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Abstract— The enforcement of the European Green Deal (EGD)
has introduced a new regulatory framework for agri-food products
entering the European market, emphasizing the transition toward
sustainable systems. Considering that 75% of Colombia’s exports to
Europe come from the agricultural sector, it is imperative to assess
the country’s readiness to comply with these evolving standards.
This study adopted a mixed-methods approach structured in three
phases. In the first phase, the alignment of national public policies,
regulatory instruments, and legal frameworks with the five core
pillars of the EGD was assessed: (1) sustainable use of
agrochemicals, (2) circular economy, (3) biodiversity protection, (4)
agroecological production, and (5) zero-deforestation traceability.
Two indicators were applied: pillar-specific alignment and overall
alignment. The second phase involved a scientometric analysis of
academic and scientific literature, complemented by expert
consultation, to identify and prioritize enabling (EFs) and
restricting factors (RFs) affecting the adoption of sustainable
practices. In the third phase, differentiated action lines were
proposed based on their level of influence and year time-lapse: short
term (1-3), medium term (3-5), and long term (+5). The results
show that, Colombia still faces significant financial and operational
constraints that hinder the full adoption of EGD guidelines. These
challenges regarding better policy coordination could compromise
the competitiveness of Colombian agribusiness exports in the
European market if left unaddressed. However, the analysis of
enabling factors highlights key opportunities to advance toward a
sustainable agribusiness model. Strengthening economic incentives,
aligning regulations, and integrating approaches such as
bioeconomy and circular economy into national strategies are
essential actions to meet international standards and promote
sustainable agricultural development.
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1. INTRODUCTION

Since 2019, the European Union (EU) has adopted the
European Green Deal (EGD) as a comprehensive strategy to
achieve climate neutrality by 2050. This ambitious
commitment is based on the implementation of a series of
public policy initiatives aimed at ecological transition, with the
objective of transforming the current economic model into one
that is more modern, competitive, and sustainable—efficient in
the use of resources, protective of citizens’ health, and
responsive to environmental risks [1].

One of the central pillars of the EGD is the “Farm to Fork
Strategy”, launched in 2020. This initiative seeks to reshape
the EU food system toward a sustainable, fair, and resilient
model. It includes regulatory proposals related to organic
farming, sustainable labelling and packaging, food waste
reduction, biodiversity conservation, and ensuring fair incomes

for farmers [1,2]. The strategy aims to guarantee food security
in the face of climate change and biodiversity loss, reduce the
environmental footprint of the food system, strengthen its
resilience, and position the EU as a global leader in the
transition toward sustainability [3].

Internationally, the EGD has been integrated into various
trade frameworks. In the case of Colombia, Ecuador, and Peru,
the Multi-Party Trade Agreement with the EU formally
recognized the importance of the EGD, including commitments
related to agrochemical regulations, traceability, certifications,
sustainable packaging, and labelling [4]. In this sense, the EU
functions not only as a trading partner but also as a regulatory
force pushing for higher environmental, sanitary, and socio-
economic standards increasingly demanded by European
consumers.

This regulatory context is especially significant for
Colombia, given that 75% of its exports to the European Union
come from the agricultural sector. Products such as bananas
(Musa acuminata), passion fruit (Passiflora edulis Sims),
golden Dberries (Physalis peruviana), avocados (Persea
americana), palm oil, coffee, and flowers represent a
substantial share of Colombia’s exports to Europe. According
to the Ministry of Commerce, Industry and Tourism, 80% of
Colombian fruit exports, 60% of palm oil, 30% of coffee, and
10% of flowers are destined for the EU [5].

The EU-Colombia Trade Agreement has facilitated an
increase in Colombia’s non-mining energy exports. Over the
course of eight years, these exports have grown from 22% to
62% of the country’s export basket. In total, 667 new products
have been introduced into the EU market, including 109 from
the agri-food sector [6]. These trends demonstrate the strategic
importance of the EU as a destination for Colombian
agricultural exports and the pressing need to adapt to the
evolving sustainability standards of this market.
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Fig 1. Composition and percentage share of Colombia’s main export products
to a selected group of European countries in 2024.
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Source. Own elaboration based on data from the Observatory of
Economic Complexity (OEC), 2024. [Interactive treemap]. Retrieved
from https://oec.world/

In this context, it is imperative to evaluate Colombia’s level
of preparedness to implement the EGD’s guidelines. This
includes identifying the public policies, laws, and regulations
currently in place and assessing their alignment—or
misalignment—with the EGD’s priorities. Furthermore, it is
necessary to understand whether these strategies are facilitating
or limiting the entry of Colombian agri-food products into the
European market [7]. Emphasis should be placed on
Colombia’s alignment with five key pillars of the EGD: (1)
sustainable use of agrochemicals, (2) circular economy, (3)
biodiversity protection, (4) agroecological production, and (5)
deforestation-free traceability.

In addition, this analysis must explore the enabling and
restricting factors that influence the adoption of these
regulatory frameworks. In the literature, enabling factors are
defined as drivers or key variables that positively influence the
success of a process or initiative [8], whereas restricting factors
are elements that inhibit or constrain such processes [9]. In the
context of agricultural value chains, these are often referred to
as “critical factors,” which may either enhance (opportunities)
or obstruct (constraints) the performance and development of a
system [10].

The experience of countries such as Costa Rica through its
export promotion agency PROCOMER demonstrates the
importance of evaluating the implications of the EGD for
agricultural exports and identifying challenges and
opportunities in areas such as pesticide use, production audits,
sustainable packaging, organic production, and good
agricultural practices [11]. In Colombia, institutions such as
ProColombia and the Ministry of Commerce, Industry and
Tourism have implemented support mechanisms like the AL-
INVEST Verde program, funded by the European
Commission, which seeks to promote a transition toward a
low-carbon, resource-efficient, and circular economy by
providing technical assistance and funding for innovative
projects across agriculture, forestry, and intellectual property
sectors [12].

At the regional level, collaborative proposals are being
developed to help Latin American and Caribbean countries
meet EGD-related standards, particularly in the agricultural
and agro-industrial sectors though technology and knowledge
transfer [13]. These proposals aim to strengthen trade and
investment ties through technology transfer, knowledge
exchange, and the integration of regional value chains [14].

To determine the enabling and restricting factors
influencing the adoption of the European Green Deal
guidelines in Colombia’s agricultural export sector this
research adopts a mixed-methods approach (quantitative and
qualitative) and is structured in three phases: (1) an assessment
of Colombia’s regulatory and institutional alignment with the
EGD’s five pillars, to identify current laws and public policies
in the agricultural sector that are linked to the implementation
of the EGD guidelines concerning primary agricultural

production (2) a scientometric analysis and expert consultation
to identify and categorize the enabling and restricting factors
influencing the adoption of the EGD sustainability guidelines
for Colombian agri-food exports to the European Union, and
(3) the formulation of differentiated strategic actions based on
their level of influence and implementation timeframes to
minimize the impact of restricting factors on Colombia’s
agricultural export sector.
II. MATERIALS AND METHODS

A three-phase methodological design was implemented

using a mixed research approach (quantitative and qualitative).

A. Phase 1

Identification and analysis of the alignment of public
policies, policy instruments, and legal frameworks related to
agricultural production with the EGD. This was assessed using
two indicators: alignment level per pillar and overall alignment
level, which evaluate the degree of development or response to
compliance-oriented actions based on a predefines categories
scale-scheme (Fig 1).

B. Phase 2

Identification of enabling and restricting factors (that drive
an outcome, influence performance, or create a significant
change in a system or process) through a scientometric analysis
of the academic and scientific literature, based on keyword co-
occurrence and expert criteria analysis based on Martinez-
Saldarriaga et al. [15] and Florez-Martinez & Morales-
Castafieda [16].

