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Background

The adoption of the Paris Agreement in 2015 
paved the way for countries to commit to the
international response to climate change through 
the transition to a low-emission economy and the 
development of a climate-resilient future
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The adoption of the Paris Agreement in 2015 paved the way for countries to commit to the international response to climate change through the transition to a low-emission economy and the development of a climate-resilient future




Background

a) animal-source foods,
b) nutrition, health and well-being, 
c) reduce GHG emissions,
d) food security.

©FAO/Cristiano Minichiello
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In livestock systems, and indeed in the whole agricultural sector, there is a need to balance the benefits of animal-source foods and livestock keeping for nutrition, health and well-being, with the urgent need to reduce greenhouse gas emissions to tackle the climate crisis, which also threatens food security




Key points of constraint that regulate the transfer of carbon inputs into stabilized SOM

Whitehead D (2020) Front. Sustain. Food Syst. 4:585913.

(1) carbon inputs

(2) biomass export by grazing or cutting 

(3) retention into different pools for SOM formation

(4) carbon loss from SOM decomposition

Presenter Notes
Presentation Notes
Grasslands contain approximately 20 percent of the world’s soil organic carbon stocks, which implies that they play a significant role in the global carbon and water cycles.
Carbon can enter the soil trough a number of inputs, mainly plant residues and organic amendments. But it can also be removed from the soil through SOM decomposition.
Soils can therefore act as both sources and sinks of carbon and many grasslands have suffered losses of SOC because of anthropogenic activities, such as intensive livestock grazing, agricultural uses and other land-use activities.



Practices to increase soil carbon storage

High potential
• Moderate/lower grazing
• Rotational grazing
• Reduced stocking rates or tactical rests

Medium potential
• Introducing legumes
• Increasing sward diversity
• Reduce cutting intensity
• Dung returns https://biomesinourworld.weebly.com/grassland.html
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Presentation Notes
This trend, however, could be reversed by stimulating plant growth, capturing carbon in the soil, and protecting carbon in highly organic soils.
In livestock systems several management practices have the potential to sequester C in the soil, such as... 



• To estimate the baseline SOC stocks of grasslands in the year 2010
• To assess the carbon input levels needed to maintain current SOC stocks, and 
• To determine if such carbon input is available under current conditions
• To estimate the SOC sequestration potential of grasslands if management practices 

known to improve SOC sequestration are implemented worldwide.

Objectives of the assessment

Presenter Notes
Presentation Notes
Given the important economic, nutritional and environmental roles that grassland systems play globally, the FAO LEAP Partnership funded this study in collaboration with INRAE to illustrate the state of soil carbon stocks in grassland systems and their potential to sequester carbon in the soil. In particular, the objectives of this assessment were:
To estimate the baseline SOC stocks of grasslands in the year 2010
To assess the carbon input levels needed to maintain current SOC stocks, and 
To determine if such carbon input is available under current conditions
To estimate the SOC sequestration potential of grasslands if management practices known to improve SOC sequestration are implemented worldwide.



Grassland definition & distribution

Presenter Notes
Presentation Notes
For the purpose of this study, we reclassified Land cover (CCI-LC) classes into improved and unimproved grasslands on the model assumption that improved systems are managed systems, while unimproved grasslands are close to semi-natural environments. This was a fundamental step to take into consideration differences in soil decomposition rates. This was a fundamental step to take into consideration differences in soil decomposition rates within the soil model we used in this analysis.



Grassland distribution

Source: United Nations Geospatial. 2020. Map of the World. United Nations. Cited 22 August 2022. www.un.org/geospatial/file/2285/download?token=puayKYRA modified with data from ESA, 2017.
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Presentation Notes
We ended up with two major categories, improved and unimproved grassland, which we used to sun a soil process based model for estimating the SOC stocks in the year 2010.



