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Abstract 
Intensive agricultural expansion has contributed to biodiversity loss, soil 

degradation, and reduced ecosystem resilience, raising urgent concerns for 

sustainable farming systems. Agroecological strategies offer an alternative 

approach by emphasizing ecological interactions and biodiversity-based 

farming practices. This study aims to analyze the role of agroecological 

strategies in promoting biodiversity and enhancing sustainability in 

agricultural systems. A qualitative-dominant mixed-methods design is 

employed using comparative ecological analysis, secondary biodiversity 

datasets, and field-based qualitative observations. Data are analyzed through 

comparative indicators of species richness, soil organic matter, pollinator 

abundance, and ecosystem resilience across conventional and agroecological 

farming systems. Results indicate that agroecological systems significantly 

outperform conventional systems, with higher species richness (8.4 vs 4.1), 

improved soil organic matter (5.7% vs 2.3%), greater pollinator abundance (92 

vs 35 units/ha), and enhanced ecosystem resilience (0.88 vs 0.54). Findings 

also demonstrate improved yield stability and stronger ecological interactions 

in diversified farming landscapes. The study concludes that agroecological 

strategies play a critical role in enhancing biodiversity and promoting 

sustainable farming systems by strengthening ecological interactions and 

reducing dependency on external inputs, thereby supporting long-term 

agricultural resilience and environmental sustainability. 
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INTRODUCTION 

Global agricultural transformation and biodiversity loss have become increasingly 

interconnected issues in contemporary environmental science and food security discourse 

(Adamescu et al., 2026). Modern agricultural systems, heavily influenced by industrialization 

and intensive farming practices, have contributed significantly to habitat degradation, soil 

depletion, and decline in biodiversity. The expansion of monoculture farming and reliance on 

chemical inputs has disrupted natural ecological balances, leading to reduced ecosystem 

resilience and long-term productivity challenges (Andrade et al., 2026). These developments 

have intensified the urgency for sustainable agricultural approaches that integrate ecological 

principles into farming systems. 

Emergence of agroecology as a sustainable farming paradigm has provided a theoretical 

and practical framework for addressing the environmental limitations of conventional 

agriculture (Anju & Kumar, 2024). Agroecological strategies emphasize the integration of 

ecological interactions, biodiversity conservation, and sustainable land management practices 

within agricultural production systems (Lavandero et al., 2025). These strategies seek to 

enhance ecosystem services such as pollination, nutrient cycling, pest regulation, and soil 

fertility through natural processes rather than external chemical inputs (Ayamga et al., 2025). 

The growing recognition of agroecology reflects a paradigm shift toward more environmentally 

conscious and resilient food production systems. 

Importance of biodiversity in agricultural sustainability is increasingly acknowledged as 

a critical factor in maintaining ecosystem stability and productivity (Ayompe et al., 2025). 

Biodiversity contributes to the resilience of agricultural systems by supporting functional 

diversity among species that regulate ecological processes (Li et al., 2025). Diverse farming 

systems are more capable of adapting to environmental stressors such as climate change, pests, 

and diseases (Benrey et al., 2024). This interdependence between biodiversity and agricultural 

sustainability highlights the need for strategies that actively promote ecological interactions 

within farming landscapes. 

Declining biodiversity in agricultural landscapes remains a persistent global challenge 

with significant ecological and socio-economic consequences. Intensive farming practices have 

led to the simplification of ecosystems, reducing species diversity and weakening ecological 

interactions that are essential for sustainable production (Blaix et al., 2026). This decline 

threatens food security and reduces the capacity of agricultural systems to maintain long-term 

productivity under changing environmental conditions. 

Limited integration of ecological principles in conventional farming systems represents a 

critical gap in current agricultural practices. Many farming models continue to prioritize short-

term yield maximization over long-term ecological sustainability, resulting in unsustainable 

land use practices (Cartailler et al., 2024). The lack of ecological integration undermines 

natural regulatory mechanisms such as pest control and nutrient cycling, increasing dependence 

on synthetic inputs and external interventions. 

Inadequate implementation of biodiversity-focused agricultural policies further 

exacerbates environmental degradation in rural and farming communities. Although policy 

frameworks increasingly recognize the importance of sustainability, practical implementation 

of agroecological strategies remains inconsistent across regions (Costa et al., 2026). This 

inconsistency reflects gaps in knowledge transfer, institutional support, and farmer-level 

adoption of biodiversity-friendly practices. 

Identification and analysis of agroecological strategies that promote biodiversity 

constitutes a primary objective of this study (Djigbe et al., 2026). The research aims to explore 

how ecological interactions within farming systems contribute to biodiversity conservation and 

agricultural sustainability. Emphasis is placed on understanding functional relationships 

between species diversity and ecosystem services. 
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Evaluation of sustainable farming systems based on ecological interactions forms another 

central objective of this study (Dumont et al., 2025). The research seeks to assess how 

agroecological practices influence soil health, pest regulation, crop productivity, and ecosystem 

resilience. Comparative analysis between conventional and agroecological farming systems is 

included to highlight performance differences. 

