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Abstract 
The objective of this work was to make evident the capacity of atmospheric 

nitrogen fixation in alfalfa, by bacterial inoculation of seeds with different selected 
Sinorhizobium meliloti strains. The results showed that, in the bacterized variants, we 
obtained a BFN amount of 82 kg/ha in the first year, 376 kg/ha in the second and 280 
kg/ha in the third year. The bacterial inoculation of alfalfa seeds led to the loS-fold 
increase of the estimated BFN amount compared with the not bacterized variants. On 
the average, during the three years of research, the BFN amount in the inoculated 
variants was 230 kg/ha, of which an amountofS7 kg/ha remains in the soil. 
Key words: nitrogen fixation, alfalfa, Sinorhizobium meliloti strains, bacterial inoculation. 

INTRODUCTION 
Alfalfa, considered one of 

the most important forage 
legumes, is cultivated on 20 million 
ha worldwide. Alfalfa's importance 
is given by yield dimension and 
forage quality, and also by its 
contribution to ecosystem 
provision with biologi~ally-fixed 

nitrogen. 
The estimations of nitrogen 

amounts fixed in alfalfa range 
widely, according to local ecologic 
conditions, crop technology and 
methods of quantification. In these 
terms, regarding the cultivated 
area in the world, the data 
synthesized by FAG (2000-2007) 
present an amount of nitrogen 
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fixed in alfalfa of 229-290 
kg/ha/year. BROCKWELL and 
BOTTOMLEY (1995) showed that 
alfalfa fixed, on the average, 208 
kg/ha/year, and GAULT et. al. 
(1995) estimated an amount of 
fixed nitrogen of 640 kg/ha. 
A~mrding to the synthesis of some 
scientific results achieved in 
several countries, CARLSSON and 
fluss-DANELL (2003) consider that 
alfalfa produces a fixed nitrogen 
amount between 10-350 kg/ha, 
according to crop technology and 
period of utilization. 

The nitrogen fixation 
capacity in alfalfa is very much 
influenced by the technology of 
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bacterial inoculation of alfalfa 
seeds, applied before planting 
(CHAMBLEE and WARREN, 1990; 
HELMY et. aI., 2002; PAJUELO et. al., 
2007). 

METHODS AND MATERIALS 

The researches were 
performed during 2006-2008 at 
BUASVM Timisoara, on a lick-type 
chernozem, moderately gleyed, 
with pH = 6.21. In order to 
accomplish the objectives 
proposed, we studied six bacterial 
Sinorhizobium meliloti strains, 
supplied by ICDA Fundulea and 
maintained, by in vitro 
multiplication, in the collection of 
nitrogen fixing microbial strains. 

The bacterial inoculation of 
alfalfa seeds was carried out 
before planting, according to a 
seed bacterization protocol, on 
liquid medium, well known in the 
agricultural practice. 

In order to estimate the 
amount of fixed nitrogen, we used 
the nitrogen balance method; by 

RESULTS AND DISCUSSIONS 
The researches performed 

showed that in the case of alfalfa, 
the process of nitrogen fixation 
begins in the first year of 
vegetation, when plants 
accumulate big enough nitrogen 
amounts (Table 1). In our situation, 
we consider that in the bacterized 
variant, and also in the not 

This work concerns the 
influence exerted by the bacterial 
Sinorhizobium meliloti strains on 
the capacity of biological nitrogen 
fixation in alfalfa. 

determining the amounts of total 
nitrogen within the aerial biomass 
and roots. The literature considers 
that, indifferently of the 
determination method applied and 
of the legume species, the 
estimated amount of fixed nitrogen 
represents 80-90% of the total 
amount of nitrogen "exported" 
through the subterranean and 
aerial vegetative biomass (FREYER 
et. aI., 2005; HAYNES et. aI., 1993; 
SCHMIDTKE, 2005). The nitrogen 
amount remained in soil was 
estimated in concordance with 
some results obtained by several 
researchers, who consider that at 
least 25% of the fixed nitrogen 
remains in the rhizosphere (MOGA 
et. aI., 1996; NUTMAN, 1976; 
SCHMIDTKE; 2005; SIMPSON; 1976). 

bacterized variants, the amount of 
total nitrogen present in root and 
aerial biomass represents, in a big 
proportion, biologically-fixed 
nitrogen. This statement is 
confirmed by the results obtained 
by other researchers, too, who 
prove that legumes fix nitrogen in 
a proportion of 80-90% of the total 
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amount of "exported" nitrogen 
(BEN REBAH et. al., Z007; 
WARENBOURG et. aI., 1997). Also the 
conclusions of the researches 
carried out in acclimatized room 
(phytotron) are that 75% of the 
BFN (biologically-fixed nitrogen) 

amount may be recovered in the 
aerial biomass and 25% remains in 
soil, at root system level, at the 
service of the agricultural crops 
that follow in the rotation after the 
removal of the legume crop. 

