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Foreword
Soil forms a thin and yet vital membrane covering the non-submerged surface of our planet. It drives the
carbon, nitrogen and water cycles upon which life on earth depends and is home to an immense diversity of
species, all of which contribute invaluable, life-giving services to society.
But soil is as fragile as it is abundant. A growing human population is driving increased demands for food,
fibre and fuel which is in turn putting an unsustainable strain on the world’s soils. So much so that, today, up
to 33 percent of land is moderately to highly degraded due to erosion, salinization, compaction, acidification,
and chemical and other contaminants of soils.
The health of soils is finally gaining the needed attention in global and national discussions, most notably in
its inclusion in the Sustainable Development Goals under target 15.3 (Land Degradation Neutrality) and other
global targets set under the United Nations Convention to Combat Desertification.
Soil Biodiversity and Soil Organic Carbon: Keeping Drylands Alive builds on the growing discourse on
soil stewardship and further strengthens the underlying message that soil is a public good which requires
economic valuation and related institutional arrangements to protect it for the overall welfare of society. This
technical brief outlines a number of operational considerations, drawing-upon practical experiences and
lessons from across the globe, and demonstrates that a multitude of development wins could be gained from
sustainable land management.
We are confident that this brief will provide an invaluable resource for practitioners and policy-makers looking
to move from theory to practical management of our soils.
Acknowledging that there is still a long way to go, and as this Technical Brief highlights, we feel that we are
today in a strong position to turn the growing global awareness into action, and collectively work to arrest the
decline of this magical, life-giving resource.

Alexander Müller
Managing Director
TMG – Töpfer Müller Gaßner
Thinktank for Sustainability
Berlin, Germany

Inger Andersen
Director General
IUCN
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Summary
By the year 2050 the global population is projected to be 9 billion and the world will need to produce an
estimated 60% more food, while 1.8 billion people will be living in water scarce areas. While food production
is increasing globally, the land on which agriculture depends is degrading at an alarming rate, jeopardising
future progress.
Soil biodiversity and soil organic carbon are vital to the way ecosystems function and they largely determine
the role of land in producing food, storing water, and mitigating climate change. They are the key to unlocking
the multiple economic and environmental benefits—the multi-functionality—of land.
Globally, soil biodiversity has been estimated to contribute between US$ 1.5 and 13 trillion annually to the
value of ecosystems services. Yet despite its global importance, soil biodiversity is often neglected in public
policy and is being lost at a considerable rate through unsustainable land management practices, soil erosion
and other land degradation processes. Between one quarter and one third of all land worldwide is estimated
to be degraded, resulting in lower agricultural production, disrupted water cycles, and release of sequestered
greenhouse gases.
Impacts of land degradation
Climate change mitigation
• Global stocks of soil organic carbon are estimated to be greater than the combined carbon in
the atmosphere and terrestrial vegetation. When soil is eroded, SOC is redistributed and some
is lost.
Food production
• Land degradation and climate change could reduce agricultural yields and result in a food
production shortfall of 25 per cent.
Water storage
• Soil stores two thirds of the fresh water on the planet and this role is determined by the level of
organic matter in the soil.
Dryland soils make an important contribution—roughly one third—to global stocks of soil biodiversity and soil
organic carbon, and they can contribute strongly to global food production and to climate change mitigation.
They account for 42% of the world’s land, providing 44% of all cultivated land and 50% of the world’s
livestock. Drylands are particularly valuable for carbon storage due to their high degree of permanence—the
duration that carbon is stored in the soil—compared to humid areas.
The proportion of degraded land in the drylands is similar to the global proportion, but the solutions may
be different to those suitable for more humid lands. The comparatively high level of poverty and underdevelopment in drylands means that drivers of degradation are different and the nature of policies and
investments to address desertification should differ accordingly.
Restoring or preserving soil biodiversity and soil organic carbon requires increased inputs of organic matter
or a reduction of carbon losses, or both. It is particularly important to maintain soil organic carbon (SOC)
and to increase it where possible. In dryland soils SOC levels are often low and close to the tipping point
where restoration is no longer possible, giving way to irreversible land degradation. However, measures to
increase soil biodiversity and SOC can take many years. Restoration of degraded land can be costly and it is
preferable to avoid degradation in the first place, through adoption of sustainable land management practices
and protection of sustainably managed agricultural landscapes.
Many farming practices are known to increase soil biodiversity and SOC, mostly revolving around integrated
management of soil water and nutrients, erosion control measures, and maintaining groundcover. Sustainable
farming practices that have been used widely in the drylands include agroforestry, conservation agriculture
and pastoralism. However, adoption or maintenance of these practices is low in the world’s poorest drylands,
where population growth and the demand for greater agricultural productivity and water security are highest.
These regions will face future land degradation unless sustainable land management becomes central to
agricultural development programs.

vii

Sustainable land management often demands investment of labour and energy and requires new skills,
knowledge, equipment and inputs. Innovative policies and investments are therefore needed to encourage
adoption by land users. An important part of the solution lies in rewarding or otherwise incentivising the
multiple benefits of sustainably managed land, or “multi-functionality”, at scale, rather than maximising
individual goods or services. This includes those values that are enjoyed as externalities by the wider society.
The 2030 Agenda for sustainable development increases the demand on soils to provide food, water and
energy security, protect biodiversity, and mitigate climate change, increasing the centrality of soils in global
environmental and development politics. Target 15.3 on Land Degradation Neutrality, reflects the growing
awareness that land, and by extension soil biodiversity and soil organic carbon, is both a natural
resource and a public good that underpins wider sustainable development.
For good governance of our shared Land Resources, governments should aim at protecting and promoting
the multi-functionality of land: to ensure that land users employ sustainable approaches that are measured
against the delivery of multiple goods and services. Achieving this goal requires a number of priority measures:
1. Evaluate land management against the sustainable delivery of multiple goods and services;
2. Build on policies and legislation to enable scaling-up of sustainable land management and landscape
restoration or rehabilitation;
3. Enhance local governance mechanisms that support land users in sustainable land management practices;
4. Strengthen land information to support landscape-scale planning and monitoring;
5. Establish effective extension services that support land users to adopt sustainable land management
practices;
6. Create enabling conditions for private investment in sustainable land management.

