
Sara Di Lonardo
CNR-IRET (Firenze, Italy)



RESEARCH INSTITUTE ON TERRESTRIAL ECOSYSTEMS (IRET) of the CNR

Firenze Unit
Via Madonna del Piano, 10 –
50019 Sesto Fiorentino (FI)

www.iret.cnr.it

Firenze

http://www.iret.cnr.it/


WHY SOIL??

From an anthropocentric point of view..
-it sustains our life
-it allows us to have food and water

In general..
It sustains life. 

Soil gives us clean air and water, bountiful crops and 
forests, productive grazing lands, diverse wildlife, and 
beautiful landscapes.





Unhealthy soil doesn't have the moisture and nutrients
needed to thrive, which makes it dry, crumbling, and
cracked. When you pick up the dirt, it might crumble
quickly in your hands or be difficult to break apart. Proper
watering and irrigation would improve the soil's condition
in these instances.

Healthy soil vs Unhealthy soil 

Healthy soil has got a nice, dark, black color. Soil with
little to no life in it looks more like dirt: brown and dry.
Poor soil will turn to brown mud when it gets wet.
Healthy soil absorbs moisture beautifully and should
not have a muddy feel.



Indicator: measure, generally quantitative, that can be
used to illustrate and communicate complex
phenomena simply, including trends and progress over
time.

Thresholds are perceived as values above or below
which a significant shift or a rapid negative change
takes place.

Indicators provide relevant and meaningful information
about the status and dynamic behavior of soil, with
regard to its (multi-) functionality as well as impact on
ecosystem services.

Soil In general

Beyond such values, soil would be considered as
degraded, with restoring action needed.



Legumes have higher capability to encounter drought 
resistance than grasses

An example..

Parameters
Pn -> Net CO2 assimilation rate 
Tr -> Transpiration rate 
gs -> Stomatal conductance
Ci -> Intercellular CO2 concentration
Ls -> The stomatal limitation value

RWC -> Relative soil water content



The Driver-Pressure-State-Impact-Response framework applied to soil 
(in general, not considering each ecosystem)

Brussaard et al. 2007. https://doi.org/10.1016/j.pedobi.2006.10.007

https://doi.org/10.1016/j.pedobi.2006.10.007


Linkages between soil threats, soil functions, and soil-based ecosystem services 

Brussaard et al. 2012. 
https://www.doi.org/10.1093/acprof:oso/9780199575923.003.0005

PRESSURES

https://www.doi.org/10.1093/acprof:oso/9780199575923.003.0005


Bünemann et al. 2018. 
https://doi.org/10.1016/j.soilbio.2018.01.030

Indicators for soil health..and changes along the time!

https://doi.org/10.1016/j.soilbio.2018.01.030


But…how to choose type of measurements, harmonise data 
..and then indicators to monitor the status of soils?

What about standardization and harmonisation?



In general..



If we search for forest soils..

Review by Brussaard et al. 2018. 
https://doi.org/10.1016/j.soilbio.2018.01.030

Biological indicators

Chemical indicators

Physical indicators

Are we sure they are 
measured and analysed 
with the same method?

https://doi.org/10.1016/j.soilbio.2018.01.030


Main steps in the development of a soil quality assessment approach

Brussaard et al. 2012. 
https://www.doi.org/10.1093/acprof:oso/9780199575923.003.0005

direct

indirect

https://www.doi.org/10.1093/acprof:oso/9780199575923.003.0005


AN EXAMPLE: EUROPEAN COMMISSION

From research level to policy and.. 
viceversa!

What?





Where?

AN EXAMPLE: EUROPEAN COMMISSION







Soil indicators and thresholds: state of the art



Soil indicators and thresholds: soil organic carbon (SOC)

AN EXAMPLE: EUROPEAN COMMISSION



Soil erosion functional indicators



..other open questions in soil monitoring:
1) chemical and physical indicators: harmonization?

2) biological indicators: where we are?
3) what about new threats?



1) Chemical and physical indicators: harmonization?

What about new measurement methods?

Quantitative vs qualitative, for example

Proximal and remote sensors for soil quality



2) Biological indicators: where we are?

Soil biodiversity and policy…

By Orgiazzi 2022



2) Biological indicators: where we are?



..a proposed approach..

..sometimes
impossible..

2) Biological indicators: where we are?



eDNA
Genetic material obtained directly from environmental samples (soil, sediment, water, etc.) 

without any obvious signs of biological source material

2) Biological indicators: where we are?



2) Biological indicators: where we are?



2) Biological indicators: where we are?



2) Biological indicators: where we are?



2) Biological indicators: where we are?

It was developed via “innovation through 
subtraction” and thus requires minimal 
lab equipment, can be learned 
within days, reduces the barcode 
sequencing cost to < 10 cents, and 
allows fast turnaround from 
specimen to sequence by using the 
portable MinION sequencer.

Equipment?



2) Biological indicators: where we are?

• Decentralizes sequencing

• Reverse workflow (i.e. sequence all 
specimens)

• Engage community and stakeholders

• Provides extensive methods section

• Suggest simpler lab protocols

• New tool for bioinformatics

• Made possible by technological 
improvements 

• Can be used for projects of different 
sizes (up to 10 000 amplicons)

Key points 
(why I like this paper)

Equipment?



2) Biological indicators: where we are?

..some suggestions..



3) what about new threats?

An example……microplastics and terrestrial environments (thanks to urban compost!)



Development of a pipeline for microplastic analysis in IRET

Schematic representation of microplastics analysis
using microscopy and spectroscopy

• versatile
• time-costing
• sensible
Promising tool for the identification of
microplastics in complex matrices

FTIR-PAS to identify microplastics

3) what about new threats?



Aims:

(1) developing a protocol to identify 
plastic residues as found along 
the soil particle size distribution; 

(2) monitoring the contribution of 
urban composts in agricultural 
soils to MPs contamination. 

We investigated compost from 
recycled urban waste as possible 
vehicle for the entry of MPs into the 
environment and we adapted some 
sediment fractionation procedures to 
separate and identify MPs. We 
investigated agricultural soils in  
inland hilly areas of Italy, where 
municipal solid waste composts were 
applied since 2005.

The device used in our exp

34 µm mesh screen

air inlet
water inlet

34 µm sieve

The device used by Claessens et al. 2013

3) what about new threats?
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Urban compost…..Microplastics and terrestrial ecosystems

What about plants and microrganisms? 
And other organic pollutants?

3) what about new threats?

Other issues!



• Soil functional indicators require conceptional refinement (while remaining simple) and maturity

• Thresholds: they depends from various parameters (ecosystems, country/regions, etc)

• Impacts on end-points are needed

• SOC: may be the most important parameter for the production

• Data source and methodologies (harmonisation) need to be revised

The never ending story..FINAL remarks



The future..in the present!



Take home message

As humans, we can’t make soil. 

Only soil organisms (plants, 
microbes, earthworms) can make 

healthy soil!

We can only provide the 
environment!



Sara Di Lonardo
CNR-IRET (Firenze, Italy)

Thanks for your attention!


