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ABSTRACT 

Sustainable agricultural inputs, including microbial and non-microbial biostimulants, 

biofertilizers, and other bio-based products, are increasingly subject to regulatory scrutiny 

worldwide. This necessitates the development of well-structured dossiers, robust compliance 

frameworks, and harmonized global strategies to facilitate efficient market access. This case 

study synthesizes current regulatory landscapes, dossier requirements, and compliance 

challenges across major jurisdictions, with particular emphasis on the European Union, 

United States, India, and emerging markets. It critically examines key issues related to 

regulatory classification, data requirements, and approval pathways that influence product 

development and commercialization. Strategic recommendations focus on regulatory 

harmonization, digital integration, stakeholder engagement, and alignment with sustainability 

objectives. The analysis underscores that proactive and integrated regulatory affairs 

management is essential for organizations involved in sustainable agricultural inputs to 

remain competitive in a rapidly evolving global market. 
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Sustainable agricultural inputs, encompassing microbial and non-microbial biostimulants, 

biofertilizers, and other bio-based products, are gaining significant attention as essential 

components of environmentally responsible and resource-efficient farming systems. These 

inputs contribute to improved plant growth, enhanced nutrient use efficiency, and increased 

tolerance to abiotic stresses, thereby supporting sustainable crop production while reducing 

dependence on synthetic agrochemicals. 

Among these, biostimulants are defined as substances or microorganisms that enhance plant 

growth, nutrient uptake, and stress tolerance independently of their nutrient content (du 

Jardin, 2015). Their increasing adoption reflects a broader shift toward sustainable 

agriculture, where productivity must be balanced with environmental stewardship. However, 

despite their agronomic importance, the regulatory classification of such inputs remains 

complex and often ambiguous. Biostimulants and related products frequently fall between 

conventional categories such as fertilizers, plant protection products, and novel agricultural 

inputs, leading to inconsistencies in regulatory treatment across jurisdictions (Yakhin et al., 

2017). 

The global market for biostimulants and other sustainable agricultural inputs is expanding 

rapidly, driven by rising demand for eco-friendly and climate-resilient agricultural solutions 

(Rouphael & Colla, 2020). In response, regulatory frameworks are evolving to address 

product safety, efficacy, and quality. Nevertheless, significant disparities persist among 

regional regulatory systems, creating challenges in dossier preparation, product registration, 

and compliance management. 

These inconsistencies increase the regulatory burden on manufacturers and may delay market 

access, particularly for innovative products. Therefore, there is a critical need for harmonized 

regulatory approaches, robust scientific validation, and strategic compliance planning. This 

case study examines key aspects of dossier requirements, compliance management, and 

global regulatory frameworks governing sustainable agricultural inputs, and provides 

strategic recommendations to facilitate regulatory harmonization and innovation in this 

rapidly evolving sector. 

 

Dossier Requirements for Sustainable Agricultural Inputs 

Technical Content 

Dossiers for sustainable agricultural inputs—including microbial and non-microbial 

biostimulants, biofertilizers, and other bio-based products—require comprehensive 
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documentation to demonstrate product quality, efficacy, and safety. Core components 

typically include: 

 Product Composition and Manufacturing Process: 

Detailed characterization of raw materials, production processes, formulation techniques, and 

quality control measures to ensure consistency and traceability. 

 Mode of Action and Efficacy: 

Scientific evidence supporting product claims, including mechanisms related to plant growth 

promotion, nutrient use efficiency, and enhanced tolerance to abiotic stress. 

 Safety Assessment: 

Toxicological and ecotoxicological evaluations to ensure safety for human health, non-target 

organisms, and the environment. 

 Stability and Packaging: 

Data on shelf-life, storage conditions, and packaging compatibility to maintain product 

integrity throughout its lifecycle. 

 

Comparative Perspective 

In contrast to conventional fertilizer dossiers, which primarily emphasize nutrient 

composition, dossiers for sustainable agricultural inputs focus on biological activity, 

functional efficacy, and mechanism-based validation. This distinction necessitates robust 

experimental evidence and multidisciplinary scientific support (Calvo et al., 2014). 

 

Compliance Management 

Key Challenges 

Sustainable agricultural inputs often fall within overlapping regulatory categories, leading to 

classification ambiguity and inconsistent regulatory treatment. This creates challenges for 

companies navigating diverse national frameworks with varying data requirements and 

approval processes. For example: 

 European Union: Governed by the Fertilizing Products Regulation (EU) 2019/1009, 

providing a harmonized framework. 

 United States: Characterized by fragmented, state-level oversight with limited federal 

standardization. 