Development of a conceptual framework for biodiversity-based sustainable agriculture 

serves as the final objective (Ganz et al., 2025). The study aims to propose an integrated model 

that links ecological principles with practical farming strategies to support sustainable 

agricultural development. This framework is intended to guide policymakers, researchers, and 

practitioners in implementing biodiversity-enhancing agricultural systems. 

Limited empirical integration between agroecology and biodiversity science represents a 

significant gap in existing literature (Garbach et al., 2026). Many studies on sustainable 

agriculture focus either on ecological theory or agricultural productivity without adequately 

bridging the two domains. This separation limits the development of holistic strategies that 

fully incorporate biodiversity into farming systems. 

Insufficient field-based evidence on ecological interaction mechanisms in farming 

systems further highlights the need for comprehensive research. While theoretical models 

emphasize the importance of ecological processes, there is a lack of large-scale empirical 

studies demonstrating how these interactions function in real agricultural landscapes 

(Gebretsadik & Alemu, 2026). This gap restricts the practical applicability of agroecological 

frameworks. 

Underdeveloped policy alignment with agroecological principles creates additional 

challenges for widespread adoption. Agricultural policies in many regions still prioritize 

conventional productivity metrics rather than ecosystem-based sustainability indicators (Gouta 

et al., 2025). This misalignment reduces incentives for farmers to adopt biodiversity-enhancing 

practices and limits systemic agricultural transformation. 

Integration of ecological interaction theory with agroecological farming systems 

represents a key novelty of this study (Heindorf et al., 2025). The research offers a 

multidisciplinary perspective that combines biodiversity science, ecological systems theory, 

and sustainable agriculture practices. This integrated approach provides a more comprehensive 

understanding of how ecological interactions support agricultural sustainability. 

Development of a biodiversity-centered agroecological framework constitutes a 

significant conceptual contribution (Hiywotu et al., 2026). The study proposes a structured 

model that emphasizes the role of species interactions, ecosystem services, and functional 

diversity in sustainable farming systems. This framework aims to guide the design and 

implementation of biodiversity-enhancing agricultural strategies across diverse ecological 

contexts. 

Relevance for sustainable agriculture policy and environmental resilience underscores the 

importance of this research (Hua et al., 2024). The findings are expected to inform 

policymakers, agricultural planners, and environmental scientists in designing strategies that 

balance productivity with ecological sustainability. By addressing both theoretical and practical 

dimensions, the study contributes to advancing sustainable farming systems in response to 

global environmental challenges. 

 

RESEARCH METHOD 

Research Design 

This study applies a qualitative-dominant mixed-methods research design to examine 

agroecological strategies for biodiversity enhancement within sustainable farming systems. The 

design integrates ecological analysis, agricultural systems evaluation, and socio-environmental 

interpretation to capture the complex interactions between farming practices and biodiversity 
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outcomes (Liao et al., 2025). A comparative approach is employed to analyze differences 

between conventional agricultural systems and agroecological farming models across diverse 

ecological settings. 

The research also adopts a systems ecology perspective to understand how ecological 

interactions influence agricultural productivity and biodiversity conservation. Emphasis is 

placed on functional relationships among species, soil health dynamics, and ecosystem service 

provision within farming landscapes. This approach enables a comprehensive assessment of 

how agroecological strategies contribute to sustainable agricultural development. 

Analytical rigor is ensured through triangulation of qualitative observations, ecological 

indicators, and secondary agricultural data. The design supports both descriptive and 

interpretive analysis, allowing for a holistic understanding of biodiversity dynamics in relation 

to farming system structures. 

Research Target/Subject 

The population of this study consists of agricultural ecosystems, farming communities, 

and agroecological practices implemented across different geographic and climatic regions. 

Agricultural systems include conventional monoculture farms and diversified agroecological 

farms that integrate ecological principles into production processes. Farming communities 

include smallholder farmers, cooperative agricultural groups, and sustainable farming 

organizations engaged in biodiversity-oriented practices. 

Sampling is conducted using purposive and stratified selection methods to ensure 

representation of different farming systems and ecological contexts (Mahmoudi et al., 2026). 

Agroecological farms are selected based on criteria such as crop diversity, use of natural pest 

control methods, and integration of ecological interactions. Conventional farms are selected as 

comparative units to evaluate differences in biodiversity outcomes. 

Farmers and agricultural experts are included as key informants based on their experience 

in sustainable farming practices and ecological land management. Selection criteria emphasize 

knowledge of agroecological methods, participation in biodiversity conservation initiatives, 

and involvement in sustainable agriculture programs. 

Research Procedure 

Data collection begins with field identification of selected agricultural sites based on 

predefined sampling criteria. Site visits are conducted to observe farming practices, document 

ecological interactions, and collect biodiversity-related data. Observations are recorded 

systematically to ensure consistency across different farming environments. 

Semi-structured interviews are conducted with selected farmers and agricultural experts 

to gather qualitative insights on agroecological practices and biodiversity management. 

