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Foreword

Soils are the source of 95 percent of our food. With
their rich organic matter content and high fertility,
black soils are unique amongst soils. As the source of
high productivity and rich ecosystem services, black
soils are known as the world’s food basket and have
been linked with human well-being for hundreds of
years. Throughout history, black soils in China have
been associated with health and prosperity. In South
America, the ancient heritage of black soils ensures the
survival of communities and promotes the preservation
of biodiversity through best traditional agricultural
practices.

For centuries, these fertile soils have played a key role
in the global production of cereals, tuber crops, oilseed,
pastures, and forage systems. Despite representing only
5.6 percent of the global land area, these black earth
belts feed not only the 223 million people settled on
them, butalso millions of others in countries thatimport
commodities produced in black soils, thus significantly
contributing to the global economy development and
food security.

With over 828 million people facing food insecurity in
2021 and in the midst of a global fertilizer crisis, the
role of soils — including black soils — is more relevant
than ever. Conserving, sustainably managing and
restoring our soils is vital to address global challenges
such as food insecurity, poverty, the climate crisis,
biodiversity loss and land degradation.

Itis proven that soil organic carbon sequestration is one
of the most cost-effective options for climate change
adaptation and mitigation. In this regard, black soils are
paramount as they contain 8.2 percent of the world’s
soil organic carbon stocks and can provide 10 percent
of the global total soil organic carbon sequestration
potential.

While 31 percent of global black soils are cultivated,
great portions remain with their natural land cover of
forests and grasslands. Protecting these uncultivated
black soils should be a global conservation priority
because of their biodiversity and the large amount of soil
organic carbon they contain, all key for climate action,
sustainable and resilient livelihoods and food security.

However, this rich treasure is under threat. Most black
soils have already lost at least half of their soil organic
carbon stocks and suffer from moderate to severe
erosion, nutrient imbalances, acidification, compaction
and soil biodiversity loss because of land use change
(from natural grasslands to cropping systems),
unsustainable use and excessive use of agrochemicals.
This loss is further exacerbated by climate change.
FAO through its Global Soil Partnership is committed to
the conservation and sustainable management of black
soils. In this regard, it established the International
Newwork of Black Soils, and recently published the
Global Black Soils Distribution Map, which attempts to
provide for the first time a global overview of the status
of the world’s black soils. It highlights the benefits,
challenges and opportunities of black soils, with
recommended actions to support a sustainable future
for black soils.

I would like to convey my appreciation to the
International Network of Black Soils, the world’s
leading black soils scientists and experts, and all
FAO Members and partners who contributed to the
production of this key report, raising awareness on the
importance of black soils and paving a way forward to
protect them.

It is our hope that all relevant stakeholders, and
countries with black soils, will use the findings and
recommendations of this report to protect, sustainably
use and restore black soils for the food security,
sustainable development and health of current and
future generations.

2

FAO Director-General
QU Dongyu
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Executive summary

For many generations, black soils have been prized
for their rich organic matter content and the great
natural fertility that results from this stored organic
material. The inherent natural high fertlity of black
soils has led to the use of approximately one third of
natural ecosystems (grasslands and forests) for crop
production. Although only approximately 17 percent
of global cropland occurs on black soils, in 2010, 66
percent of sunflower seeds, 51 percent of small millet,
42 percent of sugar beet, 30 percent of wheat and 26
percent of potatoes were harvested globally from black
soils. The importance of crop production from black
soils has been highlighted by the disruption of the
global food supply caused by the current conflict in the
heart of black soils.

The looming crisis of human-induced climate change
has focused attention on the critical importance of the
carbon locked up in the organic matter of black soils.
Black soils occupy 725 million hectares of the land
surface and constitute 5.6 percent of global soils but
contain 8.2 percent of the world’s soil organic carbon
(SOC) stocks: approximately 56 billion tonnes of
carbon (Pg of C). Recently, the ability of soils to remove
carbon from the atmosphere and lock it up in soil
organic matter (called carbon sequestration) has been
proposed as an important solution to mitigate human-
induced climate change. The Global Soil Organic
Carbon Sequestration Potential (GSOCseq) map
showed that black soils can provide 10 percent of the
total SOC sequestration potential of global soils.

