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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 5th Assessment Report

Reduction of greenhouse gases other than CO2 is essential 
to limit the rise in global temperatures to 1.5 degrees 

Celsius above pre-industrial levels. (Paris Agreement, COP26)

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 6th Assessment 
Report  in 2021)
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CH4N2O

Agriculture: Major Anthropogenic Source of N2O & CH4

In addition to CO2 reduction, the 
reduction of N2O and CH4 is 

needed, to limit global warming 
to 1.5 ℃

（IPCC SR1.5℃, 2018)

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)



nosZ++

Native (nosZ- dominat)
Itakura et al. Mitigation of 

nitrous oxide emissions from 
soils by Bradyrhizobium
japonicum inoculation. 

Nature Climate Change,  
2013

nosZ++ rhizobia 
reduced N2O 

emission 

Biological N2O 
mitigation 
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根粒占有率30%

Soybean

N2 fixation

Soybean
nodule Organic N

(Protein)

Nitrification

Deniti-
fication

Rhizobial
N2O reductase

Soil surface

Clean component 
of atmosphere

Greenhouse gas
ozone layer destruction



N2N2

N2O

NO3
-NH4

+ N2O

Cool Earth

Detoxification

Mitigation of greenhouse gas emissions from 
agricultural lands by optimizing nitrogen cycles

CH4

O2

CO2

organic 
matter

CH4

Cool Earth

Mitigation of greenhouse gas emissions 
from agricultural lands by optimizing 

methane cycles

Synthetic N 
fertilizer

Biological N2 
fixation

Plant nutrition

Greenhouse 
gas 

Basic researches for design of 
soil microbes and plants

Greenhouse 
gas 

N2O

N2

N2O reducers

Detoxification

CH4

CO2

CH4 reducers

By microbial diversity of the natural world and all available knowledges and 
technologies, we aim to reduce anthropogenic GHG emissions and achieve a 
sustainable nitrogen and carbon cycle. 5

By 2050, 80% mitigation of N2O and CH4 from agricultural soils by soil 
microbes with crops and soil structures.

https://dsoil.jp



Research Goal

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

2029

2020

Soil microbes: 99% unknown 

Microbial GHG mitigation and 
breeding of new plants

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

2022

2050

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

Field tests 80% mitigation

Bench scale tests
Bench scale tests of microbial GHG 
mitigation and new plants2027

2024

Final goal (N2O-mitigating microbes)
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Soybean (leguminous)

Rice paddy

Microbial 
materials

Methanotrophic 
diazotrophs

Low-methane 
rice variety

Rhizobium

nosZ++

Nitrifi
cation 

and 

denitrifi
cation 

inhibitors

General Crops
（Non-legume）

RhizospherSoil
N

N2O

Business plan for this project 
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 

fertilizer

Reduce

Reduce

Breeding for 
inoculants 
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20242020 2029

N2O

N2

Exploration and generation of Nos++ strains 
with enhanced N2O reduction activity

Nos++ bacteria

N2O
recyclin

g

Breeding of host plant

Enhancement N2O 
reducing activity Native microbe

Nos++
Inoculants

Commercialization as a set of
microorganism + seeds + carrier

Nos++
Inoculants

Examples of social implementation

Social acceptance of microbial inoculation for Cool Erath

Development of new technologies for 
low-methane rice

Reduce Methane Emissions from Major Products
+ (Diazotrophic methanotrophs) 

CH4
oxidation Koshihikari

IR64

Tomomeki

N2O detoxifying rhizobia

Rice paddy CH₄ reduction

Low-methanated rice

8

Nos++
Inoculants



Minamisawa MS project themes

Soil structure N₂O Recycling DREAM CH₄ Recycling

Ⅳ. CH₄ Recycling (3 units)

Ⅰ. Soil structure (7 units) Ⅲ. DREAM (3 units) Ⅱ. N₂O Recycling (12 units) 

ゲノム編集N2O無害化微生物
によるN2O無害化

Ⅴ. Assessment & Modeling (6 units)

Assessments LCA
ELSI
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*Designing of Reinforced and 
Effective Agricultural Material

Assessment & 
Modeling

Protein structure

Mutations
Core microbes

Informatics

Geno-
micus

Protein engineer



1010Soil aggregate
Aggregates composed from micro-particles

Soil aggregates are hotspots of N2O emission and consumption in soils

Analyses of soil aggregates tell us key micro-environment info. for N2O mitigation