xviii

1. Soil biodiversity, soil organic matter and
soil organic carbon: introduction and
overview
Soils are some of the most species-rich habitats on earth, home to an abundance of species that enable
soils to function and develop. Many of these species are essential for the functional diversity and resilience of
the soil and the ecosystems that depend on the soil. Soil Biodiversity is an indicator of soil quality: a higher
species diversity results in greater soil stability in terms of its capacity to perform key functions such as
cycling of nutrients, assimilation of organic wastes, and maintenance of soil structure1.
Soil Biodiversity, soil organic carbon and soil organic matter are closely related but distinct (Figure 1). Soil
Biodiversity reflects the mix of living organisms in the soil, including bacteria, fungi, protozoa, insects,
worms, other invertebrates and vertebrates. These organisms interact with one another, as well as with plants
and small animals, forming a web of biological activity2. Most species live in the top 2-3 cm soil layer, where
organic matter and root concentrations are highest. Biological soil crusts, for example, are communities of
mosses, lichens, and microorganisms at the soil surface that particularly conserve soil fertility in drylands
worldwide3.

Soil services
Above ground
biodiversity
Plant production

Aggregate soil
structure

Soil water
infiltration and
storage
Soil fertility

Below ground
biodiversity

Figure 1. Soil biodiversity and soil organic carbon
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Broadly interpreted, Soil Organic Matter (SOM) encompasses all of the organic components of a soil,
including living biomass (intact plant and animal tissues and microorganisms), dead roots and other plant
residues and dead tissue, and soil humus. SOM and the debris of dead tissues left by plants and animals
(detritus) is essential for biological activity in the soil and is the main source of energy, nutrients and habitat
for the vast majority of soil organisms. Soil Organic Carbon makes up approximately 50-60% of SOM.
An estimation of SOM is usually made by measurement of SOC, with application of a factor of 1.9 to 2 for
converting SOC to SOM4.
In dryland areas, such as the Sahel, the Middle East, or Australia, most biodiversity is found beneath the soil’s
surface and conserving it is crucial for water and food security, as illustrated in Box 1.

Box 1. Role of soil fauna for nutrient and water cycling in the drylands
Insects are important for nutrient and water cycling in drylands. For instance, dung beetles, in the
insect families Scarabaeidae and Geotrupidae, play a major role in the productivity of many grasslands.
These beetles enrich soil nutrients, aerate the soil, and improve soil porosity and drainage by burying
animal faeces. Termites play a similarly crucial role, particularly in Savannas of Africa, Australia and
South America, by altering soil properties and creating “islands of fertility” that enhance plant growth.
Termite mounds increase heterogeneity within the landscape and play a major role in nutrient cycling
and infiltration of water5. This contributes to ecosystem resilience, helping dryland ecosystems recover
from drought, and stabilizing them in the face of climate change.
Land in arid and semi-arid ecosystems frequently is found with a biological soil crust, consisting of
communities of living organisms that live on the soil, or within the top few millimetres. This crust is an
association between cyanobacteria, algae, microfungi and other species, and soil particles. Biological
soil crusts play a number of ecological roles, including carbon and nitrogen fixation and soil stabilization.
They also affect water infiltration and seed germination and other properties that may have positive or
negative implications for land productivity and vegetation growth. Biological soil crusts are more likely
to form when vegetation cover is reduced, since cyanobacteria require solar energy to photosynthesise.
They can therefore be a symptom of land degradation, but they can also stabilise soils and reduce
further degradation6.

Soil biodiversity contributes to the development of above ground vegetation by decomposing plant residues,
a process that converts organically-held nutrients into organic and mineral forms available for renewed plant
uptake (e.g. nitrogen)7. Soil biodiversity increases soil resilience, in terms of its capacity to ‘bounce back’
to functional health after a severe disturbance. The contribution of soil biodiversity to ecosystem services
globally has been estimated at between USD 1.5 and 13 trillion annually8.
Soils are complex ecosystems and soil organisms and mineral components interact to generate high
diversity and complexity. Soil mineral composition and soil organisms together determine soil structure and
fertility. Soil mineral composition in turn depends on soil formation factors such as parent material, relief,
climate, hydrology, biological organisms, and time. The capacity of soil to retain moisture is to a large extent
determined by SOM/SOC and soil structure. Water that is stored in soils serves as the source for 90 percent
of the world’s agricultural production and represents about 65 percent of global fresh water9. Indeed, one
study has indicated that each loss of 1 g of SOM decreases soil available moisture content by 1 to 10 g10.
Plant productivity (for agricultural productivity and biodiversity) depends hence directly on soil organisms,
which regulate nutrient availability and uptake, maintain soil structure, and regulate hydrological processes11.
The amount and quality of SOM and SOC are therefore major drivers of biodiversity in the soil, providing a
source of energy and food for microorganisms that are essential to biological processes in the soil. In turn, soil
biodiversity contributes to the formation of SOM through decomposition and the production of humus. These
many different interactions are complex and create multiple biological, chemical and physical reinforcing
feedback loops.
Soils with high organic matter content are capable of supporting greater vegetation diversity, which in turn
increases SOM and SOC, while enhancing soil biodiversity. Although few studies have quantified these
effects12, recent research has utilised SOC as a proxy for SOM and SBD, demonstrating that even marginal
reductions in SOC content in the order of 1 per cent can have a significant negative impact on soil natural
capital and ecosystems services13.
2