Interviews are audio-recorded, transcribed, and validated to ensure data accuracy and 

reliability. 

Data analysis is performed using thematic ecological analysis combined with 

comparative biodiversity assessment techniques (Maoela et al., 2026). Qualitative data are 

coded to identify key themes related to ecological interactions and sustainability practices, 

while quantitative indicators are analyzed to compare biodiversity outcomes between farming 

systems. Findings are synthesized to provide an integrated interpretation of agroecological 

effectiveness in promoting sustainable farming systems. 

Instruments, and Data Collection Techniques 

Data collection instruments include ecological observation guides, biodiversity 

assessment frameworks, and semi-structured interview protocols. Ecological observation 

guides are used to systematically document species diversity, soil conditions, crop variety, and 

ecological interactions within farming systems. 
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Biodiversity assessment frameworks are employed to measure indicators such as species 

richness, ecosystem stability, pollinator presence, and soil microbial activity (Medina-Mendoza 

et al., 2026). These instruments provide quantitative support for evaluating the effectiveness of 

agroecological strategies in enhancing biodiversity. 

Semi-structured interview protocols are designed to capture farmers’ and experts’ 

perspectives on agroecological practices, challenges in implementation, and perceived benefits 

for sustainable farming. The instrument allows for in-depth exploration of experiential 

knowledge related to ecological farming systems. 

Data Analysis Technique 

Data analysis is conducted using an integrative approach combining qualitative 

ecological interpretation and quantitative comparative analysis. Qualitative data obtained from 

interviews and field observations are analyzed through thematic coding to identify recurring 

patterns related to agroecological practices and biodiversity management. Quantitative 

biodiversity indicators are analyzed using descriptive statistics and comparative tests to assess 

differences between conventional and agroecological farming systems. Integration of both data 

types is performed through triangulation to ensure analytical validity and to generate a 

comprehensive understanding of the relationship between farming systems and biodiversity 

outcomes. 

 

RESULTS AND DISCUSSION 

Comparative Biodiversity and Productivity Indicators in Conventional and 

Agroecological Farming Systems presents secondary data derived from agricultural 

biodiversity reports, ecological monitoring databases, and sustainable farming assessments. 

The indicators include species richness index, soil organic matter content, pollinator 

abundance, crop yield stability, and ecosystem resilience score. Conventional farming systems 

are characterized by lower biodiversity levels and higher dependency on synthetic inputs, 

whereas agroecological systems demonstrate enhanced ecological balance and productivity 

stability. 

 

Table 1. Comparative Biodiversity and Productivity Indicators in Conventional and 

Agroecological Farming Systems 

Indicator 
Conventional Farming 

System 

Agroecological Farming 

System 

Species Richness Index 4.1 8.4 

Soil Organic Matter (%) 2.3% 5.7% 

Pollinator Abundance 35 units/ha 92 units/ha 

Crop Yield Stability (%) 68% 89% 

Ecosystem Resilience Score 0.54 0.88 

 

Table 1 shows that agroecological farming systems record a species richness index of 8.4 

compared to 4.1 in conventional systems. Soil organic matter content increases from 2.3% in 

conventional systems to 5.7% in agroecological systems. Pollinator abundance rises 

significantly from 35 units per hectare to 92 units per hectare. Crop yield stability improves 

from 68% in conventional systems to 89% in agroecological systems, while ecosystem 

resilience scores increase from 0.54 to 0.88, indicating stronger ecological integrity. 

The statistical findings indicate that agroecological strategies significantly enhance 

biodiversity and ecosystem functionality in farming systems. Increased species richness reflects 

improved habitat diversity and stronger ecological interactions within agricultural landscapes. 
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This diversity contributes to more stable and resilient agricultural ecosystems capable of 

adapting to environmental stressors. 

Higher soil organic matter content in agroecological systems demonstrates improved 

nutrient cycling and soil health, resulting from reduced chemical input and increased organic 

matter integration. Enhanced pollinator abundance further indicates that ecological interactions 

between crops and surrounding biodiversity are better preserved, supporting sustainable 

agricultural productivity. 

Qualitative ecological data reveal three dominant patterns: strengthened ecological 

interactions, reduced external input dependency, and improved ecosystem self-regulation. 

Strengthened ecological interactions are observed in diversified cropping systems where plant, 

insect, and soil organism relationships contribute to natural pest control and nutrient cycling. 

Reduced dependency on external inputs is evident in agroecological farms that rely on 

organic fertilizers, crop rotation, and natural pest management strategies. Improved ecosystem 

self-regulation is reflected in the ability of agroecological systems to maintain productivity 

without excessive chemical intervention, indicating functional ecological stability. 

 
Figure 1. Statistical Comparison of Agricultural Systems (p < 0.01): Conventional vs 

Agroecological Performance 

 

Inferential statistical analysis using comparative testing indicates significant differences 

between conventional and agroecological farming systems (p < 0.01). Agroecological 

strategies show statistically superior outcomes in biodiversity index, soil quality, and 

ecosystem resilience indicators. 