The need to consistently identify and promote black
soils led to the establishment of the International
Network of Black Soils (INBS) by FAO’s Global Soil
Partnership in 2017. Work by the INBS has led to a
consistent definition of black soils and the first ever
Global Black Soil Distribution map (GBSmap). This
work was critical to identify the regions where black
soils are found and to assess both the threats to these
soils and the successful management approaches to
counter these threats.

Major areas of black soils are found in Eurasia (Russian
Federation (327 million ha), Kazakhstan (108 million
ha), and Ukraine (34 million ha)), Asia (China (50
million ha), Mongolia (39 million ha)), North America
(United States of America (31 million ha), Canada (13
million ha)), and Latin America (Argentina (40 million
ha), Colombia (25 million ha), Mexico (12 million ha)).
In many of these regions the black soils are associated
with the great midlatitude grasslands: the Pampas of
Argentina, the Great plains of North America, the
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northeast black soil region of China, and the Forest-
Steppe and Steppe regions, of the Ukraine and the
Russian Federation. In all of these regions undisturbed
black soils were the home for a complex assemblage of
burrowing soil fauna and their actions mixed the organic
matter from the grasses into upper part of the mineral
soil, creating a thick, black, topsoil layer. Throughout
these regions the grasslands have been extensively
converted to cropland, but approximately 37 percent
of black soils remain under grass cover. The INBS’s
GBSmap shows that an important area of black soils
also occurs in forested environments. These black soils
have their greatest extent in the Russian Federation and
Canada and in total, approximately 29 percent of black
soils are under forest cover.

Smaller areas of black soils have formed in volcanic
ash deposits in countries such as Japan, in wetlands
where water retards the decomposition of added
organic material and in high alpine areas where the cold
temperatures also slow decomposition and allow the
buildup of soil organic matter. There are also significant
arcas where humans have formed black soils through
the addition of organic matter over decades or centuries
of use. Perhaps the best known of these are the Terra
Preta do Indio in the Amazon basin, which have been
formed by the addition of charcoal and other organic
materials by indigenous groups over centuries of use.
In Europe, plaggen soils have formed primarily by
continued additions of manure and straw to soils. Both
Terra Preta do Indio and plaggen soils demonstrate the
ability of humans to fundamentally alter soils through
our management practices.

The greatest threat to black soils is the loss of organic
matter through both conversion of natural landscapes
to agriculture and by continuing mismanagement
of cultivated black soils. Studies in many black soil
regions have documented losses of 20 to 50 percent
of the original soil organic matter when grassland or
forested black soils are converted to agriculture. These
initial losses occur when stable aggregates in the soil
arc broken apart by soil tillage, exposing protected soil
organic matter to decomposition by microbes in the soil.
The carbon dioxide that is released to the atmosphere
during decomposition has been asignificant contributor
to the atmospheric carbon pool through time.
Continuing losses of soil organic matter on cultivated
black soils occur due to the physical transport of
soil particles (including organic matter) by erosion.
Water erosion affects all soils, but wind erosion is a
particular issue in black soils of former grasslands —
the drier climates these soils are found in are naturally
susceptible to high rates of wind erosion. The black soil



arcas of North America were particularly devastated by
wind erosion during the 1930s, dust storms caused
several adverse effects such as respiratory discases
causing the death of people and animals, farmlands
becoming unusable, and hunger and poverty spreading
across several states of North America. Continuing
losses of soil organic matter through erosion have been
shown to more than offset any gains in soil organic
matter through carbon sequestration and hence erosion
control on these soils is essential. In addition, nutrient
imbalance and physical-structural deterioration should
be considered as major threats to black soils. In some
regions soil salinization, pollution and soil sealing due
to urban advancement also occurs.

