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Abstract. Land-use planning and regenerative agriculture are increasingly recognised as 

complementary strategies for addressing declining soil quality, land degradation, and the need 

for more resilient food systems. The present study investigates the manner in which the integration 

of regenerative practices within land-use planning frameworks contributes to sustainable 

agricultural productivity and ecosystem stability. A bibliometric analysis of 70 publications from 

2015–2025 using VOSviewer has identified key thematic clusters, including climate–resilience, 

sustainable productivity, spatial governance, green infrastructure, and environmental monitoring. 

The findings show that regenerative practices, such as no-till systems, cover cropping, diversified 

rotations, and agroforestry, support soil restoration, carbon accumulation, and water retention. 

Land-use planning provides the spatial, institutional, and regulatory mechanisms needed to align 

these practices with land suitability, environmental carrying capacity, and regional planning 

objectives. Evidence from marginal lands (S2 and S3) highlights the effectiveness of regenerative 

methods in enhancing productivity when integrated with suitability assessments and long-term 

planning. A case study of Brazil’s Carbon Farming Initiative demonstrates how coordinated land-

use policies, spatial data, and public–private partnerships can scale regenerative systems and 

reduce greenhouse gas emissions. The analysis further shows that this integration supports 

multiple Sustainable Development Goals, particularly those related to food security, clean water, 

climate action, and terrestrial ecosystem conservation. Key barriers, including policy 

fragmentation, limited farmer adoption, and technological constraints, are addressed through 

recommendations involving financial incentives, farmer training, geospatial monitoring, and 

precision agriculture tools. The study provides a comprehensive understanding of how land-use 

planning can operationalise regenerative agricultural strategies to enhance landscape resilience, 

improve resource efficiency, and strengthen long-term sustainability across agricultural regions. 

Keywords: climate-smart agriculture; ecosystem resilience; policy integration; SGDs; sustainable 

productivity. 
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1. Introduction 

Rising global demand for food, coupled with mounting environmental pressures, requires a 

fundamental shift in the way agricultural landscapes are managed. Conventional agricultural 

practices, characterised by intensive land use, monocultures, and heavy dependence on external 

inputs, have accelerated soil degradation, biodiversity loss, water contamination, and greenhouse 

https://doi.org/10.55043/jaast.v10i2.451
https://www.jaast.org/index.php/jaast/issue/view/18
mailto:batharadarmawan@gmail.com
https://creativecommons.org/licenses/by-sa/4.0
https://crossmark.crossref.org/dialog/?doi=10.55043/jaast.v10i2.451&domain=pdf


Darmawan et al. Journal of Applied Agricultural Science and Technology Vol. 10 No. 2 (2026): 230-248 

 

 231 

gas emissions [1]. These environmental consequences highlight the necessity for novel approaches 

that address productivity, ecological integrity, and climate resilience simultaneously [2]. Land-use 

planning has emerged as a strategic framework capable of guiding agricultural development 

toward sustainability by optimising spatial resource allocation, reducing ecological risks, and 

ensuring that land utilisation aligns with its biophysical capacity. 

Regenerative agriculture is a proposed ecological pathway to reverse environmental 

degradation by restoring soil health, enhancing biodiversity, and strengthening natural nutrient and 

water cycles. In contradistinction to conventional intensification, regenerative agriculture practices 

position soil health as the foundation of sustainable food production [3], employing natural 

processes to increase soil organic matter, improve infiltration, and sequester atmospheric carbon 

[4]. The transition toward regenerative systems becomes significantly more effective when 

supported by robust land-use planning. The integration of regenerative agriculture into spatial 

planning frameworks ensures that land allocations, zoning regulations, and landscape-level 

interventions are aligned with ecological suitability, environmental carrying capacity, and long-

term productivity objectives. In this manner, land-use planning fulfils a dual role as both a 

regulatory mechanism and a strategic enabler, determining the locations and methods through 

which regenerative agriculture can achieve optimal ecological and agronomic benefits. 

