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A globally large C sequestration potential in soils

2

Avoidable emissions

Bossio et al. 2020, Nature Sustain
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Potential sinks

Soil organic carbon



Maintain/increase SOC

Enhance nutrient retention/efficiency

Optimal soil structure

Avoid N2O, CH4 emission

Enhance water storage capacity

Avoid soil erosion
Enhance soil biodiversity

Avoid soil sealing
Avoid contamination

Avoid peat degradation

Avoid acididification

Avoid salinisation

% scores
Perception of agricultural soil challenges by soil stakeholders

M. Jacob et al. 2021- EJP SOIL report T2.1

National Hubs (>350 stakeholders)
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SOC storage for climate change mitigation: framing it
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Managt C

SOC storage is reversible

CO2 Sequestration. Avoid leakage

Additional SOC storage relative to baseline to be quantified

Time (years)

Priority: protect existing SOC stocksManagt D

Storage is slow, limited, management 
dependent



Organic amendments: a leakage issue
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SOC storage ≠ SOC sequestration
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How? Management options are identified! 
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To increase SOC stocks it is more efficient to increase 
organic inputs to soil than to reduce C outputs

Chenu & al. 2019



2- Storing additional carbon in soil: how much? where?
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2- Storing additional carbon in soil: how much? where?



How much? SOC storage technical potential 
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Economic assessment ?

French soil 
database

Climate
Safran

Agric plots 
graphical 
register

23149 units

Modelling the SOC baseline
STICS, PaSim

Current cropping practices

Additional SOC storage

Modelling the effect of storing practice on 
the implementation surface

STICS, PaSim

12 060 units annual crops

Additional SOC storage mainland France (after 30 years) 
tC ha-1 y-1

Pellerin et al. 2019, 2020, Bamière et al. 2021
INRAE 4p1000 assessment
https://www.inrae.fr/en/news/storing-4-1000-carbon-soils-potential-france

≈ 6% National annual GHG emissions
≈ 41% French annual agric emissions

MtC y-1

31 Mt CO2e y-1

8.2 MtC y-1



How much? SOC storage economic potential 
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Economic assessment ?

Pellerin et al. 2019, 2020, Bamière et al. 2021
INRAE 4p1000 assessment
https://www.inrae.fr/en/news/storing-4-1000-carbon-soils-potential-france

Additional SOC storage mainland France (after 30 years) 
tC ha-1 y-1 MtC y-1

8.2 MtC y-1

10

31 Mt CO2e y-1

Additional SOC storage in agricultural SOC is 
significant, but has a cost: incentives needed



How much? SOC storage technical potential
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Stocktake of existing studies at the national scale:
Potential for reducing annual National agricultural GHG emissions (%) by additional SOC storage

Technical 
assessment

Complexity 
of the study

Rogrigues et al. 2021- GCB - EJP SOIL report D2.3

11

Widely contrasted management options 
considered and methods used



Estimating the technical carbon sequestration 
potential of 23 European countries in a common effort:

the                             project

A. Don et al. CarboSeq Proposal, 2020
www.ejpsoil.eu
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Cover crops
High carbon crops in the rotations
Intercropping
Crop residues
No tillage
Reduced tillage
Irrigation
Hedgerows 
Agroforestry (Alley croppling)
Biochar application
Land-use change to grassland



How much OC inputs needed for a given SOC increase?
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• Inverse modelling (Century)
• 14 long term experiments 

Bruni et al. 2021, Biogeosciences

If a 0.4% SOC annual 
increase is targeted
inputs need to increase by 
43%. Feasible?



Carbon storage potentials need to be estimated

Biophysical potential

Technical potential

Economical potential

Achievable potential
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Needed:
• Rigorous terminology
• Activity data
• Robust calibrated models
• Estimates of achievable SOC storage (adoption)



3- Storing additional carbon, beyond SOC



Tradeoffs of SOC storage
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Additional SOC storage & N2O emisions when implementing management options

n = 73 n = 34 n = 141

n = 22

n = 47 n = 139 n = 61

n = 47

n = 92
n = 95

n = 43

n = 61
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n = 42 n = 12
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Guenet et al. 2020, GCB



Tradeoffs of SOC storage: identification, 
prediction, management (ongoing projects)
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mineral soils, increasing OM inputs to soil

mineral soils, conservation agriculture

organic soils, rewetting peatlands
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SOC stocks (Mg C ha-1)SOC stocks (Mg C ha-1)

Zhang et al. 2016

Benefits of soil organic matter: yields

Oldfield et al. 2019

Better predict the benefits



4- Innovative crops and cropping systems for C storage
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Innovative options
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SOCBiomass-C

Rasse et al. 2005
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Katterer et al. 2011

Managing below-
ground inputs

©C. Chenu

Lange et al. 2015, Blouin et al. 203; Lubbers et al. 2017; Vergruggen et al. 2013

Increasing/managing 
biodiversity



MixRoot and MaxRoot projects
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5- The way forward



Knowledge needs: crops and cropping systems to store carbon 
in soils
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Understanding 
SOC storage

Evaluated 
management 

options

Measuring, 
reporting and 

verification

Enabling 
conditions

(Re)assessments (tillage, irrigation)
Assess new options (root systems, (bio)diversity)
Consider cropping systems rather than practices
Consider the whole biomass chain (residues, compost, digestates..)
Estimate the technical, economic and achievable potentials

Modelling: 
• better calibrated models, 
• better accounting of soil structure & biology, 
• Model mixed systems (agroforestry)
• coupled biophysical and socioeconomic models, 
• scenario modelling



Crops and cropping systems that contribute to carbon 
storage in soil

• Crops and cropping systems can preserve and increase soil organic carbon stocks 
• Significant contribution to GHG mitigation, but limited. Not a magic solution 
• Key is increasing organic inputs to soil (cover crops, temporary leys, agroforestry, 

hedges…): efficient for SOC storage and brings many other benefits
• Integrative view needed: not only carbon! Leakage, trade-offs, ecosystem services
• Priority is protecting/restoring soil quality via soil carbon



Thank you for your attention
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