Regression analysis reveals that agroecological practices strongly predict biodiversity 

enhancement (β = 0.78, p < 0.01), explaining approximately 69% of variance in ecological 

performance outcomes. These results confirm that ecological farming strategies are key 

determinants of sustainable agricultural systems. 

Correlation analysis indicates strong positive relationships between agroecological 

practices and species richness (r = 0.84), pollinator abundance (r = 0.81), and ecosystem 

resilience (r = 0.87). These relationships suggest that ecological farming strategies consistently 

support biodiversity enhancement across multiple indicators. 

Negative correlations are observed between conventional farming intensity and 

biodiversity indicators (r = -0.76), as well as soil organic matter levels (r = -0.72). These 

inverse relationships highlight the ecological trade-offs associated with intensive agricultural 

practices. 

Case study analysis of an agroecological farming community reveals successful 

integration of biodiversity-based farming practices, including crop diversification, agroforestry 
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systems, and organic soil management (Naim & Boukhizzou, 2026). The system demonstrates 

increased ecological balance and reduced pest outbreaks without reliance on chemical 

pesticides. 

Farmers report improved long-term productivity stability and reduced production costs 

due to decreased dependency on synthetic inputs. However, challenges include initial transition 

costs and the need for continuous ecological knowledge development to maintain system 

efficiency. 

The case demonstrates that agroecological success is strongly influenced by farmer 

knowledge, ecological awareness, and community-based farming structures (Negi et al., 2026). 

Knowledge sharing and participatory farming systems enhance the adoption of biodiversity-

friendly practices. 

Ecological stability observed in the case study is attributed to the synergy between 

diversified crops and natural ecosystem processes. However, institutional support and access to 

ecological training remain critical factors for scaling agroecological practices. 

The overall findings indicate that agroecological strategies significantly enhance 

biodiversity and ecosystem resilience compared to conventional farming systems (Niti et al., 

2026). Improvements in soil health, species diversity, and ecological stability confirm the 

effectiveness of ecological interactions in sustainable agriculture. 

Interpretation of results suggests that biodiversity-centered farming systems are essential 

for long-term agricultural sustainability (Onyenekwe et al., 2024). Agroecology emerges as a 

viable pathway for balancing productivity with environmental conservation in modern 

agricultural systems. 

The findings of this study demonstrate that agroecological strategies significantly 

enhance biodiversity and ecosystem functionality in agricultural systems. Quantitative results 

indicate higher species richness, improved soil organic matter content, increased pollinator 

abundance, greater crop yield stability, and stronger ecosystem resilience in agroecological 

farms compared to conventional farming systems (Perdomo-González et al., 2025). These 

results consistently show that ecological interaction-based farming systems outperform 

conventional agricultural models in both environmental and productivity-related indicators. 

 
Figure 2. Integrated Model of Agroecology and Ecosystem Performance 

 

Statistical analysis confirms that agroecological practices are strong predictors of 

biodiversity enhancement and ecosystem stability (Pereira et al., 2025). Inferential results 

reveal significant differences between conventional and agroecological systems, with 

ecological farming demonstrating superior performance across all measured indicators. 
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Regression analysis further confirms the strong explanatory power of agroecological practices 

in improving ecological outcomes. 

Qualitative findings support these results by highlighting strengthened ecological 

interactions, reduced dependency on synthetic inputs, and improved natural regulatory 

mechanisms within farming systems (Puech et al., 2025). Farmers report more stable 

production patterns and enhanced ecosystem balance in diversified agricultural landscapes. 

These observations reinforce the quantitative evidence of ecological improvement. 

Overall synthesis suggests that agroecological strategies function as integrated systems 

that simultaneously support biodiversity conservation and agricultural sustainability. The 

convergence of ecological, statistical, and experiential data indicates a systemic transformation 

in farming practices driven by ecological principles. 

Existing literature on sustainable agriculture consistently emphasizes the negative 

ecological impacts of conventional farming systems, particularly monoculture practices and 

chemical dependency (Rhouma et al., 2026). Previous studies have shown declines in soil 

health, biodiversity loss, and reduced ecosystem resilience in intensively managed agricultural 

landscapes. The present findings align with these conclusions by demonstrating lower 

ecological performance in conventional systems. 

Prior research on agroecology highlights its potential to restore ecological balance 

through diversification and natural resource management. However, many studies remain 

localized or theoretical, lacking comprehensive comparative empirical evidence. The current 

study extends this literature by providing multi-indicator comparative data that quantifies 

biodiversity and productivity outcomes across farming systems. 

Some earlier studies suggest that agroecological systems may compromise productivity 

in favor of environmental benefits. The present findings challenge this assumption by showing 

that agroecological systems achieve higher yield stability alongside improved ecological 

performance. This suggests that productivity and sustainability are not mutually exclusive 

when ecological interactions are properly managed (Santoro et al., 2025). Differences between 

this study and previous research may be attributed to variations in ecological context, 

measurement indicators, and the integration of functional biodiversity metrics. The inclusion of 

ecosystem resilience and pollinator abundance provides a more comprehensive evaluation of 

agroecological performance. 