Baseline soil organic carbon stocks (tonnes C/ha) 
0-30 cm soil depth
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Regional total (cumulative) soil organic carbon 
estimated for the year 2010

Source: UN. 2020. Map of the World, modified with data from Coleman, 
K. & Jenkinson, D.S. 1996. RothC-26.3 - A Model for the turnover of 
carbon in soil. In: Powlson, D.S., Smith, P., Smith, J.U., eds. Evaluation of 
Soil Organic Matter Models. NATO ASI Series, 38: 237-246. Springer, 
Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-61094-3_17

Source: United Nations Geospatial. 2020. Map of the World. United Nations. Cited 22 August 2022. 
www.un.org/geospatial/file/2285/download?token=puayKYRA modified with data from Coleman.
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Presentation Notes
On average, in the year 2010 the SOC under unimproved grasslands was 53 tonnes C/ha and 50 tonnes C/ha in improved grasslands. 
Global distribution of SOC is strongly influenced by temperature and precipitation. SOC is generally higher in the cooler and wetter latitudes.
Most of the world’s SOC is stored at northern latitudes, particularly in the permafrost and moist boreal regions.
In contrast, large areas of grassland in East Asia, across sub-Saharan Africa and some areas in North America are found on low carbon density soils.
Globally, grassland soils stored an estimated 63.5 Mt of carbon in the year 2010 at 30 cm soil depth.
In unimproved grassland systems, the Russian Federation and the Americas stored the highest amount of SOC among all regions, while South Asia and Eastern Europe stored less than 1 Mt C each.
In improved grasslands, Central and South America was the region with the highest SOC socks (5.6 Mt C), followed by the Russian Federation (5.1 Mt C) and East Asia (4.9 Mt C). 
Eastern Europe was the only region with SOC stocks values below 1 Mt C, while the other regions ranged from 1.3 Mt C in South Asia to 3.5 Mt C in North America



Intervention: pasture intensification

Changes compared to baseline:
• Increase in biomass yield
• Change in feed intake
• Application of synthetic N fertilizer

Case study – Paraguay
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SOC change 
(t C ha-1)

change in C input to the soil Source: United Nations Geospatial. 2020. Map of the World. United Nations. Cited 
22 August 2022. www.un.org/ geospatial/file/2285/download?token=puayKYRA
modified with data from Coleman and Jenkinson, 1996.
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Presentation Notes
This baseline can be used as a comparison between current practices and local intervention to analize the changes in SOC.
For example, we developed a scenario in Paraguay for pasture intensification where the feed intake was increased by 6.5 percent, biomass was increased by 10 percent and N fertilizer was applied to the soil (90 kg/ha per year - N fertilizer was not applied in the baseline scenario).
Changes in SOC differ substantially across the country, with accumulation reaching 150 tonnes C/ha in the northeast of the country. A substantial depletion in SOC is found in the north/northwest, with a maximum loss of about 50 tonnes C/ha. These results highlights hotspots where intensification would be a treat to soil heath and should be avoided. 
It is to notice that soil carbon is only one component of the carbon balance. Pasture intensification, achieved by increasing fertilization, yield and animal feeds, has a large impact on methane emissions and other GHG fluxes which should be considered, but ere outside the scope of this example.



Presenter Notes
Presentation Notes
In this assessment we also wanted to understand the current state of grassland soils, For doing so, we firstly estimated the Carbon inputs needed to maintain current SOC level.
We found that improved grasslands needed, on average, higher carbon inputs than unimproved systems to sustain current SOC stocks (2.1 vs 1.3 tonnes C/ha/year). [GRAPH]
Some of the highest carbon input needs in improved systems were found in Sub-Saharan Africa (6 tonnes C/ha/year), and Central and South America.
On the contrary, the Russian Federation, and West Asia and Northern Africa require low carbon inputs to the soil, with values below 1 tonnes C/ha/year. 
The same regional distribution has been found in unimproved systems, with the Russian Federation requiring only 0.3 tonnes C/ha/year to maintain current levels of carbon in the soil, while parts of Central and South America need more than double the average required amount of carbon inputs.

Some of the highest carbon input needs were found in areas where high SOC stocks are associated with high mineralization coefficients related to the mild moist conditions, or with high SOC stocks and sandy soils. On the opposite end of the spectrum, other areas exhibited low carbon input requirements because of low SOC stocks and moderate to low mineralization levels. Therefore, the resulting global distribution of carbon inputs to maintain current levels of SOC stocks is strongly affected by the interaction of climate and current soil conditions (Map 4) .
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Presentation Notes
We then estimated the carbon balance as the difference between the carbon needed to maintain current SOC levels and the C inputs to the soil. The C balance may be used to assess if current SOC stocks are increasing or decreasing.