A comprehensive literature review will be conducted to
identify variables influencing the implementation of European
Green Deal (EGD) guidelines in Latin American and
Caribbean countries. This review will include material
published since 2019 both from: 1) indexed Scientific
publications retrieved from databases such as Scopus®, Web
of Science®, SciELO®, EBSCO Business Source Complete®,
and Emerald®. These sources will provide peer-reviewed
evidence on policy alignment, sustainability strategies, and
regulatory adaptation to EGD standards and, 2) non-indexed
sources, of grey literature available on official government
websites from Colombia and selected Latin American
countries with strong trade relations with the EU, National
development plans, trade agreements, and strategic initiatives
from ministries of commerce and agriculture, and generalized
searches on Google Scholar to expand the information base
and capture relevant unpublished or technical documents.

Based on this core of knowledge Identification and
Categorization of Influencing Variables that either facilitate or
hinder the implementation of EGD-aligned policies, were
identified and categorized as: (1) Enabling Factors (EF):
Variables that positively influence policy alignment and
implementation, and (2) Restrictive Factors (RF): Variables
that inhibit, delay, or complicate EGD implementation.

The Expert Validation through Focus Group evaluates the
influence of each EF and RF on the alignment of national laws,
policies, and initiatives with the EGD. The expert panel
included representatives  from:  Agricultural research

24" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering without Borders: Artificial Intelligence, Knowledge, Innovation, and

Alliances for a Future from the Americas”. Hybrid Event, Santiago-Chile, July 15 - 17, 2026


https://oec.world/

Institutions, The Ministry of Agriculture, ProColombia, Public
and private universities, The Ministry of Commerce, Industry
and Tourism (MINCIT), and The National Planning
Department (DNP). This evaluation will be conducted via a
digital survey instrument, structured as a matrix that crosses
the EGD guidelines with the identified EFs and RFs (Figure 2).
Experts will also validate the alignment scores obtained during
the initial policy analysis (Phase 1) and propose strategic
actions to strengthen alignment in critical areas.
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Fig 2. Enabling Factors (EF) and Restrictive Factors (RF) EGD
guidelines alignment.
Source. Author

C. Phase 3

Factors with the highest impact were used to design short-
term action lines (1-3 years), medium-term actions (3—5
years), and long-term strategies (beyond 5 years). The analysis
also guided the definition of the scope of action plans (what to

do), target populations and stakeholders (who), and the
required tools, methodologies, and strategies (how).

III. RESULTS
This section presents the results obtained through the
implementation of the methodological approach across its
different phases, each corresponding to the study’s specific
objectives. A critical analysis is provided, discussing the
relevance of the findings within the current context.

A. Phase 1, results

This methodological phase first identified European Green
Deal (EGD) guidelines and regulations relevant to the
agricultural sector. The Farm to Fork Strategy (F2F), a central
pillar of the EGD, promotes a transition toward sustainable
food systems by setting ambitious 2030 targets, including a
50% reduction in chemical and highly hazardous pesticides,
nutrient losses, and antimicrobials, alongside expanding
organic farming to 25% of agricultural land [17]. The strategy
comprises around 30 initiatives addressing pesticide use, food
labelling, animal welfare, and sustainability, which require
legislative translation to become market-relevant [11,18].

Complementing F2F, the Regulation on the Sustainable
Use of Plant Protection Products mandates a 50% reduction in
pesticide use and risk through Integrated Pest Management,
non-chemical alternatives, stricter enforcement, and
technological innovation. The regulation applies to EU
imports, enforces Maximum Residue Limits (MRLs), restricts
pesticide use in sensitive areas, and promotes biological
control, with high-risk substances scheduled for phase-out
between 2023 and 2029 [19,20]. MRLs remain governed by
Regulation (EC) No. 396/2005, covering 513 active
substances, with periodic reviews to ensure food safety and
environmental protection.

The Circular Economy Action Plan proposes revisions to
food labelling regulations to improve transparency on nutrition
and sustainability, building on Regulation (EU) No. 1169/2011
and introducing harmonized front-of-pack labelling systems
[19,21]. In parallel, the EU Biodiversity Strategy and Organic
Action Plan aim to restore ecosystems, reduce pesticide
dependence, and expand organic agriculture, with Regulation
EU 2018/848 establishing mandatory standards for both EU
and non-EU producers.

Additionally,  Regulation 1115 prohibits  the
commercialization of commodities linked to deforestation,
imposing due diligence, traceability, and georeferenced supply
chain requirements on operators, including third-country
exporters, with penalties of up to 4% of EU annual turnover
[22,23]. Although not legally mandated, sustainability and
social responsibility certifications—such as GlobalG.A.P.,
Rainforest Alliance, FAIRTRADE, B Corp, and EU Organic—
have become de facto market requirements, reinforcing
environmental  compliance, traceability, and  social
accountability.

At the national level, Colombian policies were analyzed to
assess alignment with EGD principles. Instruments such as the
Green Growth Policy (CONPES 3934 of 2018), National
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Development Plans (2018-2022; 2022-2026), the 2030
Biodiversity Action Plan, and the Agricultural Climate Change
Management Plan promote agroecology, bio-inputs, climate-
smart agriculture, and regulatory compliance. Regulatory
measures from the Colombian Agricultural Institute (ICA),
including resolutions on pesticide labelling, organic
certification, and traceability, further support export readiness.
Together, these policies demonstrate Colombia’s commitment
to sustainable agri-food systems and its progressive alignment
with EGD requirements, whose degree of implementation was
assessed using the proposed methodological matrix (Tablel).

IV. DISCUSSION AND CONCLUSIONS

This research confirms that Colombia faces substantial
financial, operational, and institutional challenges in
implementing the regulatory frameworks required by the
European Green Deal (EGD), particularly within its agrifood
export sector. Restrictive factors such as the high costs of
regulatory compliance, short implementation timelines, and
low adoption of bioinputs are significant barriers that could
undermine the country’s ability to maintain competitiveness in
environmentally demanding European markets. In parallel,
enabling factors, notably productive transformation plans,
economic incentives, and environmental footprint reduction
policies highlight strategic opportunities to foster a transition
toward sustainable, resilient, and circular agricultural systems.

TABLE 1. DEVELOPMENT DEGREE OF POLICIES, LAWS, OR REGULATIONS
FORMULATED OR IMPLEMENTED IN COLOMBIA RELATED TO THE
IMPLEMENTATION OF EUROPEAN GREEN DEAL REGULATIONS AND
GUIDELINES IN THE AGRICULTURAL SECTOR
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European Union—
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Sectoral Climate Change
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(PIGCCS), Ministry of
Agriculture

Resolution 75487 of
2020 — Implementation
of the Globally
Harmonized System
(GHS) for pesticide
labelling

Resolution 187 of 2006 —
Regulation on Organic
Agricultural Products

Resolution 824 of 2022 —
Requirements for
registration with the
Colombian Agricultural
Institute (ICA) of
production sites,
exporters, and packing
facilities for the export of
fresh plant products

Draft Bill — National
Agroecology Plan

Although advances have been made in biodiversity
protection and deforestation control, Colombia still lags behind
regional peers such as Ecuador, Costa Rica, and Brazil, which
have adopted more comprehensive EGD-aligned strategies. By
comparison, Costa Rica has developed specific institutional
instruments to guide exporters in relation to the European
Green Deal through PROCOMER and COMEX [24,25].
Ecuador has formalized agricultural, livestock, and forestry
traceability guidelines and reported USD 621 million in
organic exports to the European Union in 2024, with 78,156
certified hectares and 8,641 registered organic producers
[26,27]. Brazil, in turn, has national and subnational
instruments, such as the ABC+ Plan 2020-2030 and
SelloVerde MG, which have already been applied to verify
deforestation-free coffee destined for the European market
[28,29]. Therefore, the regional comparison suggests that
Colombia’s gap does not stem from an absence of initiatives,
but rather from a lower degree of integration, scaling, and
operationalization of traceability, financing, and coordinated
implementation tools in response to the requirements of the
EGD and the EUDR

National frameworks, including the Green Growth Policy,
National Development Plans, Climate Change Management
Plans (PIGCCS), and biodiversity strategies, provide enabling
conditions for bioeconomy, circular economy, and climate-
resilient agriculture; nonetheless, stronger integration of
agroecological approaches and international standards is
required. These gaps were also highlighted during COP16 in
Colombia, where FAO called for biodiversity-friendly
agriculture, reduced agrochemical dependence, and inclusive
participation of Indigenous and local communities [30,31].