The importance of soil organic carbon for positive environmental and development outcomes has gained
recognition as a result of breakthrough decisions at the twelfth session of the Conference of Parties (COP)
of the United Nations Convention to Combat Desertification (UNCCD) in October 2015. Soil organic carbon
is recognised as a major determinant of agricultural productivity and water security, and it is the cornerstone
of biodiversity and climate change resilience. This importance is reflected in Target 15.3 of the Sustainable
Development Goals to achieve a land degradation-neutral world, and notably by one of its three indicators:
“trends in carbon stocks above and below ground”, for which the metric is soil organic carbon stocks.
However, there is insufficient convergence of the many difference branches of science, practice and policy
that deal with soil organic carbon and its relationship with biodiversity. As a result the multiple benefits of soil
organic carbon are easily ignored and risk being lost.
This Technical Brief was developed to address the gap in awareness of the relationship between soil biodiversity
and soil organic carbon, particularly in drylands, and the role of soil biodiversity in the provision of ecosystem
services. The Technical Brief is written for technical advisors to ministries responsible for environment,
agriculture and natural resources. This encompasses scientists, policy advisors, and Civil Society groups,
many of whom are familiar with the broad subject area but will not be up to date with the latest research on
soil biodiversity and soil organic carbon.
The Technical Brief builds on two earlier IUCN Technical Briefs on Rangelands and on Land Degradation
Neutrality14. It synthesises key research on dryland soil biodiversity and provides supporting examples in
brief case studies, with links for further information. Lessons are drawn from this information and the main
recommendations that emerge are provided in the concluding section. The information compiled in this report
is drawn from a longer background paper entitled “Soil Organic Carbon and Soil Biodiversity in Drylands”
written by Cameron Allen and pending publication on the IUCN website.
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2. Benefits of soil organic carbon
The benefits of soil carbon, and by extension soil biodiversity, are widely described in the literature. Increasing
SOC enhances soil quality and fertility, improving soil productivity, vegetation growth and promoting further
accumulation of carbon in the soil. Increasing the quantity and quality of soil organic carbon improves soil
structure stability, water retention capacity, porosity, and soil fertility15. This in turn leads to improving a wide
range of ecosystem services (Box 2 and Figure 2).

Box 2. Ecosystem services supported by increased Soil Organic
Carbon
1. Increased crop yields and higher food production (up to 2.3 billion tons of additional crop production
per year, equivalent to USD 1.4 trillion)16
2. Increased soil water holding capacity, water infiltration and storage
3. Greater above and below-ground biodiversity (global contribution of soil biodiversity to ecosystem
services is estimated at USD 1.5 to 13 trillion annually)17
4. Carbon storage and climate regulation (at least half of emissions reductions needed to reach the
2 degree goal agreed to by the international community could come from land sectors of major
emitting countries that possess substantial parts of the drylands)18

The value of soil biodiversity is often only appreciated after it has started to decline. The loss of organic
carbon from soils, especially when initial levels are low as is the case in dryland regions, invariably results in
the degradation of soils and their associated ecosystem functions. Between one quarter and one third of all
land worldwide is estimated to be affected by some form of land degradation19, that is contributing to declines
in agricultural production, disruption of water cycles, release of greenhouse gasses, and many other costs to
society. These negative impacts have to be seen in a perspective where the human population is estimated to
require an additional 60% of food by the year 2050 and by 2025, 1.8 billion people are projected to be living
in areas with absolute water scarcity. Land degradation and climate change could reduce agricultural yields
and result in a food production shortfall of 25 per cent20.
Soil biodiversity and soil organic carbon are therefore an important foundation of a broad range of ecosystem
services across all four standard ecosystem service categories (see Figure 2). It is therefore key to the multifunctionality of a landscape, and the reason why strengthening investment and legislation in sustainable land
management is considered to be central to achieving many of the Sustainable Development Goals (see Box
3). SDG Target 15.3 aims to achieve a Land Degradation Neutral World by the year 2030, by maintaining and
increasing the amount of healthy and productive land resources.

Box 3. Multiple benefits of achieving the Sustainable Development
Goals
Sustainable land management can contribute to several SDGs simultaneously, including poverty
eradication (Goal 1), food and water security (Goals 2 and 6), biodiversity protection (Goal 15), and
climate change mitigation and adaptation (Goal 13). For example, research has estimated that restoring
only 12% of degraded agricultural land could boost smallholders’ incomes by USD 35-40 billion per year
and help to feed an additional 200 million people annually within 15 years, while increasing resilience
to drought and water scarcity and reducing GHG emissions21.
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Figure 2 Soils and their ecosystem services and benefits
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3. Global stocks and cycles of soil organic
carbon
SOC is part of the much larger global carbon cycle. The reservoir of SOC is not static, and it is constantly
cycling between different carbon pools of soil, vegetation, ocean and the atmosphere. Soil is the second
largest carbon stock after oceans, and accounts for one third of the global carbon stock22. Considerable
variation across estimates notwithstanding, global SOC stocks have been estimated at around 1500 GtC in
the first meter of soil, which is more than is contained in the atmosphere (800 GtC) and terrestrial vegetation
(500 GtC) combined23.
The spatial and temporal magnitude of SOC storage varies widely, and is determined by different abiotic and
biotic factors, including soil type, land use and climatic conditions24. The largest SOC stocks are located in
areas such as wetlands and peatlands, most of which occur in regions of permafrost and in the tropics25.
Organic carbon in soils is a continuum which can be conceptually divided into different pools. Most
approaches consider three pools which are a function of their physical and chemical stability: fast pools
(labile or active pools with turnover of 1-2 years); intermediate pools (partially stabilized pools with turnover
of 10-100 years); and slow pools (refractory or stable pools with very slow turnover of 100-1000 years)26. The
fast or labile proportion, the vital part of SOC, is considered important in terms of influencing soil health and
SOC sequestration, while the slow or stable fraction of SOC contributes to the soil’s nutrient holding capacity
as well as to long-term carbon sequestration27.
SOC levels reflect a dynamic equilibrium between inputs of fresh organic carbon and emissions of respired
carbon to the atmosphere, and of dissolved and particulate organic carbon entering surface or ground
waters. Soil erosion results in the redistribution of SOC at local, landscape and regional scales. Restoring
or preserving SOC in soils requires increased inputs of organic carbon or a reduction of losses, or both.
However, the impacts of such changes can take years to eventuate, with the effects of past land use and
management practices influencing trends in SOC levels decades after new ones have been introduced29.