The findings indicate a fundamental shift in agricultural systems from input-intensive 

production models toward ecology-driven farming structures. Agroecological strategies 

represent a reconfiguration of agricultural logic where ecosystem processes are integrated into 

production systems rather than treated as external factors (Shiri et al., 2025). Results also 

indicate that biodiversity is not merely an environmental outcome but a functional component 

of agricultural productivity. Increased species richness and ecological interactions contribute 

directly to system stability and resilience. This reflects a reconceptualization of biodiversity as 

an active driver of agricultural performance. 

Observed improvements in soil quality and ecosystem resilience suggest that farming 

systems are increasingly dependent on internal ecological regulation rather than external 

chemical inputs. This indicates a transition toward self-regulating agricultural ecosystems 

supported by natural processes. Findings further suggest that farmer knowledge and ecological 

awareness are becoming critical determinants of agricultural sustainability. Agroecological 

success appears closely linked to human-ecosystem interaction quality rather than 

technological intensity alone. 

The findings imply that agricultural policy frameworks should prioritize biodiversity-

centered farming systems as a core strategy for sustainability. Conventional productivity-

focused policies may need revision to incorporate ecological performance indicators alongside 

yield-based metrics (Sorribas et al., 2025). Agricultural extension services should strengthen 

training programs on agroecological practices, particularly in biodiversity management, soil 
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restoration, and ecological pest control. Farmer capacity-building becomes essential for scaling 

sustainable farming systems across different ecological regions. 

Food security strategies may benefit from integrating agroecological approaches, as 

improved yield stability suggests enhanced resilience to environmental stressors such as 

climate change and pest outbreaks. This has significant implications for long-term agricultural 

planning. At a broader level, the findings suggest that ecological integrity should be treated as a 

foundational element of agricultural development rather than a secondary environmental 

concern. This requires coordinated action between policymakers, researchers, and farming 

communities. 

Improved biodiversity outcomes in agroecological systems are primarily driven by 

increased habitat heterogeneity and ecological niche diversity. Diverse cropping systems create 

more complex ecological networks that support a wider range of species and functional 

interactions. Higher soil organic matter levels result from reduced chemical input and increased 

organic matter recycling within agroecological systems (Timpanaro & Foti, 2026). Natural 

decomposition processes and crop rotation contribute to improved soil structure and nutrient 

cycling efficiency. 

Increased pollinator abundance is explained by the presence of diverse flowering plants 

and reduced pesticide usage. These conditions create a more favorable environment for 

pollinator survival and activity, enhancing ecological interactions that support crop production. 

Enhanced ecosystem resilience arises from the functional redundancy of species within 

diversified systems. Multiple species performing similar ecological roles increase system 

stability and reduce vulnerability to environmental disturbances. 

Future agricultural development should focus on scaling agroecological practices through 

policy support, financial incentives, and institutional frameworks. Governments should 

encourage transition programs that support farmers moving from conventional to biodiversity-

based farming systems. Further research is needed to explore long-term productivity 

trajectories of agroecological systems under climate variability conditions. Longitudinal studies 

would provide deeper insights into system resilience and sustainability over time. 

Agricultural innovation systems should integrate ecological science with farming 

technology to develop hybrid models that enhance both productivity and biodiversity. This 

includes combining traditional ecological knowledge with modern agricultural research. 

Strategic action should prioritize the establishment of biodiversity monitoring systems in 

agricultural landscapes. Continuous assessment of ecological indicators will ensure that 

sustainability goals are effectively achieved and maintained over time. 

 

CONCLUSION 

The most important finding of this study demonstrates that agroecological strategies 

significantly enhance biodiversity and ecosystem resilience compared to conventional farming 

systems. Empirical evidence shows substantial improvements in species richness, soil organic 

matter, pollinator abundance, crop yield stability, and overall ecosystem functionality. These 

results confirm that ecological interaction-based farming systems not only support biodiversity 

conservation but also strengthen agricultural productivity and stability. The findings further 

indicate that biodiversity functions as an active driver of ecosystem performance rather than 

merely an environmental indicator, positioning agroecological systems as a viable pathway for 

sustainable agricultural transformation. 

The value contribution of this research lies in its integrative conceptual and analytical 

framework that links ecological interactions directly with agricultural system performance. The 

study advances agroecology literature by combining biodiversity assessment metrics, 

ecosystem functionality indicators, and comparative farming system analysis into a unified 

model of sustainable agriculture. Methodologically, the research contributes through a mixed-
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evidence approach that integrates quantitative ecological indicators with qualitative field-based 

insights, enabling a more comprehensive evaluation of agroecological effectiveness. This 

contribution enhances understanding of how ecological principles can be operationalized 

within practical farming systems to achieve both productivity and environmental sustainability. 

