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Tomato fruit metabolism results from the interaction between developmental processes along the plant axis
and agronomic inputs, including nutrient availability and water supply. Metabolomics provides a powerful
systems-level approach to investigate these interactions by simultaneously profiling a broad range of
metabolites involved in central carbon and nitrogen metabolism. Although this approach has been successfully
applied to characterize the effects of cultivation practices on tomato fruit composition [1-3], the combined
influence of fertilization strategy, irrigation level, and fruit position along the plant axis remains poorly
understood under realistic production conditions.

In this study, an untargeted 'H NMR metabolomics approach was used to investigate the effects of
fertilization strategy (chemical vs. microbial-based), irrigation level (100% vs. 50%), and fruit position along
the plant axis (first vs. third truss) in greenhouse-grown tomato (Solanum lycopersicum L.). Fruits harvested at
comparable ripening stages were analyzed by 'H NMR spectroscopy. Multivariate analysis (Figure 1) and linear
mixed-effects models identified fruit position as the major source of metabolic variation, significantly affecting
sugars, amino acids, organic acids, and secondary metabolites. Fertilization exerted broader metabolic effects
than irrigation, while significant interactions with truss position highlighted the importance of developmental
context in shaping agronomic responses. Correlation-based network analysis revealed treatment-specific
differences in metabolic coordination, with microbial-based fertilization associated with more interconnected
metabolic networks than chemical fertilization. Notably, these differences occurred without major effects on
plant productivity, suggesting that microbial fertilization influences not only metabolite abundance but also the
organization of metabolic pathways.

Overall, the results identify metabolic coordination as an additional dimension through which sustainable
fertilization strategies can modulate tomato fruit metabolism under greenhouse cultivation and highlight the
potential of NMR-based metabolomics to reveal biological responses that are not apparent from conventional
agronomic measurements alone.
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