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Globally averaged greenhouse gas concentrations
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Reduction of greenhouse gases other than CO, is essential

to limit the rise in global temperatures to 1.5 degrees
Celsius above pre-industrial levels. (Paris Agreement, COP26)

Severe disaster

Destruction of the
Infrastructure of life

Global warming due to
anthropogenic GHG
emissions

rage temperature

increased by 1.09° C
(IPCC 6th Assessment

Report in 2021)
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How can we reduce

anthropogenic emissions of
CcO,, CH,, and N,O?
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Agriculture: Major Anthropogenic Source of N,O & CH,

Other indirect
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Cool Earthvia By 2050, 80% mitigation of N,O and CH, from agricultural soils by soill

AQ{ )I I\ microbes with crops and soil structures.
=
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Greenhouse

soil microbes and plants

\B Basic researches for design of
Synthetic N || Biological N, | | ¢
fertilizer fixation

gas
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Plant nutrition
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organic
matter

Mitigation of greenhouse gas emissions

Mitigation of greenhouse gas emissions from 4 from agriculturhal lands by optimizing
agricultural lands by optimizing nitrogen cycles methane cycles

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. https://dsoil.jp -



Research Goal rrre=

Understanding of microbial
habitats

Use of target microbes in the
environment

N,O: 80% mitigation from
agricultural soil

CH,: 80% mitigation from
paddy rice fields

Final goal (N,O-mitigating microbes)

Standardization of mitigation technologies |

Bench scale tests

pJoyXeY 4 Field tests 80% mitigation

Bench scale tests of microbial GHG

2027

Field tests 30% mitigation
Lab tests 80% mitigation

patents

2020

7

mitigation and new plants

Microbial GHG mitigation and

2024 breeding of new plants

7/

2022

\ Microbes with high N2O reductase activity

New nitrification inhibitors
Methane-oxidizing diazotrophs

Soil microbes: 99% unknown




Business plan for this project
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Examples of social implementation

2024 2029

2020
N,O detoxifying rhizobia

Commercialization as a set of

Exploration and generation of Nos++ strains v microorganism + seeds + carrier
with enhanced N,O reduction activity

o Nos++ o g
w aCte"a ” Inoculants “ Nos++
e %o

Inoculants /4

o, o
DO Enhancement N,O /% N+
redUCing aCtiVity Native micrObe |ndcu!ants

Breeding of host plant

Social acceptance of microbial inoculation for Cool Erath

Rice paddy CH, reduction

Reduce Methane Emissions from Major Products

Development of new technologies for + (Diazotrophic methanotrophs)
low-methane rice

CH,
. .oxidation




Minamisawa MS project themes

prame . =

N,O Recycling

Soil structure

DREAM

*Designing of Reinforced and
Effective Agricultural Material

CH, Recycling
Modeling

I . Soil structure (7 units)
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IV. CH, Recycling (3 units)

II. DREAM (3 units)

Protein engineer

Protein structure

V. Assessment & Modeling (6 units)

Assessments
S

GHG GHG|
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=

LCA
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Soil aggregate

Aggregates composed from micro-particles

2000 pm 200 pm 20 um 2 um 0. 2um

Macro aggregate . Micro Fungi Microbial  cjay minerals

aggregate  Bacteria ; residue

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

soil aggregates

are microbial Physical structure

-

habitats!

Chemical condition
- .
Microbiology

Soil aggregates are hotspots of N,O emission and consumption in soils

-

Analyses of soil aggregates tell us key micro-environment info. for N,O mitigation
10



Project I-1. Soil Structure & Microbial Habitat

Project Goals

v To understand the aggregation process via the interaction of mineral particles & microbial products
v" Artificial soil aggregate synthesis by mimicking natural soil development
v Development of N,O-reducing artificial aggregates and field-scale test of its performance

Top-down Bottom-up
approach approach
Physical | o
fractionation  Natural Building units Binding agents
Soil primary minerals biomolecules
aggregates muea  SECONMary minerals metals, complexes
W Pore
= /o co g
= Q Y X ‘l*

Microsenors N \’I_/_///

Elucidation of aggregation mechanisms Synthesis of artificial
With a focus on binding agents soil aggregates
11



What is the elements for N20-reducing soil aggregates?

