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In this lecture

1. Why sustainable soil management is imperative
2. Soil threats that hamper SSM and soil health
◦ Focus on soil degradation caused by the use of heavy 

machineries (bulldozer erosion)
3. Sustainable soil management, soil self-organization, 

and soil health
4. SSM assesment
5. Conclusions and perspectives



Why sustainable soil 
management is 

imperative
By 2050

◦ 10 billion people will consume 
resources of 3 planet earth
◦producing 70% more wastes
◦doubling the extraction of 
materials
◦ using only 12% circular goods



Source: UN, 2011

The global change

http://upload.wikimedia.org/wikipedia/commons/0/0c/Agglo19502050.png


Some 33% of the world’s soils are moderately to highly degraded: almost a third 
of rainfed cropland and nearly half of irrigated land are subject to risk from 

human-induced land degradation

Global distribution of land degradation 

Source: Coppus, forthcoming, 



Human induced pressures in coastal zones: 
agriculture impacts and land use changes 
in the region of Andalusia, Spain between 
1956 and 2014

Source: P.I.C. INTERREG IIIB Western Mediterranean, 
DesertNet Project

Urbanization and agricultural intensification





The global patterns of soil properties and the human imprint 

Ronald Amundson et al. Science 2015;348:1261071Published by AAAS
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Quick global disturbing facts

On a global scale an annual loss of 75 billion tons 
of soil from arable land is estimated to cost about 
USD 400 billion each year in lost agricultural 
production. 

Annual cereal production losses due to erosion 
have been estimated at 7.6 million tonnes.
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Dominant soil and terrain constraints for low input farming
FAO estimates that farmers need to 
produce  70 % more food by 2050 
equal to 1 billion tons more of wheat, 
rice and other cereals and 200 
million more tons of beef and other 
livestock products

2020 Arable land ha/capita: 0.18

Great disparities between the rich and poor countries

High income countries: 32 % prime lands - Arable land ha/ capita: 0.37
Low income countries: 28 % prime lands - Arable land ha/capita: 0.17

High fertile soils  cover only 3 per cent of the world’s land area, but 
produce > than 40 per cent of the global food and over 90 per cent of 
them are used for cereal production (Eswaran et al., 2003)

Drylands are home to 2,7 
billion people but 70 % of 

the soils are degraded

A fertile 
Mollisol

Protect 
them!

Photo credit: Erika Micheli

FAO-LADA, IASSA, 2011



Land and water systems are at breaking point



Conventional intensive 
farming and water resources



Conventional intensive farming and use of 
fertilizers



a) loads on the front wheels 
of combine harvesters,

b) loads on the rear wheels 
of tractors (USA). The 
dashed line in b) 
represents the 25% 
increase in wheel load in 
the rear furrow during 
conventional plowing.

Keller et al., 2019

Conventional intensive farming and use of 
heavy machinaries



occurs when moist soil particles are pressed together by machinery heavier 
than soil bearing capacity, 

soil structure, root growth, biological activity, nutrient cycling, water storage 
and infiltration are affected, pore space size and continuity are reduced. 

Increased flooding,  runoff, erosion, nutrient loss and water-quality problems.

Heavy machinery and soil compaction



Soil structural degradation

conventional tillage           non-inversion tillage

©UGent

Natural aggregates
soil deformation

soil sealing/crusting

Plough layer 
compaction

©UGent
clods

Presenter Notes
Presentation Notes
vigilant about sodication (use of waste water also in Flanders, eg frozen vegetable industry



Deep soil compaction

Europe: yield losses of 5-35% 
(Stanners & Bourdeau 1995)



Figure source: Lal, (2012)

Wikipedia

Global depletion of soil organic carbon stock by 
historic land use and soil degradation is estimated at 
133 Pg C

Consequences of conventional
intensive farming



Soil degradation processes threatening soil health

EU 
 soil erosion by water and wind, 
 soil organic carbon loss, 
 soil nutrient imbalance, 
 soil salinization, 
 soil contamination, 
 acidification, 
 loss of soil biodiversity, 
 soil sealing, 
 soil compaction and waterlogging

OCSE
 ….
 Subsidence, 
 Formation pf surface crust and 

compact layers in the soil profile,
 Soil structure deterioration, 
 Desertification, 

Others
 Aridification
 Cooling 
 Suffusion
 Shrinkage 
 Glacial 

erosion
 Lava covers

 Loss of 
pediversity
and cultural 
values



The total costs of degradation 
that could be assessed in 
2006 for erosion, organic 
matter decline, salinization, 
landslides and contamination, 
would be up to €38 billion 
annually for EU25

• Erosion: € 0.7 – 14.0 billion 
• Organic matter decline: € 3.4 – 5.6 billion
• Compaction: no estimate possible 
• Salinization: €158 – 321 million 
• Landslides: up to € 1.2 billion per event, 
• Contamination: € 2.4 – 17.3 billion 
• Sealing: no estimate possible 
• Biodiversity decline: no estimate possible 

Costs of soil degradation in Europe



Main soil degradation processess

EROSIONE IDRICA

Compaction

Aridification and 
desertification Pollution and 

acidification

Loss of SOM and 
biodiversity’

