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Nitrous oxide (N2O) reduction by inoculation of rhizobia with N2O reductase to soybean

N2O emission from 
agriculture is about 50% 
of anthropogenic N2O 
emissions globally.

Tohoku Univ. and NARO 
reported N2O reduction 
using microorganisms 
(soybean rhizobia) 
(Itakura et al., 2013; 
Akiyama et al., 2016).

Aim of the project is to 
develop N2O reduction 
technology using soybean 
rhizobia at the field scale.

We will develop technology to reduce N2O emissions by 
enhancing the efficacy of rhizobia inoculation, i.e., (1) 
explore soybean genes to enhance symbiosis with 
rhizobia, (2) promote soybean growth by dual inoculation 
of bacteria and rhizobia, (3) elucidate the mechanism 
behind  N2O reduction by rhizobia with high N2O 
reductase activity.

Symbiosis of rhizobia with high N2O reductase

Nitrous oxide (N2O) reduction by using soil aggregates or carriers with microorganisms

2. Research strategies1. Background

3. Major results
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3. Main results

Field experiments 

Measurement of N2O emissions by pot and field 
experiments. 

The effect of rhizobia inoculation on N2O emissions 
was measured by pot and field experiments. 

Microorganisms with N2O reductase can be used to reduce 
N2O emissions from agricultural soil, however, suitable 
carriers are needed.   

(1) Analysis of natural soil aggregates and development of 
artificial soil aggregates

(2) Screening of carriers such as porous materials and 
microorganisms with high N2O reductase activity
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CHALLENGES

・ Natural minerals
・ Inoculation of microbial 
communities or a strain

・ Porous material
・ Inoculation of microbial communities 

・ Resistance
・ Duration of N2O reduction
・ Electron donors （Energy source)

・Construction of microbial communities 
・ Duration of N2O reductionN2O reduction by using microorganisms
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Properties of artificial soil aggregates required for N2O reduction 
• Pore （Pore size, pore distribution)
• Clay content
• Electron donor (energy source)

• Redox (hypoxia)
• Structural stability
• Duation of N2O reduction

Soil aggregates Carriers

Properties of artificial soil 
aggregates required for N2O 
reduction were elucidated based
on analysis of natural soil 
aggregates. → Balancing between resistance and N2O reduction

Screening of porous materials
Use of microbial communities
N2O reduction by using  
microbial communities

Genome-wide association study 
on genes regulating symbiosis

Field experiments

Porous 
materialsArtificial soil 

aggregates

Itakura et al. 2013

Native nosZ++ inoculation

Promotion of N2 fixation 
by dual inoculation

Investigating the survival and 
distribution of microorganisms in 
artificial soil aggregates

Testing the resistance of various 
artificial soil aggregates
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Core collection of 
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Genome-wide 
association study 

Promotion of N2 fixation by dual 
inoculation of bacteria and rhizobia
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