Box 4. Investing in SOC for climate resilience – Australia
In the southwest of Western Australia, the marginal value of SOC in cropping systems (i.e. the value of a
soil with 1 t C/ha more SOC as compared against a standard soil) has been estimated at 5.6-6.9 US$/t
C/ha/year, depending on rainfall zone and crop type. Approximately 75% of this agronomic benefit
value is the estimated carbon sequestration value, 20% is the nitrogen-replacement value, and 5% is
the estimated productivity improvement value. Value (AU$ 1 = approximately US$ 0.75)28.
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4. The importance of soil organic carbon in
Drylands
Drylands encompass some of the world’s most important land use systems and significant biological
diversity. They support over 2 billion people and 25% of the world’s endangered species30. Globally, dryland
ecosystems cover approximately 42% of the Earth’s surface, including some of the world’s most threatened
ecosystems31 (Figure 3). They provide 44% of the world’s cultivated land, 50% of the world’s livestock32, and
contain a variety of important habitats for vegetable species, fruit trees and micro-organisms33. Drylands are
home to many of the most biologically and culturally diverse habitats on the planet, featuring high levels of
species endemism and natural heritage34.
Drylands are tropical and temperate areas with an aridity index1 of less than 0.65, where average rainfall is
less than the potential moisture losses through evaporation and transpiration35. Using the aridity index, four
categories of drylands can be distinguished: dry sub-humid, semi-arid, arid, and hyper-arid lands. Whereas
crop lands are generally restricted to the least arid drylands, rangelands account for about three quarters of
the drylands. Rangelands include grass-dominated biomes, but also contain a considerable amount of woody
biomass, particularly in the sub-humid and semi-arid zones36. About 72% of drylands occur in developing
countries and this proportion increases with aridity: almost all hyper-arid lands are in the developing world37.
At first glance, the global importance of drylands for storage of soil organic carbon may not be apparent.
The scarcity of water in drylands constrains plant productivity, which affects SOM and SOC accumulation in
soils. As a result, dryland soils typically have low organic carbon content, often less than 1% of the soil mass.
In grassland or forest soils SOC may be as high as 4-5% but cultivation of the soil acts to release its stored
carbon; in temperate zones SOC is around 1-2% in cultivated soils.
Due to their vast extent, the total stock of accumulated SOC in drylands is significant, accounting for around
30% of the global total SOC stocks, i.e. roughly 450 GtC or about as much as the organic carbon stocked
in all terrestrial vegetation38. Furthermore, the residence time of carbon in dryland soils is extended due to
their aridity and is much longer than in other soils39 (Box 5). The spatial extent of drylands, combined with the
substantial area that is affected by land degradation, means that drylands will play a critical role in the global
effort to sequester atmospheric carbon and reduce the magnitude of anthropogenic climate change.
The potential for sequestering carbon within soils is related to soil carbon saturation (or maximum carbon
stabilization capacity), which is the point at which further carbon inputs to the soil will not further increase
soil carbon stock41. The conditional state of dryland soils is reported to be far below their maximum carbon
saturation point, due mainly to their aridity and therefore their comparatively low overall productivity.
Additionally, since land degradation affects between one quarter and one third of the drylands, large areas
are likely to have further depressed levels of SOC.

Box 5. Permanence of dryland soil organic carbon
Permanence relates to the longevity of the carbon stock, i.e. how long the increased SOC remains in
the soil. SOC constantly cycles between the fast pool, with low permanence but greatest influence
on soil health, and the slow pool, which has greatest permanence and nutrient holding capacity. The
means through which soil carbon stocks are increased, such as manuring or afforestation, may affect
the subsequent rate of loss of carbon from the soil, and hence the permanence of the stock. However,
the differences may be small compared to the loss that can occur as the result of extreme change in
land-use or land management40.

1 Aridity index is a measure of mean precipitation divided by potential evapotranspiration.
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(a)

(b)