The majority of grassland soils seem to receive enough organic material to maintain current carbon stock levels. On average, Cbal in current grassland systems is 1.1 tonnes C/ha/year, for both improved and unimproved systems, hence indicating increasing SOC stocks.
At regional level, unimproved grasslands in Eastern Europe and the Russian Federation show the highest positive balances with values reaching 1.7 and 1.5 tonnes C/ha/year, respectively, while the lowest positive carbon balance (0.6 tonnes C/ha/year) was found in East Asia. Negative Cbal values were found in Colombia (-6.2 tonnes C/ha/year), Indonesia (-5.3 tonnes C/ha/year) among others.
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Presentation Notes
Improved systems in the Russian Federation seem to follow the same pattern of the unimproved grasslands, with the highest Cbal of all regions (1.5 t C/ha/yr). 
On the other hand, we found that improved systems in East Asia are close to equilibrium conditions (0.1 tonnes C/ha/year), followed by Sub-Saharan Africa (0.6 tonnes C/ha/year) and Central and South America (0.8 tonnes C/ha/year).
In improved systems, the highest negative Cbal was found in Indonesia (-6.7 tonnes C/ha/year), the Philippines (-5.1 tonnes C/ha/year), Colombia (-4.5 tonnes C/ha/year), Malaysia (-3.9 tonnes C/ha/year) and Uruguay (-3.3 tonnes C/ha/year), meaning that current SOC stocks are likely to be decreasing due to anthropogenic stresses combined with climatic conditions 



• Soils Grid 250 m - ISRIC World Soil Information
• SOC 
• Bulk density
• Sand content

• The %-increase in SOC after 20 years of 0.27

Potential attainable increase of soil organic carbon

Presenter Notes
Presentation Notes
We used an empirical approach to estimate the potential attainable increase of soil organic carbon if best management practices were applied. 
We estimate a percent in SOC of about 30% after 20years of implementation, and we estimated the potential SOC increase on all available grassland soils globally. For this analysis highly organic soils and sandy soils were excluded.




Potential attainable increase of soil organic carbon…if 
best management practices are applied worldwide 
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Note: Results are given by regional averages per hectare (bars) and their annual 
increment (dots)). Source: UN. 2020. Map of the World, modified with data from 
Sommer, R. & Bossio, D. 2014. Dynamics and climate change mitigation potential 
of soil organic carbon sequestration. Journal of Environmental Management, 
144: 83–87. https://doi.org/10.1016/j.jenvman.2014.05.017; Hengl, T., de Jesus, 
J.M., MacMillan, R.A., Batjes, N.H., Heuvelink, G.B.M., Ribeiro, E., Samuel-Rosa, 
A., Kempen, B., Leenaars, J.G.B., Walsh, M.G. & Ruiperez Gonzalez, M. 2014. 
SoilGrids1km — Global Soil Information Based on Automated Mapping. PLOS 
ONE, 9(8): e105992. https://doi.org/10.1371/journal.pone.0105992

Note: maps were produced based upon a geospatial analysis of datasets from the SoilsGrids250 database. Source: 
United Nations Geospatial. 2020. Map of the World. United Nations. Cited 22 August 2022. 
www.un.org/geospatial/file/2285/download?token=puayKYRA modified with data from Sommer and Bossio, 2014 
and Hengl et al., 2014.
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Presentation Notes
The Russian Federation showed the highest potential for carbon storage with an average SOC stock of 191 tonnes C/ha after 20 years of implementation of best management practices (Figure 6). However, soils of the Russian Federation are already fairly carbon-dense on average (186 tonnes C/ha) and these soils have likely reached their full sequestration potential, so even the best management practices will not provide a further accumulation of SOC. 
The annual increment (on a per hectare basis) ranged from 0.18 to 0.41 tonnes C/ha across the various regions (Figure 6). Sub-Saharan Africa and South Asia show the highest potential for carbon storage on a per hectare basis (0.41 and 0.33 tonnes C/ha/year, respectively), followed by Oceania, North America, and East Asia. 
Western Europe and Eastern Europe have the lowest annual increments (0.20 tonnes C/ha and 0.18 tonnes C/ha respectively), which result in a negligible sequestration potential (Figure 6). 
In general, areas of the southern hemisphere with low carbon stocks show a large potential for soil carbon storage (Map)