Water and wind 
erosion

SalinizationSoil sealing



Water soil erosion 
in Europe

Low (<2 t/ha)
75.6%

Moderate (2-10 t/ha)
19.1%

High (>10 t/ha)
5.3%

Panagos et al, 2015



Effects of soil erosion on ecosystem services

Decay of landscape 
beauty

Loss of bearing 
capacity

Loss of SOM and 
biodiversity

Landslides and floods

Contamination and 
salinization

More GHG emissions

Loss of water storage

Loss of groundwater 
recharge

Loss of yield and food 
quality

Loss of soil heritage



Soil erosion

Natural erosion processes not 
affected by human activities

(natural and semi-natural 
habitats)

Natural or geologic erosion

When human 
activities accelerate 

natural erosion
processes

When human 
activities create 

non-natural 
erosion processes 

Anthropogenic erosion

Photos: S. Pellegrini



Focus on bulldozer erosion



Profile

truncation

Profile

burial

Scalped areas Accumulation areasOriginal soil 
profile

Impacts of soil scalping because of slope reshaping

Ap



Threat to soil: soil losses in unarmoured fields

After soil
scalping

During
ordinary
farming



Threats to soil health:  loss of organic carbon
(Costantini et al., 2015)

45 kg C.m2 (first 15 cm)

~3.300 km of a car with 
average emissions






Soil rootable depth= 300+45 mm; AWC = 44.85 mm  

Threats to soil health:  loss of water storage
(Costantini, 2021)



Threat to soil: outcrop of saline horizons



Photos: C. Dazzi

Threats to soil health: loss of soil self-organization



Threats to soil health: loss of soil purifying capacity



Sustainable soil management and soil health
SSM is aimed at preserving ecosystem services

FAO-GSP, 2015

“Soil management is sustainable if the 
supporting, provisioning, regulating, and 
cultural services provided by soil are 
maintained or enhanced without significantly 
impairing either the soil functions that enable 
those services or biodiversity.” FAO-GSP 2017

Cropland and grasslands in the EU provide
EUR 76 billion worth of ecosystem services per
year: less than one third come from crop
production, the rest from other ecosystem
services.



Nutrients

Water

Air

Soil must be healthy to provide ecosystem services

Soil is a dynamic
system:

Complex and fragile 
ecological machine

Soil organisms

hydrological and 
biogeochemical
cycles



Zanella A. et al., 2018

Soil health and self-organization



Soil aggregate formation is a main indicator of self-organization 
and good functioning



Influence of organic matter on aggregate stability in
26 British soils (Chaney and Swift, 1984).

OM inputs favours soil self-organization through biological 
activity and aggregate formation 



SSM assessment
FAO - Voluntary Guidelines for Sustainable Soil 

Management (2017)

◦ 3.1 Minimize soil erosion
◦ 3.2 Enhance soil organic matter content
◦ 3.3 Foster soil nutrient balance and cycles
◦ 3.4 Prevent, minimize and mitigate soil 

salinization and alkalinization 
◦ 3.5 Prevent and minimize soil contamination
◦ 3.6 Prevent and minimize soil acidification
◦ 3.7 Preserve and enhance soil biodiversity
◦ 3.8 Minimize soil sealing
◦ 3.9 Prevent and mitigate soil compaction
◦ 3.10 Improve soil water management





Fossil energy

Technologies 
with high 
impact

Soil sealing

Renewable 
energy

Nature-based 
solutions

Soil sparing



SSM practices and 
carbon farming

◦ surface cover (e.g. from growing 
plants, plant residues, etc.) to 
protect the soil,
◦ high-residue management systems, 
◦ high biomass crop rotation,
◦ organic amendment,
◦ reduced tillage, 
◦ agroforestry
◦ ……





Restoring soil health and 
functioning

SSM should be aimed at maintaing or 
recovering soil self-organization



Quantifiable impact of sustainable soil management 
practices on SOC-induced changes in soil health.





Sustainable soil management indicators





Field visual assessment

Ball, B. C., Batey, T., & Munkholm, L. J. (2007). Field assessment of soil structural quality–a development of the Peerlkamp
test. Soil use and Management, 23(4), 329-337.



SSM assessment needs specific expertise

 Select the area of study
 Monitoring plan
 Use of remote and proximal sensing

 Plan the SSM assesment
 Recovery of existing data
 Selection of the indicators
 Sampling plan
 Reading of the soil profile
 Field visual assesment
 Sampling skills
 Samples analysis

 Assess SSM practices 
 Data interpretation



TO SUM UP

- The current trend in resources exploitation, based upon intensification of 
farming and inputs, is unsustainable.

- The health of soil is threated by multiple threats, harsher in the low-income 
countries and in lands with severe soil fertility constraints, like drylands

- Using heavy machinery is a major driver of soil degradation
- SSM is aimed at maintain or restoring soil health and the provision of its 

ecosystem services
- Soil organic matter and aggregates are key factor of soil health
- Soil self-organization is an indicator of soil health
- To assess the benefit of SSM practices on soil health a specific expertise in 

needed



Soil as a dynamic object in the IoT world

New frontiers in SSM
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