Figure 3. The vast extent of the world’s drylands is significant for the total stock of accumulated SOC.
(a) Drylands systems and their spatial distribution (Source: MEA); (b) SOC content to 1 m depth in tons
per hectare (Batjes 2016)
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Soil biodiversity and soil organic carbon can be restored through the application of organic matter or through
reduction in carbon losses, or both. This is urgently needed in degraded dryland soils, which are often low
and close to the tipping point where restoration is no longer possible, and where there is a risk that land
degradation becomes irreversible. However, measures to increase soil biodiversity and soil organic carbon
can take many years. Restoration of degraded land can also be costly and it is preferable to avoid degradation
in the first place, through adoption of sustainable land management practices and protection of sustainably
managed agricultural or pastoral landscapes.
Dryland soil quality and productivity can be improved by enhancing soil organic matter content (and hence SOC
levels) through alternative management practices like reduced tillage42 and sustainable pasture management.
Research on community-protected rangeland sites in Jordan has demonstrated the potential for increasing
biomass production on degraded lands that can increase SOC43. Provided there is careful grazing management
many investigations have found a positive effect of grazing on the stock of soil carbon in drylands44.
If dryland soils are naturally far below their maximum carbon saturation point, raising SOC levels beyond the
natural state may require substantially altering natural conditions and ecosystem characteristics; for example
by using irrigation and afforestation. Such approaches have been proposed as solutions for sequestering
atmospheric carbon, although further understanding is needed of the potential risks to permanence (as a
result of increased soil moisture) as well as possible impacts on dryland biodiversity.
Tropical grasslands, which account for a large proportion of the drylands, appear to have higher carbon
sequestration potential than was previously thought45. One estimate is that grasslands globally store about
343Gt C: almost 50% more than is stored in forests worldwide46. Africa’s grasslands, for example, could
sequester between 0.007 and 0.042 Gt C year/147. Conversion from grassland to annual crops can lead to a
60% loss of soil carbon stocks and a 95% loss of above ground carbon48.
Drylands possess a high potential for increased carbon sequestration and some organisations refer to drylands
as carbon sequestration ‘bright spots’. Although there are remaining questions over the best practice in each
location, drylands should be considered key areas for investments in sustainable management of carbon
stocks. Such investments need to be actively managed to restore, preserve and increase their soil organic
carbon levels and foster their sequestration potential49.
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5. Managing soil biodiversity in the drylands
The 2030 Agenda for Sustainable Development increases the demand on soils to provide food, water and
energy security, protect biodiversity and mitigate climate change. This is increasing the centrality of soils in
global environmental and development politics. This has in turn led to the notion of “soil security” or “soil
health”. Soil security is concerned with the maintenance and improvement of the world’s soil resources
to produce food, fibre and freshwater, contribute to energy and climate sustainability, and maintain the
biodiversity and the overall protection of the ecosystem50.
SOC can be considered as a universal indicator of soil security or soil health. Reductions in SOC will also
reduce soil security/health and the benefits it can provide. Factors that influence SOC sequestration in soils
include climate, soil type, vegetation cover and management practices. In the drylands, the role and benefits
of SOM and SOC are particularly related to their physical, biological and chemical properties51.
There are different ways of ensuring that land or ecosystem management is sustainable; these can be
categorized as either direct land use actions (measures undertaken by land users) or enabling measures (taken
by ‘facilitators’ to promote or enhance the adoption of direct land use actions). A variety of land management
techniques can preserve or increase soil organic carbon, which primarily require effective organic matter and
water management in order to maintain a sufficient level of fertility for sustainable food production52. Many
of these practices deliver multiple benefits, for example increasing food productivity, water resources, and
biodiversity, as well as mitigating and adapting to climate change.

© Dr Jonathan Davies, Sudan
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Most good practices in soil organic carbon management revolve around integrated water and nutrient
management, erosion control measures, and maintaining groundcover53. For example, Conservation
Agriculture ensures minimum tillage, soil mulching and crop rotation, which combine to increase soil organic
matter and fertility54. Sustainable Rangeland Management emphasises managing the duration, timing and
intensity of grazing to ensure optimal herbivore impact, such as seed dispersal, manuring, and removal of
dead vegetation55. Agroforestry is a system in which trees or shrubs are grown among crops or pastureland
to increase the productivity, diversity and resilience of farms56. These practices all apply principles of synergy
and complementarity in order to conserve soil structure, soil moisture and nutrients57 and eventually increase
carbon storage ability.

Box 6. Investing in SOC and rangelands for livestock and water security
– West Asia
In Jordan, community based rangeland management is being scaled up as a way to restore and protect
land and biodiversity. Geospatial analysis and feasibility studies on vegetation regrowth under community
protection indicates that rangeland restoration in Jordan can be achieved on an estimated 23,470 km2 of
rangelands, or about 30 % of the country’s total rangeland area. The studies also show that investments
in sustainable range management (SRM), soil and water conservation, ecological livestock production,
herbs and medical plants, eco-tourism and renewable energies can contribute to biomass and fodder
increase, ground water recharge, reduced siltation of water reservoirs, carbon sequestration and
biodiversity conservation. Economic valuation indicates that SRM in these rangelands would increase
forage production by an estimated with 9.45 million US$, and ground water recharge by 11 million US$
per year58.
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There is considerable disagreement over how to protect and restore grassland SOC, particularly in relation
to the positive and negative impacts of herbivores on grassland ecology. Some authors report an increase in
SOC stock with intensively managed grasslands59 whilst others report that SOC can be increased by reducing
or excluding grazing60. Ultimately the influence of grazing on SOC may be largely determined by the type of
grazing management, with high levels of permanent grazing particularly injurious. Where grazing patterns
incorporate periods of rest and recovery for pastures the impact can be more positive. For example, rotational
grazing has been found to increase SOC compared to low-intensity continuous grazing61. Highly intensive
grazing can also negatively affect soil structure and soil organic matter by compacting the soil surface.
Effective pasture management typically synchronises grazing with the growth cycle of grasses, harnessing
the positive role herbivores play in selecting and distributing palatable species, and modifying the physical
and chemical properties of the soil62. Pasture management also affects the nitrogen cycle, since herbivores
return digestible N at high concentrations in urine patches63. Fire management and fertilization have also
been proposed as ways to increase carbon sequestration in grasslands, but in practice most of the potential
sequestration in non-degraded grasslands is through changes in grazing practices.
Although these land management approaches are still struggling to find favour in some countries, it should
also be noted that they have been widely adopted in others. For instance, an estimated 558 million people
worldwide utilise agroforestry systems on 43 percent (over 1 billion ha) of all agricultural land, including 320
million ha in South America, 190 million ha in sub-Saharan Africa, and 130 million ha in Southeast Asia64.
Agroforestry is not exclusive to drylands, but it is proving popular for protection and restoration of degraded
land in a growing number of dry countries.