Top-down

Aggregate environments to enhance N,OR activity
= approach

Aggregates with larger vol. of prolonged anaerobic zone (r, > r,)

Requirements

. Water resistant
. Particle size

. Porosity

. Shape

. N,O reducer

. Pore size

. Clay content

N OO B WO -

- Advanced hybrid materials are under development in
collaboration with other themes of the project

12



Bottom-up Artificial aggregate synthesis using the mixture of

approach : : :
PP mineral & organic materials
N | I Long-term field burial of 8 contrasting minerals

38-75um  38-75um 20-38 ym  100-300 um

E—

N _——

- Andesite ' ( Clayl

3 3 2 Jreplicates | ,)
- 8-week incubation of i
[l rock powder +leaf compost

(8 wet/d ry cycles) | ‘ olcani‘;;‘ - Volcanic!

Ash (Sk) j/“ 4 Ash (Ak) |

Examination of stable aggregate
(resistant to mechanical shaking)

Co-development of aggregate
structure & microbiome

B Carbon
B Iron

5 um )
= o= B Aluminum N,O-reducers ‘
Submicron-scale examination of C ‘

and metal distribution by STXM

Prototypes of climate-smart

* Rapid aggregate formation aggregates (for GHG reduction)
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Theme |-2

Goal of theme I-2

Long-read
sequencing

Single-cell Network
analysis

Bioinformatics

Innovative technologies to deeply understand soil microbiomes

Complete genomes of more than 100 strains of GHG- Profiling methods to find novel
reducing microbes, with many metagenomes! ! N-cycle genes!
Name Type GHG reduce | Strains Ex. Shewanellaceae 53 strains
B. diazoefficense Rhizobia (soybean) NosZ+ 65 Comparative K00376 (NosZ)]- N
Bradyrhizobium sp. Rhizobia (soybean) NosZ++ 9 genomics of Il<<0179231‘82 ((I;l\l%i?_; m “H HI nosDLYF+ | .
B. lianoningense Rhizobia (soybean) NosZ+ 1 GHG-reducin K19341 (Nosy) 1l L1 - .
B. japonicum Rhizobia (soybean) NosZ- 3 Eelale, K {CemF)]- sulflte-red.ucmg -20
B. elkanii Rhizobia (soybean) NosZ- 3 genes, Crop- ptggégg (‘g":g)) I bacteria s
R. leguminosarum Rhizobia (clover) NosZ+/- 2 promoting genes, Sulfite k02200 (ccmH)l- i i '
Bradyrhizobi . 46 N2O t NosZ+ 1 K03772 (FkpA)l- -10
Bradyrhl.zobl.um sp R-2 0 rjso;rze ! osZ : L | etc. reduce e | il o
radyrhizobium sp. Ice endopnhyte OSZ+/- (With themes 1, IV, V) PF00581 (Rhodanese)| [ | 05
Methylocystis echinoides| Methane-0x (Type II) CH4 oxi. 5 PF12797 (4FedS binding protein) -
At 108 PF14522 (MccA)I-l T 00
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Microdroplet-single cell technology to efficiently (>30 times) obtain microbial gene data!

Soil
microbes

Unique technology: microdroplet-single cell sequencing

Proteobacteria
Bacteroidota

Bacteroidota

Proteobacteria

Proteobacteria

Gemmatimonadota

Verrucomicrobiota

Bacteroidia
Kapabacteria

Gemmatimonadetes

Verrucomicrobiae

Novel

Novel

Uncultivated

Gammaproteobacteria

Gammaproteobacteria

Uncultivated

phylum_gtdb__ class_gtdb Notes ___[n

Gammaproteobacteria

2
1
1
1
1
1
1

Access to uncultivated N,O-reducing genomes

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

Profiling Japan-wide farmland soil microbiomes!