Aggregate Hierarchy model
(modified from Tisdall & Oades, 1982)

soil aggregates 
are microbial 

habitats!
Physical structure

Chemical condition

Microbiology

Macro aggregate Micro 
aggregate Bacteria

Fungi Microbial
residue

Clay minerals

Microscopic observation
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ü To understand the aggregation process via the interaction of mineral particles & microbial products
ü Artificial soil aggregate synthesis by mimicking natural soil development
ü Development of N2O-reducing artificial aggregates and field-scale test of its performance

Project Goals

Top-down
approach

Bottom-up
approach

1 µm

10 µm

自然土壌団粒
（数十µm～数㎜）

100 µm

!

半径
!" "

Building units
primary minerals

secondary minerals

Binding agents
biomolecules

metals, complexes

Synthesis of artificial 
soil aggregates

Elucidation of aggregation mechanisms
With a focus on binding agents

Project I-1. Soil Structure & Microbial Habitat

X-ray CT

Microsensors

Physical 
fractionation Natural

Soil
aggregates
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à Advanced hybrid materials are under development in 
collaboration with other themes of the project

What is the elements for N2O-reducing soil aggregates?

1. Water resistant
2. Particle size
3. Porosity
4. Shape
5. N2O reducer
6. Pore size
7. Clay content

Aggregate environments to enhance N2OR activity

Aggregates with larger vol. of prolonged anaerobic zone (r1 > r2)

Requirements 

Top-down
approach
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Oxic 

Anoxic



Granite
38-75 μm

Basalt
38-75 μm

x
2

x
3

x
3 replicates

Sand
100-300 μm

x
2

Basalt
20-38 μm

Leaf compost
(100－250 μm)

20 g 

Carbon
Iron
Aluminum

5 μm

8-week incubation of 
rock powder +leaf compost 

(8 wet/dry cycles)

Examination of stable aggregate
(resistant to mechanical shaking)

Submicron-scale examination of C 
and metal distribution by STXM

Long-term field burial of 8 contrasting minerals

Bottom-up
approach

Andesite

Volcanic
Ash (Sk)

Clay1

GraniteVolcanic
Ash (Ak)

Clay2

Basalt

Sand
stone

• Rapid aggregate formation

Artificial aggregate synthesis using the mixture of 
mineral & organic materials

Co-development of aggregate 
structure & microbiome

Prototypes of climate-smart 
aggregates (for GHG reduction)

N2O-reducers
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Goal of theme I-2

14

Theme I-2

Long-read
sequencing

Bioinformatics Single-cell
sequencing

Network
analysis

Innovative technologies to deeply understand soil microbiomes

Complete genomes of more than 100 strains of GHG-
reducing microbes, with many metagenomes! ！

Name Type GHG reduce Strains

B. diazoefficense Rhizobia (soybean) NosZ+ 65
Bradyrhizobium sp. Rhizobia (soybean) NosZ++ 9
B. lianoningense Rhizobia (soybean) NosZ+ 1
B. japonicum Rhizobia (soybean) NosZ- 3
B. elkanii Rhizobia (soybean) NosZ- 3
R. leguminosarum Rhizobia (clover) NosZ+/- 2
Bradyrhizobium sp. 46 N2O to resource NosZ+ 1
Bradyrhizobium sp. Rice endophyte NosZ+/- 19
Methylocystis echinoides Methane-Ox (Type II) CH4 oxi. 5

合計 108

Comparative 
genomics of 

GHG-reducing 
genes, crop-

promoting genes, 
etc.

(With themes II, IV, V)

Profiling methods to find novel 
N-cycle genes!

Ex. Shewanellaceae 53 strains

Sulfite
reduce

N2O red
nosDLYF+

sulfite-reducing 
bacteria



Soil
microbes

Single-cell microbes

Oil

Oil

Single-cell genomics of >2,500 soil microbes identified more than 20 nosZ+ species with
estimated N2O-reducing functions!

phylum_gtdb class_gtdb Notes n

Proteobacteria Gammaproteobacteria 2

Bacteroidota Bacteroidia Novel 1

Bacteroidota Kapabacteria Novel 1

Gemmatimonadota Gemmatimonadetes Uncultivated 1

Proteobacteria Gammaproteobacteria 1

Proteobacteria Gammaproteobacteria 1

Verrucomicrobiota Verrucomicrobiae Uncultivated 1

Access to uncultivated N2O-reducing genomes

Microdroplet-single cell technology to efficiently (>30 times) obtain microbial gene data!

