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Introduction 

Agriculture 4.0, represents a disruptive shift in the way food is produced, processed, 

and distributed, integrating advanced digital technologies, such as artificial 

intelligence (AI), the Internet of Things (IoT), and big data analytics (Klerkx et al., 

2019). However, beyond the technical and economic benefits often emphasized, it 

is essential to understand these transformations within the framework of complexity 

theory, a paradigm that recognizes the interdependence, non-linearity, and emergent 

behaviors of socio-ecological systems (Morin, 2008). In this sense, the region of 

Urabá, Colombia, provides fertile ground for rethinking agro-industrial development, 

not only, through smart technologies, but through a deeper epistemological shift, that 

embraces diversity, territorial knowledge, and systemic co-evolution. 

1. The Complexity Paradigm and Agriculture 4.0 

The complexity paradigm, challenges reductionist and linear models of innovation. 

According to Edgar Morin (2008), complex thinking, involves integrating different 

dimensions, ecological, social, cultural, technological, into a dynamic, dialogical, and 

transdisciplinary framework. Applied to agriculture, this means moving beyond a 

purely technological vision and toward a relational one, in which innovations are 

adapted to local ecosystems, cultural practices, and community governance. 

Agriculture 4.0, when viewed through this lens, is not simply a toolkit of high-tech 

solutions, but a platform for reimagining agricultural systems as adaptive networks 

of human and non-human actors. The integration of digital tools must, therefore, 

be accompanied by ethical, ecological, and epistemological reflections (Levidow et 

al., 2018). 

2. Urabá: A Complex and Interconnected Territory 

Urabá, is a territory marked by rich biodiversity, strategic geopolitical location, and a 

turbulent socio-political history. It is a region where monocultures of banana, 

plantain, and palm oil, have dominated, often at the expense of local autonomy and 

ecological balance (González & Restrepo, 2021). At the same time, Urabá is home 
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to Indigenous, Afro-Colombian, and selvatinos, whose worldviews embody complex, 

relational ways of understanding the land. 

In this context, any deployment of Agriculture 4.0, must recognize the territorial 

complexity of Urabá, not as a problem to be simplified but as a living system to be 

co-evolved. Complexity theory, teaches us that interventions in one domain (e.g., 

technology) ripple through social, cultural, and environmental domains in 

unpredictable ways (Capra & Luisi, 2014). 

3. Complex Benefits of Agriculture 4.0 

3.1 From Efficiency to Systemic Sustainability 

While Agriculture 4.0, promises increased productivity through precision tools, its 

more profound contribution lies in its potential to enhance feedback loops, circular 

practices, and long-term sustainability. Smart irrigation, for instance, not only 

reduces water usage, but also reshapes community relationships with water cycles 

and watershed governance. 

3.2 Knowledge Co-production and Plural Rationalities 

AI and data platforms, can be used not only to model agronomic variables but also 

to incorporate traditional knowledge and experiential learning. This requires, 

a dialogue of knowledges (Santos, 2010), in which local communities participate 

in the co-design of technologies, resisting epistemic extractivism and technocratic 

imposition. 

3.3 Networked Innovation Ecosystems 

Agriculture 4.0, from a complexity perspective, fosters the creation of innovation 

ecosystems, where universities, cooperatives, startups, and farmers form 

interconnected nodes. The resilience of these systems, depends on diversity, 

decentralization, and trust, not only on capital or software. 

4. Barriers and Feedback Loops in Complex Systems 

4.1 Digital Inequity as a Systemic Risk 

In a complex system, small asymmetries, can lead to large disparities. The lack of 

digital infrastructure in rural Urabá, can amplify existing inequalities, excluding 

smallholders from the benefits of digitization and reinforcing dependency on large 

corporations (FAO, 2021). Complexity thinking, invites us to consider these path 

dependencies and design inclusive infrastructures. 

 

 



4.2 Institutional Complexity and Governance 

The governance of Agriculture 4.0, is not a matter of policy implementation alone, 

but of network governance, where public, private, and community actors engage 

in co-regulation, experimentation, and iterative learning (Ostrom, 2009). Governance 

models must be adaptive, participatory, and sensitive to power asymmetries. 

4.3 Environmental Limits and Systemic Feedback 

Technologies must align with ecological thresholds and not contribute to further 

degradation. For instance, overuse of drones, and mechanized inputs in 

monocultures, can disrupt pollinator networks or soil microbiomes. A complexity, 

based agriculture evaluates, not only outputs, but system health over time. 

5. Case Studies: Seeds of Complexity in Practice 

5.1 Agroecological Smart Farms in Turbo 

A pilot Project, integrates precision farming tolos, with agroecological principles. 

Rather than imposing monocultures, drones and sensors support crop rotation, 

intercropping, and regenerative practices. Farmers and technicians, work together 

to analyze patterns, fostering a culture of shared interpretation. 

5.2 Digital Commons and Community Platforms 

In Apartadó, a rural digital cooperative, develops open source tolos, that track local 

weather and soil metrics, while integrating oral histories and planting calendars. This 

reflects the complex weave of data and culture, enabling digital sovereignty. 

5.3 Territorial Intelligence Networks 

Municipalities in Chigorodó and Carepa, are experimenting with territorial 

observatories, that use satellite data, community mapping, and ethnobotanical 

databases, to inform land-use decisions, blending top-down monitoring, with bottom-

up knowledge. 

6. Toward a Complex Transition 

A transition to Agriculture 4.0 in Urabá, must be framed as a complex transition, 

not a linear progression, but a process of emergence, uncertainty, and co-evolution. 

Key principles for such a transition include: 

• Transdisciplinarity: Bridging science, technology, social sciences, and 

local knowledge. 

• Ethical Reflexivity: Constant evaluation of impacts, exclusions, and 

unintended consequences. 



• Participatory Design: Engaging communities from diagnosis to 

deployment. 

• Systemic Resilience: Fostering diversity, redundancy, and learning. 

Conclusion 

The integration of Agriculture 4.0 in Urabá, Colombia, offers both opportunity and 

risk. When guided by the complexity paradigm, it becomes more tan, a technical 

fix, it becomes a platform for transforming relationships, between humans and 

technology, communities, and ecosystems, knowledge systems and governance. 

Rather than seeking control or prediction, complexity invites us to dance with 

uncertainty, cultivate adaptive capacities, and co-create agricultural futures, that 

are not only Smart, but also just, plural, and alive. 
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