Table 1 
Estimative nitrogen balance in alfalfa, in the first year of vegetation, under 

conditions of bacterial inoculation with Sinorhizobium meliloti strains (1st year 
of vegetation) 

Total N 
Total N 

amount in 
amount 

Variant the aerial 
biomass 

in roots 

(kg/ha) 
kgjha 

1. Not bacterized 59 14 
(Mtl) 
2. Nso 73 18 
3. LC121 93 19 
4. LC310 94 24 
5. LC330 67 16 
6. LC366 101 25 
7. LC373 98 24 
8. LC408 77 18 
Mean of 

88 21 
bacterization 

The analysis of the results 
presented in Table 1 leads to the 
conclusion that, during the first 
year of vegetation, the bacterial 
inoculation generates the "export" 

. of a mean amount of 109 kg/ha/N 
(in roots and aerial biomass), of 
which 82 kg/ha represents the 
BFN amount. 

After the first year of 
vegetation, a mean BFN amount of 
21 kg/ha remains in soil, as a 
result of bacterial inoculation, too. 

Total N Amount of 
amount biologically-

N amount 
remained in 

exported fixed N 
soil kgjha 

kgjha kgjha 

73 55 14 

91 68 17 
112 84 21 
118 88 22 
83 62 16 
126 95 24 
122 91 23 
95 71 18 

109 82 21 

Of the three years of 
vegetation, in the second year we 
obtained the biggest dry matter 
yield and also the biggest fixed 
nitrogen amount (Table 2). So, the 
estimative nitrogen balance from 
the second year of vegetation 
proves the special contribution of 
alfalfa bacterization, which leads to 
the achievement of a mean total 
nitrogen amount of 360 kg/ha in 
the aerial biomass and 82 kg/ha in 
the root biomass. Of this total 
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amount of 442 kg/ha, 376 kg/ha 
(85 6/0) represent fixed nitrogen 

and 94 kg/ha (25%) remains in 
soil. 

Table 2 
Estimative nitrogen balance in alfalfa, in the second year of vegetation, under conditions of 

baCterial inocUlation with SiniJrhiziJbiikri melil6ti strains 
Total N 

TotalN 
amount in 

Variant the aerial 
amount 

biomass 
in roots 

(kgjha) 
kgjha 

i. 24i 56 
Nebacterizat 

(Mtl) 172 41 
2. Nso 417 ~7 

3. LC121 384 88 
4. LC310 297 67 
5. LC330 402 92 
6. LC366 373 84 
7. LC373 285 64 
8. LC408 

Mean of 360 82 
bacterization 

In the case of the perenniai 
legumes, the last year of vegetation 
represents the year when the BFN 
amount remained in soil, in the 
root system, was used by the crops 

Total N Amount of N amount 
amount biologically- remained 

exported fixed N in soil 
kgjha kgjha kgjha 

297 252 6:3 

213 181 45 
514 436 10~ 

472 401 100 
364 309 77 
494 420 105 
457 388 97 
349 296 74 

442 376 94 

that [oiiowed in the rotation. In the 
third year, we estimated a mean 
BFN amount of 280 kg/ha, of 
which the amount remained in soil 
was 70 kg/ha (Table 3). 
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Table 3 
Estimative nitrogen balance in alfalfa, in the first year of vegetation, under conditions of 

bacterial inoculation with Sinorhizobium meliloti strains (3rd )Tear of vegetation) 

Total N 
amount Total N 

Variant in the amount in 
aerial roots 

biomass kgjha 
(kgjha) 

1. Nebacterizat 163 45 
(Mtl) 
2. Nso 156 42 
3. LC121 276 70 
4. LC310 283 71 
5. LC330 226 56 
6. LC366 304 76 
7. LC373 259 69 
8. LC408 228 61 
Mean of 263 6'7 
bacterization 

The mean results of the 
three years of vegetation prove 
that alfalfa bacterial inoculation 
with different bacterial 
Sinorhizobium meliloti strains 
enhances the capacity of 
atmospheric nitrogen fixation in 
this species. So, on the average, in 

Total N Amount of N amount 
amount biologically- remained 

exported fixed N in soil 
kgjha kgjha kgjha 

208 177 44 

198 168 42 
346 294 74 
354 301 75 
282 240 60 
380 323 81 
328 279 70 
289 246 62 

330 280 '70 

the bacterized variants we 
obtained a total nitrogen amount 
of 275 kg/ha, of which BFN 
represents 230 kg/ha. Of this 
amount, 57 kg/ha BFN remains in 
soil, at the service of the crops that 
follow in the rotation (fable 4). 
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Tabelul4 
Estimative nitrogen balance in alfalfa, in the second year of vegetation, under conditions of 

bacterial inoculation with Sinorhizobium meliloti strains (mean of the years I, II, I II) 
Total N Total N Total N Amount of N amount 

Variant amount in the amount amount biologically remained 
aerial biomass in roots exported -fixed N in soil 