Box 7. Increasing SOC and improving yields
Adoption of sustainable management practices on agricultural lands and degraded soils can enhance
soil quality, including the available water holding capacity, cation exchange capacity, soil aggregation,
and susceptibility to topsoil crusting and erosion, with positive effect on the capacity to store carbon.
Research in Argentina, India, and the West African Sahel has found that crop yields can be increased
by 20–70 kg/ha for wheat, 10–50 kg/ha for rice, and 30–300 kg/ha for maize with every 1000kg /ha
increase in soil organic carbon pool in the root zone. This has obvious benefits for food security in
developing regions, and could also off-set fossil fuel emissions at the rate of 0.5 GtC/year through
carbon sequestration in agricultural soils65. However, achieving such high increases in SOC requires
high levels of water input, which is a major constraint in most drylands and implies potential externalities
and opportunity costs that have not yet been adequately explored.
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6. Investing in soil biodiversity and soil
organic carbon
Solutions for sustainably managing soil to conserve soil biodiversity and SOC are well-known and have been
validated in different countries and geographic contexts. Nevertheless, many countries continue to prioritize
less intensive land use practices, while sustainable approaches are side-lined from the mainstream. There are
many challenges to mainstreaming SLM, including attitude barriers among decision-makers and investors
and capacity constraints among land users.
SLM can be integrated into land-use planning66 and economic incentives for the implementation of SLM can
be developed through sustainable business models, subsidies, or payments for ecosystem service. The latter
often requires suitable knowledge, skills, technology and resources, including labour, energy and financial
resources. Upfront investments costs can be high67 and the time-lag in realising benefits from investment
can make such projects unattractive. Financial returns and other drivers of investment therefore need to be
identified to foster adoption by landholders (farmers, tree growers, pastoralists).
The benefits of SLM practices are enjoyed by people other than landholders (Box 8) and these externalities
can be used to foster incentives for investment, for example through payments for ecosystem services (PES).
Attempts have been made to estimate the economic value of individual services provided by soils, SOC and
soil biodiversity, including recent studies that have compiled these data into a more accessible format68.
These rough estimates, however, vary considerably ranging from $2 to $22,219/ha/y69. While the estimates
point to the need for further research, they nevertheless indicate that the total economic value of ecosystem
services from SOC is likely to be substantial.

Box 8. Incentives to invest in SLM are often other than financial
A study among 500 farmers in West Africa found that the major drivers to invest included the presence
of children (aged 6 to 14) in the household, land holding, land tenure, awareness and training on
conservation measures, and access to alternative cash sources such as remittance70 Some of these
factors could be targeted to upscale the adoption of sustainable practices in dryland areas of developing
countries (or countries with transition economies). In many cases this will also involve better articulated
local governance policies with respect to land tenure and management responsibilities71. SLM practices
continue to be limited to a minority of innovative land-users and practitioners, highlighting that challenges
to adoption of SLM are more complex than the simple cost of uptake of new technologies, including
ecological, institutional, economic and sociocultural aspects72.

Returns on investment in land conservation or improvement can be expressed beyond monetary terms, through
increased non-monetary benefits such as higher well-being, more secure livelihoods, cleaner water, reduced risks
of disasters, recreation, habitat or nature value, spiritual and aesthetic experiences (Box 9). Many land users, for
example, are motivated by spiritual or cultural values of land, and these services may not be well-measured in
financial terms. Economic valuation alone may not capture what is at stake in a social and ecological agenda and
there are risks in relying exclusively on market triggers to achieve sustainability73. Financial returns are not the only
incentive for people to invest, and relying on such financial motives would assume that the value of nature and
environment is only dependent of the function it has for human production and consumption.

Box 9. Investing in SOC and agroforestry for food production – Africa
The Kelka forest watershed, in the Mopti region of Mali, covers an area of over 300,000 ha, much of
which has been degraded. Restoration of degraded land and adoption of agroforestry has the potential
to generate 500 US$ per hectare per year over a 25 year time horizon, indicating a benefit to cost
ratio of 5.2:1 at a 10 per cent discount rate74. Research in Europe and China confirms that the tree
component in agroforestry has positive effects on carbon sequestration, notably by the capacity of the
deeper root systems to store carbon75.
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In the drylands, as in other ecosystems, higher levels of SOC are a key determinant of regulating and provisioning
ecosystem services such as biodiversity, hydrological flows, food production, and carbon sequestration. Nurturing
and investing to maintain quality and flows of these ecosystem services feeds back into maintaining high levels of
SOC (Box 10). The challenge lies in mobilising financial resources for appropriate investment towards land multifunctionality.

Box 10. Large scale landscape restoration in China
In China, the 1994-2005 Loess Plateau projects mobilised USD 491 million in funding and curbed soil
erosion on nearly 1 million ha of degraded land. The projects focused on halting the activities that led
to degradation – in particular planting on steep slopes, tree-cutting, and free-range grazing of goats;
introduced heavy equipment to build wider and sturdier terraces for grain cultivation, and encouraged
farmers to plant trees and to allow marginal land to grow wild again. The projects sharply increased
grain yields, restored the landscape, and lifted more than 2.5 million people out of poverty by tripling
farmer incomes. Soil erosion was curbed on 900,000 ha of land, and soil losses were reduced by
60-100 Mt per year. Soil carbon storage also increased, mostly due to the restoration of forests and
grassland. The project model has since been scaled up to cover large areas of the country, through
China’s US$ 40 billion “Grain for Green” programme76.

