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The transition toward sustainable and resilient agricultural systems requires fertilizer technologies that reconcile 
high crop productivity with a substantially lower environmental footprint. Controlled- and slow-release fertilizers are 
gaining increasing importance due to their potential to enhance nutrient use efficiency, reduce environmental losses,  
and provide agronomic and economic benefits. At the same time, the evolving European regulatory framework, in 
particular Regulation (EU) 2019/1009 and Commission Delegated Regulation (EU) 2024/2770, introduces stringent 
requirements regarding the biodegradability of polymer-based coating materials, with a transition period extending 
until 2028. This regulatory shift away from non-biodegradable polymer-coated fertilizers creates a strong incentive to 
develop innovative,  biodegradable coating systems that  comply with EU standards while maintaining functional 
performance.

This work presents the concept and experimental development pathway of biodegradable mineral–organic coating 
systems  designed  for  enhanced-efficiency  fertilizers  (EEFs).  The  study  is  grounded  in  research  conducted  at 
Łukasiewicz – Instytut Nowych Syntez Chemicznych on controlled-release fertilizer technologies, where mineral–
organic coating formulations were evaluated as potential alternatives to conventional non-biodegradable polymer-
based coatings applied to urea and NPK fertilizers.  Unlike persistent  synthetic  coatings,  the proposed approach 
integrates mineral functionality with organic, environmentally compatible constituents to form hybrid layers capable  
of modulating water permeability, delaying nutrient dissolution, and facilitating gradual incorporation into natural soil 
biogeochemical cycles. 

Figure 1. Schematic 3D rendering of a coated fertilizer granul

The methodological framework integrates coating application and release assessment within a structured process 
that can be represented as a generalized block scheme comprising fertilizer granules, coating application (2–3 min),  
multilayer  build-up,  polymerization/solidification  (10–15  min),  and  subsequent  packaging  and  storage.  In  the 
experimental work, coatings were applied at ambient temperature in 5–7 successive layers, representing a significant  
practical advantage over conventional high-temperature coating processes. The approach enables the formation of 



controlled  multilayer  coating  architectures  without  thermal  treatment,  while  emphasizing  the  role  of  process 
parameters and layer design as key factors governing nutrient release behavior and overall product performance.

 
Figure 2. General block diagram of biodegradable coating process for EEFs.

Performance was evaluated using complementary methodologies, including dynamic water testing according to 
EN 13266, static water immersion tests,  percolate analysis under neutral conditions, and plant-response-oriented 
assessments. For the purpose of this abstract, these investigations primarily serve to illustrate the technological concept 
and development logic of biodegradable mineral–organic EEF coatings developed at Łukasiewicz – Instytut Nowych 
Syntez Chemicznych, rather than to present detailed nutrient-specific analytical results.

The results obtained during technology evaluation indicate that mineral–organic coatings, particularly at higher 
coating mass ratios,  can achieve nutrient  release  profiles  comparable  to  commercial  polymer-coated references.  
However, performance strongly depends on fertilizer type, coating continuity, and application methodology. Notably, 
the study demonstrates that variations in layer sequence, number of layers, and thickness per application step—despite 
identical chemical composition—have a significant impact on release behavior. This highlights the critical role of  
coating architecture, process parameters, and granule quality in determining final product performance. These findings 
are particularly relevant for scale-up, indicating that process control and layer design are as decisive as material  
composition itself.

From the perspective of circular agriculture, biodegradable mineral–organic coatings offer a promising route for  
aligning fertilizer innovation with resource efficiency and environmental safety. The use of hybrid coating systems 
based  on  biodegradable  and  potentially  secondary-resource-derived  inputs  can  reduce  dependence  on  persistent  
synthetic  polymers  and  support  the  development  of  fertilizer  technologies  compliant  with  evolving  regulatory 
frameworks in the European market. This direction is particularly relevant in the context of the forthcoming regulatory 
requirements under Regulation (EU) 2019/1009 and related EU policy developments, which are expected to phase out 
non-biodegradable  polymer-coated  fertilizers  by  2028,  thereby  creating  both  a  regulatory  driver  and  a  market 
opportunity for biodegradable enhanced-efficiency fertilizer (EEF) technologies.

In conclusion, biodegradable mineral–organic coatings constitute a strategically important platform for next-
generation EEF systems. Their development enables a broad formulation and process design space encompassing 
coating composition, layer architecture, granule compatibility, and curing conditions. The combined application of 
standardized and application-oriented release testing methodologies provides a robust framework for optimization 
toward agronomic efficiency, process scalability, and regulatory compliance.
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