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IV CH4 Recycling（Details → Poster A-8-3）

III DREAM（Details → Poster A-8-3）

II・Ⅴ N2O Recycling and Evaluation & 
modeling（Details → Poster A-8-2, 4）

Introduction

No. A-8-1E
PJ :Mitigation of greenhouse gas emissions from agricultural lands by optimizing 
Nitrogen and carbon cycles
Theme: Cool Earth via Microbes in Agriculture
Organization: Tohoku University, The University of Tokyo, NARO. Subcontractors: Tokyo University of Agriculture and Technology, 
Iwate University, Obihiro University, Shizuoka University, Kyoto University, Tokyo Institute of Technology, AIST, Ibaraki University, 
Ehime University, Ryukoku University, Nagoya University, FFPRI, National Institute for Environmental Studies, bitBiome, Inc.
Contact: Kiwamu Minamisawa （E-mail: dsoil.moonshot@grp.tohoku.ac.jp）

280 ppm → 400 ppm

750 ppb → 1800 ppb

270 ppb → 328 ppb

Global warming potential 
about 25 times greater than CO2

N2O

CH4

CO2 

About 300 times greater than 
CO2

Contribution to global 
warming

74%

18%

6%
IPCC 5

Increased risk of climate 
change

Global warming due to 
anthropogenic GHG 

emissions

How can we reduce 
anthropogenic emissions 
of CO2, CH4, and N2O?

Severe 
disaster

Destruction of 
the 

infrastructure 
of life

Average temperature 
increased by 1.09°C

(IPCC 6

2021)

CH4N2O

Agriculture: Major Anthropogenic Source of N2O & CH4

Agricultural 
soils, Manure 
management

Rice 
paddy

Anthropogenic sources of N2O and CH4（IPCC-AR6 WG1, 2021)
2008-2017 (total: 356 Tg CH4 yr-1)

2007-2016 (total: 7.3 Tg (N2O-N) yr-1)

Research Goal Challenges:
Understanding of microbial habitats
Use of target microbes in the environment

Standardization of mitigation technologies

Field tests 30% mitigation
Lab tests 80% mitigation
patents

Bench scale tests

N2O: 80% mitigation from agricultural soil
CH4: 80% mitigation from paddy rice fields

Field tests 80% mitigation
Final goal (N2O-mitigating microbes)

Microbes with high N2O reductase activity
New nitrification inhibitors
Methane-oxidizing diazotrophs

Microbial GHG mitigation 
and breeding of new plants

Bench scale tests of microbial 
GHG mitigation and new plants

Soil microbes: 99% unknown 

Business plans for this project  

Soybean (leguminous)

Rice paddyMethanotrophic 
diazotrophs

Low-methane 
rice variety

Rhizobium

nosZ++

General Crops
（Non-legume）

RhizospherSoil

N2O

Chemical fertilizer-driven 
N2O

704 MtCO2eq/y

Crop residue-driven 
N2O

224 MtCO2eq/y

Fertilizer manufacturing 
CO2

451 MtCO2eq/y

CH4 from paddy fields
>435 MtCO2eq/y

N2O

Reduce

CH4

Microbial seed coating
soil  aggregate

soil 
aggregate

Breeding for 
inoculants 

Reduce

Reduce

Breeding for 
inoculants 

Minamisawa MS project themes

₂ ₄

Ⅰ Soil structure (Soil aggregate)

Imaging system for N2O and CH4 mitigation

Business models for GHG 
mitigation in agriculture  



No. A-8-2E
PJ :Mitigation of greenhouse gas emissions from agricultural lands by
optimizing nitrogen and carbon cycles
Theme: N2O reduction by soybean rhizobia 
Organization: Tohoku University, NARO
Contact: Kiwamu Minamisawa （E-mail: dsoil.moonshot@grp.tohoku.ac.jp）
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Search of Bradyrhizobium wild type 
strains with nosZ++ phenotype

Shimane

Niigata

Okinawa

Strains nosZ
phenotype

Effector
type

USDA 110T nosZ+ None
New strain1 nosZ++ None
New strain2 nosZ++ None
New strain3 nosZ++ None
New strain4 nosZ++ None
New strain5 nosZ++ None
New strain6 nosZ++ None
New strain7 nosZ++ None
New strain8 nosZ++ None
New strain9 nosZ++ None
New strain10 nosZ++ None
New strain11 nosZ++ None
New strain12 nosZ++ None
New strain13 nosZ++ None
New strain14 nosZ++ None
New strain15 nosZ++ B
New strain16 nosZ++ B
New strain17 nosZ++ None
New strain18 nosZ++ None

Isolated 18 new strains with nosZ++ phenotype
（As of Novembe 2022 78 strains）
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strains were 
increased 
nodules on R2 
soybean hosts!