Fungi Crop plant

@ Apple

@ Broccoli

@ Cabbage

@ Celery

© Chinese cabbage
O Eggplant

@ Ginger

O Komatsuna

© Lettuce

© Onion

QO Potato

Q© Radish

© Rice

© Satsuma mandarin
© Soybean

© Spinach

QO Strawberry

¥ v ' O Sweetcorn

-0.4 -0.2 0.0 0.2 04 e Tomato

PCoA 1 @ NA

0.50

0.25

PCoA 2

0.00

-0.25 J

bioRxiv accession: https://doi.org/10.1101/2022.08.23.505048

o &

Y
»

g _ @ o
4 0 &o e Or7s
® ° :-\; 5

Y 19 -_
o s O

L o S

o

Positive association with less-diseased plants
(standardized specificity to dieasease level 1 > 0)

..

° 0
O 25
O s0

Module ID

Stable and effective soil microbe mixtures!

Specificity to disease level 1

Severely ¢y less

diseased diseased
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Explore higher

-y

in South America

strains with N2OR activity Increase nodue Theme Il

Goal of theme 11-1
rhizobial \

Low occupancy

$0 Nosi+ &8

es ®-gnoculaeis. %
eIt T Reduce the
L Jee amounts of

Indigenous ¢ "\ A iInoculants.
rhizobia - NGe++

Inoculant
|

Optimization of host-rhizobia /

interactions (lI-1-b)

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

Major results

N20 mitigation in rhizosphere by
wild-type NosZ++ strains. Can we use host factors?

*

N

el — T

Conventional ‘

wild-type strain

Genome editing |G
strain

Novel wild-type A T
Novel wild-type B [

Novel wild-type C |GG

* p<0.05 :
i

w

*fﬁ%é ,
&

N20 reduction
(>80%)

Novel nosZ++
strain

Control nosZ-

—

0 500 1000 1500 2000 2500
N20O nmol/h/OD N20R activity

N20O flux (N,O nmol/h/plant)

o

= Soybean core collection
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I-1-b Optimizing of symbiotic interactions for successful rhizobial inoculation

Outline

Proteins injected from
rhizobia to the host

# m ptimizing of symbiotic incompatibility towards
successful rhizobial inoculation of nosZ++ strains

‘ ,}I
Effector Effector Effector
A B C

Inoculant Indigenous

(nosZ++) rhizobia

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

Major results

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

NosZ++ strain Reference strains
Cell ratio 43.7 56.3 n=183
Sta. variety 3 B . =191
R2 variety 92.6 s 7% =10
R2 variety 84.9 2 0o EES
mm—— e (6 plants)
Nodulation % 0% 20% 40% 60% 80% 100%

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

Nodulation and N2 fixation
Blue: NosZ++ strain

1 \ : |
o 1 L. SN
210 { { . ]
M T ’_‘u ! I’ J 4 "
(2T . . ! .
I} 4 )

......

NosZ++ strain often increased
nodulation and N2 fixation.
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II -2, 3 Detoxification and recycling of N20 in upland and paddy soil

II -2 Detoxification of N,O by rhizospheric/symbiotic microorganisms
a) N20 reducmg microbes in cover crop & no-tillage f|eId (Ibaraki Univ.)

= 201785H~2018512HMN,0 Flux (Gong et al., 2021)
AERIER S FRISIGH XSRS

Y N i\ N 3 A A 3 3
H)I\=o0vF : FA, Fallow; HV, Hairy vetch; RY, Rye
KT ILT =4 1, NEIRT; *, MBI

b) Symblotlc bacteria with high N,O detoxification ablllw (Shlzuoka Univ.)

Microbial

»Inoculants

'

~
- Rhizobia(nosZ+)
Non-Rhizobial bacteria(nosZ+) »
isolated from nodule

.

ighly active strain

Q 4 Abilities h

from Abekawa, N,O reduction
Narusegawa, N fixation
and other fields Nodule formation
'\ J

II-3 N,O recyclmg by N,O fixing bacteria and microbial consortia (UTokyo-NAIST)

N,O recycling crop productuon system

\ [ 2
[!' ] . \
“'.", ) ) \\ 4

I Enhancement of N,O recycling activity |

Convert N,O into N fertilizer for its effective use

other N,O fixing ability of paddy soil
crop fields microbes and
amount of fixed N

—
) In the presence of N,0O

N, and small amounts of N,
l growth was stable and

@ N,O was reduced

How much N,O was fixed by bacteria?

