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A significant extension of the agricultural lands worldwide is moderately
or severely degraded, and nearly 2 billion hectares – an area twice the
size of China – is seriously degraded, sometimes irreversibly (FAO
Sustainable Soil/Land Management for Climate-Smart Agriculture)
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(SOC the hidden potential FAO 2017 - http://www.fao.org/3/a-i6937e.pdf%20)
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The progressive degradation of agroecosystems has promoted an
increasing effort to promote the “adoption of land-use systems that
through appropriate management practices enable land users to
maximize the economic and social benefits from the land while
maintaining or enhancing the ecological support functions of the
land resources” (FAO Sustainable Soil/Land Management for
Climate-Smart Agriculture)
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an important role is assigned to the natural organic matter

Soil organic matter is crucial to soil health, fertility and 
ecosystem services, including food production – making 
its preservation and restoration essential for sustainable 

development. 
FAO 2017 Global Symposium on Soil Organic Carbon

http://www.fao.org/about/meetings/soil-organic-carbon-symposium/en/)



The soil organic matter (SOM) play a key role for
maintenance of the different environmental, productive and
biological tasks of agro-ecosystems





The soil organic carbon (SOC) represent a larger reservoir in the 
global carbon cycle of terrestrial biosphere pools, accounting for 

1500-2400 Pg, as compared to C stocks of vegetation (450-650 Pg) 
and fossil fuels (1000-1900 Pg) (IPCC)

Intergovernmental Panel on Climate Change – report 2017

Vegetation + soil biota 
450-650 Pg C

Soil

1500-2400 Pg C

Fluxes: +7.5 Pg C yr-1

Land use: 
+1.10.8 Pg C yr-1

Fossil fuels   1000-1800 Pg C

Pg=1015 g



Contribution of SOC to the Sustainable Development Goals.
(SOC the hidden potential FAO 2017)



(from Six et al., STR 2004)
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Spatial pattern of subsoil organic carbon turnover of subsoil (0.3–1m)

(Zhongkui et al., 2019 Nature communication doi.org/10.1038/s41467-019-11597-9)
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Soil Organic Matter Dynamics (SOMDY)
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task 8.3.2.: Valorisation and biological regeneration of 
wastes as resources for organic fertilizers/amendments to 

improve carbon storage and soil quality

Dept. of Agricultural Sciences – University of Napoli Federico II

Bonanomi Giuliano (AGR/12), Fagnano Massimo (AGR/02), Fiorentino Nunzio (AGR/02), 
Pindozzi Stefania (AGR/10), Scotto Di Perta Ester (AGR/10), Spaccini Riccardo (AGR/13)

Preliminary test on pilot composting system (CNR-ISAFOM 
Perugia) to optimize the best mixing aimed at the production organic 

fertilisers based on the combination of biochar with organic 
feedstocks (buffalo manure, digestate, olive-mill waste)

AGRITECH Spoke 8 ‐ Circular economy in agriculture
through waste valorization and recycling



Spoke 8 ‐ Circular economy in agriculture throughwaste valorization and recycling

AGRITECH SPOKE 8 
Meeting task 8.3.2.: Valorisation and biological regeneration of wastes as resources, 

organic fertilizers, or amendments to improve carbon storage and soil quality

Trial #1 – Buffalo manure & biochar -
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AGRITECH SPOKE 8 
Meeting task 8.3.2.: Valorisation and biological regeneration 
of wastes as resources, organic fertilizers, or amendments to 

improve carbon storage and soil quality

DESIGN: Completely randomized:
‐ 2 Crops: Italian ryegrass (Loliummultiflorum),wild rocket (Diplotaxis tenuifolia)
‐ 4Urea rates x 6 compost types
‐ 3 replicates

Amendment applied at four 4 rates of N fertilization: 
100% compost, 33%compost-66% urea, 66% compost 
33%urea, 2 Ton/Ha compost
•C1: Livestock manure compost
•C2: Livestock manure+biochar compost
•C3: Livestock digestate compost
•C4: Livestock digestate+biochar compost
•C5: Olive pomace compost
•C6: Olive pomace+biochar compost

•CTRL N-: non-amended control
•CTRL N+: 100% urea

Co-Composting of agro-industrial by-products and biochar



Besides the basic influence on soil fertility the research activities 
have pointed out that the NOM play a role as mediating agent in 
the soil-plant-microbial interaction thereby acting as natural

biostimulants for plant development



- root mass, branching, elongation of lateral roots
- efficiency of nutrient uptakes (N, P)

- shoot developement
- hormone-like, stimulate biochemical and transcriptional activities

- photosynthetic activity
- yield (quantity and quality)