 India: Increasingly stringent regulatory framework, with biostimulants and related 

products often treated similarly to fertilizers or pesticides. 
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Best Practices 

To effectively manage regulatory complexity, organizations should: 

 Establish proactive regulatory intelligence and monitoring systems 

 Maintain transparent, comprehensive, and audit-ready documentation 

 Align product claims strictly with scientifically validated evidence 

 Develop region-specific regulatory strategies while maintaining global consistency 

 

Risk Areas 

 Regulatory Misclassification: May lead to delays, rejection, or product withdrawal 

 Labelling Inconsistencies: Can result in penalties and compliance failures 

 Data Gaps: Insufficient or inconsistent data may prolong approval timelines 

 

These challenges highlight the need for integrated and harmonized compliance approaches 

(Rouphael & Colla, 2020). 

 

Compliance Lifecycle Framework 

Regulatory compliance for sustainable agricultural inputs is a continuous and iterative 

process, comprising the following stages: 

 

 

Figure 1: Compliance Management Steps. 

 

This framework illustrates the cyclical nature of regulatory compliance, emphasizing that 

dossier development, regulatory monitoring, and product evaluation are ongoing processes 

rather than one-time activities. 
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Global Regulatory Strategies 

European Union 

The European Union has established a harmonized regulatory framework under Regulation 

(EU) 2019/1009, which mandates CE marking, safety validation, and demonstrated efficacy. 

This regulation represents a significant advancement toward regulatory standardization and 

market integration. 

 

United States 

In the United States, regulatory oversight remains largely decentralized, with individual states 

governing product registration. The absence of a unified federal framework creates variability 

in requirements and increases compliance complexity for companies operating across 

multiple jurisdictions. 

 

India 

India has introduced stricter regulatory controls, including mandatory registration and 

enhanced quality standards. Sustainable agricultural inputs are increasingly regulated in 

alignment with fertilizers and pesticides, reflecting a shift toward greater regulatory oversight 

and standardization. 

 

Africa and Emerging Markets 

Regulatory frameworks in Africa and other emerging markets are still evolving, often 

drawing from European and U.S. models. These regions present strategic opportunities for 

early regulatory engagement and policy influence by industry stakeholders. 

 

Table 1: Comparative Dossier Requirements Across Regions. (Refined) 

Region Composition & 

Manufacturing 

Mode of 

Action 

Safety Data Stability & 

Packaging 

Special Notes 

EU Mandatory under 

EU 2019/1009 

Proof of 

efficacy 

required 

Toxicological & 

ecotoxicological 

studies 

Shelf-life 

validation 

CE marking 

essential 

US Varies by state Often optional 

but 

recommended 

Limited federal 

requirements 

State-

specific 

Fragmented 

regulatory 

oversight 

India Mandatory 

registration 

Evidence 

required 

Quality checks 

enforced 

Packaging 

integrity 

Aligned with 

fertilizer/pesticide 

regs 

Africa/Emerging Developing 

frameworks 

Often optional Limited 

requirements 

Modeled on 

EU/US 

Opportunity for 

regulatory 

leadership 
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Strategic Recommendations 

 Global Harmonization: 

Develop adaptable dossiers aligned with internationally recognized standards such as OECD 

and ISO guidelines to streamline multi-jurisdictional approvals. 

 Digital Integration: 

Utilize AI-driven regulatory tools for real-time tracking, data management, and automated 

dossier preparation. 

 Stakeholder Engagement: 

Strengthen collaboration with regulators, industry bodies, and end-users to support informed 

policy development. 

 Sustainability Alignment: 

Emphasize environmental and agronomic benefits, including improved soil health and 

reduced chemical inputs, to enhance regulatory acceptance and public trust. 

 

Risks and Trade-offs 

 Regulatory Fragmentation: Increases operational complexity and compliance costs for 

global companies 

 Scientific Burden: High data requirements may limit participation of small and medium 

enterprises 

 Market Access Delays: Lengthy approval processes may slow the adoption of innovative 

products 

 

CONCLUSION  

Sustainable agricultural inputs, including biostimulants and other bio-based products, 

continue to operate within a regulatory “grey zone,” although global trends clearly indicate a 

transition toward more structured and stringent oversight. This evolving regulatory landscape 

necessitates a shift from reactive compliance to proactive and strategic regulatory 

management. 

Success in regulatory affairs increasingly depends on the development of scientifically robust 

and well-structured dossiers, supported by comprehensive safety and efficacy data. In 

addition, the implementation of dynamic compliance management systems and the ability to 

adapt to diverse and evolving regulatory frameworks across regions are critical for ensuring 

timely market access. 
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Furthermore, the integration of digital tools for regulatory intelligence, coupled with efforts 

toward global harmonization and stakeholder collaboration, will play a pivotal role in 

reducing regulatory complexity and accelerating product approvals. Companies that invest 

early in harmonized documentation, data-driven compliance systems, and sustainability-

aligned strategies will be better positioned to achieve competitive advantage in the rapidly 

expanding market for sustainable agricultural inputs. 
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