Unique technology: microdroplet-single cell sequencing

Profiling Japan-wide farmland soil microbiomes! Stable and effective soil microbe mixtures!

bioRxiv accession: https://doi.org/10.1101/2022.08.23.505048 
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Reduce the  
amounts of 
inoculants.N2O

N2

Explore higher rhizobial
strains with N2OR activity

Nos++菌

Optimization of host-rhizobia  
interactions (II-1-b)

Indigenous
rhizobia

Nos++
inoculant

Nos++
Inoculant

Low

Inoculant in Japan

Theme III

Previous inoculants (nosZ-)

Inoculant 
in South America

Increase nodue
occupancy

Goal of theme II-1

N2O mitigation in rhizosphere by 
wild-type NosZ++ strains.

Soybean core collection

We found wild-type NosZ++ strains rather 
than previous genome-editing strains.

Conventional 
wild-type strain

Genome editing 
strain

Novel wild-type A

Novel wild-type B

Novel wild-type C

N2OR activity

N
2O

 fl
ux C
on

tro
l n

os
Z-

N2O reduction 
(>80%)

Novel nosZ++ 
strain

Can we use host factors?

Major results
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Ⅱ-1ｰb Optimizing of symbiotic interactions for successful rhizobial inoculation

NosZ++ strain Reference strains

The presence of host R2 elevated nodulation percentage of 
nosZ++ strain (>80%).

Sta. variety

根粒占有率

R2 variety

R2 variety

NosZ++ strain often increased 
nodulation and N2 fixation.

Nodulation and N2 fixation 
Blue: NosZ++ strain

Competitive nodulation via host incompatibility B between nosZ++ and control strains.

I can 
infect!

( ( (( ( (Indigenous 
rhizobia
（nosZ-）

Inoculant
（nosZ++）

N2O→N2
Optimizing of symbiotic incompatibility towards 

successful rhizobial inoculation of nosZ++ strains

R1 R2 R3

Excluding indigenous nosZ- population and full nodulation by nosZ++ inoculants

Effector 
A

Effector
B

Effector
C

Proteins injected from 
rhizobia to the host

E Effector

Cell ratio

Nodulation %

Outline

Major results
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other 
crop fields

Ⅱ-2 Detoxification of N2O by rhizospheric/symbiotic microorganisms

Ⅱ-2, 3 Detoxification and recycling of N₂O in upland and paddy soil

撮影⽇︓2022.2.16

Rye・Cover crop

Ibaraki Univ.
Experimental field

0

カバークロップ︓FA, Fallow; HV, Hairy vetch; RY, Rye

⼤⾖栽培時期 ⼤⾖栽培時期ライ栽培時期

★ ★

メタゲノムデータ︓★, 刈倒前︔★, 刈倒後

2017年5⽉〜2018年12⽉のN2O Flux (Gong et al., 2021) Rhi DNB N3

Rhi DNB N4

a) N2O-reducing microbes in cover crop & no-tillage field（Ibaraki Univ.）

Aerobic
Anaerobic

b) Symbiotic bacteria with high N2O detoxification ability（Shizuoka Univ.）

Ⅱ-3 N2O recycling by N2O fixing bacteria and microbial consortia（UTokyo・NAIST）

・N2Oを唯⼀の窒素源とした培地で
は増殖しなかった

・N2Oおよび少量のN2存在下では
増殖した

N2O
N2

NH3

N2O N2O
N2

NH3

どのくらいのN2O由来の窒素が固定されたのか︖

Amount of fixed N2O and 
N2O fixing bacterial consortia 

in paddy soil

N2O fixing ability of paddy soil 
microbes and 

amount of fixed N

Microbial
Inoculants

・Rhizobia(nosZ+)
・Non-Rhizobial bacteria(nosZ+)

isolated from nodule

Abilities
N2O reduction

N fixation
Nodule formation

Convert N2O into N fertilizer for its effective use

Highly active strains
from Abekawa,
Narusegawa,

and other fields

Nos

Nif Nif

Nos

In the presence of N2O 
and small amounts of N2, 
growth was stable and 
N2O was reduced

How much N2O was fixed by bacteria?