In the Colombian context, the EGD is increasingly
perceived as a reference framework for transitioning toward a
more sustainable and competitive agro-industrial sector,
although major challenges persist regarding implementation,
financing, and adaptation to heterogeneous local realities
across value chains. The Farm to Fork (F2F) strategy is
recognized as a comprehensive pathway to enhance rural
sustainability and resilience [32], and the findings suggest that
Colombia could leverage these guidelines to address
environmental degradation and market access constraints
through short supply chains, value-chain integration, and
agrobiodiversity-based ~ production  systems. = However,
consistent with [33], the direct transfer of European policies
without contextual adaptation may be ineffective or
counterproductive, underscoring the need for a tailored,
gradual roadmap co-created with farmers, rural communities,
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and actors within the National Agricultural Innovation and
Environmental Systems.

Financing remains a critical bottleneck, as highlighted by
[34], who emphasizes the global challenge of mobilizing
sufficient resources to support sustainable transitions and
advocates for a “just transition” approach that protects small
and medium producers. Aligning benefit—cost structures along
agri-food value chains can enhance competitiveness, foster
local value addition, and reduce greenhouse-gas emissions
relative to raw commodity exports [35]. Nonetheless, concerns
remain regarding unclear enforcement mechanisms and
inconsistencies between EGD biodiversity ambitions and
scientific consensus [36], reinforcing the need for stronger

governance, regulatory  clarity, and  science-based
agroecological strategies. Effective implementation will
require investments in human capacity, infrastructure,

monitoring systems, and services to operationalize circular-
economy models, bio-input substitution, and sustainable
intensification aligned with EGD objectives.

B.  Phase 2, results

The scientometric analysis identified global research
trends, enabling factors, and constraints related to the
implementation of the European Green Deal (EGD) in the
agricultural sector. A total of 204 indexed publications
retrieved from Scopus®, Web of Science®, EBSCO®, and
SciELO® were analyzed using VOSviewer® to map thematic
structures through keyword co-occurrence analysis [37]. This
approach revealed seven core thematic clusters representing
the main research and policy action areas supporting EGD
implementation worldwide (Figure 3).

Search equation: "european green deal" AND (farm OR agricult OR
agri-food OR "supply chain" OR framework OR institution* OR regulator* OR
initiative OR program OR strateg® OR polic* OR law OR decree OR statute
OR program* OR plan OR action OR legislation OR governance OR
challenges OR goal OR transition OR adaptation OR assessment OR
implementation).

The dominant research focus highlights agroecology,
organic  agriculture, and sustainable agroecosystem
management, emphasizing food sovereignty, ecological justice,
and the reduction of synthetic inputs through bio-inputs and
organic waste reuse, thereby reinforcing circular-economy
models [38-41]. Complementary trends include sustainable
fertilization strategies based on biofertilizers and biostimulants
aligned with the Farm to Fork strategy, which improve soil
health and nutrient efficiency while reducing dependency on
synthetic fertilizers [42-44]. Forest management and carbon
sequestration emerge as key mitigation pathways, particularly
through agroforestry systems and improved nutrient
management in agricultural and livestock systems [45-47].

Additional research clusters highlight biodiversity
conservation and  biomass  valorization,  including
phytoremediation, biodiversity-friendly crop management, and
the transformation of agricultural residues into clean energy
and bioactive compounds [48,49,53]. Sustainable pesticide use
and food quality are addressed through precision agriculture,

biopesticides, and risk-reduction strategies aimed at
minimizing chemical inputs while ensuring food safety [50-
52]. Waste management and circular use of food by-products
further support resource optimization across agri-food systems
[43,53]. Finally, biodiversity and ecosystem services research
emphasizes soil carbon preservation, sustainable land use, and
legal instruments to mitigate soil degradation and ecosystem
loss [54-56].
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Fig 3. Word Co-occurrence Network and Thematic Clusters Related to
Actions and Implementation of the European Green Deal
Source. Own elaboration based on information from Scopus®.
Consultation date: July 2024. Analysis software: VOSviewer®

Overall, the findings reveal a strong convergence toward
agroecology-based, circular, and biodiversity-centered
approaches as strategic pillars for agricultural sustainability
under the EGD. These integrated strategies support ecosystem
services, climate-change mitigation, and social equity while
promoting safer food systems and reduced environmental
footprints, reflecting a holistic transition aligned with EGD
objectives.

Based on the analysis of relevant publications, key
technological aspects were identified that enable resource
optimization and reduce environmental impact, thereby
contributing to the transition toward a sustainable food system
within the framework of strategies aimed at achieving the
sustainability objectives of the European Green Deal in the
Colombian context. These aspects include precision
agriculture, which, through a holistic approach, can support
phytosanitary crop management using sensors, remote sensing,
and variable-rate  applications (VRA) [57,58]. Its
implementation has enabled drastic reductions in agrochemical
use, particularly in mechanized applications with direct
injection systems, where pesticide cost savings of up to 66%
have been reported [59].

Likewise, traceability technology is essential to ensure
safety and transparency throughout the agri-food chain, in
compliance with the requirements of the “Farm to Fork”
strategy [60]. Current analytical and technological advances
facilitate product authentication, allowing complex natural
substances to be accurately differentiated from their
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corresponding synthetic substances, thereby helping to combat
food fraud [61]. Similarly, bioinputs engineering promotes the
circular economy through the recovery of nutrients —nitrogen,
phosphorus, and potassium— from organic waste to produce
bio-based fertilizers that replace traditional mineral fertilizers
[62]. The development of plant biostimulants also enhances
crop resilience to abiotic stresses, such as salinity [63].

Based on information gathered from wvarious sources
including national strategies, policies, regulations, decrees, and
plans from Colombia and benchmark countries in Latin
America, as well as insights from the literature 14 key factors
were identified. A keyword co-occurrence map was
constructed through scientometric analysis, enabling the
identification of research trends based on the association
among terms. Subsequently, these trends were described
through a semantic construction and, using complementary
information—such as national regulatory frameworks and
sectoral documents—were categorized as enabling or
restrictive factors within the current Colombian context. These
factors capture the most relevant aspects of the regulatory and
strategic frameworks and are each assigned a code and label
for future reference in linking them to proposed strategic action
lines.

Enabling factors

e EF1 — Productive Transformation Plans: Implementation of
productive transformation plans that integrate sustainable
agroecological practices aligned with climate-smart
agriculture to support resilient food systems.

