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OUTLINE

Design and evaluation of “super DAC crop” by modifications and optimization of allelic combinations 
of genes related to CO2 absorption/fixation and biomass production capacity. Development of 
techniques to assess the decomposition and carbon dynamics of crop residues in soil. Economic 
value and life cycle assessments of carbon circulation from crop production to recovery and 
utilization of valuables.

Doubling
CO2 fixation 
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crops

Development of 
Super DAC crops
Rice  grain ：50%↑
Maize shoot ：100%↑

Theme I Development of Super 
DAC Rice by increasing CO2
absorption/ fixation ability
Theme II Research on carbon 
fixation by increasing crop 
biomass1

Biomass 
storage in 
soil

Increase in 
underground biomass 
and soil carbon 
assessment.
Sorghum root, rhizome
： 100%↑

Theme II Research on 
carbon fixation by increasing 
crop biomass
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Circular 
utilization of 
above-
ground 
biomass

Research and 
analysis of 
breakthrough(s) in 
resource circulation
by Super DAC crops

Theme Ⅲ： Economic value 
and life cycle assessments of 
processes for resource 
utilization in DAC agriculture3

Challenges, Goals, and Research theme

Representative institution：National Agriculture and Food Research Organization (NARO)
Participating institutions:

Theme I (Tokyo Univ. Agr. Tech., NARO, Nagoya  Univ., Univ. Tokyo, Okayama Univ.）
Theme Ⅱ (NARO, Nagoya Univ., Tokyo Univ. Agr. Tech., Shinshu Univ. ）
Theme Ⅲ (NARO, Univ. Tokyo, Univ. Shiga Pref., Saitama Univ.)

Technical
challenges

Achievement goal 
(Year 2030) Research themeRealization of 

Carbon Farming

Increasing biomass 
by photosynthesis 
and sink capacity 
modification

Increasing 
shoot 
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using hybrid 
vigor
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Increasing crop residues in soil using genetic improvement 
and novel cultivation techniques

Image of DAC agriculture in 2050
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Breeding super DAC sorghum 
by introducing rhizome ability 
from Johnsongrass

4m
Modification 
of Ogisusuki
cultivation

Nagoya Univ. ,
Shinshu Univ.

NARO

NARO,
Tokyo Univ.
Agr. Tech.

1m
Maize Teosinte
Mi29      Zea

nicaraguensis

Breeding super
DAC maize
through the use
of F1 hybrids with 
teosinte
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Target yield:2.4t/10a

Residue

③Mineral-Associated OM
＜53 μm

②Particulate Organic Matter
53~2000 μm

①Light Fraction
<1.7 g cm-3

Fractionation 
of buried soil

PVC
pipe

Buried to
a depth of
15cm

Scatter diagram of lodging score and dry 
matter yield

Theme II. Research on carbon fixation by increasing crop biomass 

Increase of 
above-
ground 
biomass

Increase of 
under-
ground 
biomass

NARO, Tokyo Univ. Agr. Tech.

Basic data for negative 
emission of CO2 with soil 
carbon storage

Characterization of crop 
traits related to increased 
soil carbon storage In
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・Target yield of 2.4 t/10a 
was achieved in many lines.

・High-yielding with lodging-
resistant lines (red circles)

Field test for Super DAC maize

Crops:
Maize
Ogisusuki
Sorghum

Organs:
Leaf
Stem
Root
T(rhizome)

Three months after the burialOne month after the burial
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Organic carbons in the 
degradable fraction (LF) 
were decreased for all 
residues and some of them 
were transferred to the 
stable soil fraction (MAOM).

Theme III. Economic value and life cycle assessments of processes
Research and analysis for scenario proposal

2022-2024
: FS stage

2025-2030
: Full project

Evaluation of material characteristics and conversion properties of 
crop biomass
Proposal of scenarios for foundation of novel businesses by resource 
circulation

Crop cultivation
Harvest, 

collection,
transportation, 

and storage

Recovery and 
production of 

valuables
Selling and 

consumption

Production/preparation 
of biomass

（research and analysis）

Components, structures, and 
conversion efficiencies
（research and analysis）

Demonstration of technologies for utilization of resources from Super 
DAC crops

25.318.311.7CO2
Capture
（t/ha）

Amounts of carbon capture (per 10 a)

Super DAC rice crop is expected to capture 25.3 t/ha of CO2.