Fortunately black soils have proven to be well suited to
the adoption of reduced and no-till cultivation systems
(also called conservation tillage). These systems
minimize or eliminate disruption of the soil surface by
tillage implements and leave a cover of crop residuc on
the soil surface. This cover reduces water losses to the
atmosphere and protects the soil from wind and water
crosion as well as any erosion associated with the tillage.
Adoption of reduced and no-till systems has been
especially high in Argentinian Pampas and in the Great
plains of North America.

This report highlights throughout the importance of two
main goals: the preservation of the natural vegetation
cover on black soils under grassland, forest and
wetland vegetation and the adoption of sustainable soil
management approaches on cropped black soils. The
preservation of natural cover protects the rich organic
matter levels from decomposition and release of large
amounts of CO,, into the atmosphere; the adoption of
sustainable management approaches such as reduced
tillage and no-till allows soil organic matter levels to
stabilize and (ideally) to increase. While adoption of
improved management occurs at the individual farm
level, protection of natural landscapes often requires the
development of monitoring systems for the status of and
changes to the condition of black soils, and governance
at sub-national and national levels. Currently only
China has a national law in place to protect, conserve
and encourage sustainable management of black soils.
With this report, the International Network of Black
Soils has documented the extentand importance of black
soils to agricultural production and seeks to address the
global threat of rising atmospheric carbon levels and
the climate warming that result from this. It is hoped
that the many examples of beneficial soil management
and governance it contains can serve as an inspiration
for the adoption of improved management approaches
throughout the black soil zones of the world.
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1. Introduction

1.1 Setting the scene

Black soils - especially the Chernozems' of the
Russian Federation steppes - were first described
by Vasily Dokuchaev who named them the “Tsar of
soils” or the “fourth kingdom of nature” because
of their great economic, social and environmental
importance (Moon, 2020).

Black soils are unique soils characterized by a thick,
dark-coloured soil horizon, and rich organic matter
content. Due to their high inherent fertility, black soils
are known as the food basket of the world or the “giant
panda in arable land” in Asia. For decades, these fertile
soils have been widely cultivated, and have played a
key role in global agricultural production of cereals,
tuber crops, oilseed, pastures, and forage systems.
Despite representing only 5.6 percent of the global
land area, these black earth belts feed not only the 223
million people settled on them, but also the countries
that import various black soils’ commodities, thus
contributing to global economy. It is estimated that
in 2010, 66 percent of sunflower seeds, 51 percent
of small millet, 42 percent of sugar beet, 30 percent
of wheat and 26 percent of potatoes, were harvested
globally from black soils (FAO, 2022). Globally,
approximately one-third of black soils are covered by
crops, one-third by grasslands, and the remaining third
by forests. However, this distribution varies within each
region (FAO, 2022).

Most black soils have evolved to support a grassland
vegetation characterized by an enormous floristic and
faunistic richness, including soil biodiversity, which
provides soil health and key ecosystem services such as
water retention, carbon sequestration, nutrient cycling,
climate regulation, among others. The V.V. Alekhin
Central-Chernozem State Biosphere Reserve, located
in the Russian Federation’s Kursk region, is a good
example of preserved ecosystems with 7200 species
of organisms, relict vegetation and rare plant species:
pristine ecosystems that can serve as reference sites to
monitor soil health (Ministry of Natural Resources and
Environment of the Russian Federation, 2022).

Also, black soils can harbour biodiversity hotspots
for several groups of fauna (microorganisms and
macrofauna), as is the case for tropical regions from
Mexico, Colombia and southern Brazil (See Figure
1.1a).