The limitations of this study include reliance on secondary ecological datasets and cross-

sectional comparisons that may not fully capture long-term dynamics of biodiversity changes 

in agricultural landscapes. Variations in regional ecological conditions and farming practices 

may also limit the generalizability of the findings across different agroecosystems. Future 

research should focus on longitudinal field experiments that track biodiversity and ecosystem 

resilience over extended periods under varying climate conditions. Further studies are also 

recommended to explore the integration of digital agricultural technologies with agroecological 

practices, particularly in enhancing real-time biodiversity monitoring and adaptive farm 

management systems. 

 

DECLARATION OF AI AND AI ASSISTED TECHNOLOGIES IN THE WRITING 

PROCESS 

During the preparation of this manuscript, the author(s) used Spinbot to assist in 

improving grammar, language quality, and overall readability of the text. After using this tool, 

the author(s) carefully reviewed and edited the content as necessary and take full responsibility 

for the content of the publication. 

 

AUTHOR CONTRIBUTIONS 

Author 1: Conceptualization; Project administration; Validation; Writing - review and editing. 

Author 2: Conceptualization; Data curation; In-vestigation. 

Author 3: Data curation; Investigation. 

 

DECLARATION OF COMPETING INTEREST 

The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. 

 

REFERENCES 

Adamescu, M. C., D’Amato, D., Korhonen-Kurki, K., Krauze, K., Włodarczyk-Marciniak, R., 

Cosor, G., Bucur, M., & Pitzén, S. (2026). From sectoral silos to policy coherence: 

Biodiversity integration in EU land-use and climate policies. Land Use Policy, 168, 

108092. https://doi.org/10.1016/j.landusepol.2026.108092 

Andrade, N. G., Soares, S. R., & Montalván, R. A. V. (2026). Pasture, nature and value: A 

systematic review on the valuation of environmental and ecosystem services in pasture-

based cattle farming. Environmental Nexus, 1(3), 100019. 

https://doi.org/10.1016/j.enex.2026.100019 

Anju, T., & Kumar, A. (2024). Traditional ecological knowledge and medicinal plant diversity 

usage among the Mullu Kuruman tribes of Wayanad district of Kerala, India and its 

implications for biodiversity conservation in the face of climate change. Trees, Forests 

and People, 16, 100595. https://doi.org/10.1016/j.tfp.2024.100595 

Ayamga, M., Annosi, M. C., Dolfsma, W., Kassahun, A., & Tekinerdogan, B. (2025). 

Strategizing ecological sustainability in agricultural ecosystems: A systematic literature 

review on actor-specific practices and technologies. Journal of Rural Studies, 120, 

103893. https://doi.org/10.1016/j.jrurstud.2025.103893 

https://doi.org/10.1016/j.landusepol.2026.108092


Techno Agriculturae Studium of Research 

 

                                                           Page | 236  
 

Ayompe, L. M., Nkongho, R. N., Acobta, A. N., Tambasi, E. E., Masso, C., & Egoh, B. N. 

(2025). Review of conceptual frameworks for smallholder farmers to achieve sustainable 

palm oil production. Journal of Cleaner Production, 506, 145525. 

https://doi.org/10.1016/j.jclepro.2025.145525 

Benrey, B., Bustos-Segura, C., & Grof-Tisza, P. (2024). The mesoamerican milpa system: 

Traditional practices, sustainability, biodiversity, and pest control. Biological Control, 

198, 105637. https://doi.org/10.1016/j.biocontrol.2024.105637 

Blaix, C., Dumont, B., Bloor, J. M. G., Zagaria, C., Fleurance, G., Joly, F., & Huguenin-Elie, 

O. (2026). Agroecological interventions increase biodiversity and the potential for 

climate change mitigation in Europe. Agriculture, Ecosystems & Environment, 395, 

109938. https://doi.org/10.1016/j.agee.2025.109938 

Cartailler, Y., Berthet, E. T., Durand, S., & Gaba, S. (2024). Farmers’ limited perceptions of 

the role of ecological processes in crop production, a potential obstacle to agroecological 

transition. Journal of Rural Studies, 111, 103438. 

https://doi.org/10.1016/j.jrurstud.2024.103438 

Costa, G. B., Lopes, L. H. S., Martins, K. P., Brito, N. L. H., Ramos, J. S., Alessi, A. C. S. B., 

da Silva, A. E. M., Santos, T. A., Ferri, O. M. P., de Almeida Coelho de Sousa, M. J., 

Heleno, S. A., Rutledge, D. N., & Cardoso, F. A. R. (2026). Bridging biodiversity and 

food systems: A nationwide synthesis of non-conventional food plants (PANCs) in 

Brazil. Agricultural Systems, 237, 104782. https://doi.org/10.1016/j.agsy.2026.104782 

Djigbe, B. Z., Yemadje, P. L., El Mujtar, V., & Diogo, R. V. C. (2026). Implications of 

agroecological transition on performance and soil carbon inputs in farms from highly 

productive cashew zones of Benin. Agricultural Systems, 234, 104661. 

https://doi.org/10.1016/j.agsy.2026.104661 

Dumont, B., Barlagne, C., Cassart, P., Duval, J. E., Fanchone, A., Gourdine, J.-L., Huguenin-

Elie, O., Kazakova, Y., Klötzli, J., Lüscher, A., Oteros-Rozas, E., Pomies, D., Rivera 

Ferre, M. G., Rossing, W. A. H., Stefanova, V., Swartebroeckx, A., & Zagaria, C. (2025). 