The current scholarship on regenerative agriculture and sustainable land management has a 

tendency to treat these domains separately. Agronomic research focuses on soil and crop 

processes, while planning studies concentrate on zoning, spatial optimisation, and environmental 

protection. This separation creates a conceptual and empirical gap with regard to the manner in 

which land-use planning can systematically encourage the adoption and scaling of regenerative 

agricultural practices. The present review attempts to address this gap through a combined 

bibliometric and systematic analysis, which also is the review's novel contribution. It provides an 

integrated understanding of how land-use planning frameworks can operationalise regenerative 

agriculture to enhance sustainable agricultural productivity and strengthen ecosystem resilience. 

By connecting planning principles with regenerative farming strategies, the review contributes 

updated conceptual insights and identifies evidence-based pathways for embedding regenerative 

practices within land-use planning across multiple spatial scales. 

2. Materials and Methods 

The present study applied a systematic literature review combined with bibliometric analysis 

to examine global research dynamics concerning land-use planning, regenerative agriculture, 

ecosystem resilience, and sustainable agricultural development. The bibliographic data were 

exclusively retrieved from the Scopus database, which is acknowledged for its comprehensive 
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coverage of peer-reviewed publications across environmental science, agricultural systems, and 

spatial planning. The search strategy employed the core terms 'land-use planning', 'ecosystem 

resilience', and 'sustainable agriculture', and was restricted to journal articles and review papers 

published between 2015 and 2025 and written in English. 

The initial search yielded   84 documents, which were subsequently subjected to a screening 

process based on titles, abstracts, and keywords. This process resulted in a refined dataset of 70 

publications that aligned with the conceptual focus of regenerative agricultural transitions and 

integrated land management approaches. These records were exported in RIS and CSV formats 

and curated using Mendeley Reference Manager. This curation process entailed verifying metadata 

consistency, removing duplicates, and standardising author and journal names. The inclusion of 

refined and validated data ensured the reliability of subsequent bibliometric computations. 

Bibliometric mapping and network visualisation were conducted using VOSviewer, version 

1.6.20. This software enables the construction of co-authorship networks, co-citation structures, 

and keyword co-occurrence clusters. This facilitates the identification of dominant themes, which, 

in the present study, were sustainable land management, nature-based solutions, green 

infrastructure, land-use change, and resilience-oriented agricultural practices. These dominant 

themes were indicated by keyword link strengths and cluster formations (e.g., agriculture, 

ecosystem services, resilience, sustainable development). The additional link data supported the 

identification of thematic interconnections across concepts such as resilience, climate change, 

nature-based solutions, and sustainable land management. 

The key bibliometric indicators that were assessed included publication volume, citation 

patterns, thematic density, and author collaboration. This assessment was conducted to uncover 

the knowledge structures and emergent research frontiers. Integrating systematic review with 

bibliometric analysis enabled a comprehensive evaluation of how land-use planning and 

regenerative agricultural strategies interact to enhance ecosystem resilience and promote 

sustainable agricultural productivity at global and regional scales. 

3. Results and Discussion 

3.1.Scientific Publication Distribution by Year 

The distribution of scientific publications from 2015 to 2025 shows a clear and structured 

progression of research endeavours concerning the integration of land-use planning with 

regenerative agriculture (Fig. 1). The earlier years (2015−2017) display a limited number of 

publications, indicating that scholarly attention to the linkage between spatial planning, ecological 

restoration, and sustainable farming systems was in its infancy. In this phase, studies were chiefly 

concerned with fundamental aspects, such as land-use change, biodiversity protection, and 
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preliminary approaches to climate-responsive agricultural strategies. 

 
Fig. 1. Scientific publication distribution by year 

A significant increase in publication output was observed between 2018 and 2021, with the 

highest concentration of publications appearing in 2020 and 2021. This increase corresponds to 

heightened global concern regarding climate change and the strengthening of international 

commitments to environmental sustainability, including the Sustainable Development Goals 

(SDGs). During this period, the themes of ecosystem services, green infrastructure, resilience, and 

nature-based solutions had been recurrent themes. This suggests that research began to adopt more 

integrated perspectives. Scholars increasingly recognised that regenerative agriculture, when 

coupled with coherent land-use planning, can restore soil function, enhance carbon storage, and 

reinforce the stability of agroecosystems under climatic stress. 

