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Introduction

The health of the Earth's soils is fundamental to the survival of humanity, yet soils are under pressure
from the increasing demands of a growing population. By the year 2050 the Earth's soils will be required
to provide the following services for an estimated 9.6 billion people:

Supporting services: The cycling of nutrients, the retention and release of water, the formation of
soil, provision of habitat for biodiversity, the exchange of gases with the atmosphere and the
degradation of plant and other complex materials.

Regulating services: Regulate climate through the sequestration of carbon from the atmosphere
and emission of greenhouse gasses, regulate water flow and the filtration and purification of water,
regulate air quality by attenuation of pollutants from wind erosion, atmospheric deposition and land
contamination.

Provisioning services: Sustain food, fuel and fibre production, water availability, non-renewable
mineral resources and a platform for construction.

Cultural services: The preservation of archaeological remains; outdoor recreational pursuits; ethical,
spiritual and religious interests; the identity of landscapes and supporting habitat.
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The organic matter content of soils and more specifically soil organic carbon (SOC) is critical to the
majority of these services. However, in the past 25 years an estimated quarter of the Earth's land has
suffered degradation as a result of SOC loss. Therefore, we are currently operating at suboptimal SOC
levels far below those required for a 'sustainable livelihood' (Powlson et al., 2011). Restoring, increasing
and protecting soil organic carbon (SOC) should therefore be a global priority.

In March 2013, 40 leading experts from across the world gathered at a workshop, hosted by the
European Commission, Directorate General Joint Research Centre, Italy, to discuss these issues as part
of a Rapid Assessment Process (RAP) project commissioned by SCOPE (Scientific Committee on
Problems of the Environment). This collaboration led to the publication of the SCOPE Series Volume 71
‘Soil Carbon: Science, Management and Policy for Multiple Benefits’; which brings together the
essential scientific evidence and policy opportunities regarding the global importance of soil carbon. The
book is a timely contribution that supports the 5 pillars of the Global Soil Partnership
(www.fao.org/globalsoilpartnership/en/) and the related activities of the 2015 International Year of Soils
(www.fao.org/soils-2015/en/). Here we present some of the key messages to come out of the project.

Soil carbon, multiple benefits

Maintaining and increasing soil carbon content yields substantial, multiple benefits. Greater soil carbon
helps to maintain soil structure by forming stable, larger aggregates that hold plant-available water in
intra-aggregate pores and larger inter-aggregate pores that create greater soil permeability, aeration and
drainage. Increasing soil carbon provides substrate and energy to support microbial activity, provides a
reservoir of organic N, P and other nutrients for plant productivity, and creates more physically cohesive
soil to resist soil losses by wind or water erosion and by protecting occluded organic matter within the
larger aggregates. Carbon that enters soil is removed from the atmosphere; any gains in soil carbon
mitigate greenhouse gas emissions, with caveats about impacts on the N cycle and N,O production, and
production of CH, from anaerobic decomposition of organic matter in waterlogged soils.

A global research program

Under given climatic, substrate, relief and hydrological conditions there are biophysical limits to how
much carbon a soil can store. However, for many soils there is little information on their inherent capacity
to sequester carbon as native reference soils no longer exist. In contrast, economic, social and other
drivers can rapidly change the land use (e.g., forest to grassland) and management (low input to high
input agriculture) with potentially grave consequences for the soil carbon balance. A targeted applied
research plan, accompanied by management actions is needed to determine the impacts of different land
use and management practices on SOC in site-specific conditions at different spatial and temporal
scales. Therefore, there is a need to create a global research program to reduce the uncertainty
associated with SOC management across terrestrial ecosystems.

Preventing SOC loss

An urgent priority is to stop losses of SOC in terrestrial ecosystems, especially in ecological hotspots and
carbon-rich soils. Priority areas include the world’s peatlands which cover less than 0.3% of the global
land surface but store an estimated 500 Gt of carbon (Joosten, 2008), and the world’s drylands which
have a low SOC stock per unit area but cover an estimated 41% of the Earth's land surface and are
subject to the highest levels of degradation. Loss of SOC in these areas results from land use change
(grassland conversion to annual or perennial cropland) and intensification of land use in areas where
conversion has already taken place. Intensification raises the prospect of greater physical disturbance of
soils, e.g. tilling of grasslands. More intense tillage and greater areas of mechanical tillage are expected
to coincide with greater loss of soil carbon due to greater exposure of soil carbon to O, (Powlson et al.,
2011).