Amount of fixed N,O and
N,O fixing bacterial consortia

in paddy soil

Niigate

The amount of
soil nitrogen
increased?




Minamisawa MS project subject II. N20 Recycling
II -4. Construction of the rhizosphere cultivation system for designing and evaluating the soil ecosystem for N20 recycling
(Ryukoku Univ - Betsuyaku G/NaganoG)

oal 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 & CH, -oxidizing

1 k

Fluorescent Visualization of the 6promoter activity
Stereomicroscope Confocal spectral microscope Visualization of bacteria associated with rice root in the soil (root box) of the rice genes (x6) involved in
handling multisamples 7. icrobial interaction

™ 8 (Fluorescent-reporter GM rice)

POsPAL1 activity visualized with
3xVenus-NLS in the rice root

Collaborations within the MS

Assisting imaging experiments and
NGS analyses in the other groups

Rice root treated with 1mM SA ixun,

Unraveling the bacterial localization in the roots and the molecular basis for its association with the roots

ex1) ona

- F
ormulation candidate material Nagano G (Environmental control/RNAseq)

Reconstitution of air/soil temperature shifts
in natural condition

"] wEw
§ 1 1] -'_;}‘ETIOcmﬂﬁ')
E
] ; = == (ﬁt&#éaahWt)iﬁLwé}f
' \ ¢ 3\ Evaluation of the separated Revealing a strong effects on
2) Detecting bacterial cells © ; :
oressing four differentFPs -~ root box Air/soil-separated temperature control regulation on plants (RNAseq) the;;;::"::’;‘::?"
— | . i / MDDEGs
‘ v\ 8etsuyaku G) (Nagano G) e W

B

i

w

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

¥

Promotion of CH4 recycling activity in rice rhizosphere and econstitution of field environments and evaluation of its
formulation of the bacterial usage effect on the CH, recycling activity within rhizosphere

#
B

£ LI LI LI "
{ |

.3




=ik
NARO

-1 Development of super active N,O-detoxifying microorganism ‘
-2 Development of new nitrification and denitrification inhibitors

Goal _ Microbial Nitrogen Cycling 4
Reduce N,O emissions by the comb-

ined use of molecular-targeted drugs [, -
and super active N,O-detoxifying mi-
croorganisms

Super NosZ | e a3

Industrial
N-fixation,

m-1

N-fixation

N,O-detoxifying microorganism with
super active NosZ
m-2
HAO-targeted nitrification inhibitor
NirK-targeted denitrification inhibitor

Denitrification

%ﬁz&

Flow of drug development
ﬁ N
I: Target || Assay Drug j Action Lead — Field A
enzymel}—|system screening |-|mechanism}{joptimization} | test
\&
[ \
1. High-throughput Screening 2. In silico screening
1st Enzyme assay Commercial compounds (~8007)
. 2" False discovery Pharmacophore modeling
Structure-based drug design . ) )
- 3rd Bacterial viability assay In silico screening Doimagc;'.’nffa‘iiii?ftc’
Molecular-targeted drugs effective Lead optimization Hit selection
for uncultured soil microorganisms

LV
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> NARO

-2 Development of new nitrification and

denitrification inhibitors

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

Targetl: HAO N,O Commercial nitrification inhibitors
AN C
NH3AF6 NHzoﬂH—A—(’) NOZ- N03- Selection '@“ oy
2 ~ criteria : S
commercial This project s Spin | _
nitrification ‘F
inhibitors § Gona - >> 500 pM
v Metagenome analyses revealed that more than 99% of §A '
HAO in soil are the B-AOB type. ZZ
v We obtained 108 HAO-targeted nitrification inhibitor g = Non-registered
candidates which have much higher activities (ICsp < £¥& i
4.0 uM) than commercially available inhibitors. : EEEEEEEEE RN

v X-ray crystallographic studies showed that the above Strong inhibitor

candidates are classified into three types of inhibitors,

competitive inhibitors, suicide inhibitors, and electron 0.y Selected | Bacterial viability assay
transfer inhibitors. uM A0 M
Target2: NirK NO;— NO;— NO—N,0—N,
NirK
v A new analytical method was established to precisely distinguish pseudo NirK from

real ones.
v A high throughput screening provided 100 Nirk inhibitors (IC5o < 10 pM) out of
about ten thousand compounds.