The term “black soils” refers to different soil types that
contain moderate to high soil organic carbon (SOC)
content derived from the decomposition of animal
and plant residues that will form organic matter. Black
soils are paramount for climate change mitigation and
adaptation as they contain 8.2 percent of the world’s
SOC stocks and can provide 10 percent of the global
total SOC sequestration potential, with Europe and
Eurasia having the highest potential, at over 65 percent
and Latin Americaand the Caribbean around 10 percent
(FAO, 2022) (See Figure 1.1b). It is well known that
carbon sequestration provides multiple benefits to the
environment and humans and is one of the most cost-
cffective options for climate change adaptation and
mitigation, as well as for fighting food insecurity, land
degradation, and desertification (IPCC, 2019).

For hundreds of years, black soils have been conceived
as a synonym for human well being due to the ecosystem
services they provide, especially for food security
and nutrition. In northeastern China during the Qing
dynasty (1644 to 1912), the Manchu rulers protected
their native regions, allowing the rich topsoil layer
(organic matter) to develop undisturbed. Throughout
history, the inhabitants of northeast China have
associated black soils with the health and prosperity
of their nation (Cui ez @/, 2017). The anthropogenic
black soils or Amazonian Dark Earths (ADEs) are
fertile soils (Anthrosols) characterized by high content
of microscopic charcoal particles, which give them
their distinctive colouration (Kern and Kéampf, 1989;
Schmidteral., 2014; Kern ez al., 2019). The ADEs are
exceptionally fertile due to their high concentrations
of pyrogenic charcoal, formed in pre-Columbian times
by Amazonian Indigenous Peoples, who created high
fertility areas, thatinhabited the region between two and
cight thousand years ago. This ancient heritage ensures
the survival of riparian communities and promotes
the preservation of biodiversity through sustainable
agricultural practices. Black soils have also inspired art
for their scenic and landscape beauty (See Figure 1.1c,
and Photo 1.1).

! Chernozems are defined as black soils or dark brown due to their richness in well-humified organic matter. The thickness of the organic layer
is at least 40 cm with a high base saturation (Mg and Ca**), a neutral pH, defined bioturbation, and stable aggregation.
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Figure 1.1a Global map of the soil biodiversity potential index in black soils

Source: Orgiazzi, A., Bardgett, R. D. & Barrios, E. 2016. Global soil biodiversity atlas. European Commission
This map was developed by using both Global soil biodiversity atlas and GBSmap which is developed by GSP.
FAO. 2022a. Global Map of Black Soils. Rome, Italy, FAO. https://www.fao.org/documents/card/en/c/cc0236en

Figure 1.1b Global sequestration potential in black soil areas based on the sustainable soil management

(SSM) scenario of a 10 percentincrease in carbon inputs

Units expressed in tonnes of carbon per hectare, peryear (annual tonnes/ha)
Source: Authors' own elaboration

Note: The designations employed and the presentation of material in the map(s) do not imply the expression of any opinion whatsoever on
the part of FAO concerning the legal or constitutional status of any country, territory or sea area, or concerning the delimitation of frontiers.




Chetnic Phacozems (Loamic. Pachic. Tonguic)
From Heflongjiang Province, Ghina
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Figure 1.1cArtistic representation (drawing) of a Phaeozem profile in Heilongjiang province, China



1| Black soils and the post-2020 Global Biodiversity Framework

Maize cropping system on black soils, Beian County, China.

According to FAO (2022) and Hou (2022), China has the third largest area of black soils. Between
1996-2019, more than 11 million hectares of black soils were converted to crop-growing. Land use
change and agricultural intensification is causing ecosystem degradation such as soil erosion, pollution (by
pesticides and heavy metals), depletion of groundwater, and reduction of wetland habitats. In this context,
in August 2022, the National People’s Congress of China enacted a law for the protection of black soils,
considering their valuable attributes as fertile soils (high organic matter content), their fundamental role
for food security, and the potential of soil organisms to provide healthy soils for sustainable development of
agriculture in black soil regions. Hence it is very importa