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Alfalfa is the most important legume crop in cultivated area worldwide (30 million ha) after soybean (110 million 
ha). Due to the fact that the cultivation of this perennial legume forage constitutes an extensive soil-air interface, 
as well as to its significant emission of the greenhouse gas nitrous oxide (N2O) and the critical role of legume-
symbiotic nitrogen-fixing bacteria in N2O production via incomplete denitrification, it is important to understand 
the possible impacts of rhizobial domestication on the evolution of denitrification genes. In fact, the 
domestication of commercial alfalfa inoculants was prior to the emergence of global environmental change as a 
critical topic in the research community and society in general, and then, the conservation of their genetic 
factors related to the mitigation of N2O emission was not considered. Genomic analysis focused on 
denitrification genes revealed that commercial alfalfa inoculants have perfectly conserved the nitrate (NAP), 
nitrite (NIR) and nitric (NOR) reductase clusters related to the production of N2O from nitrate (Figure 1A) but 
completely lost the nitrous oxide (NOS) reductase cluster (nosRZDFYLX genes) associated with the reduction 
of N2O to gas nitrogen (Figure 1B), providing evidences of the environmental risk of the domestication of alfalfa 
rhizobia (Figure 2). In this context, we have been running screenings for alfalfa-nodulating isolates containing 
both nitrogen fixation (NIF+) and N2O reductase (NOS+) genes for environmental sustainability of alfalfa 
production. As the results of these screenings, we have been selected several NIF+NOS+ rhizobia from alfalfa 
nodules (natural microbes without genetic manipulations), which are able to fix nitrogen and reduce N2O under 
nitrogen limiting conditions. In the framework of the 2nd World Alfalfa Congress, we will present some of the 
results of the research done and the upcoming genomic analyses to understand the diversity of the novel 
NIF+NOS+ microbial collection (Figure 3). Finally, we will discuss the need of public-private partnership projects 
to analyze the efficiency and environmental quality of these novel inoculants using different elite alfalfa 
germplasm in different regions of alfalfa-producing countries. 

 

 

 

 

 

 

 

 

Figure 1: Genomic studies revealed that 

commercial strains have perfectly conserved 

NAP, NIR and NOR clusters related to the production of N2O from nitrate but completely lost NOS cluster 

(nosRZDFYLX genes) associated with the reduction of N2O to N2. 
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Figure 2: Environmental risk of the rhizobial domestication, an alfalfa lesson. 

 

 

 

 

 

 

 

 

Figure 3: Screenings for natural alfalfa-nodulating isolates containing both nitrogen fixation and N2O reductase 

genes for environmental sustainability of alfalfa production. 
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