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Annual mean concentrations at the word’s surface in 2020 and
evaluation of the main greenhouse gases. Data from the GAW in
situ observational network.
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GHG distribution from Forestry and
Farming sectors in 2020 (Source: Citepa |
Rapport Secten éd. 2022)

In 2020, this sector is a 
major contributor to national 
N2O emissions (90%)

In 2020, the estimation for the Farming and 
Forestry sector is 81 Mt CO2e

Rousset et al. | Soil & Climate section | 6 October 2022 | Brussels



A successful low-carbon transition towards carbon neutrality by
2050 implies, at the scale of the French territory, to:

• Decarbonise the energy used by 2050 (except in the airplane
transportation)

• Decrease the energy consumption by half in all sectors (higher
performance equipment, energy sobriety…)

• Maximum reduction of the non-energy emissions, mostly from
the agricultural sector and industrial processes

• Increase and secure carbon sinks (natural ecosystems,
processes and materials capable of capturing a significant
amount of CO2…)
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Agriculture/Forestry GHG emissions and SNBC objectives

Source: Citepa | Rapport Secten éd. 2022
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2 strategies could be undertaken:

1. Inhibit the microbial processes
(e.g. optimisation of N fertilisation,
nitrification inhibitors, reduce high
anaerobic condition…)

2. Promote N2O reduction into N2

CO2 N2O CH4

GWP100 (molar basis) 1 273 27.9

Global warming potential (Source : IPCC 2021 | 6th assessment report)
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The experimental points of rmax against soil pH and the function 
relating rmax and soil1

6.8

1. Hénault, C. et al. Management of soil pH promotes nitrous

oxide reduction and thus mitigates soil emissions of this

greenhouse gas. Sci Rep 9, 20182 (2019)
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1. Hénault, C. et al. Management of soil pH promotes nitrous

oxide reduction and thus mitigates soil emissions of this

greenhouse gas. Sci Rep 9, 20182 (2019)

Liming: Adopted in the methodology of the 
low-carbon label for field crops in France
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• Initial pH = 5.6
• High organic matter content

(42.8 g kg-1)
• Low CEC (130 mé kg-1)
• Low capacity to reduce N2O

into N2 (Hénault et al. 2001)

Slide 9
Hénault, C. et al. Laboratory kinetics of soil denitrification are
useful to discriminate soils with potentially high levels of N2O
emission on the field scale. Agronomie 21, 713–723 (2001).
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2 types of CaCO3

Marine CaCO3 (MC)
NV = 40 (marketed as 

Calcimer®)

Synthetic CaCO3 (SC)
NV = 54

Non-linear model Rémy et Marin Laflèche (1974)

BEBred = [0.055 x (ARG + 5 x MO) x (exppHs/1.5 –

exppHa/1.5)] x PTF /1000

pHs = 6.8

Hénault, C. et al. Laboratory kinetics of soil denitrification are
useful to discriminate soils with potentially high levels of N2O
emission on the field scale. Agronomie 21, 713–723 (2001).
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Undisturbed soil cylinders experiment In situ experiment with static chambers

Applying Liming 
product (MC only) + 
nitrate nitrogen

Applying Liming 
product (MC and SC) 
prior planting rye 

Nitrogen 
fertilisation 
(50 U)

Apr 21 May 21 Jun 21 Jul 21 Aug 21 Sep 21 Oct 21 Nov 21 Dec 21 Jan 22 Feb 22 Mar 22 Apr 22 May 22 Jun 22 Jul 22Mar 21

Cylinders 
sampled

Static chambers 
installed

Cylinders 
destruction Rye harvest

Gas measurements period Gas measurements period
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Incubated at 20°C for 107 days and were divided into 2 batches:

• Control treatment (no liming product only 0.08 g NO3-N)

• MC treatment (1.45g of CaCO3 + 0.08 g NO3-N) 

𝐹𝑙𝑢𝑥𝑔𝑎𝑠 =
∆ 𝑄𝑁2𝑂

∆ 𝑡
+ 

∆ 𝑄𝐶𝑂2

∆ 𝑡

→ Gas fluxes are specified in CO2 equivalent considering the
global warming potential of each gas in order to perform a GHG
balance calculation

𝐴𝑏𝑎𝑡𝑒𝑚𝑒𝑛𝑡 % =
𝐹𝑙𝑢𝑥𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐹𝑙𝑢𝑥𝑙𝑖𝑚𝑒𝑑

𝐹𝑙𝑢𝑥𝑐𝑜𝑛𝑡𝑟𝑜𝑙
∗ 100
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Emissions monitored during the rye cultivation period until
harvest, using the static chamber method for:

• Control treatment (no liming product)

• MC treatment (52.9 kg/subplot)

• SC treatment (40.69 kg/subplot)
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Video link double click on the vignette: 


camrousset
Pièce jointe
In situ gas measurements.mp4
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Constant temperature at 20°C

Limiting temperatures in winter for the
denitrification process with an optimum known
to be between 25°C and 35°C in soil2

2 Braker, G. et al. Influence of temperature on the

composition and activity of denitrifying soil communities.

FEMS Microbiology Ecology 73, 134–148 (2010)
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WFPS conducive to denitrification process3

3 Butterbach-Bahl, K. et al. Nitrous oxide emissions from soils:

how well do we understand the processes and their controls?

Philosophical Transactions of the Royal Society B: Biological

Sciences 368, 20130122 (2013).

WFPS only conducive to denitrification 
process during the winter3
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Not measured to avoid disturbing the cylinders
6.8

Liming product increased significantly soil pH 
above the N2O reductase activation threshold (6.8)
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Key numbers

>10% reduction in cumulative
GHG emissions for the cylinder
experiment

>37% In situ (for both limed
treatments)

* *

*

*

*
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• Both liming products tested (MC & SC) have similar effect on
soil pH and GHG emissions

• Liming products increased significantly soil pH above the N2O
reductase activation threshold of 6.8

• Under conducive environmental conditions (T°, WFPS…),
liming products decrease significantly N2O emissions

• Consistent in both experimental designs, the CO2 emissions
were significantly lower in the limed treatments (MC and SC)
compared to the control treatment

→ The liming strategy for acid agricultural soils to mitigate
GHG emissions, adopted in the methodology of the low-
carbon label for field crops in France, could be refined with
respect to the CO2 emissions component

• Future studies need to ensure that
those results are sufficiently
generalizable

• Calcium carbonate being a source of
carbon, this unexpected reduction of
CO2 emissions in the limed treatments,
now requires to be understood in a
mechanistic point of view

• Acquisition of in-depth knowledge of
the evolution of the C brought to the
soil by carbonate liming products
would be necessary
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