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SOIL THREATS IN EU 

 

Montanarella 2015 Nature 
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STATUS OF SOM IN NE ITALY 

In the last 50 years, SOM in 

northeastern Italy decreased 

at rates of 0.02-0.58 t C ha-1 y-1 

Berti et al. 2016 Eur. J. Agron. 
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SOM DYNAMICS - WHAT DO WE KNOW? 

Schmidt et al. 2011 Nature 

The probability of access of 

m.o. to SOM is controlled by 

biological, chemical and 

physical variables 
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SOM DYNAMICS - WHAT DO WE KNOW? 

Soil reconstruction from MicroCT analysis 
100 kV, 300 μA,  360° sample rotation 0.3°;   

5 cm d X 6 cm h; voxel size 80 μm 3S-R, Grenoble 

Data on 

microbial 

accessibility  

to pore systems 

are becoming 

available 
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SOIL PORE FUNCTIONS AND SCALES 

Pituello et al. 2016 Agric. Ecosyst. Environ. 
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AGGREGATE STABILITY & SOC PROTECTION 

Primary particles <53 mm Microaggregates 53 -250 mm Macroaggregates >250 mm 

AGGREGATE HIERARCHY CONCEPT   

Tisdall and Oades (1982) and successive integration 

Aggregates 1-2 mm                              MIP (< 100 µm)                           3D Network models 
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3D-MODEL OF WATER INFILTRATION IN AGGREGATES 

Aggregate breakdown is reduced due to SOC effects 
 + Interparticle cohesion of aggregates  
 + Hydrophobicity 

 - Macropores (> 5 µm) + micropores (< 5 µm) 

50 years of…  

    Organic fertilization                   Mineral fertilization                           No fertilization 

Degree of wetting 
Dal Ferro et al. 2012 Eur. J. Soil Sci. 
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SOC DYNAMICS AT LARGER PORE SCALE 

X-ray microtomography:  

- Non-destrictuve analysis 

- Renders soils «transparent» 

- 3D images at fine resolution (µm scale) 

- Extensive data of different soil phases 

- Both soil cores and aggregates analysed 
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DIFFERENT SCALES: DIFFERENT MECHANISMS?  
C

o
re

 

Inter-aggregate scale  

SOC enhances soil core 

structure improving pore 

connectivity 

 

Increase of pores > 550 µm 

 

 

 

 

Intra-aggregate scale 

SOC decreases connectivity 

 

No data on pores < 10 µm 

 

Fertilizations:                 Organic                        Mineral               Control  

Dal Ferro et al. 2013 Geoderma 

Pore connectivity 
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Fertilizations:                 Organic                        Mineral               Control  
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DIFFERENT SCALES: DIFFERENT MECHANISMS? 

Organic fertilization Control 
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LINKING INFORMATION FROM DIFFERENT SCALES 

Conceptual models on SOC processes are still needed to better 

understand C dynamics 

Combining information on micro-heterogeneity with other 

experimental measures 

 - gas fluxes 

 - m.o. movement (only pores > 5 µm are accessible) 

 - fungi growth 

It is essential to quantify the «routes» by which substrates are 

accessed, where they are and how are accessed 

Kravchenko & Guber 2016 Geoderma 

Lehman & Kleber 2015 Nature 
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Advancements on SOC Localization 

Peth et al. 2014 Soil Biol. Biochem 

Synchrotron-based experiments 
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3D PHYSICAL MODELS 
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 Pore network from microCT        3D-printed soils (2.4 cm d x 2.4 cm h) 

3D printer 
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3D PHYSICAL MODELS 
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 Saturated hydraulic conductivity 

Future perspectives 

 
Separate physical and 

chemical   processes  

 

Design synthetic pore 

systems with peculiar 

characteristics 

 

Define specific 

distance from substrate 

to m.o./fungi 

Dal Ferro & Morari 2015 SSSAJ 
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CONCLUSIONS 

 

The persistence of soil organic carbon is primarily an ecosystem 
property, not a molecular property 

 

Advanced tools for studying soil C processes are (almost?) ready 

 

Different techniques and approaches are necessary to 

characterize the soil structure for SOC studies 

 

A major challenge to fully understand SOC dynamics is making 

compatible biogeochemical information from multi-scale 

analyses 
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