Grasslands that dominate drylands are amongst the least protected biomes on earth. Protecting these areas
through promoting sustainable pastoralism or other forms of grazing management can prevent increases in
carbon emissions, while restoring grasslands in former croplands can increase carbon sequestration78. A
cost-effective means of safeguarding soil biodiversity and soil organic carbon is to protect uncultivated land,
such as natural grasslands and forests, from cultivation. Protected area coverage in drylands is close to the
global mean, that is to say about 9% of the land is protected, falling short of the aspiration of Aichi Target 11
(“at least 17 per cent of terrestrial and inland water areas … are conserved through … systems of protected
areas and other effective area-based conservation measures”79).

Box 11. Funding external benefits from sustainable dryland agricultural
management in Australia
In Australia, the federal government has developed policy initiatives to encourage farmers to reduce
emissions through their management practices. The main policy is a market-based mechanism to
pay farmers from an Emissions Reduction Fund using methodologies specified under the Australian
Carbon Farming Initiative. The Initiative allows farmers and land managers to earn carbon credits by
storing carbon or reducing GHG emissions on their land. These credits can then be sold to people
and businesses wishing to offset their emissions. The adoption of conservation agriculture practices
in the dryland grain sector of Australia shows the potential to achieve emissions reductions in the
order of three million tCO2e annually. The main driver of change in Australia seems to be the pursuit
of agricultural productivity benefits rather than the environmental benefits of reducing GHG emissions,
emphasising the need for sustainable land management policies and practices that provide financial
returns to landholders. The main practices that are incentivised by the policy framework are conservation
agriculture practices such as reduced tillage, retaining crop stubble, and planting of legumes, as
detailed in the Carbon Farming Initiative Handbook77.

Many drylands offer a wide space for innovation in developing multiple value chains that reward multifunctionality. This has been achieved, for example, through marketing of sustainably harvested natural
products, ecotourism, and certification of sustainably-produced commodities. Although each option may
have limitations to its scope, they can provide important incentives for sustainable management combined
with the opportunity for economic diversification and growth. Policy support for development of small and
medium sized enterprises can be particularly relevant to fill this niche.

14

Box 12. The case of sustainable rangeland investments in Portugal
Portugal introduced a soil carbon offset scheme based on dryland pasture improvement, allocating
8.5 million Euros to pay an estimated 400 participating farmers to improve around 42,000 ha of
grasslands with the aim of sequestering 0.91 million tonnes of carbon dioxide equivalent. To achieve
this, the farmers use a technique known as sown biodiverse permanent pastures rich in legumes,
which increases carbon in degraded soils. The grassland areas generally have a low carbon stock and
the technique has been shown to dramatically increase SOC in these degraded soils. Improvement of
42,000 ha would earn farmers about from EUR 150 to 200 per hectare of planted pastures80. Modalities
for financing restoration and sustainable management of dryland soil organic carbon could be inspired
by systems of payments for ecosystem services (PES) (see Box 12). A PES rationale could be used to
justify international financial flows from external beneficiaries to those implementing and contributing
to the investments in Sustainable Land Management, and hence maintaining and increasing SOC81.
Enabling investments are also required in many countries, for example to secure land tenure so as
to mitigate against inequitable outcomes, or to establish infrastructure that enables value chain
development.

As the benefits of maintaining or strengthening dryland ecosystems services extend beyond direct users of the
land, mechanisms of compensation by off-site beneficiaries to landholders may be needed to ensure the flow
of benefits. Modalities are needed to ensure that “downstream” beneficiaries contribute to the benefits they
enjoy, such as better ground water recharge and availability, reduced reservoir siltation, higher biodiversity,
or higher carbon sequestration mitigating climate change. Indeed, some dryland ecosystem services also
benefit society globally, and further innovation is needed to ensure global beneficiaries pay landholders to
provide those services through the land management practices they follow83.

Box 13. Sustainable rangeland investments in Jordan
The investment packages proposed for sustainable rangeland management in Jordan, associated with
those related to community protection of rangelands and associated local governance mechanisms have
high potential to create local and societal ecosystem benefits, and to contribute globally to biodiversity
conservation, climate change mitigation and other goals. The 20 million USD/year contribution, as
engendered by the proposed investment packages in 30% of Jordan’s rangelands, could provide a basis
for attracting the capital and financial flows required. Indeed, on this basis proposals have been developed
for a payment for ecosystem services scheme that could comprise two ecosystem service payments: a
green pasture credit in the form of a subsidy to herder cooperatives responsible for sustainable rangeland
management in designated areas and a green water credit to the same cooperatives for enhancing ground
water recharge. A global system of Payment for Ecosystem Services could provide the necessary platform,
while investments in ecotourism and renewable energy could provide the vehicle, through taxation and
licensing, for country-level PES modalities. Both PES modalities could provide the financing flows (national
and international) needed to invest in higher biomass production and biodiversity, soil conservation,
improved water flows, carbon sequestration, and in required local governance structures. The Jordanian
Government is considering a range of enabling measures, including the establishment of a Rangeland
Ecological Economic Zone, Verified Conservation Areas, and a Rangeland Ecosystem Management Fund82.
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7. Policy options to conserve soil
biodiversity and soil organic carbon
This Technical Brief highlights how Soil Organic Carbon and Soil Biodiversity provide the foundation for
terrestrial ecosystem services. They are among the principal determinants of food production, water supply,
above-ground biodiversity and climate regulation, and they play a major role in rural livelihoods and disaster
risk reduction. Soil biodiversity and soil organic carbon are both natural resources and public goods,
and government has an important role to play in ensuring that land is managed for the welfare of
society.
Drylands offer greater possibilities for carbon sequestration and climate change mitigation than is widely
acknowledged. They cover a large part of the earth and a significant proportion of the land has lost SOC
through land degradation processes. Dryland restoration and rehabilitation offer globally important
opportunities for carbon sequestration. However, conventional approaches to restoration often need to
be adapted to the local conditions of drylands, while both policies and investments need to be supported by
improved data on existing and potential SOC levels.
Government strategies are needed to guide investments in drylands by local land users, private companies
and other stakeholders, in order to fulfil their public responsibility for protecting and promoting the multifunctionality of land. Investments in soil biodiversity and soil organic carbon in the drylands can yield
significant returns due both to the number and value of the co-benefits, and the large surface area of land
involved. However, investments need to be tailored towards delivering multi-functionality at scale rather
than maximising single goods or services.
A number of measures can be adopted to create conditions that enable better investment in Soil Organic
Carbon and Soil Biodiversity. Six complementary options stand out and are discussed in this section:
1. Evaluate land management against the sustainable delivery of multiple goods and services;
2. Build on policies and legislation to enable scaling-up of sustainable land management and landscape
restoration or rehabilitation;
3. Enhance local governance mechanisms that support land users in sustainable land management
practices;
4. Strengthen land information to support landscape-scale planning and monitoring;
5. Establish effective extension services that support land users to adopt sustainable land management
practices;
6. Create enabling conditions for private investment in sustainable land management.