(kgjha) kgjha kgjha kgjha kgjha 
l.Nebacterizat 154 38 192 161 40 

(Mtl) 
2. Nso 133 33 167 139 34 
3. LC121 262 62 324 271 68 
4. LC310 253 61 314 263 65 
5. LC330 196 46 243 203 51 
6. LC366 269 64 333 279 70 
7. LC373 243 59 302 252 63 
8. LC408 196 47 244 204 51 

Mean of 222 53 275 230 57 bacterization 

CONCLUSIONS 
Alfalfa bacterial inoculation, 

with different selected 
280 kgjha in the third year. The 
inoculated variants produced a 
BFN amount that was 1.5-fold 
bigger than in the not bacterized 
variant. 

Sinorhizobium meliloti strains, 
contributes to the enhancement of 
the capacity of atmospheric 
nitrogen biological fixation. The mean estimated BFN 

amount remained in soil, at the 
end of each year of vegetation, was 
57 kgjha. 

Per years of vegetation, the 
BFN amounts in the bacterized 
variants were 82 kgjha in the first 
year, 376 kgjha in the second and 

22 

REFERENCES 

1. BEN REBAH, PREVOST D., YEZZA A., TVAGI R. D., (2005) - Agro
industrial waste materials and wastewater sludge for rhizobial inoculant 
production: A review, Biosurce Technology 98; 

2. BROCKWELL I., BOTTOMLEY P. J., (1995) - Recent advances in 
inoculant technology and prospects for the future. Soil Biology and 
Biochemistry, 27, 683-687; 

3. CARLSSON G. and DANELL - Huss K. (2003) - Nitrogen fixation in 
perennial forage legumes in the field. Plant and Soil, 253, 352-372; 

4. CHAMBLEE D. S. and WARREN R. D., (1990) - Movement of Rhizobia 
between AlfaAlfa Plants, Agron. J., 82: 283-286; 

RomanianJoumal of Grasslands and Forage Crops (2010) 1 



Enhancement of the capacity of biological nitrogenftxation in alfalfa by bacterial inoculation with 
Sinorhizobium meliloti strains 

5. FREYER B., FEDOSEYENKO D., KOVAL R., FEDOSEYENKO D.D. KOLESNJK I., 
KOLESNYK A (2005) - Biological nitrogen fixation of different legume 
species under water stress. BIOfix - Project, University of Natural 
Resources and Applied Life Sciences, Vienna; 

6. GAULT R R, PEOPLES M. B., TURNER G.L., LILLEY D.M., BROCKWELLJ. and 
BERGERSEN F.J. (1995) - Nitrogen fixation by irrigated lucerne during the 
first years after establishment. Australian Journal of Agriculture Research, 
46(7),1401-1425; 

7. HAYNES R. J., MARTIN R. J. and GOH K M., (1993) - Nitrogen fixation, 
accumulation of soil nitrogen and nitrogen balance for field-grown legume 
crops. Fields Crops Research, 35, 85-92; 

8. HELMY A A, ABDELHALIM A.Z., SCOTTI c., SHARAWY W.M., ABDEL-AzIZ 
T.K, and NIEMELAINEN 0., (2002) - Interaction between strain mixtures of 
Rhizobium meliloti and alfalfa. Grassland Science in Europe, vol. 7, 424-
425; 

9. MOGA I., SCHITEA MARIA, MATEIA~ M., (1996) - Plante furajere, Ed. 
Ceres, Bucure$ti; 

10. NUTMAN, P. S. (1976) -I.B.P. field experiments on nitrogen fixation 
by nodulated legumes. In Symbiotic Nitrogen Fixation in Plants. IBP Vol. 7. 
(ED. P.S. Nutman), pp. 211-237. Cambridge: Cambridge University Press; 

11.PAJUELO E., RODRIGUEZ-LLORENTE D. IGNACIO, DARY MOHAMMED and 
PALOMARES J.A, (2007) - Toxic effects of arsenic on Sinorhizobium -
Medicago sativa L. symbiotic interaction, Environmental Pollution, vol. 
154, nr. 2, 203-211; 

12. SCHMIDTKE K, (2005) - How to optimise symbiotic nitrogen 
fixation in organic crop rotations, University of Applied Sciences, Dresden, 
Germany; 

13. SIMPSON J. R., (1976) - Transfer of nitrogen from three pastures 
legumes under periodic defoliation in a field environment. Australian 
Journal of Experimental Agriculture and Animal Husbandry, 16,863-870; 

14. WAREMBURG F. R, LAFONT F., FERNANDEZ M. P. (1997) - Economy of 
symbiotically fixed nitrogen in red clover (Trifolium pratense L.). Annals of 
Botany, 80,515-523. 

Romanian Joumal O/Grasslands And Forage Crops (2010) 1 23 



Romanian J oumal of Grasslands and Forage Crops (2010) 1 

24 