N2O N2O
N2

NH3

�
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�(

	�
 
��



�	�

� �
0

2000

4000

6000

8000

10000

12000

� � � � � �

��
���) 

�
�� 

���

���

Niigata

Days

Fixed N
N2

N2O
The amount of 
soil nitrogen
increased?
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Minamisawa MS project subject Ⅱ．N2O Recycling
Ⅱ-4. Construction of the rhizosphere cultivation system for designing and evaluating the soil ecosystem for N2O recycling
(Ryukoku Univ・Betsuyaku G/NaganoG）

pOsPAL1 activity visualized with 
3xVenus-NLS in the rice root

Rice root treated with 1mM SA

mTurquoise
mEGFP
mCitrine
mCherry

ex1) Bradyrhizobium on a 
formulation candidate material

Goal for 2022; Construction of a rhizosphere chamber system for in situ imaging of *plant-microbe 
interactions（+ supports for the other groups’ imaging/RNAseq）*Focusing on the interaction between rice & CH4 -oxidizing 
bacteria

Confocal spectral microscope

Rice root box
（Betsuyaku G）

Air/soil-separated temperature control
（Nagano G）

Stereo Confocal

Visualization of bacteria associated with rice root in the soil (root box)
Visualization of the promoter activity 
of the rice genes (x6) involved in 
microbial interaction
（Fluorescent-reporter GM rice）

＋

ex2) Detecting bacterial cells 
expressing four different FPs

Revealing the molecular basis for rice-CH4 recycling bacteria 
interaction with CH4 group (unexplored “blue ocean” !!)

Promotion of CH4 recycling activity in rice rhizosphere and 
formulation of the bacterial usage

Assisting imaging experiments and 
NGS analyses in the other groups 

Betsuyaku G（Imaging）

Nagano G (Environmental control/RNAseq）

Collaborations within the MS

Fluorescent 
Stereomicroscope
handling multisamples

Reconstitution of field environments and evaluation of its 
effect on the CH4 recycling activity within rhizosphere

Reconstitution of air/soil temperature shifts 
in natural condition

Revealing a strong effects on 
the root gene expression

Evaluation of the separated 
regulation on plants (RNAseq)

Unraveling the bacterial localization in the roots and  the molecular basis for its association with the roots 
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Ⅲ-1 Development of super active N2O-detoxifying microorganism
Ⅲ-2 Development of new nitrification and denitrification inhibitors

Drug binding pocket

Metagenomic analysis
Structure-based drug design

Microbial Nitrogen Cycling

Molecular-targeted drugs effective
for uncultured soil microorganisms

Goal
Reduce N2O emissions by the comb-

ined use of molecular-targeted drugs
and super active N2O-detoxifying mi-
croorganisms
Ⅲ-1

N2O-detoxifying microorganism with
super active NosZ
Ⅲ-2

HAO-targeted nitrification inhibitor
NirK-targeted denitrification inhibitor

Target-2
NirK

Ⅲ-2

Ⅲ-2
Target-1

HAO

Super NosZ
Ⅲ-1

20



21

Target1: HAO

commercial 
nitrification 
inhibitors

This project

✔ Metagenome analyses revealed that more than 99% of 
HAO in soil are the β-AOB type.
✔ We obtained 108 HAO-targeted nitrification inhibitor 
candidates which have much higher activities (IC50 < 
4.0 μM) than commercially available inhibitors.
✔ X-ray crystallographic studies showed that the above 
candidates are classified into three types of inhibitors, 
competitive inhibitors,  suicide inhibitors, and electron 
transfer inhibitors.

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

Ⅲ-2 Development of new nitrification and 
denitrification inhibitors

Bacterial viability assay

Target2: NirK

✔ A new analytical method was established to precisely distinguish pseudo NirK from 
real ones. 
✔ A high throughput screening provided 100 Nirk inhibitors (IC50 < 10 μM) out of 
about ten thousand compounds. 



An example of screening results
Proportion of inoculum in nodules(%)

NC

Other 
materials

N2O-reducing 
bacteria

英語版

課題III-3

Construction of carriers that mimic soil microstructure and evaluation of their microbial colonization
performance. Development of microbial materials that enables N2O-reducing microorganisms to function
stably in soil.