Following 2021, there was a decline in the number of publications, yet the content of these 

publications reflected deeper and more specialised inquiry rather than diminished interest. 

Research articles published between 2022 and 2025 predominantly emphasise interdisciplinary 

methods, incorporating geospatial analysis, remote sensing, and landscape modelling to assess 

regenerative farming within broader land-management frameworks. The articles published during 

the period also highlight the importance of aligning agricultural practices with spatial planning 

policies to improve productivity, promote ecological resilience, and support long-term 

sustainability objectives. 

The distribution pattern demonstrated an expanding and increasingly sophisticated body of 

knowledge. The gradual rise and refinement of research themes affirm the scientific significance 

of integrating land-use planning with regenerative agriculture as a strategy for enhancing 

sustainable agricultural productivity and strengthening ecosystem resilience in the face of 

accelerating climate pressures. This pattern emphasises the relevance and necessity of the present 

study within the global discourse on sustainable landscape transitions. 

3.2. Scientific Publication Distribution by Country 

The distribution of scientific publications by country reflects the breadth of global 

engagement in research linking land-use planning with regenerative agriculture and ecosystem 
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resilience (Table 1). The United States was the leading contributor, supported by strong 

institutional capacity and extensive research programmes focused on sustainable land 

management, ecosystem services, and regenerative farming innovations. The scientific community 

of this country has produced influential work connecting spatial planning frameworks with 

agricultural resilience strategies. 

Table 1. Scientific publication distribution by country 
No. Country Number of 

Publications 

Percentage 

(%) 

Notes 

1 USA 12 17.1 Strong contributions to regenerative agriculture, 

ecosystem services, and climate resilience 

2 China 11 15.7 High output on land-use change, spatial planning, and 

sustainable land management 

3 India 10 14.3 Active in promoting sustainable agriculture and 

developing climate-resilient farming systems 

4 UK 7 10.0 Focus on green infrastructure, nature-based solutions, 

and planning policy 

5 Australia 6 8.6 Leading research on landscape resilience, rangeland 

management, and biodiversity 

6 Indonesia 5 7.1 Rising output with regard to landscape governance and 

climate-resilient agriculture 

7 Germany 5 7.1 Contributions to ecosystem modelling and land-use 

policy 

8 Netherlands 4 5.7 Strong research foundation in the area of integrated 

land-use systems and agroecological design 

9 Canada 4 5.7 Greater emphasis on climate adaptation and sustainable 

resource planning 

10 Japan 3 4.3 Studies on the integration of agricultural sustainability 

and spatial planning  

 

China followed closely, driven by rapid environmental transformation, land-use pressures, 

and national priorities related to food security and climate adaptation. Research conducted in China 

frequently integrates spatial modelling, land-use optimisation, and sustainable agricultural 

intensification, constituting an important contribution to the body of knowledge on landscape-level 

agricultural transitions. The significant number of publications from India reflects the country's 

pressing climatic vulnerabilities and the need for resilient agricultural practices. These publications 

often highlight the use of agroecological approaches, soil rehabilitation, and community-based 

land management systems. 

The United Kingdom and Australia have contributed extensively to research in the domain 

of nature-based solutions, green infrastructure, and ecological restoration in agricultural 

landscapes. Their research has provided conceptual and policy-oriented insights into how spatial 

planning instruments can support regenerative practices. Meanwhile, the scientific landscape has 

been enriched by contributions from Indonesia, Germany, the Netherlands, Canada, and Japan. 

Indonesia’s increasing publication output aligns with its national interest in promoting climate-

smart agriculture and land governance reforms. Germany and the Netherlands have contributed 
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advanced ecosystem modelling and integrative land-use policy frameworks, while Canada and 

Japan have offered perspectives on sustainable resource planning and rural landscape resilience. 