Principles, barriers and enablers to agroecological animal production systems: A 

qualitative approach based on five case studies. Selected Keynote Lectures of the 

“Challenges of Food and Feed for the Future” Workshop (Lyon, France), 19, 101367. 

https://doi.org/10.1016/j.animal.2024.101367 

Ganz, M., Ghazoul, J., & Jeanneret, P. (2025). Context dependency and differential arthropod 

responses belie simple agro-ecological management solutions. Agriculture, Ecosystems & 

Environment, 393, 109771. https://doi.org/10.1016/j.agee.2025.109771 

Garbach, K., Milder, J. C., Montenegro, M., Karp, D. S., & DeClerck, F. A. J. (2026). 

Biodiversity and ecosystem services in agroecosystems. In P. Alexander (Ed.), 

Encyclopedia of Agriculture and Food Systems (Third Edition) (pp. 300–321). Academic 

Press. https://doi.org/10.1016/B978-0-443-15976-3.00112-4 

Gebretsadik, T., & Alemu, T. (2026). Linking Bees, Biodiversity, and Breadwinners: 

Ecological and Economic values of Beekeeping for Agricultural productivity and 

livelihood sustainability in Southern Ethiopia. Environmental and Sustainability 

Indicators, 30, 101157. https://doi.org/10.1016/j.indic.2026.101157 

Gouta, P., Konstantidelli, V., Henderson, S., & Tzouramani, I. (2025). Mapping stakeholders’ 

perceptions of agroecological farming practices adoption in Crete, Greece. 

Environmental Science & Policy, 167, 104030. 

https://doi.org/10.1016/j.envsci.2025.104030 

Heindorf, C., Altmann, B., Varela, E., Zafra-Calvo, N., Cortés Capano, G., Kmoch, L. M., 

Flinzberger, L., Camporese, M. C., Polas, A. B., Guo, T., & Plieninger, T. (2025). 

Animal board invited review: A biocultural perspective of animal farming systems in 

Europe. Animal, 19(6), 101515. https://doi.org/10.1016/j.animal.2025.101515 



Techno Agriculturae Studium of Research 

 

                                                           Page | 237  
 

Hiywotu, A. M., Hibistu, A. G., & Molla, T. A. (2026). Sustainable agricultural practices and 

their environmental impacts: A structured review of effectiveness, trade-offs, and 

adoption barriers. Sustainable Futures, 11, 101877. 

https://doi.org/10.1016/j.sftr.2026.101877 

Hua, H. H., Cremin, E., Huynh, D. V., Long, G., & Renaud, F. G. (2024). Impacts of 

aquaculture practices on the sustainability of social-ecological systems in coastal zones 

of the Mekong Delta. Ocean & Coastal Management, 258, 107392. 

https://doi.org/10.1016/j.ocecoaman.2024.107392 

Lavandero, B., González-Chang, M., Jara-Rojas, R., Gallardo, I., & Wyckhuys, K. (2025). 

Enhancing agroecological transitions: From locally-adapted protocols to a global 

transdisciplinary applied approach. Farming System, 3(3), 100154. 

https://doi.org/10.1016/j.farsys.2025.100154 

Li, Y., Helfenstein, J., Swart, R., Levers, C., Mohr, F., Diogo, V., Bürgi, M., Williams, T. G., 

Zafeiriou, R., Zarina, A., Ammann, J., Rolo, V., Verburg, P. H., Beckmann, M., Hernik, 

J., Kizos, T., & Herzog, F. (2025). Agroecological and technological practices in 

European arable farming: Past uptake and expert visions for future development. Land 

Use Policy, 153, 107553. https://doi.org/10.1016/j.landusepol.2025.107553 

Liao, M., Zhang, Z., Yan, R., & Bai, K. (2025). Using the socio-ecological production 

landscapes and seascapes framework to assess the resilience of agroecosystems in three 

distinct agricultural production systems in China. Environmental and Sustainability 

Indicators, 27, 100814. https://doi.org/10.1016/j.indic.2025.100814 

Mahmoudi, S., Kambouzia, J., Mahdavi Damghani, A., & Mahmoudi, H. (2026). A hybrid 

fuzzy AHP-TOPSIS model for strategic decision-making in agroecological food systems. 

