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Only 1% of 
microbes can 

be easily  
isolated 

One gram of soil 
harbors more 
than 100 000 

different species 

To describe microbial 
communities in soils – 

the biggest challenge of 
21st century  

Microbes in soil 
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From potentials to functions 
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Fertilization 
Plant exudates 
Deposition 

55% Plant uptake 
16% Leaching 
15% Soil erosion 
14% Gaseous emission 

Nitrogen cycle 
-responsible N use in agriculture is key to sustainability 
-economic and environmental considerations dictate that    
  we must exploit biological alternatives  
-proportion of biologically fixed N can be significantly   
  enhanced by legume inoculation with efficient rhizobial   
  strains 

- improve this ratio 
- understand the N cycle  
   processes 
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The effect of Sinorhizobium meliloti efficiency on nitrogen  
transformations in soil and plant 
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Challenge 

Rhizobial 
strains 

High 
competition 

in the soil 

Plant 

Propotion of 
biologically 

fixed N 
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• to evaluate the influence of inoculation with different indigenous  
  S. meliloti strains on N cycle processes in the rhizosphere of alfalfa and on  
  plant growth promotion, as well as their competitive abilities in the soil  

Objective 
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• a pot experiment was carried out under controlled conditions using two  
  factors (3 x 3) on the basis of a completely randomized block design with four  
  replications 
 
• the factors in the experiment were :  
 1. indigenous S. meliloti strains exhibiting different efficiency 
 2. three different alfalfa development stages 
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Nitrification 
Nitrification is a two-step process. Ammonia or ammonium  
ions are oxidized first to nitrites and then to nitrates,  
which is the form most usable by plants. 

Ammonification 
The decomposers, certain soil bacteria  
and fungi, break down proteins in dead 
organisms and animal wastes releasing 
ammonium ions which can be converted to 
other nitrogen compounds. 

Denitrification 
Nitrates are reduced to nitrogen gas,  
returning nitrogen to the air and completing  
the cycle. 

Nitrogen fixation 
The first step in the synthesis of virtually all 
nitrogenous compounds. 
Nitrogen gas is fixed into forms other organisms can 
use. 
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•  except… 
functional genes encoding the enzymes catalyzing processes in the nitrogen cycle  
(nitrification, denitrification and nitrogen fixation) in the rhizosphere 

  For each sampling the following traits were measured: 

• NH4
+ and NO3

- conc. in rhizosphere 

• N and C content – plant 

• Chlorophyll content in plant 

• dry matter and green mass yield -plant 

• N/C content – microbial biomass 

• Nmin – soil 

• N/C content – soil (DON/DOC) 
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•  except… 
functional genes encoding the enzymes catalyzing processes in the nitrogen cycle  
(nitrification, denitrification and nitrogen fixation) in the rhizosphere 

• the ability of both S. meliloti strains used for nodulation to compete with    
   indigenous population in the soil was determined by checking their presence  
    in the nodules of alfalfa 
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• abundance of nifH genes increased in all treatments towards T2 and amounted up to 3.7  
  ¥ 108 copies g-1 dw soil 
 
 

• At T3, the effect of the more efficient OS6 strain was very prominent, revealing a   
   significantly higher abundance of nifH genes in the rhizosphere compared with S26 and C 

Gene abundances of nitrogen fixers 
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• oxidation of the ammonia to nitrite is obviously mainly performed due to bacterial activity 
 
• in T3 the maximum values were obtained from treatments inoculated with strain S. meliloti  
   OS6  

Gene abundances of ammonia oxidizers (AOA, AOB) 
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• the nirK copy numbers dominated over nirS by factor 10 in all treatments at T2 and T3,   
    except   treatment OS6 at the late flowering stage  
 

   

Gene abundances of nitrite reducers 
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              C OS6 S26 x  

T1 0.9375  d 1.202  d 1.085  d 1.075  c 

T2 13.67  c 14.65  c 13.78  c 14.03  b 

T3 42.67  b 56.43  a 43.76  b 47.62  a 

x  19.09  b 24.09  a 19.54  b 

Green mass yield –plant (m6plants / g) 
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Proportion of microbial populations involved in 
the N cycle 
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 Paper was published in Environmental Microbiology…….. 
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• According to our hypothesis, the inoculation of alfalfa seeds with different S. 
meliloti strains altered not only the abundance of nifH genes in the rhizosphere, but 
also the abundance of further functional genes of microbes involved in nitrogen 
cycling 
 

• Similarly, the positive effect of inoculation with a highly effective strain was 
confirmed in most of the investigated parameters related to the plant 
 

• The plant development stages had, as aspected, a great impact on the gene 
abundance patterns as well as on the studied parameters of the plant itself 

Conclusions 
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• increasing awareness of the importance of soil microbiology in agriculture will 
assure that microbiological parameters become a vital component of future soil 
analysis and diagnosis 

Conclusions 
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Thanks for your attention 
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