Research Objective for Theme III-3

Adhesive 
polymer 
screening

Soild carrier screening

Material-A Material-B

Successful acquisition of material candidates 
for microorganism adhesion and protection

Microbial stabilized 
substance

Development of seed coating method 
with excellent inoculum colonization

Material-C

Microbial seed coating
Formulation①

Carrier materials
Formulation②

Material-C
fibers

Material-D
Microbial capsules

Materials exploration

Microfabrication that mimic soil structure

Design of soil mimic carriers and 
evaluation of their N2O uptake potential

Refers to the physical properties of soil aggregates

Establishment of microbial material 
evaluation system by using microbial 

colonization mechanisms

Microbial colonization genes revealed by Tn-seq

Material-E
carrier

Pore space by 
Material-F

36
genes

98
genes

171
genes

Soil Rhizosphere

Survival rates of microbial inoculant during
seed storage with candidate materials
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80% 
reduction

Enhanced CH4 oxidation in 
rhizosphere 

40%↓

Maximizing Syntrophic CH4-
oxidation & N2 fixation

40%↓

Water & Organic 
matter Management

40%↓

O2

O2

O2

O2

O2

O2

CH4

CH4

CH4

Existing technologies

Technology 1:
Low-CH4 rice

(IV-1）

Technology 2:
Microbial inoculants

(IV-2)
Methanotrophic N2 fixing 

bacteria

Soil aeration by mid-season 
drainage or alternate wetting 

& drying (AWD)

Bao et al. 2014 AEM, Shinoda et al. 2019 SBB 

Theme IV: Strategy to achieve 80% reduction
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IV-1 Low-CH4 Rice
High-throughput CH4-emission measurement Screening for Low-CH4 rice variety

4
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Muha Qiu ZZ Tupa 121-3 コシヒカリ

メタ
ン

排
出

量
（

m
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C 
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1 ）

India China Bangladesh

Ko
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5

Mobile CH4 analyzer

Chamber

Dehumidification unit

Battery-operated fan

Real-time Monitoring

Tablet

30-40% less

Koshihikari
Low-CH4 variety

!

"!

#!

$!

%!

&!

'( )*

1 2 3 4 5 6 7 8 9 10 11 12

Developing Low-CH4 Koshihikari using Chromosome Segment Substitution Lines (CSSLs)

Low-CH4 CSSL

Japan
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シ
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） via Rice Bubbling

Screening for Low-CH4 line among CSSLs (Koshihikari-background) with introgressions of 
Low-CH4 rice variety（~95% is Koshihikari）

Chromosome no.
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IV-2 Maximizing diazotrophic methanotrophy

寒天平板培養

液体集積培養

① ② ③

上︓メタン酸化細菌
下︓ネガティブコンコロール

NMS寒天平板培地上に形成されたコロニー

25℃ 30℃

12 strains: Isolated
Type Ia- 2 strains、Type II-10 strains
11 strains: Diazotrophy confirmed

NpR20-75

10 μm

MuR21-B4c

10 μm

Type Ia Type II

Digital PCR- Type of Methanotroph responsible for CH4 emission reduction
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Isolation of highly-active methanotrophs

① Rhizosphere soil (Root surface)
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Type II abundance (index)

Agar plate Colonies on NMS agar plate

Liquid enrichment culture
upper: with methanotrophs
Lower: Control

Ph
ot
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is

CO2

Rice 
plant

CH4
Straw, 

Dead root

CH4

CO2N2

NH4
+

CO2

O2

①

②

② Inside the rice plant (endophytic)
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N2O reduction by inoculation of new strains of Bradyrhizobium sp. 
(pot experiment)

ü N2O reduction by a
new strain (nosZ++) in 
Andosol (nosZ-
dominant)

ü No reduction of N2O by
a new strain (nosZ++) 
in Fluvisol (nosZ+ 
dominant)

N2O reduction by inoculation of new strains of Bradyrhizobium sp.

N2O reduction by inoculation of a new strain of Bradyrhizobium sp.