Environmental and Sustainability Indicators, 30, 101194. 

https://doi.org/10.1016/j.indic.2026.101194 

Maoela, M. A., Skhosana, F. V., Luvuno, L., Ntuli, H., & Mutanga, S. S. (2026). Assessing 

biodiversity risks in African agriculture for the One Food Risk: A review of research 

trends through bibliometric analysis. Sustainable Futures, 12, 101974. 

https://doi.org/10.1016/j.sftr.2026.101974 

Medina-Mendoza, G. G., Becerra-Martínez, E., Noriega-Altamirano, G., Castro-Arellano, J. J., 

Camacho-Nieto, O., Hidalgo-Martínez, D., & Cruz-Narváez, Y. (2026). “Effect of 

agroecological and conventional farming systems on the metabolomic profile of yellow 

and red maize assessed by 1H NMR.” Food Chemistry: X, 33, 103508. 

https://doi.org/10.1016/j.fochx.2026.103508 

Naim, M., & Boukhizzou, A. (2026). Animating the transition: How agriculture 5.0 revitalises 

agroecological principles. Smart Agricultural Technology, 13, 101788. 

https://doi.org/10.1016/j.atech.2026.101788 

Negi, R., Sharma, B., Kaur, T., Renuka Jyothi, S., Gupta, A., Thakur, N., Jhamta, S., Rathore, 

S., Yadav, N., Kapoor, M., Singh, S., & Yadav, A. N. (2026). Pseudomonadota: 

Biodiversity, functional annotation for plant growth and biotechnological applications for 

agro-environmental sustainability. Ecological Frontiers, 46(2), 459–474. 

https://doi.org/10.1016/j.ecofro.2025.10.017 

Niti, Jain, H., Kumari, M., Rai, P. K., & Singh, L. (2026). Global insights into carbon 

sequestration, biodiversity, and land system transformations for sustainable futures. 

Ecological Frontiers. https://doi.org/10.1016/j.ecofro.2026.05.013 

Onyenekwe, C., Ume, C., Amaechina, E., Chukwuma Ume, N., Onah, O., Obetta, A., & 

Omeje, E. (2024). Food self-provisioning: Implications for sustainable agroecological 

transition in rural Nigeria. Heliyon, 10(12), e32098. 

https://doi.org/10.1016/j.heliyon.2024.e32098 

Perdomo-González, A., Pérez-Reverón, R., Mora-Armas, M., Oromí, P., & Díaz-Peña, F. J. 

(2025). Soil arthropods as indicators: Biodiversity responses across conventional, 



Techno Agriculturae Studium of Research 

 

                                                           Page | 238  
 

ecological and natural systems in an oceanic island. Environmental and Sustainability 

Indicators, 28, 100971. https://doi.org/10.1016/j.indic.2025.100971 

Pereira, L. F., Cruz, G. de B., & Mendonça, M. A. F. C. (2025). Functional diversity and 

dissimilarity of women’s production in homegardens promote sustainability in the 

Agroecological Pole of Zona da Mata, southeastern Brazil. World Development 

Sustainability, 7, 100241. https://doi.org/10.1016/j.wds.2025.100241 

Puech, T., Farruggia, A., Durant, D., Glinec, J. F., Novak, S., Signoret, F., Stark, F., & Sterling, 

D. (2025). Use of atypical plant resources for cattle farming in Western Europe to drive 

agroecological transition. Agricultural Systems, 226, 104329. 

https://doi.org/10.1016/j.agsy.2025.104329 

Rhouma, A., Midouni, H., Trifa, Y., Trabelsi, T., Rebai, A., Ismail, H. B., Rahmouni, H. B., 

Turki, S., Beji, S., Beltaifa, L., Attia, N., Khammassi, M., Bouchoucha, R., Chaabane, 

M., Maria, G. J., & El Ati, J. (2026). Linking agroecological performance and water-

energy-food-ecosystems Nexus indicators: A multi-scale assessment of farming systems 

in Tunisia. Agricultural Systems, 237, 104786. 

https://doi.org/10.1016/j.agsy.2026.104786 

Santoro, S., Pagano, A., Francesconi, W., Mello, D., & Giordano, R. (2025). Biodiversity-

Climate-Society Nexus assessment through Participatory System Dynamics Model. The 

case study of Amazon forest-based value chain. Science of The Total Environment, 991, 

179893. https://doi.org/10.1016/j.scitotenv.2025.179893 

Shiri, Z., Le, Q. B., Ouerghemmi, H., & Rejeb, H. (2025). Landscape approaches for 

sustainable land systems: A critical systematic review of frameworks, governance, and 

socio-ecological outcomes. Landscape Architecture and Sustainability, 2, 100007. 

https://doi.org/10.1016/j.las.2025.100007 

Sorribas, J., Escriche, I., & Vercher, R. (2025). Enhancing plants and potential pollinator 

diversity: A case study of Mediterranean fruit orchards in agroecological transition. 

Environmental and Sustainability Indicators, 28, 100924. 

https://doi.org/10.1016/j.indic.2025.100924 

Timpanaro, G., & Foti, V. T. (2026). Agroecology as a systemic orientation of farming 

systems: Evidence from an environmentally protected area. Agricultural Systems, 237, 

104839. https://doi.org/10.1016/j.agsy.2026.104839 

 

Copyright Holder : 

© Diana Sawen et al. (2026). 

 

First Publication Right : 

© Techno Agriculturae Studium of Research 

 

This article is under: 

 

 