• The present study provides a spatially explicit report on the state of grassland soils,
• On average, in the year 2010 the SOC stock under unimproved grasslands was 53 tonnes C/ha 

and 50 tonnes C/ha in improved grasslands,
• Almost double the amount of C input is needed to maintain current levels of SOC in improved 

grassland, compared to unimproved,

• The majority of grassland soils seem to receive enough organic material to maintain current 
carbon stock levels,

Summary

Presenter Notes
Presentation Notes
The present study provides a spatially explicit report on the state of grassland soils and can be used as a baseline for future work to explore the impacts of livestock management on soil carbon at country and farm levels.
On average, in the year 2010 the SOC stock under unimproved grasslands was 53 tonnes C/ha and 50 tonnes C/ha in improved grasslands,
Almost double the amount of C input is needed to maintain current levels of SOC in improved grassland, compared to unimproved,
The majority of grassland soils seem to receive enough organic material to maintain current carbon stock levels. Despite such a positive trend globally, the large spatial variability of these estimates highlights that the soil state at country level could differ greatly from the global estimates.



• Negative carbon balance was found in East Asia, Central and South America, and Africa south of 
the Equator,

• 0.3 t C/ha/yr could be sequestered if best management practices are applied,
• Sub-Saharan Africa and South Asia show the highest potential for carbon storage on a per hectare 

basis, followed by Oceania, North America and East Asia,
• The Russian Federation showed the highest potential for total carbon storage, globally. 

Summary

Presenter Notes
Presentation Notes
Negative carbon balance was found in East Asia, Central and South America, and Africa south of the Equator, meaning that current SOC stocks are likely to be decreasing due to anthropogenic stresses combined with climatic conditions.
0.3 t C/ha/yr could be sequestered if best management practices are applied, such as the incorporation of animal manures, agroforestry and rotational grazing. 
Sub-Saharan Africa and South Asia show the highest potential for carbon storage on a per hectare basis, followed by Oceania, North America and East Asia,
The Russian Federation showed the highest potential for total carbon storage, globally. However, Russian soils are already fairly carbon dense on average and it is likely that these soils have reached their full sequestration potential and even the best management practices won’t provide a further accumulation of SOC.



• Grassland definition and distribution affect all underlying input data and therefore exacerbate 
the uncertainty of the model results,

• Variability in carbon inputs (plant residue and animal excreta),
• Initial soil carbon and bulk density,
• Model parameters,
• Soil saturation,
• For a full system budget, it is imperative to include estimates of GHGs emissions.

Uncertainties

Presenter Notes
Presentation Notes
The uncertainty regarding initial SOC stocks, and their distribution and allocation to different land uses, together with model uncertainties, should be carefully taken into consideration
when using the results of this work on the current state of carbon in the soil and its potential to be sequestered in grassland systems.
For a full system budget, it is imperative to include estimates of GHGs emissions, in order to understand the environmental impacts of management practices on the full grassland system




Findings

1. The results of this report could support the inclusion of SOC targets in NDCs,
2. To prioritize carbon returns in deteriorated soils that have a negative carbon balance, 
3. To protect SOC in areas – particularly under unimproved grasslands – with high carbon 

stocks,
4. Grasslands could contribute to the recarbonization of degraded land,
5. 17 percent of the 4p1000 sequestration target could be reached in the top 30 cm of 

grasslands.

Presenter Notes
Presentation Notes
1. The results of this report could support the inclusion of SOC targets in NDCs, which will improve NDCs’ comprehensiveness and transparency for tracking and comparing policy progress across NDCs.
2. To prioritize carbon returns in deteriorated soils that have a negative carbon balance, 
3. To protect SOC in areas – particularly under unimproved grasslands – with high carbon stocks,
4.  Grasslands could contribute to the recarbonization of degraded land, and the results of the present study can highlight hotspots where interventions on grasslands are needed to preserve or increase SOC in the long term.
5. The 4p1000 initiative has identified an aspirational sequestration target of 3.5 Pg C/year to provide substantive global mitigation. If management practices know to increase SOC  are imprement, 17 percent of the 4p1000 sequestration target could be reached in the top 30 cm of grasslands.





https://doi.org/10.4060/cc3981en
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