In addition, predicted changes to regional as well as global climate in the coming decades will impact soil
carbon (Schils et al., 2008, Conant et al., 2011). Drier, warmer conditions are expected to coincide with
higher rates of soil carbon mineralization and the associated loss of soil functions. Warming of
permafrost soils will expose accumulated carbon in cold regions to much greater rates of microbial
decomposition (Schuur and Abbott, 2011).

Promoting SOC enhancement

Agricultural lands created from drained peatlands have the potential for carbon sequestration under the
appropriate management, for example use for flooded crops or return to native vegetation. Degraded
agricultural lands in semi-arid climates that originally were grasslands, savannahs or tropical dry forests
also have large global potential for enhancement of SOC, due to the extended area they cover. Taking as
an example the semi-arid agricultural lands of North America, the soil organic carbon content diminished
by on average 50% during the arable agriculture period. Similar consideration is valid for arid land in
China, Mongolia, Russia, Africa and South America
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Organic matter plays a catalysing role for the maintenance of soil structure, nutrient turnover and other
soil functions. The fundamental strategy of restoring soil functions is based on agro-ecological land care
practices that entail carbon additions. These additions can be either through aboveground vegetation or
through inputs from agriculturally urban and industrial organic waste. Typically, soil ecosystems are
restored naturally unless they have passed a tipping point. However, this process can take decades
(Zach et al., 2006) or centuries (Nikolaidis, 2011). Reversing the degradation trend and enhancing soil
ecosystem services requires significantly higher additions of organic matter and in most cases the
process of restoration will not achieve the original level of carbon stocks (Zach et al., 2006).

From potential to implementation

We have substantial knowledge of the technical measures needed to increase SOC in most land use
systems. However, in many cases this knowledge is not being put into practice. A key reason could be
the mismatch between private and social benefits and the costs of SOC management across temporal
and spatial scales. Most actions needed at the local scale are complementary at the national and global
scales and can be aggregated. If all single farms are prosperous, the catchment and the nation are also
prosperous and vice versa. However, some soil ecosystem functions only become meaningful at a larger
scale such as climate change mitigation by avoiding SOC losses, reducing GHG emissions and
sequestering SOC. Such goals can only be achieved when implemented at many farms simultaneously
as a single farm has a negligible effect on the global level, where ‘climate’ operates. In addition,
incentives to change action at the local level need to be provided for benefits which may be more
apparent at the global level.

Interestingly, the current best practices (both biophysical and socioeconomic) that are applied by the
different actors occur at the lower scales and these are mostly related to biophysical/technological
innovations. Fewer best practices are found as we move upwards in the spatial scale. However,
innovations are particularly needed to bridge the current incompatibilities between short- and long-term
objectives. Apart from technological innovations there is a strong need for social and political advances..
The latter mainly being related to new types of governance structures in the public and private sectors so
that policies at higher spatial levels, in governments or companies, filter down effectively towards the
lower scales and ultimately reach the consumers and the farmers who can effectively bring about SOC
sequestration.

A strategy for taking soil carbon into the policy arena

It is imperative that issues involving SOC must achieve a higher policy profile. The multiple benefits
derived from SOC interact at scales beyond the individual farm, and therefore should be addressed and
remunerated through public incentives at scales ranging from the catchment to the nation. SOC is often
privately managed but has impacts on atmospheric C that are unambiguously global. This planetary
dimension requires a collective management approach with governance arrangements that are targeted
at different stakeholders at different levels. Governance structures must embed SOC in all levels of
decision-making and action. The principal actors involved are land users as the immediate guardians of
SOC, local professionals, local government and NGOs. Good governance by nation states has a pivotal
role both in filtering down to the local level, but also aggregating up to the global and international levels.

SOC is now recognized as a global environmental issue and policies should capitalize on UN institutions
that promote SOC sequestration. At present, most UN agencies are promoting convergent strategies,
e.g. the climate-smart agriculture initiative, and the Global Donors Platforms for Rural Development
(GDPRD, 2014).

Conclusion

A new focus on soil carbon at all levels of governance for soil management would better enable the full
potential of soil ecosystem services to be realised. This advance is urgent and essential. There is
significant opportunity through soil carbon management to help meet the demand for food, fuel, and clean
water worldwide. It is also an essential step towards soil management that establishes enhanced soil
functions that last — in order to meet the needs of future generations.
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Highlights

e By the year 2050 the Earth's soils will be required to provide multiple ecosystem services for an
estimated 9.6 billion people

e There is a need to create a global research program to reduce the uncertainty associated with
SOC management across terrestrial ecosystems.

e A new focus on soil carbon at all levels of governance for soil management would better enable
the full potential of soil ecosystem services to be realised.
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