21



Research Objective for Theme III-3 Aelll-3

ﬁonstruction of carriers that mimic soil microstructure and evaluation of their microbial colonization
performance. Development of microbial materials that enables N,O-reducing microorganisms to function
stably in soil.

N20-reducing microorganisms

A
X%

Mineral Novel N20-reducing microbial
.. Cray ' Organlc matter materials
’\

m\“ —

xlact:ﬁil;:(li Other carriers
o Microbial stability : excellent
\ O%;& GHGs reduction ability: excellent

.-o'

Materials exploration Formulation® Formulation@

Successful acquisition of material candidates  Microbial seed coating * Carrier materials et
for microorganism adhesion and protection Design of soil mimic carriers and

evaluation of their N,O uptake potential

Soild carrier screening Development of seed coating method
with excellent inoculum colonization

Material-A Material-B Refers to the physical properties of soil aggregates

Microbial stabilized
substance

Material-E e f
carrier .- Material-F

Establishment of microbial material
evaluation system by using microbial
colonization mechanisms

N,O-reducing

) An example of screening results
bacteria

Proportion of inoculum in nodules(%)

Survival rates of microbial inoculant during
seed storage with candidate materials

12

03 1%

Adhesive Material-C
polymer 36 98 171 22
screening s 111 Other genes | genes  genes

1% materials

: Material-D !
® Microbial capsules £i

o N IS o ©
|

Soil Rhizosphere

Microbial colonization genes revealed by Th-seq




Theme |V: Strategy to achieve 80% reduction

Technology 2:
Microbial inoculants [Nb

(|V_2) bacteria
-
Technology 1: 4 R C
Low-CH, rice
Maximizing Syntrophic CH,-
(IV-1) oxidation & N, fixation Bao et al. 2014 AEM, Shinoda et al. 2019 SBB
- ~ 40%! Existing technologies
4 )
Enhanced CH, oxidation in \_ y
/ rhizosphere Water & Organic
( 40%1 matter Management
¥ 40%.
J

M /

80%

reduction

SOI| aeratlonby m| season -
dralnage aIternate‘wettlng

\ G (UENY .
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V-1 Low-CH, Rice

High-throughput CH,;-emission measurement Screening for Low-CH, rice variety
& W |\ s —~ 18 —— e
: ) 'y =, — - (o)
o)) - | 30-40% less
\ = ol I
\ T |
E
O ‘
(@) e
E 12 §
\ c <
o 10 c
= T
s== CH4: 2.70ppm CO2: 380.75ppm R O
S — c 8 A4
| , )
/ ‘ / T °
i / 4
RealStimellVIonitorin o India China Bangladesh Japan
[T—] - O
’ Chromosome no.
1 2 3 4 5 6 7 8 9 10 11 12
30 ‘rEEREEREREREERERE
o M via Rice M Bubbling
ng 2> Screening for Low-CH, line among CSSLs (Koshihikari-background) with introgressions of 10 - [
O 20 Low-CH, rice variety (~95% is Koshihikari)
CED 20 - &=
S 1 | e
c B L
2 10 0T o -
£ 4 BLow-cH, cssL
Y L Koshihikari
0 - n Low-CH, variety
' B 50 =
M h)

Developing Low-CH, Koshihikari using Chromosome Segment Substitution Lines (CSSLs)
24



V-2 Maximizing diazotrophic methanotrophy

Digital PCR- Type of Methanotroph responsible for CH, emission reduction

@ Rhlzosphere soil (Root surface) @ Inside the rlce plant (endophytlc)