New1   USDA6   New15    New16

nodule numbers 
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Selection of symbiosis-
optimized strains

nosZ++ isolated 
areas

2021
53 fields in 18 prefectures

2022
Osaka, Gunma

NH3

NO3
-

N2

Organic-N NO2
-

N2

Soil surface

Soybean

Soybean 
nodule

GHG
Ozone-depleting

N2 Fixation

NH3
Nitrification

Denitrification

N2 N2O

Clean gas
N2O

N2O reductase of 
Bradyrhizobium

N2O is generated in degraded nodule, however N2O is reduced 
by Bradyrhizobium

Nitrogen cycle in the soybean rhizosphere

nosZ++

Native (nosZ- dominat) Itakura et al. Mitigation of
nitrous oxide emissions from 

soils by Bradyrhizobium
japonicum inoculation. 

Nature Climate Change, 
2013

Nodule occupancy 30%

Harvest

Reduction 
of N2O 
emissions 
by field 
inoculation 
with nosZ++ 
mutant

Isolation of wild-type Bradyrhizobium
strains with high N2O reduction activity 
and establishment utilization technology

N2O reduction by new nosZ++ Bradyrhizobium strain

Background and Aims
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cell/ml=7.93E+08

Dissolved N2O conc.

V = 
Km + [N2O]

Vmax [N2O]

Fitting to Michaelis–
Menten equation

(Suenaga et al., 2018, Front. Microbiol.)
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New strain １
(nosZ++)

cell/ml=8.65E+08

Dissolved N2O conc.

Higher N2O reduction

Max. reaction speed

Converted to gas phase concentration

Strain n
Km Vmax

(ppm N2O) (nmol N2O /h/10(9)cell)
USDA110 8 117± 31.5 22± 10

New strain１ 5 103± 17.4 239± 110

N2O reduction activity of the new strain is 10 times higher than USDA110

Isolation 
from 

gramineous 
crop root

Mechanisms of nosZ++ 
Currently under analysis 0
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nosZ-

nosZ+

nosZ++

*

N2O removal
N2O minus flux

* Significant difference at p<0.05 by T-test (n=4)

New 1

New 1

*

92% reduction !

Measured on the 21st~24th day

nosZ-

nosZ+

nosZ++

*

*

Seed coating
artificial aggregate

Domination 
of 

inoculant

Soybean (leguminous crops)nosZ++ 
Bradyrhizobium

N2O

Crop residues 
N2O
224 

MtCO2eq/y

Reduction
Crop rotation

Around harvest time

Itakura et at. 2013, Akiyama ey al. 2017

N2O

N2

Search for nosZ++ 
Bradyrhizobium

Nos++菌

Domination of nosZ++ inoculant by 
symbiosis optimization in soybean

Enhancement 
of N2OR

Native

Nos++

Nos++

Nodule 
occupancy
5-20%

Peat inoculant 
General inoculants (nosZ-)

Liquid inoculant

Enhancement 
of nodule 

occupancy

To reach rhizobium inoculation

I’m first!

100% nosZ++
( ( (( ( (nosZ-

（Native）
nosZ++

（Inoculant）

N2O→
N2

Symbiosis optimization through a combination of natural host 
plant infection prevention systems (e.g., R gene products)

R1 R2 R3

Eliminated native rhizobia, only NosZ++ inoculants 
are infected

Effector 
A

Effector
B

Effector
C

Proteins injected by rhizobia 
into host plants during infection

E Effector

New strain15 NosZ++ Control strain

Successful dominance of newly isolated NosZ++ strains even 
with only R2 system of host soybean! (>80%)

Soybean a

Many cultivars showed high nodule 
weight and N2 fixation with new nosZ++ 

strain inoculation

Nodule weight and N2
fixation in soybean cultivars
Blue: new NosZ++ strains

Competitive nodulation of a novel NosZ++ strain by the infection 
inhibition system R2