ü N2O reduction by new
strains (nosZ++) in 
Andosol (nosZ-
dominant)N2O reduction by new strains

nosZ-優占

nosZ++

nosZ- dominant

nosZ++

Andosol, native
Andosol, new strain
Fluvisol, native
Fluvisol, new strain

nosZ- dominant
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施肥

収穫

N2O reduction by inoculation of a new strain of 
Bradyrhizobium sp.  in Andosol (nosZ- dominant) 

• N2O  reduction by a new strain during nodule 
decomposition (October) in Andosol (nosZ- dominant)

Native (nosZ-
dominant)

New strain
(nosZ++)

Fertilizer

Harvest
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LCA (Life cycle assessment) of soybean 
production 

yield
[0, 10]%

Inoculated
seeds

Chemicals Soybean 
cultivation

Fertilizer

Water

Energy

Chemicals Fertilizer
production

Plant

Transport

Electricity

Raw material

Inoculation process 

Inoculated 
soybean seeds 

production 
process

Soybean seeds

Cultivation of
inoculant

Carrier
Waste

Reduction of N2O
from crop residue

[30, 50, 80]%

Farm
management

N2O

Soybean 

CO2

CH4

Crop residue

GHG emission from inoculant production is only 0.004% of whole 
soybean production process

↓
GHG emission of inoculant production is negligible
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Material A Material B Material C

Japan World Japan Asia

N2O flux
measurement

CH4
sensor

Propose materials
・Low-methane rice
・Methane-oxidizing bacteria
・ Japanese existing technology 
（→Asia）

N2O
sensor

DataPropose custom-made materials
・Microbial materials
・Crop varieties
・Nitrification and 

denitrification inhibitors
・Artificial soil

Ball SAW sensor

N2O CH4

GC

Upland field Paddy field

Optimize N2O reduction of materials

Evaluation

Cool Earth
certification
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Business plans for N2O and CH4 mitigation in agriculture  

Evaluation Cool Earth
certification

Rice

Low-methane rice



Citizen Science Project（ELSI）

https://dsoil.jp/soil-in-a-bottle/ 30

Citizen Science is listed as a key issue 
by the 6th Science and Technology Basic Plan and EU Soil.

Let’s think 
greenhouse gas 

and soil microbes 
seriously!



31

N2O

N2O
N2O

N2O

10

20

30

40

50
mL

10

20

30

40

50
mL

R1 S1 R2 S2 R3 S3

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

R S

1000
100
10
1
0.1
0.01

-0.01
-0.1
-1
-10

N 2
O
放
出
速
度
（
nm
ol
 k
g-
1
h-
1 ）

畑 住宅地 草地 山林 河川敷 果樹園 砂浜 水田 竹林 その他

S
a
m

p
l
e

Relative Abundance [%]

16Sv3v4_03_Class

Acidobacteriae Gammaproteobacteria Alphaproteobacteria Verrucomicrobiae Bacteroidia Gemmatimonadetes Blastocatellia

Vicinamibacteria Phycisphaerae Parcubacteria uncultured bacterium Planctomycetes Actinobacteria Ktedonobacteria

Anaerolineae Methylomirabilia Thermoleophilia Polyangia Nitrospiria Acidimicrobiia Others

S1027

S1028

S1029

S1030

S1031

S1032

S1033

S1034

S1035

S1036

S1037

S1038

S1039

S1040

S1041

S1042

S1043

S1044

S1045

S1046

S1047

S1048

S1049

S1050

S1051

S1052

S1053

S1054

S1055

S1056

S1057

S1058

S1059

S1060

S1061

S1062

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110

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)

Overview of Citizen Science Project



Citizen Science Project（ELSI）

https://dsoil.jp/soil-in-a-bottle/ 32

Citizen Science is listed as a key issue 
by the 6th Science and Technology Basic Plan and EU Soil.

皆様も参加しませんか？

pExploring novel N2O-reducing bacteria
Isolation of microbes with higher N2O-reducing activity and 
elucidation of their habitat environments. Future plans include the 
use of them as agricultural inoculants.

pDialogue and scientific knowledge with citizens
Rising of citizen interests on the global environmental issues 
through our research experiments and interactive communications. 
Creation of citizen culture of enjoying science. 

pLarge datasets of soil microorganisms
A large number of soil and air samples from all over Japan creates 
large-scale datasets (microbiome and metadata) for soil 
microbiology and environmental researches.
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