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 ABSTRACT
 Mediterranean Quercus species are essential for ecosystem sustainability and rural 
economies but are increasingly threatened by the decline syndrome and climate 
change. This lecture will show how advanced molecular tools, including genomics, 
epigenomics, transcriptomics, and metabolomics, are being integrated to uncover the 
biological basis of resilience to abiotic and biotic stresses. Emphasis will be placed on 
the identification of molecular markers for the early selection of tolerant genotypes, 
the analysis of functional diversity, and the characterization of key metabolic 
pathways. The potential applications of these advances in forest restoration, breeding 
programs, sustainable management of oak ecosystems, and the biotechnological and 
nutraceutical exploitation of Quercus bioactive compounds will be discussed.
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 Agricultural soil health in Mediterranean regions:
innovative solutions for resilient farming systems 

focus on soil fertility and management
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 ABSTRACT

 Soil health underpins agricultural productivity while acting as a key indicator of sustainability and resilience under 
climate change. In this lecture, I will present an integrated overview of my research, focused on how soil processes 
regulate nutrient availability, microbial functioning, and crop performance and quality in real-world agricultural 
systems. I will begin by outlining the major challenges faced by Mediterranean and semi-arid soils (low organic 
matter content, phosphorus (P) limitations in calcareous soils, water scarcity, and degradation driven by intensive 
management) and introduce a functional soil health framework based on nutrient cycling, biodiversity, and the 
regulation of trace gas fluxes. I will then synthesize evidence from my work on soil organic carbon and nutrient 
dynamics. A central part of the lecture will address sustainable nutrient management, with a particular focus on P. I 
will explore innovation pathways for improving soil health and agroecosystem resilience, including conservation 
agriculture, bio-based fertilizers and biostimulants, crop diversification, and emerging methodological approaches 
such as rhizosphere microdialysis, and studies on abiotic nitrogen fixation driven by soil mineralogy and 
photochemical processes.  I will discuss P-Zn and P-Fe interactions, nutrient use efficiency, and biofortification 
strategies, as well as the performance of alternative P sources such as struvite and composted organic 
amendments across soils with contrasting physicochemical properties. Mechanistic insights into microbial and 
biochemical controls, especially the role of soil enzymes (phosphatases and β-glucosidase), will be emphasized to 
explain soil-specific responses.
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 Artificial Intelligence in Scientific Research: 

from principles to applications.
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Artificial Intelligence to Understand Plants: 
From Theory to Practice