Nodule 
occupancy

inoculation 
ratio

R2 soybean 
A2

R2 soybean 
A1

Optimization of symbiosis of nosZ++ Bradyrhizobium strain

Search

Evaluation

N2O reduction activity in Free-living cell

Symbiosis optimization strategy with rhizobial effectors

Evaluation of competitiveness and nitrogen fixation in new strain

Reduction of nitrous oxide (N2O) emission 
by soybean rhizobia → 50~80% reduction

A B

C

(A) Rhizosphere frame soybean cultivation equipment.
(B) Rhizobia-inoculated soybean roots through acrylic plate.
(C) Competitive inoculation of red and green fluorescent labelled

rhizobia. AxioZoom microscopy allows non-destructive 
observation of infection competition of rhizobia.

N2O-reducing microbe mitigated soil N2O flux

New nosZ++ strain was
reduced N2O in nodule
rhizosphere

N2O reduction in nodule rhizosphere and soil 
Nodule rhizosphere Soil

Non-destructive observation system 
of rhizobia infection

Assessments of effect of microbial inoculation 
to indigenous community in soil

Soil microcosm

Inoculation (108 cell/g)
to Andisol
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For at least two months,
the new strain 1 could survive at 106〜7 CFU/g

Survivability in the soil microcosm
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Days from the inoculation

Metagenomic assessments of microbial inoculation 
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Composition of the community
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Drug resistance Fluorescent gene

Bradyrhizobium strains (Bd or Bw) with nosZ++
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Marker genes
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In the microcosm, the 
microbial inoculant did 

not drastically change the 
indigenous community. 

Microbial inoculation of wild-type strains 
to the experimental field

Effect of the microbial inoculant 
was smaller than land usage. 
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瓶に土を入れてから

直後 30～60
分後

120～180
分後

土と空気をつかった
実験をしてもらいます
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Soil 
in a 

Bottle
Soil 
in a 

Bottle

Know Touch

Make

Citizen Science 
(Dialogue with the People)

研究者 市民

多様な
試料・情報

専門的な
知識・技術

知識・問題意識 (ELSI) の共有

9.29 Thu 20:00‒21:00
生物多様性と土壌生態系

東樹 宏和 博士
京都大学生態学研究センター 准教授

8.11 Thu 20:00‒21:00
土壌団粒：土の微生物の住み家はどう作られるのか？

和穎 朗太 博士
農業・食品産業技術総合研究機構 上級研究員

6.30 Thu 20:00‒21:00
「おらが畑」の土で気候変動に立ち向かう

藤井 一至 博士
森林総合研究所 主任研究員

7.28 Thu 20:00‒21:00
土壌と気候変動 ―炭素と窒素を巡る話―

仁科 一哉 博士
国立環境研究所 主任研究員

＊ 各講演のあと、約30分間の質問タイムがあります。たくさんの質問お待ちしています。

Soil 
in a 

Bottle

⾝近にある⼟と空気を使って
地球温暖化ストップをめざす
市⺠参加型研究プロジェクト

「地球冷却微⽣物を探せ」

参加登録者だけを対象にした
特別限定セミナーを毎⽉開催

参加登録はこちらから (無料)
https://dsoil.jp/cool-earth/lab/sib/

p 本セミナーはオンライン (Zoom) で開催
します

p 終了したセミナーはYouTubeで動画を
限定配信します

「地球冷却微⽣物を探せ」参加者特別セミナー

Dig up!
2022

オンラインデータ説明会・ELSIワークショップ Dig up! セミナー（参加者限定特典）

N2O emission

Microbiome
N2O emission

×
Microbiome

Talk

After soil was bottled

0‒5
min.

30‒60
min.

120‒180
min.