35 35

L L
o~ y =-72.516x + 75.922 N y = -90.093x + 92.321
g > . R? = 04613 £ 0 e R? = 0.475
U 25 * p=0.01 U 25 o ®
(@) I A P
? 20 . € 20 o e
~ o _ ... [ ] D R AL
c 15 8 @ it c 15 LA N
9 .‘ 9 o 8 ® °
a 10 © e 8 10 o e
£ 5 S s
T o0 T
O 0.7 0.75 0.8 0.85 0.9 0.95 O 0.75 0.80 0.85 0.90 0.95
Type-la abundance (index) Type Il abundance (index)

Isolation of highly-active methanotrophs

12 strains: Isolated
Type Ia- 2 strains. Type II-10 strains

11 strains: Diazotrophy confirmed
MuR21-B4¢ NpR20-75

Type la $E0 Type Il

< upper: with methanotrophs




N,O reduction by inoculation of new strains of Bradyrhizobium sp.

(pot experiment)

N,O reduction by inoculation of a new strain of Bradyrhizobium sp.

< = Andosol, native -- v" N,O reduction by a
c 250 - ~# Andosol, new strain ) i
= =® Fluvisol, native new Strall"l (”OSZ"‘ +) N
C:)\IZOO “* Fluvisol, new strain AndOSOI (I‘)OSZ—
2 150 nosZ- dominant domlnant)_
100 v" No reduction of N,O by
a new strain (nosZ++)

iIn Fluvisol (nosZ+
dominant)

o

N,O emission [ug N
3

100

90 .
— 80 - v" N,O reduction by new
x 70 7 strains (nosZ++) in
€ 60 -
Z 50 Andosol (nosZ-
2 40 dominant)
_‘_‘;«1‘_"30
x 20
< 10

0 . 1 T u ' T T
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N,O reduction by inoculation of a new strain of

Bradyrhizobium sp. in Andosol (nosZ- dominant)

90 - .
Fertilizer

80 -
Harvest

|

Native (nosZ-
dominant)

70 -
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30 A

N20O-N (ugN m2 h1)
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10 =
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* N,O reduction by a new strain during nodule
decomposition (October) in Andosol (nosZ- dominant)
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LCA (Life cycle assessment) of soybean

production

Raw material rarm
gement eld
Electricity Soybean [Oy T01%
Chemicals Fertilizgr > Fertilizer Crop residue
production
Plant Chemicals Soybean CO,
T T cultivation
ranspo Water cH,
Energy > N,O
Inoculated > :
Cultivation of > seeds Reduction of N,O
——Inoculant noculated from crop residue
Carrier noctiate [30, 50, 80]%
soybean seeds R
. > Waste
Inoculation process productlon
process
Soybean seeds

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

l

GHG emission of inoculant production is negligible
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Business plans for N,O and CH4 mitigation in agriculture

Propose custom-made materials

* Microbial materials Cool Earth

* Crop varieties
+ Nitrification and certification

denitrification inhibitors
- Artificial soil

Optimize N,O reduction of mater'al|s
Material A Material B Material C P B
5 I ‘ GC

A

sensor

Japan — World

\N

J

[1

| CH,

Paddy field

Propose materials

* Low-methane rice

(>Asia)

Riee,
/C@

Japan — Asia

N

* Methane-oxidizing bacteria
- Japanese existing technology

Cool Earth
certification
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Citizen Science Project (ELSI)

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

Soil TEHFTOIIIN |
QBI&?IG MH"%HWEM%&& "e EBAR snen ANEMW EMuwAabt
\ﬂ

Let’s think
greenhouse gas
and soil microbes

seriously!

https://dsoll.jp/soil-in-a-bottle/
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Overview of Citizen Science Project

Microbiome

MDQ Bacteria A

LI N20 reducing
bacteria B

Experiment with
soil and air

o ( o

After soil was bottled
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Citizen Science
(Dialogue with the People)
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Citizen Science Project (ELSI)

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

Sail MERFTDIIIH
W Il EE a N T
| O Exploring novel N,O-reducing bacteria
I Isolation of microbes with higher N>,O-reducing activity and
elucidation of their habitat environments. Future plans include the
use of them as agricultural inoculants.

O Dialogue 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.

I O Large 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.

https://dsoll.jp/soil-in-a-bottle/
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