¢ EF2 — Economic Incentives for Bio-inputs: Market-based and
financial incentives to promote the increased use of bio-
inputs and reduce dependence on synthetic fertilizers and
pesticides.

e EF3 — Inclusion of Good Practices: Integration of good
practices in livestock farming focusing on food safety,
animal welfare, and health; sustainable forest plantation
management; and sustainable integration of production
systems with native forests.

e EF4 — Policies to Reduce Environmental Footprint and Food
Waste: Adoption of policies and legislation aimed at
reducing environmental footprints, food loss and waste along
the value chain, and protecting soil, water, and ecosystem
services.

e EF5 — Bioeconomy and Green Business Policies:
Development and implementation of policies and plans
promoting bioeconomy principles in agri-food systems,
fostering sustainable green business ventures, and supporting
innovation and technology for sustainable production

Restrictive factors

e RF1 — Weak Legal Frameworks for Sustainability:
Insufficient strengthening of legal frameworks and financial
incentives to support ecological transition, especially in
agroecological and organic production systems.

e RF2 — Short Implementation Timelines: Limited periods for
compliance with various European Green Deal regulations
across production chains.

e RF3 — Lower Yields in Organic Production: Lower
productivity of organic and agroecological farming systems
compared to conventional agriculture.

e RF4 — High Implementation Costs: High costs associated
with implementing regulations and due diligence
requirements.

e RF5 — Poor Policy Coordination: Lack of coordination and
integration among policies, governance frameworks, and
strategies related to the implementation of the European
Green Deal.

e RF6 — Low Awareness Among Exporters: Limited
knowledge among exporters and companies regarding best
practices and strategies to meet due diligence obligations
along the supply chain.

e RF7 — High Costs of Traceability Systems: High costs and
limited implementation of robust traceability systems.

e RF8 — Limited Use of Bio-inputs: Low adoption and limited
promotion of biological control methods and bio-input usage.

e RF9 — Lack of Incentives for Diversification and
Technology: Absence of incentives for producers and
companies to support crop diversification, alternative
technologies, and innovative commercialization strategies.

On a second step, a structured survey was conducted to
assess the enabling and restrictive factors affecting the
implementation of the European Green Deal (EGD) in the
Colombian agro-industrial sector. Given the length of the
survey, guidelines 2 (Packaging Regulation: Environmental
Sustainability) and 3 (Mandatory Nutritional Labelling on
Packaging) identified in Phase 1 were merged due to their
thematic proximity, resulting in five guidelines rated for each
factor. The instrument, based on 14 key factors identified from
scientific and technical sources, was distributed to 116 experts
from academia, government, research institutions, and export-
oriented companies, yielding 20 valid responses. The minimum
representative sample size for the study was estimated using
the formula proposed by Kish [65]. Based on this formula,
statistical validity was determined by setting an estimation
error of 0.2, a significance level of 0.05, and a proportion of
0.5 to obtain the largest possible sample size, resulting in n=20
[64]. Most respondents held postgraduate degrees and had
extensive professional experience, with 81% demonstrating at
least moderate knowledge of EGD regulations according to a
five-level self-assessment scale adapted from [66].

The results confirmed a high level of consensus regarding
the relevance of the identified factors: 11 were rated as having
high influence and 3 as medium influence, with none
considered low. Productive transformation plans and
agroecological practices emerged as the most significant
enabling factors, while economic incentives for bio-inputs
were identified as critical to reducing chemical dependency.
Conversely, lower yields in organic systems, limited adoption
of bio-inputs, weak policy coordination, short compliance
timelines, high implementation costs, and insufficient technical
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capgcity were highlighted as major restrictive fact'ors, g Policies o reduce g
particularly affecting small producers. Overall, the findings p  cnvironmental footprint and 8
underscore the importance of integrated governance, targeted food loss =
training, and financial incentives to support Colombia’s Polici .

.. . . . . E olicies promoting
transition toward EGD-aligned, sustainable agribusiness §  biocconomy and green
systems (Table 2). Furthermore, experts proposed additional businesses

EF and RF (Table 3).

R Weak legal frameworks and
F  financial incentives

Medium  Medium

C. Phase 3, results
Based on the results of Phases 1 and 2, high-incidence
enabling and restrictive factors were used to define short- and

; ) - ) : R Short compliance deadlines for
medium-term strategic action lines. Since no factor was rated F  EGD regulations
as having low incidence, no line of action was considered for
long-term implementation. Key enabling factors include
ducti t fi ti 1 s ti for bi R  Lower yields in organic
productive transformation plans, economic incentives for bio- F  production systems

inputs, and policies aimed at reducing environmental
footprints, all of which support agroecological practices,
circular economy integration, and sustainable agricultural and
livestock systems. Their effectiveness, however, depends on
coordinated implementation and institutional capacity (Table

R High costs of regulation and
F  due diligence

%
=
L
E
=

R Poor policy coordination and
2) . F  governance

Major restrictive factors include high regulatory
compliance costs, tight implementation timelines, limited R Low awareness on best

. .. . . . F  practices and due diligence
adoption of bio-inputs, weak policy coordination, and

insufficient incentives. These constraints disproportionately R High costs and low

affect small and medium producers and limit Colombia’s F  implementation of traceability
ability to meet European Green Deal requirements, particularly

in export-oriented value chains requiring sustainability R Low use and promotion of bio-
certification and traceability. F  inputs

Productive  transformation and circular economy
approaches, reinforced during COP16, emerge as central pillars
for improving sustainability and competitiveness. Addressing
governance fragmentation through policy alignment with EGD
guidelines and COP16 commitments—supported by targeted TABLE 3. ENABLING AND RESTRICTIVE FACTORS IDENTIFIED BY EXPERTS
incentives and technical assistance—is essential to enable an ~_Code Factor Description Category _Incidence