Experiment with
soil and airMicrobiomeGas analysis

Bacteria A

Bacteria C

N2O reducing
bacteria B

N
2O
 c
on
c.

time

Video manual
@ YouTube

CitizensResearchers
Share Knowledges and Problems

Knowledge
Technology

Sample/Data
Question

Data briefing / ELSI workshop (on-line) Dig up! seminar (a benefit for participants)

Citizen Science Project



No. A-8-3E
PJ : Mitigation of Greenhouse Gas Emissions from Agricultural Lands by Optimizing Nitrogen 
and Carbon Cycles
Theme: Development of new nitrification and denitrification inhibitors to reduce N2O emissions 
and New rice varieties to reduce CH4 emissions 
Organization: NARO (National Agriculture and Food Research Organization)
Contact:  Hiroko AKIYAMA (ahiroko@affrc.go.jp)

Breeding new rice varieties with low CH4 emissions

CH4 emissions form paddy rice 
fields：10% of anthropogenic 
CH4 emissions
• CH4 production (light)

• Anaerobic decomposition of organic 
material by methanogens

• CH4 oxidation (left)
• rhizosphere of rice roots, soil-

floodwater interface by 
methanotrophs

• Mitigation options developed by 
NARO:
• Water management (prolonged mid-

season drainage)
• Straw management (incorporation after 

harvest, instead of before planting)

Selection of low CH4 varieties (genetic resources) 
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30 to 40 % lower CH4
emission

Rice A Rice B Rice C Koshihikari
→Breeding new commercial rice varieties with low CH4 

emissions by using genes controlling CH4 emission

About 60% of anthropogenic N2O emit from 
agriculture

N2O production process: nitrification & denitrification
Develop new nitrification and denitrification inhibitors 

to reduce N2O emission

mobile CH4 analyzer

High throughput CH4
flux measurement 

Tokida 2021, Kajiura & Tokida, 2021, 2022

Breeding low CH4 rice
・Using genetic resource 
of rice of NARO, we will 
screen low CH4 rice 
varieties and breed new 
commercial rice varieties 
with low CH4 emission

Use of methanotrophic 
N2 fixing bacteria 
(Tohoku Univ., Nagoya Univ.)

Breeding new rice varieties with low CH4 emission

 in silico screening and metagenomic analysis 
for structure-based drag design 

Development of new inhibitors to mitigate N2O emissions

Research strategiesBackground

Major results

Background Research strategies

Development of high throughput CH4 flux measurement 
by using mobile CH4 analyzer (Picarro G4301)

・GC method: 45min, New method: 15min (1/3)
Screening of genetic resource of rice varieties with low 

CH4 emission
・We found low CH4 emission varieties (genetic resources) 
by 30 to 40% compered to Koshihikari (a major Japanese 
variety).

Major results

✔ We obtained 108 HAO-
targeted nitrification 
inhibitor candidates which 
have much higher 
activities (IC50 < 4.0 μM) 
than commercially 
available inhibitors.

commercial 
nitrification 
inhibitors

This project

Obtained 108 HAO-targeted nitrification inhibitor candidates
and 100 Nirk inhibitor candidates

✔ A high throughput screening 
provided 100 Nirk inhibitors (IC50
< 10 μM) out of about ten 
thousand compounds. 

No commercial denitrification inhibitor was 
developed so far.   

Target 1: HAO Target 2：NirK

Target 1：HAO Target 2：NirK

Target 1：HAO Target 2：NirK

Dispenser robot

Inhibition heatmap for screening

Plate reader

High throughput screening

CH4

CH4

Aerenchyma

O2

Root

CH4

Methanogens

strawRoot
O2 H2O+CO2 

Methanotrophs

CH4

CH4
O2        H2O+CO2

Methanotrophs

Development of 
high throughput 

CH4 flux
measurement

Genetic 
resource of 
rice (NARO)

Breeding new commercial rice varieties 
with low CH4 emission 

Screening of low CH4 rice varieties 
to breed new rice varieties

1st Enzyme assay

2nd False discovery

3rd Bacterial viability assay

Lead optimization

Lead compounds

Commercial compounds (~8 million)

Pharmacophore modeling

In silico screening

Hit selection

In vitro assay

1．High throughput screening 2．In silico screening

Bacterial viability assay



I. N2O fixing bacteria in paddy soils II. N2O fixing consortia in paddy soils

② Denitrifier harboring nif genes

Bradyrhizobium sp.

・denitrifier with high-N2OR activity
・harbour nif genes

・Predominant in paddy soils
・nos and nif transcripts derived 
from this genus were frequently 
detected in paddy soils

① Iron-reducing diazotrophs 
harboring nosZ

Anaeromyxobacter sp.