This distribution shows that research on integrating land-use planning with regenerative 

agriculture has been conducted across multiple regions and scientific traditions. The presence of 

contributions from both developed and developing countries has enriched the field by capturing a 

broad range of ecological conditions, socio-economic contexts, and governance structures. Such 

diversity contributes to the scientific depth of the topic and reinforces the relevance of studying 

the potential of coordinated land-use strategies and regenerative agricultural practices to improve 

sustainable agricultural productivity and fortify ecosystem resilience across different 

environmental settings. 

3.3. Thematic Groups Identified 

The thematic structure presented in Table 2 reflects the intellectual organisation of research 

related to the integration of land-use planning and regenerative agriculture over the period 

2015−2025. The thematic group with the highest ranking, 'Climate Resilience and Ecosystem 

Stability', demonstrated the highest occurrences and total link strength, indicating its centrality 

within the scientific discourse. The prominence of keywords associated with climate change, 

resilience, and ecosystem functioning suggests that scholarly attention has been strongly directed 

toward understanding how regenerative agricultural practices can restore ecological stability and 

enhance adaptive capacity in landscapes facing accelerating climate pressures. 

Table 2. Thematic Groups Identified Through VOSviewer Keyword Analysis (2015−2025) 
Rank Thematic Group Occurrences Total Link Strength 

1 Climate–Resilience and Ecosystem Stability 33 42 

2 Sustainable Agriculture and Food Systems 27 36 

3 Landscape Governance and Spatial Planning 24 34 

4 Nature-Based and Green Infrastructure Approaches 21 30 

5 Environmental Monitoring and Analytical Tools 13 18 

 

The thematic group with the second-highest ranking, 'Sustainable Agriculture and Food 

Systems', also exhibited substantial keyword frequency and connectivity. This highlights a 

consistent research focus on agricultural productivity, soil health, and food security. The strong 

linkages within this group imply that regenerative agriculture has been increasingly viewed not 

only as an ecological intervention but also as a viable pathway for maintaining yield stability and 

supporting long-term agricultural performance. This theme has been shown to span both ecological 

and agronomic dimensions, reinforcing the relevance of integrated land-use strategies for the 

sustenance of productive farming systems. 

The thematic group, 'Landscape Governance and Spatial Planning', which was ranked third, 

encompassed keywords related to land-use change, spatial management, and planning 
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frameworks. These keywords are indicative of the importance of effective governance mechanisms 

and spatial planning instruments for enabling regenerative agricultural transitions. This finding 

aligns with the study’s central argument that regenerative practices achieve greater impact when 

embedded within coherent land-use planning policies that regulate land allocation, ecological 

zoning, and development pressures. 

The thematic group ranked fourth, 'Nature-Based and Green Infrastructure Approaches', 

reflects the growing adoption of ecological engineering and restoration-based solutions within 

landscape management. The presence of nature-based solutions and green infrastructure concepts 

shows the increasing incorporation of regenerative agriculture within broader sustainability 

agendas, aimed at developing multifunctional and climate-resilient landscapes. Finally, the 

thematic group 'Environmental Monitoring and Analytical Tools' was ranked fifth, illustrating the 

supporting role of remote sensing, spatial analytics, and monitoring technologies. These tools 

provide essential empirical evidence for evaluating land-use dynamics, assessing ecological 

outcomes, and guiding planning decisions. The thematic groups illustrate a well-connected 

research landscape in which land-use planning and regenerative agriculture converge to enhance 

sustainable agricultural productivity and strengthen ecosystem resilience across diverse 

agroecological settings. 

3.4. Clustering Analysis 

The cluster classification presented in Table 3 outlines the conceptual architecture of the 

scientific literature connecting land-use planning and regenerative agriculture (Fig. 2). The first 

cluster, centred on climate resilience and ecosystem stability, reveals the dominant focus on 

understanding the responses of agricultural landscapes to climatic pressures. Keywords such as 

'resilience', 'climate change', and 'ecosystem services' reflect a robust research orientation toward 

ecological restoration, adaptive capacity, and long-term stability. This cluster of publications 

highlights that regenerative agriculture is positioned as a nature-based mechanism capable of 

enhancing landscape resilience through soil improvement, biodiversity enhancement, and carbon 

retention.  