Lack of incentives for
diversification and technology

= xR

. . . .- . < Sectoral public policies for
effgctlve and equitable ecological transition in Colombia’s g Public CTI science, technology, and b
agricultural sector. = policies innovation (STI) focused on &
bioeconomy missions
TABLE 2. EXPERTS INCIDENCE RATING OF ENABLING AND RESTRICTIVE . Highbiomass  High capacity for sustainable ' :
FACTORS E production biomass production for Enabling Medium
capacity bioeconomy-related businesses
) Eﬂ gﬁ g 3 o Intensification Expansion of technology
° @ 33 = 5 £ £ ® of tech transfer and training programs .
& 3 _ag & e g 2 é £ 3 E transfer to support implementation of Enabling
:_ Factor _%é g E‘, ; & E €3 = programs best agricultural practices
k] B
‘:g .E E 5 5 g E § E 5 Alienment of Alignment of national interests
= g £E _E s £ = - t;gational with EGD principles, boosting
7 3 2 IS 2 = E olicies with regenerative agriculture, Enabling
z R P the EGD circular economy, and nature-
based solutions
. . g Impacts of FTAS’ negative impact on
E  Implementation of productive i S Free Trade emerging economies by Restrictive Medium
F transformation plans § & Agreements limiting development, growth,
(FTAs) and green export participation
- Compliance . .
E  Economic and market § = with labor Chalignges n ;nls%rmg.ﬁ;ll Restrictive
F  incentives for bio-inputs g = rights compliance with labor rights
L Limited awareness and
g Participation engagement of research centers
I~ of research . ) . . Restrictive Medium
E Inclusion of good practices in g = centers in sustainable innovation for
F livestock and forest systems ﬁ EGD implementation
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Code Factor Description Category Incidence
- Promotion of Lack of prorpotlon pqllcles and
- . differential financing for - .
~ sustainable . . . Restrictive Medium
= roducts bioservices aI?d bioenergy to
p : develop sustainable products
TABLE 4. KEY PROPOSED STRATEGIES
g 5
o— o— D
E 3 s £ £E T,
== < o S S 2 = S =
g g £ 22 5 E 5 8
SE 2= c2 53 28
) & = = & = <
- @
Strengthen regulatory and Small and
. . FHI,
financial frameworks for medium-scale . .
agroecology, including a roducers, organic WAL e G T, IEEY
- .S
= g '08Y, ding p » OI8; Ministry of FH6,
2 national organic producer Envi
7 . . .. nvironment, FH9,
certification system and associations, o
. . Finagro FR1,
financial support for sustainable FRS
sustainable production. agribusinesses
Producers seeking
Implement technical organic MinAgriculture,
- support and training certification, ICA, Ministry FH2
- programs to promote agricultural of Science and FR9’
= bioinputs and sustainable biotech Tech, FRlé
soil management with researchers, Agrosavia,
economic incentives. modern SENA
agribusinesses
Smlwa Mgl
Design tailored economic medium-scale sty FH2,
. X . . Environment,
T incentives for sustainable producers, organic . FHS5,
5 Finagro,
] producers and exporters, producer P p FR3,
7 . . o . roColombia,
including subsidies, soft associations, Ministry of FRS,
loans, and tax benefits. sustainable [istry FH8
agribusinesses Bt
Tech
Launcl_*l Pllot _prOJects for Medlum and large MinAgriculture, FHI,
resilient livestock livestock farmers, .S
v . . . Ministry of FH4,
5 production using agribusiness Envi
] X nvironment, FH6,
% technologies that reduce exporters,
- - SENA, FRO,
GHG emissions and technical .
. . . ProColombia FR12
improve efficiency. specialists
Update legal frameworks ST o MinAgriculture,
X X farmers, producer iy FH4,
e to align with the EGD L Ministry of
5 " associations, g FH5,
] through sustainable Environment,
7 > . researchers, FR1,
production and circular R ICA,
. o environmental q FRS
economy in agribusiness. ProColombia
consultants
MinAgriculture,
Promote the adoption of Small and medium M]mstry of FHI,
. . producers, Environment,
sustainable technologies FH3,
g . producer ADR, Research
(biotech, renewables, . FHS,
2 . associations, Centers,
b=} resource efficiency) and o . FR3,
S . . . agribusiness ProColombia,
= international cooperation . FR6,
. . companies, Producer
for certification and . . FRO,
. . technical Associations,
innovation. o . R FR12
specialists Financial
Institutions
. EsFabl} g an All producer L
interinstitutional . . FHS,
5 . segments, MinAgriculture,
committee to align e FH6,
€ . . . producer Ministry of
s national policies with L Envi FHOY,
= EGD . associations, nvironment, FRI
7 requirements . >
. export companies, ICA, Research
through integrated 5 FR12,
. . technical Centers
environmental, social, and specialists FR10,
economic strategies. P FR11
FH1,
Facilitate ecological All producer ]l::gg’
transition through credit, segments, ProColombia, ’
£ . . FHS,
E insurance, and technical producer ICA, FR2
3 training in organic and associations, MinAgriculture, FR7‘
s agroecological systems, export companies, Research FR9’
improving profitability technical Centers, SENA FRI 1’
and EU market access. specialists FRI2.
FR13

IV. DISCUSSION AND CONCLUSIONS
This research confirms that Colombia faces substantial
financial, operational, and institutional challenges in
implementing the regulatory frameworks required by the
European Green Deal (EGD), particularly within its agrifood
export sector. Table 4 strategies and a timeline framework
(Figure 4), comprise a roadmap base line.

These strategies focus on affront restrictive factors such as
the high costs of regulatory compliance, short implementation
timelines, and low adoption of bioinputs are significant barriers
that could undermine the country’s ability to maintain
competitiveness in environmentally demanding European
markets. In parallel, enhance enabling factors, designing
notably productive transformation plans, economic incentives,
and environmental footprint reduction policies highlight
strategic opportunities to foster a transition toward sustainable,
resilient, and circular agricultural systems.

The lower yields observed in organic production systems
should be understood as a transition gap that can be mitigated
through productive transformation plans based on agroecology
and Agriculture 4.0 technologies. Evidence indicates that
organic yields are generally lower than conventional yields;
however, this difference does not constitute a uniform pattern
across all crops, territories, or production systems, as the
magnitude of the gap may vary depending on the production
context and the type of management implemented. In
particular, crop rotations and polycultures can reduce the
organic—conventional yield gap to approximately 8—9%,
demonstrating the potential of agroecological diversification to
sustain both productivity and sustainability [67].

Complementarily,  Agriculture 4.0  technologies—
including sensors, drones, geospatial monitoring, variable-rate
applications, and decision-support systems—enable the
optimization of input use and cost reduction without
compromising yields [52,68,69]. Therefore, the proposed
productive transformation plans should integrate bioinputs,
sustainable soil management, crop diversification, technical
assistance, financing, and digital innovation, in order to reduce
the productivity gap in organic and agroecological systems
without increasing environmental pressure or dependence on
synthetic inputs.

The integration of traceability systems and the use of
bioinputs constitutes an operational strategy to advance
compliance with the standards associated with the European
Green Deal. Together, these two components can strengthen
productive sustainability and the competitiveness of agrifood
export chains, provided that they are accompanied by technical
assistance, economic incentives, digital capacities, and
institutional mechanisms that facilitate their adoption by small-
and medium-scale producers [70-73].
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Short
(1-3)

Medium
(3-5)

Strategic Action Lines

Strengthen
regulatory and
financial
frameworks for
agroecology

Technical support
and training for
biocinputs and soil
management

Tailored economic
incentives for
sustainable
producers and
exporters

Pilot projects for
resilient
livestock
production

Update legal
frameworks for
sustainable
production and
circular economy

Establish an
interinstitutional
committee aligned
with EGD

Promote
sustainable
technologies, _|
certification, and
international
cooperation

Facilitate
ecological
transition through
credit, insurance,
and training

Years

Fig 4. Gantt-style timeline of proposed Strategic Action Lines for the
implementation of EGD-aligned measures in Colombia’s agribusiness sector.

A technical flow-type diagram (Fig 5) is proposed to
illustrate how a traceability system—associated with restrictive
factor RF7—and a bioinputs system—associated with enabling
factor EF2—can operate complementarily at the farm level to
support compliance with European Green Deal standards ,
according to the following approaches:

EF2: Bio-Input Managemenjt
- Bio-pesticides
- Organic fertilizers

RF7: Traceability System
- Geolocation
- Batch ID coding

Farm-Level Operations
- Soil quality
- Livestock tracking

EGD Compliance
- 20% fertilizer reduction
- 25% organic target

Fig 5. Farm-Level Traceability and Bio-Input architecture to support
compliance with European Green Deal standards

e Bio-Input System (EF2): Focuses on replacing synthetic
chemicals with biological alternatives to meet EGD goals of

reducing chemical pesticides by 50% and fertilizers by 20%
by 2030. Production & Application: Includes microbial
inoculants, bio-pesticides, and organic fertilizers sourced
locally or from centralized bio-input resource centers
(BRCs). Targeted Use: Technologies like foliar sprays and
seed treatments ensure efficient nutrient delivery.

e Traceability System (RF7): Provides the data backbone
required for transparency and verifying that products meet
sustainability criteria. Data Capture: Uses loT sensors and
RFID tags to monitor environmental conditions (e.g.,
temperature, humidity) and location in real-time. Geospatial
Tracking: Collects geolocation data of production plots to
ensure no  deforestation  (crucial for  EUDR
compliance).Authentication: Advanced methods like DNA
barcoding or isotope profiling verify the origin and
authenticity of the bio-inputs and final products.

¢ EGD Standards Compliance: The integrated data from EF2
and RF7 is used to generate Audit Ready Reporting for
European regulators.

o Sustainability Validation: Demonstrates reduced
environmental footprint through recorded usage of bio-inputs
instead of synthetics.

e Consumer Transparency: Facilitates "Farm to Fork" visibility
via QR codes on packaging, allowing consumers to verify
ethical and sustainable production practices.

