen 

fertilisation N100, the amount of 

BFN increases with 15-49% 

(Table 1).

 
Table 2 

 Estimated amount of BFN in the rizosphere in the control variants 
(kg/ha) 

 

Pasture species and species 

mixtures 

Year I Year II Year 

III 

Mean of 

vegetation 

years 

Medicago sativa (Ms) 17 

19 

11 

10 

11 

72 

54 

37 

36 

19 

102 

82 

32 

21 

15 

64 

52 

27 

22 

15 

Lotus corniculatus (Lc) 

Ms+Dactylis glomerata (Dg) 

Lc+Lolium perenne (Lp) 

Ms+Lc+Dg+Lp 
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Cultivating legumes with 

no nitrogen inoculation or 

fertilisation results in an 

estimated amount of BFN in the 

rizosphere at the end of 

vegetation periods of 15-64 

kg/ha/year available after 

cultivation for the crops 

following in the crop rotation 

(Table 2). 

 
Table 3 

 Estimated amount of BFN in the rizosphere in the variants inoculated 
but not fertilised (kg/ha) 

 

Pasture species and species 
mixtures 

Year I Year II Year 
III 

Mean of vegetation 
years 

Medicago sativa (Ms) 24 

23 

14 
13 

25 

93 

72 

36 
42 

39 

126 

56 

24 
18 

20 

81 

50 

25 
24 

28 

Lotus corniculatus (Lc) 

Ms+Dactylis glomerata 

(Dg) 

Lc+Lolium perenne (Lp) 

Ms+Lc+Dg+Lp 

 

Bacterial inoculation of 

legumes also results in an 

increase of the amounts of BFN 

in the rizosphere to 24-81 

kg/ha/year, 26-60% more than in 

the variants not inoculated (Table 

3). 

 

Table 4  

Estimated amount of BFN in the rizosphere in the variants fertilised with 
N100 and not inoculated (kg/ha) 

 

Pasture species and species 

mixtures 

Year I Year II Year 

III 

Mean of vegetation 

years 

Medicago sativa (Ms) 13 

17 

8 

8 
12 

49 

37 

31 

18 
21 

61 

39 

23 

9 
7 

41 

31 

20 

12 
13 

Lotus corniculatus (Lc) 

Ms+Dactylis glomerata 

(Dg) 

Lc+Lolium perenne (Lp) 

Ms+Lc+Dg+Lp 

 

Nitrogen fertilisation 

(N100) also affects the amount of 

BFN in the plants‟ rizosphere, 

with values ranging between 12-

41 kg/ha/year, i.e. 20-36% less 

than in the control variants and 

over 50% less than in the 

inoculated variants (Table 4). 

The prolonged use of nitrogen 

fertilisers on pastures reduces not 
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only the share of legumes but 

also the colonising of the root 

system by nitrogen fixing 

bacteria and, ultimately, the node 

formation and increase ability 

(CAMERONI, 2008). Other 

authors consider that each kg of 

nitrogen applied as fertiliser 

reduces the amount of fixed 

nitrogen with 0.5 kg (HARRIS 

and CLARK, 1996).

 

CONCLUSIONS 

 

Bacterial inoculation 

contributes to the increase of 

fixed nitrogen with 20-26% in 

the legumes in pure culture and 

with 9-79% in the legumes 

cultivated in association with 

grass species. At the end of the 

vegetation years, the amount of 

fixed nitrogen in the rizosphere 

varies between 15 and 64 

kg/ha/year in the control variant 

and between 24 and 81 

kg/ha/year in the variants 

inoculated. 

Nitrogen fertilisation 

reduces both the amount of fixed 

nitrogen and the amount of 

nitrogen in the soil. 
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