The second cluster, with focus on agricultural productivity and food systems, aligns with the 

operational dimension of sustainable agriculture. The presence of terms such as 'agriculture', 

'sustainable agriculture', and 'food security' signifies that research in this cluster has examined the 

practical outcomes of regenerative practices, including yield performance, soil fertility, and the 

stability of food production systems. This cluster has situated regenerative agriculture within 

broader food-system challenges and underscores the importance of integrating planning 

frameworks to support sustainable productivity. 
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Table 3. Cluster Classification, Representative Keywords, and Thematic Interpretation 
Cluster Representative 

Keywords 

Thematic Interpretation Contribution to the Study 

Cluster 1: 

Climate 

Resilience and 

Ecosystem 

Stability 

Resilience, climate 

change, biodiversity, 

ecosystem services, 

sustainable 

development goals 

Focusing on ecological 

stability, climate-risk 

reduction, biodiversity 

maintenance, and long-term 

ecosystem functioning 

Explaining how 

regenerative agriculture 

contributes to climate 

adaptation and ecosystem 

resilience through soil 

restoration and ecological 

diversification 

Cluster 2: 

Agricultural 

Productivity 

and Food 

Systems 

agriculture, food 

security, sustainable 

agriculture 

Highlighting sustainable food 

production, crop 

performance, soil fertility, 

and agricultural sustainability 

pathways 

Showing how land-use 

planning can support 

regenerative practices to 

ensure stable yields and 

enhance food security 

Cluster 3: 

Nature-Based 

and Green 

Infrastructure 

Solutions 

Green infrastructure, 

nature-based 

solutions, sustainable 

land management 

Emphasising landscape 

restoration, ecological 

engineering, and nature-based 

approaches to land 

stewardship 

Strengthening the 

arguments on the 

integration of regenerative 

agriculture into broader 

ecosystem management 

frameworks 

Cluster 4: 

Spatial 

Dynamics and 

Land-Use 

Change 

Land use change, 

urbanization, remote 

sensing 

Addressing landscape 

modification, spatial 

expansion, monitoring 

technologies, and land-use 

transformation 

Demonstrating the 

importance of spatial tools 

for aligning land-use 

planning with regenerative 

agricultural strategies 

Cluster 5: 

Integrated 

Planning and 

Environmental 

Policy 

Ecosystem services, 

sustainable 

development, 

governance-related 

terms (implied) 

Focusing on policy 

integration, landscape 

multifunctionality, and the 

governance dimension of 

sustainability 

Showing how policy and 

planning coherence 

determine the success of 

regenerative agriculture at 

landscape scale 

 

The third cluster, 'Nature-Based and Green Infrastructure Solutions', reflects the increasing 

integration of ecological engineering and landscape restoration into agricultural planning. 

Keywords such as 'green infrastructure' and 'nature-based solutions' signify a shift toward 

multifunctional landscapes. In these landscapes, regenerative agriculture acts as a part of a more 

extensive ecological infrastructure, which contributes to flood regulation, habitat enhancement, 

and improved ecosystem connectivity. The fourth cluster, 'Spatial Dynamics and Land-Use 

Change', highlighted the spatial and analytical dimensions of the field. The terms associated with 

land use change, urbanization, and remote sensing demonstrate the importance of spatial 

diagnostics and mapping tools in assessing land-use patterns and informing planning decisions. 

This cluster of publications illustrates how geospatial analysis supports the alignment of 

regenerative interventions with broader land-use strategies. 

The final cluster, 'Integrated Planning and Environmental Policy', underscores the 

governance perspective. By connecting ecosystem services with planning and policy frameworks, 

this cluster emphasises the necessity of coherent regulatory frameworks and cross-sectoral 

coordination to scale regenerative agricultural practices. These clusters reveal a research landscape 
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where ecological, agronomic, spatial, and policy dimensions intersect, reinforcing the need for 

integrated land-use planning to maximise the benefits of regenerative agriculture for sustainable 

productivity and ecosystem resilience. 