The study employed a mixed-method approach,
integrating policy analysis, document review, and expert
surveys, which proved effective for triangulating perspectives
and identifying both systemic gaps and institutional strengths.
The use of alignment matrices provided a valuable tool to
assess the coherence between national regulatory instruments
and the EGD, while expert consultation enriched the findings
with sector-specific insights.

Despite limitations, including the size of the expert sample
and reliance on secondary data the findings confirm broader
evidence that developing countries require tailored support to
implement strict environmental regulations. The existence of
sustainability-oriented policies alone is insufficient; effective
implementation requires coordination, incentives, and context-
sensitive strategies that reflect local production realities.

The results align with key messages from COP16, where
productive transformation and circular economy were
reaffirmed as essential pillars for increasing sustainability and
competitiveness in agriculture. The conference further
emphasized the role of ecosystem restoration, agroecological
practices, and coordinated governance in achieving
biodiversity and climate goals objectives closely tied to the
EGD framework.

Regarding the restrictive factor related to poor policy
coordination, the creation of an intersectoral coordination
committee is proposed, involving the Ministry of Agriculture
and Rural Development, the Ministry of Science, Technology
and Innovation, the Ministry of Trade, Industry and Tourism,
and the Ministry of Environment and Sustainable
Development. This committee would be coordinated by the
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National Planning Department and would be responsible for
the design, implementation, and monitoring of roadmaps aimed
at establishing effective strategies for compliance with and
implementation of EGD guidelines in the Colombian context.
Regarding the restrictive factor associated with the
potential negative impacts of free trade agreements, the
evidence reviewed suggests that the restriction does not stem
from the FTA itself, but rather from the regulatory, financial,
and technological asymmetries that arise when preferential
market access is conditioned on compliance with strict
environmental standards. In the context of the European Green
Deal, instruments such as the EUDR may operate as incentives
for sustainable transition, but also as technical or non-tariff

barriers when producers and exporters lack sufficient
capacities for traceability, certification, financing, and
institutional adaptation [74]. At the same time, trade

agreements can serve as useful platforms for cooperation and
environmental governance when they incorporate sustainable
development mechanisms, institutional dialogue, and technical
support [75]. Consequently, for Colombia, the challenge lies in
strengthening internal compliance capacities—traceability,
financing, technical assistance, certification, and
interinstitutional coordination—so that the environmental
requirements of the European market do not result in the
exclusion of small-scale producers but rather become an
opportunity for sustainable differentiation.

To meet these demands, it is critical that Colombia: (1)
Strengthens legal frameworks and streamlines regulatory
alignment with EGD standards; (2) Develops incentive
structures and financing mechanisms that lower entry barriers
to sustainable production; (3) Promotes inter-institutional
coordination to overcome policy fragmentation: (4) Invests in
technical assistance and technology transfer for producers.;
and, (5) Fosters international partnerships and interdisciplinary
research to design holistic, evidence-based solutions.

Ultimately, ensuring policy coherence, regulatory
simplification, and cross-sectoral alignment with EGD
principles is essential for enabling Colombia’s agricultural
sector to meet international sustainability standards based on
the strategic integration of bioeconomy, circular economy, and
sustainable agriculture into Colombia’s national policy agenda.
In consequence concrete institutional actions will be essential
for aligning with the European Green Deal and for enhancing
the long-term sustainability and market access of its
agricultural exports.

ACKNOWLEDGMENTS

The authors wish to express their deep gratitude to Centro
Agronomico Tropical de Investigacion y Ensefianza CATIE
and the Corporacion Colombiana de Investigacion
Agropecuaria AGROSAVIA funding agreement that made it
possible to pursue the Master’s in Agribusiness Management
and Sustainable Markets. Furthermore, we express our sincere
thanks to Professor Sith Sénchez for her significant
contributions, which enriched the development of this work.

REFERENCES

[1] European Commission. Communication from the commission to the european
parliament, the european council, the council, the european economic and social
committee and the committee of the regions. 2019.

[2] Schebesta H, Bernaz N, Macchi C. The European union farm to fork strategy.
European food and feed law review. 2020;15(5):420-7.

[3] Commission E. Farm to fork strategy: for a fair, healthy and environmentally-friendly
food system. Communication from the Commission to the European Parliament, the
Council, the European Economic and Social Committee and the Committee of the
Regions. 2020;381:1-9.

[4] Ruiz D, Duque Gomez C, Redondo Ramirez M. El TLC con la Unién Europea y sus
implicaciones en el sector agricola colombiano. Sinapsis. 2017;9(1).

[S] MINCIT M de CI y T de C. Ministerio de Comercio Industria y Turismo de
Colombia — MINCIT. 2023. Colombia insta a la Union Europea a un trabajo conjunto
para que bienes del agro cumplan estindares del Pacto Verde. [Internet]. 2023.
Available  from:  https:/www.mincit.gov.co/prensa/noticias/comercio/colombia-
union-europea-estandares-pacto-verde

[6] MINCIT M de CI y T de C. Sector agropecuario, ganador en el TLC con la Unién
Europea [Internet]. 2021. Available from:
https://www.mincit.gov.co/prensa/noticias/comercio/sector-agropecuario-en-tlc-con-
la-union-europea

[7] MINCIT M de CI'y T de C. Acuerdo Comercial entre la Unién Europea, Colombia,
Pert y Ecuador [Internet]. 2022. Available from:
https://www.tlc.gov.co/acuerdos/vigente/union-europea

[8] Ortega-San Martin F. Prospectiva Empresarial. Manual de Corporate foresight para
América Latina. Universidad de Lima. 2016;(December):85.

[9] Borja-Acosta JS. Adopcion de tecnologias de la informacion y las comunicaciones en
proyectos de gobierno electronico colombianos: Factores habilitantes e inhibidores.
Universidad Nacional de Colombia; 2022.

[10] Castellanos O, Torres L, Florez D. Agenda prospectiva de investigacion y desarrollo
tecnologico para la cadena productiva de la panela y su agroindustria en Colombia.
2009;209.

[11] Apuy E. Implicaciones del Pacto Verde Europeo para las exportaciones
agroalimentarias. Promotora de Comercio Exterior[PROCOMER]. 2023;1-81.

[12] Reinoso AF. Nuevos retos para el Acuerdo Comercial Multipartes de la Union
Europea con Peru, Colombia y Ecuador. Documentos de trabajo (Fundacion
Carolina): Segunda época. 2022;(2):1.

[13] Ersoy P, Borithan G, Kumar Mangla S, Hormazabal JH, Kazancoglu Y, Lafc1 C.
Impact of information technology and knowledge sharing on circular food supply
chains for green business growth. Bus Strategy Environ. 2022;31(5).

[14] Weber G, Cabras I. Environmental Justice and Just Transition in the EU’s
Sustainability Policies in Third Countries: The Case of Colombia. International
Spectator. 2021;56(3).

[15] Martinez-Saldarriaga J, Henao-Rojas JC, Florez-Martinez DH, Cadena-Chamorro
EM, Yepes-Betancur DP. Methodological framework for supporting phytochemical
bioprospecting re-search: A case study on carrot (Daucus carota L.) crop by-products.
Heliyon. 2025;11(3).

[16] Florez-Martinez DH, Morales-Castafieda A. Distinctive signs as an alternative for the
revitalization of the productive system of ocafiera onion (Allium cepa L.): An
analysis of scientific trends. Scientia Agropecuaria. 2025;16(2):271-91.

[17] European Commission. From Farm to Fork: Our food, our health, our planet, our
future. EU Green Deal. 2020;(May):2.

[18] Salinas JDM. Challenges for the implementation of a Green New Deal In Colombia.
Revista de Economia Institucional. 2023;25(49).

