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1. INTRODUCTION

Mediterranean agricultural regions face major nutrient management challenges, driven by the concentration of intensive livestock farming and the limited capacity of
soils and crops to absorb the generated nutrients. Addressing this challenge requires innovative circular strategies that improve nutrient use efficiency, reduce losses,
and integrate alternative organic inputs derived from agri-food side-streams.

Within the framework of DeliSoil WP1, the Spanish living lab aims to identify biomass from the food processing industry and implement 5 technologies to add value to
residual biomass, through the production of soil improvers. In this way, the Quality of the 13 soil improvers generated in the Spanish LL was evaluated (Fig. 1).
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Figure 1. Overview of the raw materials treated, technologies implemented and soil improvers generated in Spanish living lab (n = quantity of soil improvers).

2. MATERIAL AND METHODS

Thirteen soil improvers were developed in the Spanish living lab (Fig. 1). The raw materials evaluated were: pig slurry + agri-food sludge, mix of food processing resi-
dues, 50:50 mixture of fish bone side streams and sawdust (w/w), solid fraction of pig slurry from pig farms, biomass from the meat industry (wastewater sludge, pig
hair, and meat by-products) and residual fermented solids of ginger juice. Eight technologies were tested in the Spanish living lab: 1) Composting (full scale), 2) Anaer-
obic digestion (AD, full scale), 3) Pyrolysis (pilot scale), 4) Solid-state fermentation (SSF, pilot scale), and 5) Non-thermal atmospheric plasma (NTAP—pilot scale—
ULE). From this approach, 13 soil improvers were evaluated: pelletized digestate, 2 nutrient concentrates, compost, 5 biochars, 2 biostimulant and 2 liquid biofertilizer
derived by NTAP.

At least three samples were taken for each technology, and the quality of the resulting soil improvers was evaluated. The variables analyzed were: density, pH, EC, or-
ganic matter content (OM), TS, VS, C, N, TKN, NH,"-N, Total P, K, zinc (Zn), copper (Cu), cadmium (Cd), nickel (Ni), lead (Pb), chromium (Cr), mercury (Hg), and ar-
senic (As). All results were expressed on a dry basis (d.b.).

A principal component analysis (PCA) was performed for each group of soil improvers generated within the Spanish LL, with the aim of descriptively exploring the rela-
tionships between the products obtained and key quality attributes, such as nutrient content, heavy metal concentrations, salinity, and other relevant physicochemical
parameters. PCA were carried out using IBM SPSS Statistics v29.0.0.0 (IBM Corp.).

3. RESULTS

The first two components explained 63.9% of the variance and showed a clear separation of soil improvers according to processing technology (Fig. 2). Biochars clus-
tered on the positive side of PC1, associated with high C, TS/VS, pH and P, confirming them as the most concentrated materials. In contrast, liquid products from an-
aerobic digestion, SSF and NTAP were located on the negative side, reflecting their low solids content, with osmosis concentrate strongly linked to high salinity (EC).
Compost and pelletised digestate occupied intermediate positions, indicating more balanced compositions. Overall, the PCA highlights that processing technology is
the main driver of product differentiation. Figure 3 summarizes the results achieved.
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Figure 2. PCA biplot of the soil improvers obtained in the Spanish Living
Lab based on their physicochemical and elemental quality parameters.

4. CONCLUSION

The studied technologies show strong potential for circular bioeconomy applications; however, further process optimization, improved feedstock quality control, and
stricter monitoring of contaminants and salinity are needed to ensure regulatory compliance and safe agronomic use. Additionally, the results highlight the potential of
developing blended formulations by combining soil improvers with complementary properties (e.g., nutrient-rich, carbon-stable and functional components) to create
higher value-added products with improved agronomic performance and nutrient use efficiency.

Figure 3. Potentialities, limitations and functionality of the soil improvers generated in the Spanish Living
Lab based on their physicochemical and elemental quality parameters (n= numbers of soil improvers).
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