 
Fig. 2. VOSviewer keyword mapping 

3.5. Marginal Land Management in Climate-Resilient Regenerative Systems 

Marginal lands classified as S2 (moderately suitable) and S3 (less suitable) present both 

biophysical limitations and strategic opportunities for climate-resilient agriculture [5]. The 

limitations of the lands arise from the restrictive soil properties, which include the texture, 

structure, drainage, and effective depth of the soil. Additionally, chemical imbalances, such as an 

unfavourable pH, nutrient depletion, salinity, and the presence of toxic elements, contributes to 

the limitations. Climatic stresses, such as irregular rainfall, extreme temperatures, and prolonged 

drought, also play a role in the limitations. 

In light of the findings pertaining to the climate resilience thematic group, these lands are 

highly sensitive to degradation but concurrently, highly responsive to improved management. 

Regenerative agriculture is a viable pathway to transform S2 and S3 land into productive and 

resilient systems. This transformation can be achieved by rebuilding soil structure, increasing 

organic matter, enhancing water-holding capacity, and improving nutrient cycling. Practices such 

as no-till, cover cropping, diversified rotations, livestock integration, and organic amendments 

address multiple constraints simultaneously, reducing environmental risk while increasing yield 

stability. In the present study, marginal land management becomes a strategic entry point to 

demonstrate how regenerative systems can convert vulnerability into resilience and contribute to 

sustainable intensification rather than land abandonment.  

 



Darmawan et al. Journal of Applied Agricultural Science and Technology Vol. 10 No. 2 (2026): 230-248 

 

 239 

3.6.  Principles of Land Use Planning and Sustainable Agricultural Landscapes 

Land use planning has emerged as a core theme in the clusters related to landscape 

governance and spatial planning. Effective planning is not confined to spatial allocation; rather, it 

integrates environmental, social, and economic dimensions to support long-term agricultural 

sustainability [6–8]. The principles of efficiency, sustainability, land suitability, and environmental 

carrying capacity offer a normative framework for guiding decisions. Land use efficiency focuses 

on the maximisation of output per unit area, while minimising resource inputs and waste [7,8]. 

Sustainability requires the management of land in a manner that fulfils current needs without 

compromising future possibilities [9]. Land capability and suitability assessments are assessments 

of the biophysical potential of land, the purpose of which is to ensure that specific agricultural 

activities are sited where they can perform well without causing irreversible degradation [10–12]. 

The concept of environmental carrying capacity adds a threshold perspective, reminding planners 

that land can only support a finite level of intensity before ecological functions undergo decline. 

Within the present study, these principles support the argument that regenerative agriculture 

should be guided by systematic land evaluation, rather than being an arbitrary process. Aligning 

regenerative practices with land suitability, carrying capacity, and spatial zoning is imperative to 

ensure that any enhancement in productivity is not at the expense of ecosystem integrity and 

biodiversity conservation. 

3.7.  Effect of Land Management on Agricultural Productivity  

The thematic group on sustainable agriculture and productivity is reflected in the multi-

dimensional influence of land management on soil fertility, water availability, farmland 

accessibility, and input use efficiency. Soil fertility is directly influenced by the decisions made 

regarding land management. Conservation practices such as no-till, cover crops, and crop rotation 

enhance soil aggregation, organic matter content, and nutrient retention, while reducing erosion 

and compaction. In contrast, monoculture and intensive tillage deplete organic matter, weaken soil 

structure, and reduce yields. Regenerative agriculture, with its emphasis on ecological 

intensification, is particularly relevant for tropical and subtropical regions where soil degradation 

is pervasive [13]. 

