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Highly fertile soils cover only 3% of the world's land surface, but produce more 
than 40% of major crops

- High and medium-income countries: 32% very fertile land 
– arable land: 0.37 ha/capita
- Low-income countries: 28% very fertile land 

– arable land: 0.17ha/capita

Soil fertility is very variable

FAO, 2022



Reduction of cultivated area and increase in 
productivity: what are the consequences?



A third of the soil resources is degraded (FAO, 2015)

Source: Coppus, forthcoming, 





Why is the soil resource not included 
among the planetary boundaries?

(Stockholm Resilience Centre, 2023)



What is soil health?

“the physical, chemical and biological condition of soil 
that determines its ability to function as a viable system 

and provide ecosystem services” (EU COM, 2023) 

(Source: Costantini and Priori, 2022)



Focus on capacity to 
sustain life

The continued capacity of 
soils to provide ecological 
functions for all forms of life 

Focus on human needs

1) provide food and biomass 
production; 

2) absorb, store and filter water and 
transform nutrients and substances, 
thus protecting groundwater bodies; 

3) provide the basis for life and 
biodiversity; 

4) act as a carbon reservoir; 
5) provide a physical platform and 

cultural services for humans and 
their activities; 

6) act as a source of raw materials; 
7) constitute an archive of geological, 

geomorphological and 
archaeological heritage. 

EU Soil Mission, 2020 

EU Soil Strategy, 2021 

Soil 
health



Soil degradation as a temporary or permanent 
worsening of its health

Soil degradation is a temporary or permanent worsening of its 
health, i.e. its functionality, due to unsustainable management, 

exceeding its resilience.

(Source: Costantini and Dazzi (Eds) The Soils of Italy)



Soil health, a relative concept

(Source: EJP Soil project)



EUSO dashboard: the 61% of European soils
is degraded



Aim: facilitating soil health improvement through proper policies and 
measures

The new European law on soil health monitoring 
and evaluation (EU, 2023)



The descriptors of soil health (EU, 2023)

Common descriptors at EU level:
– salinization,
– erosion,
– organic carbon,
– subsoil compaction.

At Member State level:
– nutrient content,
– contamination
– water holding capacity.

Other descriptors without threshold criteria:
– acidification, 
– soil surface compaction,
– biodiversity
– urbanization.



Thresholds for evaluation

Land areas that shall be 
excluded from achieving 

the related criterion 

Criteria for healthy soil condition Soil 
descriptor 

Aspect of soil degradation 

Part A: soil descriptors with criteria for healthy soil condition established at Union level 

Naturally saline land areas; 
Land areas directly affected 
by sea level rise 

< 4 dS m−1 when using saturated soil 
paste extract (eEC) 

Electrical 
Conductivity 
(deci-Siemens per 
meter) 

Salinization 

Badlands and other 
unmanaged natural land 
areas

≤ 2 t ha-1 y-1 Soil erosion rate 
(tonnes per hectare 
per year) 

Soil erosion 

- No exclusion 
- Non- managed soils in 

natural land areas

- For organic soils: respect targets 
- For mineral soils: SOC/Clay ratio > 
1/13; possible corrective factor, taking 
into account the actual SOC content in 
permanent grasslands.

Soil Organic 
Carbon (SOC) 
concentration (g 
per kg) 

Loss of soil organic 
carbon 

Non- managed soils in 
natural land areas

Range from 1.47 for clay to 1.80 for 
sand and loam
Non-managed soils in natural land 
areas 

Bulk density in 
subsoil (upper 
part of B or E 
horizon); 

Subsoil compaction



Part B: soil descriptors with criteria for healthy soil condition established at Member States level 

No exclusion The “maximum value” shall be laid down by the 
Member State within the range 30-50 mg kg-1 

Extractable phosphorus 
(mg per kg) 

Excess nutrient 
content in soil 

No exclusion no unacceptable risk for human health and the 
environment from soil contamination exists. 

concentration of heavy 
metals in soil: As, Sb, Cd, 
Co, Cr (total), Cr (VI), 
Cu, Hg, Pb, Ni, Tl, V, Zn 
(μg per kg) 

Soil contamination 

No exclusion The minimal threshold set at soil district and 
river basin or subbasin level at such a value that 
the impacts of floodings following intense rain 
events or of periods of low soil moisture due to 
drought events are mitigated. 

Soil water holding 
capacity of the soil 
sample 

Reduction of soil 
capacity to retain 
water 



Part C: soil descriptors without criteria 
Soil descriptor Aspect of soil degradation 
Nitrogen in soil (mg g-1) Excess nutrient content in soil 
Soil acidity (pH) Acidification 
Bulk density in topsoil (A-horizon) (g cm-3) Topsoil compaction 
Soil basal respiration ((mm3 O2 g-1 hr-1) in dry soil 
possible: - metabarcoding of bacteria, fungi, protists and animals; -
abundance and diversity of nematodes; - microbial biomass; - abundance 
and diversity of earthworms (in cropland); - invasive alien species and 
plant pests 

Loss of soil biodiversity 

Part D: land take and soil sealing indicators 
Land take and soil sealing indicators Aspect of soil degradation 
Total artificial land (km² and % of Member State surface) Land take and soil sealing 



Problematics: the datasets



The choice of the modelling approach

(Source: EJP Soil project)



Thresholds or reference values?

(Source: EJP Soil project)



Which thresholds?

(Source: EUSO, 2023)



Which targets?

(Source: EUSO, 2023)



Monitoring the effects of applied measures

(Source: EUSO, 2023)



• The transition between the concepts of fertility, quality 
and soil health has been favored by the results of 
scientific research and by the increased sensitivity to 
environmental issues

• Soil health is a simple and effective concept for 
communication purposes, but in reality it implies the 
understanding of complex situations and processes

• The new European law is an important tool for directing 
measures and interventions aimed at improving the 
health of European soils

• For many soil conditions, a regional calibration is required 
that takes into account local environmental, social and 
agronomic realities

Conclusions and perspectives