[19] European Union. Proposal for a regulation of the European Parliament and Council
for the sustainable use of plant protection products and amending regulation. Official
Journal of the European Union. 2021;2021(November).

[20] Baptiste B. Transitar a la sostenibilidad. Revista Agunkuyaa. 2020;10(1).

[21] Fransvea A, Celano G, Pagliarone CN, Disanto C, Balzaretti C, Celano GV, et al.
Food labelling: A brief analysis of European Regulation 1169/2011. Ital J Food Saf.
2014;3(3).

[22] Georgescu B, Onete CB, Plesea DA, Chita SD, Sava Stefan. CONSUMER
ATTITUDE TOWARDS THE USE OF BLOCKCHAIN TECHNOLOGY. STUDY
ON THE IMPLEMENTATION OF THE “GREEN DEAL” STRATEGY FOR
ORGANIC FOODS. Amfiteatru Economic. 2022;24(60).

[23] Trummer P, Ammerer G, Scherz M. Sustainable Consumption and Production in the
Extraction and Processing of Raw Materials—Measures Sets for Achieving SDG
Target 12.2. Sustainability (Switzerland). 2022;14(17).

[24] Promotora del Comercio Exterior de Costa Rica. Implicaciones del Pacto Verde
Europeo para las exportaciones agroalimentarias de Costa Rica [Internet]. San José:
PROCOMER; 2023 [cited 2026 Apr 25]. Available from:
https://www.procomer.com/implicaciones-del-pacto-verde-europeo-para-las-
exportaciones-agroalimentarias-de-costa-rica/

[25] Ministerio de Comercio Exterior de Costa Rica. Costa Rica es reconocido por la
Union Europea con el minimo nivel de riesgo en materia de deforestacion [Internet].
San Jos¢: COMEX; 2025 [cited 2026 Apr 25]. Available from:
https://www.comex.go.cr/sala-de-prensa/comunicados/2025/mayo/cp-3046-costa-
rica-es-reconocido-por-la-uni%C3%B3n-europea-con-el-m%C3%ADnimo-nivel-de-
riesgo-en-materia-de-deforestaci%C3%B3n/

[26] Ministerio de Agricultura y Ganaderia del Ecuador. Ecuador implementa
lineamientos de trazabilidad para mejorar sus exportaciones agricolas [Internet].

24" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering without Borders: Artificial Intelligence, Knowledge, Innovation, and

Alliances for a Future from the Americas”. Hybrid Event, Santiago-Chile, July 15 - 17, 2026



Quito: Ministerio de Agricultura y Ganaderia; 2024 [cited 2026 Apr 25]. Available
from: https://www.agricultura.gob.ec/ecuador-implementa-lineamientos-de-
trazabilidad-para-mejorar-sus-exportaciones-agricolas/

[27] Agencia de Regulacion y Control Fito y Zoosanitario Agrocalidad. Ecuador conquista
el mundo con sus productos organicos: mas de USD 621 millones exportados y
liderazgo global [Internet]. Agrocalidad; 2025 [cited 2026 Apr 25]. Available from:
https://www.agrocalidad.gob.ec/ecuador-conquista-el-mundo-con-sus-productos-
organicos-mas-de-usd-621-millones-exportados-y-liderazgo-global/

[28] Ministério da Agricultura, Pecuaria e Abastecimento. Brazilian agricultural policy for
climate adaptation and low carbon emission: executive summary 2020-2030
[Internet]. Brasilia: Governo Federal do Brasil; 2022 [cited 2026 Apr 25]. Available
from: https://www.gov.br/agricultura/pt-br/assuntos/sustentabilidade/planoabc-
abcmais/publicacoes/abc-sumario-executivo-2022-ingles.pdf

[29] AL-INVEST Verde. Primer envio de café libre de deforestacion desde Brasil a
Europa [Internet]. AL-INVEST Verde; 2024 [cited 2026 Apr 25]. Available from:
https://alinvest-verde.eu/es_es/primer-envio-de-cafe-libre-de-deforestacion-a-la-
union-europea/

[30] Rioseco S. Conferences of the Parties beyond international environmental law: How
COPs influence the content and implementation of their parent treaties. Leiden
Journal of International Law. 2023;36(3).

[31] UNFCCC. Conference of the Parties serving as the meeting of the Parties to the Paris
Agreement. United Nations Framework Convention on Climate Change.
2023;(December).

[32] Dimitrakopoulou ME, Vantarakis A. Does Traceability Lead to Food Authentication?
A Systematic Review from A European Perspective. Food Reviews International
[Internet]. 2023;39(1):537 - 559. Available from:
https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85106255631&d0i=10.1080%2F87559129.2021.1923028&partnerID=40&md5=cbb
0e28d6107c8f3e9ece536415d6490

[33] Rivero-Pino F, Fernandez-Prior A, Schindler K, Gebrewold B, Bouissou S, Perego P,
et al. Translating European green deal goals to strengthen African food system
resilience: insights from the NEEMA project. GeoJournal . 2025 Aug 1;90(4).

[34] Matthews A. Prospects for the European Green Deal in agriculture and food in the
2024-2029 political cycle. New Medit. 2025;2025(3 Special issue):4—15.

[35] Faichuk O, Pashchenko O, Zharikova O, Sotnyk V, Faichuk O. Economic and
Environmental Aspects of Agri-food System in the EU Member States and Ukraine
in Context of the European Green Deal Objectives. In: Environment Technology
Resources - Proceedings of the 16th International Scientific and Practical Conference.
RTU PRESS; 2025. p. 185-9.

[36] Ohlinger EM, Lehner OM. Aligning policy and science: a teleological analysis of
biodiversity accounting and accountability under the European Green Deal.
Sustainability Accounting, Management and Policy Journal. 2025 Apr 7;16(7):62-97.

[37] van Eck NJ, Waltman L. Software survey: VOSviewer, a computer program for
bibliometric mapping. Scientometrics. 2010.

[38] Boix-Fayos C, de Vente J. Challenges and potential pathways towards sustainable
agriculture within the European Green Deal. Vol. 207, Agricultural Systems. 2023.

[39] Alforque J, Buot DM, Crampatanta C, Paporo MH, Laygan RM, Abing MJ, et al. An
Analysis of the Globalization Impact on Food Supply Adequacy in Selected
Developing Countries. AGRARIS: Journal of Agribusiness and Rural Development
Research. 2025;11(1):162-80.

[40] Barquero M, Cazador C, Ortiz-Liébana N, Zotti M, Brafas J, Gonzalez-Andrés F.
Fertilising Maize with Bio-Based Mineral Fertilisers Gives Similar Growth to
Conventional Fertilisers and Does Not Alter Soil Microbiome. Agronomy.
2024;14(5).

[41] Rancane S, Licite I, ZuSevica A, Zute S, Jansone I, Damskalne M, et al. Biomass of
alternative species for traditional cereal crops in Latvia and their potential impact on
the carbon cycle. Zemdirbyste. 2023;110(3):195-206.

[42] Ricci GF, D’Ambrosio E, De Girolamo AM, Gentile F. Efficiency and feasibility of
Best Management Practices to reduce nutrient loads in an agricultural river basin.
Agric Water Manag. 2022;259(May 2021):107241.

[43] Jaouhari Y, Travaglia F, Giovannelli L, Picco A, Oz E, Oz F, et al. From Industrial
Food Waste to Bioactive Ingredients: A Review on the Sustainable Management and
Transformation of Plant-Derived Food Waste. Foods. 2023;12(11).

[44] Pranckietiené I, Navickas K, Venslauskas K, Jodaugien¢ D, Buivydas E, Zalys B, et
al. The Effect of Digestate from Liquid Cow Manure on Spring Wheat Chlorophyll
Content, Soil Properties, and Risk of Leaching. Vol. 13, Agronomy. 2023.