7 t-CO2/ha

DAC ability of Super DAC rice crop

kg/10a、moisture content of 15%

Further strengthening 
the advantage of grass！

Amounts of CO2 capture (per hectare)

Koshihikari Hokuriku
193

DAC
rice crop

Carbon in grains

Carbon in husk

Carbon in straw

Emission from soil

Emission from fuel

Emission from fertilizers, 
etc.
Total emission

DAC rice
crop

Hokuriku
193

Koshi
hikari

1440
（1200）

1020
（850）

636
（530）

Seeds
（Grains）

960830700Straw

Values of biomass recoveries
used for calculation

The amount of absorbed CO2 by 36- to 40-year-old 
cedar plantation per hectare is estimated to be 
approximately 8.8 t per year.
（https://www.rinya.maff.go.jp/j/sin_riyou/ondanka/20141113_topics2_2.html）
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Gn1a ( Grain number 1a) TGW6 ( Thousand-Grain Weight 6 )

Gn1a-KO/ H193H193

Knockout Knockout

ü Gn1a-KO genome-edited lines grown in field 
isolation increased sink capacity by up to 25%
compared to Hokuriku 193

Marker-selection
ü The pyramiding lines will be developed

for field evaluation 

Spikelets per panicle Sink capacity ( g/ m 2) Sink capacity ( g/ m 2)Thousand- grain weight  ( g)

ü TGW6-KO genome-edited lines grown in field 
isolation increased sink capacity by up to 14%
compared to Hokuriku 193
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Knockout target gene

Knockout negative regulator

Enhance gene expression
by prom oter m utagenesis

①Gen om e ed itin g
②DN A m a rk er  
a ssisted  se lectio n

Loss of function  of a  g ene of in terest resu lts in  a usefu l phenotype

Loss of function  of a  g ene of in terest resu lts in  a usefu l phenotype

Elevated expression  of the g ene of in terest resu lts in  a usefu l phenotype

Com pact g row th  cham ber w ith  in terna l heig h t 1100  m m
Optim ized artificia l w eather environm ent
Com plete from  sow in g  to harvest in  about 100  days
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Medium difficulty

Medium difficulty

High difficulty

The period required for development of 
a near- isogenic line can be reduced to 1/ 3 

Knockout

Regu lator-KO

Overexpress

Marker-selection

Developing near- isogenic lines with
the genetic background of “Hokuriku 193”

Near- isogenic
lines

I ntroducing  the target genes by artificia l crosses
to enhance DAC properties

High-Speed Generation 
Acceleration Technology

Hokuriku
193

Nippon-
bare

Tachi-
sugata

TakanariHokuriku
193

15. 415. 617 .219.1Tokyo in 2022

13. 411. 212 .415.1Kyoto in 2022

14. 815. 216 .018.9Tokyo in 2023

11. 911. 312 .015.5Okayam a in  2023

High-yielding 
indica for 
forage

High-yielding 
indica for 
processed rice

High-yielding 
indica for 
forage

Japonica for
consumption

Factors affecting high biom ass in H193

Early 
vigor

Leaf area 
index

Growth periodLeaf photo-
synthetic rate

The un ique tiller 

arrang em ent 
increases the lig ht 

in terception

Slig h tly larg e Sim ilar to th e other 

cu ltiva rs
Room  for im provem ent

Long er in  Tokyo

Not long er in  Kyoto 
and Okayam a

u Tillers are arranged in a
radial pattern in H193 

Biom ass
( t ha - 1)

Tachisugata

Takanari Nipponbare

Hokuriku 193

u High light interception
efficiency in H193 canopy

u Leaf area index is 
slightly higher across 
the growth period

u Photosynthetic rate is 
sim ilar or lower than the 
other high-yielding varieties

受光率のグラ フ

（ 近藤さ ん）

光合成推移のグラ フ

（ 近藤さ ん）
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Days after sowing Days after sowing Measurem ent date※ Higher luminosity indicates higher 
probability of presence of tillers
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Modelling

No. A-9-2E
PJ : Agrobiotechnological Direct Air Capture Towards Carbon Circulation Society 
Theme: Development of Super DAC Rice with Enhanced CO2 Absorption and Fixation 
Capacity (Theme I) 
Organization: NARO, TUAT, Nagoya Univ, Tokyo Univ, Okayama Univ
Contact: Shunsuke Adachi (TUAT） e-mail; adachi@go.tuat.ac.jp

We aim to develop “Super DAC rice”, which has extremely high
CO2 absorption and fixation capacity. To achieve this, we will make
gene modifications using genome-editing technology, with
particular attention to genes related to the photosynthetic capacity
of leaves, nutrient absorption capacity of roots, and sink capacity
determined by the number and size of seeds.

Research outline

List of genes subject to modification

Two approaches for development of super DAC rice

Development goals of super DAC rice

Improvement of sink capacity（Gn1a, TGW6)DAC properties of “Hokuriku 193”

Improvement of source capacity (OSA1 overexpression) Strategies for improving DAC capacity