- improved resilience to deseases and environmentals stresses

A plant biostimulant is any substance or microorganism applied to 
plants with the aim to enhance nutrition efficiency, abiotic stress 

tolerance and/or crop quality traits, regardless of nutrients content. 
(Du Jardin 2015  https://doi.org/10.1016/j.scienta.2015.09.021)



An important point is that the HS may be easily obtained from 
recycled biomasses of agro-industrial residues and by-products 

digestates, compost, vermicompost, biorafinery, 
thereby improving the sustainability and the circular economy
framework of the agroecosystems

Agriculture
cycle

Energy cycle

Industry 
cycle

Biological cycles in the 
Circular Economy



Seed treatments

Rhizospheric application
(Furrow distribution

fertirrigation)

Foliar application



(from Canellas and Olivares  2014, 10.1186/2196-5641-1-3)



(From Olaetxea et al., Applied Soil Ecology 123, 521-537)

N, P, K

Root-shoot signalling pathways involved in the promoting action of 
biostimulants

Ca++ signaling pathway
ROS
SOD

Cell differentiation



Therefore, organic substances exuded by roots are not a wasteful loss
of carbon and energy. They represent an evolved strategy by which
plants ‘‘talk’’ to the soil. The mobilization of bioactive organic/humic
substances from bulk soil or bulk humus is critical to plant and soil
health.



(from Jindo et al., 2020 Interaction between Humic Substances and Plant Hormones
for Phosphorous Acquisition Agronomy, 10, 640; doi:10.3390/agronomy10050640)



Photosynthesis
Increase of total chlorophyll

Up regulation of electron transfer 
and RuBisCo

Osmotic adjustement
defense phytoormones

ABA, JA, SA

ROS metabolism and 
antioxidant mechanisms

Root architecture
(hormone-like activities)

N metabolism (N 
assimilation, AA and 

protein synthesis)
nutrients uptake



Main relationships between the HS-mediated effects on plant
development and HS structural features

An important step is the analysis of HS, not only the C, N, P content
but the molecular characterization to elucidate the structural features

Metabolomic, Proteomic, Genomic to highlight the main
biochemical pathways influenced/involved in HS-mediated effects

HS

Ca, Mg, Fe, Mn, Zn, Cu           N, P, K

Molecular characterization
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Pyrolysis GC-MS of HS from green compost
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METABOLOMIC



Schematic representation of the phenylpropanoid pathway

Example of PCA score plot and heatmap of discriminant variables







An additional valuable approach is the combination of compost or
humic substances with beneficial microorganisms such as
mycorrhyza, PGPB Plant-Growth-Promoting-Bacteria, N-fixing
bacteria, P-solubilising bacteria)



Ca, Mg, Fe, Mn, Zn, Cu           N, P, K

Plant-HS interaction

HS



(Olivares et al. 2017 10.1186/s40538-017-0112-x)



https://doi.org/10.1002/jpln.201500228

Plants 2023, 12, 513 
https://doi.org/10.3390/plan

ts12030513

Sci. Total Environ.708 (2020) 135000
https://doi.org/10.1016/j.scitotenv.2019.135000

J. Anal. Appl. Pyrol-104 (2013) 540–550

Waste Management 120 (2021) 98–107 
https://doi.org/10.1016/j.wasman.2020.11.013

Agronomy 2023, 13, 80.        https://doi.org/10.3390/agronomy13010080

http://dx.doi.org/10.1016/j.jaap.2013.05.015



Transforming Food Waste Into 
Sustainable Packaging Materials



Agro-food waste

Bioactive
extracts



Food Bioscience 2023  https://doi.org/10.1016/j.fbio.2023.102757



Biomacromolecules 2023,https://doi.org/10.1021/acs.biomac.3c00143

Inter. J. of Biological Macromolecules doi.org/10.1016/j.ijbiomac.2024.130210



PLoS ONE  2023    https://doi.org/10.1371/journal.pone.0281631

Plants 2023, https://doi.org/10.3390/plants12040840

…



Valorization 
Agro-food 

wastes

Extraction and 
characterization 

of bioactive 
products

Drug delivery,
nanoformulation

Antitumorigenic
activities 

Social, 
environmental 
and economic 

impacts

Antitumorigenic activity of BIOproducts
extracted by REcycled natural sources (BIORE)



Calendario Caffè Scientifico  2024

16 Ottobre 2024 Nicola Francesco Addeo –
Gli insetti, il cibo del nostro prossimo futuro

6 Novembre 2024 Valentina Iovane – Un approccio integrato nella lotta alle
malattie infettive nell’ottica della salute globale

20 Novembre 2024 Monica Isabella Cutrignelli – Quale alimento è giusto per
il nostro cane o il nostro gatto?

11 Dicembre 2024 Maria Carmela Ferrante - Le microplastiche: tutt’altro che
un “micro” problema…