[45] Noor WNWM, Nawi NM, Buda M, Seng KWK. Oil Palm Production in the 20th
Century and Beyond: The Impact of Climate Change in Malaysia. AGRARIS:
Journal of Agribusiness and Rural Development Research. 2024;10(1):55-69.

[46] Andrade EP, Bonmati A, Esteller LJ, Brunn S, Jensen LS, Meers E, et al. Selection
and application of agri-environmental indicators to assess potential technologies for
nutrient recovery in agriculture. Ecol Indic. 2022;134(May 2021).

[47] Kirdly E, Borovics A. Carbon sequestration of Hungarian forests by management
system and protection status. Trees, Forests and People. 2024;15(January).

[48] Ciaramella BR, Piccitto A, Scandurra A, Patania C, Cosentino SL, Testa G.
BIOMETHANE PRODUCTION FROM GIANT REED BIOMASS CULTIVATED
IN HEAVY METAL CONTAMINATED SOILS. In: European Biomass Conference
and Exhibition Proceedings. 2023.

[49] Ignaciuk W, Sulewski P. Conditions of Development of the Agricultural Biogas
Industry in Poland in the Context of Historical Experiences and Challenges of the

European Green Deal. Zagadnienia Ekonomiki Rolnej / Problems of Agricultural
Economics. 2021;368(3):55-77.

[50] Lykogianni M, Bempelou E, Kyriakopoulou K, Charistou A, Arapaki N,
Nikolopoulou T, et al. Pesticides in Food Production Systems: The Situation in the
EU. In: Food Safety. CRC Press; 2024. p. 23-41.

[51] Ginter A. Plant protection within the European Green Deal on the example starch
potato cultivation. Progress in Plant Protection. 2022;62(4).

[52] Rajmis S, Karpinski I, Pohl JP, Herrmann M, Kehlenbeck H. Economic potential of
site-specific pesticide application scenarios with direct injection and automatic
application assistant in northern Germany. Precis Agric. 2022;23(6):2063—88.

[53] Rodino S, Petculescu NL, Dragomir V. Capitalization of agro-food waste products
within the sustainable bioeconomy. In: Acta Horticulturae. International Society for
Horticultural Science (ISHS), Leuven, Belgium; 2024. p. 669-78.

[54] Rachmina D, Wibowo RP, Azriani Z. Business Sustainability Analysis of the Social
Forestry Program in West Sumatra Province. AGRARIS: Journal of Agribusiness and
Rural Development Research. 2024;10(2):215-35.

[55] Meurer KHE, Hendriks CMJ, Faber JH, Kuikman PJ, van Egmond F, Garland G, et
al. How does national SOC monitoring on agricultural soils align with the EU
strategies? An example using five case studies. Eur J Soil Sci. 2024;75(2):0-20.

[56] Heuser DI. Soil Governance in current European Union Law and in the European
Green Deal. Soil Security. 2022;6(November 2021):100053.

[57] Finco A, Bentivoglio D, Belletti M, Chiaraluce G, Fiorentini M, Ledda L, et al. Does
Precision Technologies Adoption Contribute to the Economic and Agri-
Environmental Sustainability of Mediterranean Wheat Production? An Italian Case
Study. Agronomy. 2023;13(7):1818

[58] Pagliai A, Pezzuolo A, Sartori L, Marinello F. Development of an algorithm for
assessing canopy volumes with terrestrial LIDAR to implement precision spraying in
vineyards. Agron Res. 2022;20(2):414-25

[59] Rajmis S, Karpinski I, Pohl JP, Herrmann M, Kehlenbeck H. Economic potential of
site-specific pesticide application scenarios with direct injection and automatic
application assistant in northern Germany. Precis Agric. 2022;23(6):2063-88.

[60] Sortino A, De Leo G, Caruso T, Zinnai A, Beltrame F. Agri-food: which technologies
to guarantee our health? Acta Hortic. 2023;1360:113-19.

[61] Mattoli L, Pelucchini C, Fiordelli V, Burico M, Gianni M, Zambaldi I. Natural
complex substances: From molecules to the molecular complexes. Analytical and
technological advances for their definition and differentiation from the corresponding
synthetic substances. Phytochemistry. 2023;215:113790

[62] Mattoli L, Pelucchini C, Fiordelli V, Burico M, Gianni M, Zambaldi I. Natural
complex substances: From molecules to the molecular complexes. Analytical and
technological advances for their definition and differentiation from the corresponding
synthetic substances. Phytochemistry. 2023;215:113790

[63] Ntanasi T, Karavidas I, Spyrou GP, Giannothanasis E, Aliferis KA, Saitanis C, et al.
Plant Biostimulants Enhance Tomato Resilience to Salinity Stress: Insights from Two
Greek Landraces. Plants. 2024;13(10):1404.

[64] Wiegand H. Kish L: Survey Sampling. New York: John Wiley & Sons, Inc.; 1965.
643 p.

[65] Kish, L. (1965). Survey sampling. John Wiley & Sons.

[66] Sossa, J. W. Z., Castillo, H. S. V., Zarta, R. H., Pérez, A. L. F., Alzate, B. A,
Mendoza, G. L. O., ... & Sarta, J. F. M. (2015). Aplication of Delphi Method in a
foresigth study on biodegradable packaging up to 2032. Revista ESPACIOS| Vol. 36
(N°15) Aiio 2015.

[67] Ponisio LC, M’Gonigle LK, Mace KC, Palomino J, de Valpine P, Kremen C.
Diversification practices reduce organic to conventional yield gap. Proc R Soc B Biol
Sci. 2015;282(1799):20141396

[68] Basso B, Antle J. Digital agriculture to design sustainable agricultural systems. Nat
Sustain. 2020;3(4):254-6

[69] Campos J, Gallart M, Llop J, Ortega P, Salcedo R, Gil E. Reduction of pesticide
application via real-time precision spraying. Sci Rep. 2022;12:5638

[70] Helepciuc FE, Todor A. Improving the authorization of microbial biological control
products (MBCP) in the European Union within the EU Green Deal framework.
Agronomy. 2022;12(5):1218.

[71] Chalazas T, Koukourikos A, Bauwens J, Berkvens N, Van Beek J, Kalatzis N, et al.
Geospatial framework for assessing the suitability and demand for agricultural digital
solutions in Europe: A tool for informed decision-making. ISPRS Int J Geo-Inf.
2025;14(5):185

[72] Naranjo MA, Ciravegna E, Ingram V, Cocchini S, Herrera N, Weitkamp T. Tracing
sustainability: A study of agricultural traceability options for compliance with the
European Union Deforestation Regulation for Colombia's Coffee and Palm Oil value
chains. Wageningen: Wageningen University & Research; 2025. Report No.: 2025-
037.

[73] Sever SD, Tok E, Sellami AL. Sustainable Development Goals in a Transforming
World: Understanding the Dynamics of Localization. Sustainability. 2025;17(6):2763

[74] Goémez Moreno JP. El Pacto Verde Europeo como vector de transformacion del
comercio agricola internacional: tensiones estructurales y regulatorias en los sectores
de café y aceite de palma en Colombia. Lat Am J Trade Policy. 2025;(23):101-150.

[75] Cesar de Oliveira SEM, Visentin JC, Pavani BF, Branco PD, de Maria M, Loyola R.
The European Union-Mercosur Free Trade Agreement as a tool for environmentally
sustainable land use governance. Environ Sci Policy. 2024;161:103875

24" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering without Borders: Artificial Intelligence, Knowledge, Innovation, and

Alliances for a Future from the Americas”. Hybrid Event, Santiago-Chile, July 15 - 17, 2026