• Evaluate land management against the sustainable delivery of multiple
goods and services
Further efforts are required to strengthen the economic case for sustainable management of soil organic
carbon and soil biodiversity through providing evidence of the multiple economic benefits, and by monitoring
the performance of land users against multiple ecosystem services. The technologies exist and have been
tested in many different contexts to demonstrate the benefits of sustainable land management to land users
and wider society. Economic valuations can also guide policy, by demonstrating the cost-benefit ratio of
adopting SLM and identifying areas where additional incentives, such as payments for ecosystem services
may be required to support the transition to more sustainable practices. In some cases further evidence is
needed of the extent to which soil organic carbon and soil biodiversity contribute to above-ground biomass,
agricultural productivity, water cycling, and climate change mitigation.

• Build on policies and legislation to enable scaling-up of sustainable land
management and landscape restoration or rehabilitation
Policy and legislation is needed to shift sustainable land management from peripheral projects to core
investments in agriculture and other land use. This could take the form of explicit support for certain types
of land management (e.g. agroforestry, conservation agriculture, range management), or regulation to deliver
against key indicators of sustainability, such as soil organic carbon. Incentives may also be needed where

16

investments in sustainable land management are beyond the financial or organizational means of local land
users. In this context, it is important to understand the value of established risk-management strategies
of land users; reluctance to abandon tried-and-tested strategies should not be mistaken for ignorance.
Achieving multifunctional land use also requires institutional arrangements for cross-sectoral coordination
or collaboration in land management, and for local governance modalities for natural resource management.
Overall this requires promoting sustainable land management, and prioritising national targets for Land
Degradation Neutrality in national policy agendas.

• Enhance local governance mechanisms that support land users in
sustainable land management practices
Government policy support is also needed to strengthen local natural resource governance and tenure
security. Secure land tenure and effective local governance over natural resources are vital for achieving
sustainable land management and to maintain or increase soil organic carbon and soil biodiversity. The rights
of men and women and indigenous peoples to access and to manage land must be upheld. This may involve
the (re-)establishment of local institutions and rules that facilitate application of local knowledge; for example,
local rules over cutting of trees, access to water, or grazing of seasonal pastures. Respect for local knowledge
and institutions, building consensus and ensuring equity through participatory approaches, policy, legislative
and institutional support, and secure resource and land tenure are all part of local governance as a set of
systems that control and mediate decision making by local actors, in consultation with concerned external
stakeholders, with regard to land resource development and management.

• Strengthen land information to support landscape-scale planning and
monitoring
Ensure that key biophysical and socio-economic data on land is available for decision-makers from the
local to the national level. This includes information on land use, land potential, land tenure, trends in land
use change, land value, potential for soil and above-ground carbon sequestration, and the status of land
degradation. These data need to be maintained up-to-date and should be accessible to all users. In most
countries, greater investment is required in monitoring land degradation, including the indicators agreed by
the Parties of the UNCCD to track progress made in achieving Land Degradation Neutrality: trends in land
cover, trends in land productivity or functioning of the land, and trends in carbon stocks above and below
ground.

• Establish effective services that support land users to adopt sustainable
land management practices
Extension services need to be designed to advance sustainable land management, or key elements of
sustainability, as their core business. Governments need to make decisions over how sustainable land
management will be promoted, while farmers need training on new approaches, for example in agroforestry
or conservation agriculture. In many cases this will require major professional updating of extension staff
combined with investment in vocational training and higher education curricula to overcome decades of
promoting unsustainable land management systems. Where the adoption of sustainable land management
exposes land users to new risks, or where the required investments are beyond their financial or organizational
capacity, incentives and risk-mitigation measures may be required. These incentives will frequently be justified
by the high value and diversity of the societal benefits reaped, from local to global level.

• Create enabling conditions for private investment in sustainable land
management
Sustainable land management frequently requires changes to agricultural practices and inputs, and in some
cases could also influence the type of agricultural outputs. This has significant implications for the private
sector. Private business has a major role to play in developing innovative products and services and new
markets that support SLM practices. For example, reducing soil tillage may require changes in fertiliser
and herbicide regimes and may require adapted farm machinery. Greater attention needs to be placed on
diversifying markets to reflect the wider range of values that are provided by healthy land. This includes
markets for ecosystem services, and could also include certifying high-value niche products such as medical
herbs and ecological livestock products from sustainable agricultural systems or landscapes.
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