③ Bacterial consortia grown under 
N2O as a single N source

Culture
medium①

Aerobic
Microaerophilic
Anaerobic

Enrichment culture + amplicon sequencing

Paddy
soil

Bacteria with N2O-fixing potential

①N2O-fixing ability of Anaeromyxobacter

③Microbial consortia grown under N2O as a sole N source

Future plan

② N2O-fixing ability of Bradyrhizobium

N2O
N2

NH3

・In the presence of N2O and small amounts of N2, growth was stable
・Confirmed their growth using copy numbers of 16S rRNA and transcriptions of 
nosZ and nifD→ 15N content of the soils before and after incubation were 
currently analyzed using IRMS

Anaeromyxobacter sp. and Bradyrhizobium sp. can fix N2O 
in the presence of small amounts of N2

N2O
N2

・survived but not multiplied where 
N2O was the sole nitrogen source
・In the presence of N2O and small 
amounts of N2, growth was stable and 
N2O was reduced
・nosZ and nifD transcripts were 
detected

・Obtained the microbial consortia grown under N2O as a sole N source
・Detected the reduction of N2O gas
・ 15N content of the soils were currently analyzed using IRMS

・Quantification of fixed N2O
・Analysis of factors that enhance N2O fixing activity

N2O N2O
N2

NH3

・Inoculation of paddy soil 
microcosms (sterilized soil) with 
Anaeromyxobacter spp.

・Confirmation of their growth using 
copy numbers of 16S rRNA and 
transcriptions of nosZ and nifD

Agar plate①

Agar plate②

Isolation
Enrichment 

culture

Enrichment culture (Aerobic)

Gradual simplification of community structure

◼︎ Gene components of nitrogenase

nifH = nifD, nifK ??

nifH/D/K

nifH > nifD, nifK !?

▶︎Many pseudo-nifH are registered.

◼︎ In the genome database

◼︎Impact on analysis results

Unreliable results

Real

Pseudo

Indistingui-
shable

We developed a highly accurate analysis method that excludes nifH
Mise et al., mSphere, 2021

▶︎Previous methods: problems and improvements

Greenhouse gas

Denitrification
DNRA

Ammonification

N2O NH4
+

Organic N
(nutrient of plants)

N2

Nos Nif

N2O reducing bacteria N2 fixing bacteria

▶︎Development of analytical strategies for soil metagenomics.
▶︎ Identify N2O-reducing and nitrogen-fixing microbial communities.

▶︎Microbial consortia using N2O as a sole N source

Future plan

N2O

Same bacteria reduce 

N2O and fix N?

N2O

NH4
+

Nos

Nif

Different bacteria?
Nos

Nif

N2O

N2

NH4
+

・Analysis of paddy soil microcosm using 15N2O
・Verification of ubiquity by analysis using paddy soils from various regions

Nos

Nif

N2O

N2

NH4
+

Nos

Nif

N2O

N2

NH4
+

Betaprotebacteria

Deltaprotebacteria

Is N2O fixation driven by the different groups of microorganisms?

Paddy soil microcosm
→10% N2O completely disappeared in 1 week
→Metatranscriptomic analysis

nos

transcripts

nos

transcripts

Introduction N2O recycling crop production system

N2O recycling 

by bacterial consortium

N2O
N2O recycling by 

N2O-fixing bacteria

N2O

N nutrient
（NH4

+）

N2O N2O

Purpose: Microbial transformation of N2O to NH4
+ for crop production

High N2

generation

High N2O
generation

Reduced
N2O

Generated N2Reduced N2O＞

60% of the reduced 
N2O is missing

Generated
N2

(Ishii et al., 2011)

N2/N2O generation 
ratios of denitrifers

are diverse

(Tago et al., 2011)

Denitrifying bacteria 
with N-fixing ability

Background: Generated N2O might be fixed by bacteria in paddy soil

Enhancement of N2O recycling activity

Other crop fieldsN2O

N2O sink 

function

N2N2

Nos

NifNif

Nos

Culture
medium②

No. A-8-4E
PJ : Mitigation of greenhouse gas emissions from agricultural lands by optimizing

nitrogen and carbon cycles
Theme: N2O recycling by N2O-fixing bacteria
Organization: The Univ. of Tokyo, National Institute of Advanced Industrial Science and Technology 
Contact: Keishi SENOO （E-mail: asenoo@g.ecc.u-tokyo.ac.jp）