Water availability is equally critical. Strategic land use planning that promotes rainwater 

harvesting, water storage infrastructure, and efficient irrigation can substantially improve water 

supply in rainfall-limited areas. At the field scale, the implementation of regenerative practices 

enhances infiltration and water retention, reduces runoff, and improves water quality. Evidence 

from semi-arid systems indicates that supplemental irrigation, mulching, and improved soil 

management increase yields and nitrogen use efficiency while reducing water stress [14,15]. The 

accessibility of farmland links land use planning to the social and economic dimensions of 
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productivity. The accessibility of inputs, markets, and services for farmers is determined by 

transport infrastructure, rural roads, and clear land tenure arrangements. A well-planned zoning 

scheme that protects agricultural land from uncontrolled urban encroachment fosters efficient farm 

operations, timely harvesting, and reduced transaction costs [16,17].  

Input use efficiency is linked to both environmental and economic performance. Land use 

planning that encourages precision agriculture, resource optimisation, and integrated farming 

systems helps reduce waste and environmental impacts. The 4R nutrient management principle 

(Right Source, Right Rate, Right Time, Right Place) and advanced monitoring technologies 

improve fertiliser and water use efficiency, lowering external input dependency while maintaining 

or increasing yields [18–20]. The collective manifestation of these four dimensions illustrates the 

manner in which land management decisions translate into tangible changes in productivity and 

resource-use efficiency, as conceptually summarised in Fig. 3. 

 
Fig. 3. Effect of land management on agricultural productivity (Source: primary data) 

 

3.8. Interconnection of Land Use Planning, Ecosystem Resilience, and Productivity 

The thematic group on climate resilience and ecosystem stability is closely connected to the 

interrelationship between land use planning and agricultural productivity. Strategic land use 

planning influences soil quality, water regulation, microclimate, and habitat configuration, all of 

which shape crop performance and system resilience [21–24]. As illustrated in Fig. 4, evaluating 

land capability and suitability allows planners to align crops with appropriate agroecological 

niches, circumventing the cultivation of crops in areas susceptible to high levels of erosion or 

flooding. This approach facilitates the conversion of such areas into protected or low-impact uses. 

When combined with regenerative agricultural practices conservation tillage, diversified rotations, 

integrated pest management, and agroforestry planning decisions can simultaneously enhance 

yields, reduce land degradation, and maintain ecosystem services [7,25–27]. Land use planning 

fulfils a preventive function by steering development away from high-value agricultural land and 

limiting deforestation. This, in turn, preserves critical ecosystem functions and carbon stocks. In 
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this manner, planning acts as a bridge between local farm-level interventions and landscape-scale 

resilience outcomes. 

 
Fig. 4. Enhancing agricultural productivity through the implementation of land use planning 

(Source: primary data) 

3.9. Addressing Land Use Challenges Through Regenerative Agriculture 

The cluster on nature-based and green infrastructure approaches is closely linked to the 

discussion on land use challenges and regenerative agriculture. Conventional land use models have 

often prioritised short-term agricultural expansion and urban growth, leading to deforestation, 

habitat loss, soil degradation, and increased greenhouse gas emissions [28,29]. Regenerative 

agriculture offers an alternative land management paradigm that enhances, rather than depletes, 

natural capital [3,4,7,30,31]. Through the process of rebuilding soil organic matter, enhancing 

biodiversity, and improving water regulation, regenerative systems contribute to both mitigation 

and adaptation. The utilisation of these practices has the potential to reduce reliance on synthetic 

inputs and promote ecological harmony and can be adopted across various levels, from individual 

farms to entire food systems [4,7]. 

Regenerative agriculture is conceptually grounded in and operationally linked to other 

sustainable systems such as organic, integrated, conservation, and precision agriculture. Its 

deliberate focus on the social, cultural, community, and indigenous dimensions places it within the 

broader socio-ecological systems thematic group. Agroforestry, a central component in 

regenerative strategies, exemplifies the potential for integrating the provision of regulating and 

supporting ecosystem services with enhanced productivity [3,32]. Regenerative agriculture is 

conceptualised as a nature-based solution that addresses challenges related to land use by restoring 
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ecosystem services while maintaining or increasing yields. This approach reinforces the central 

thesis of synergistic benefits between land use planning and regenerative practices. 

3.10. Alignment of Regenerative Agriculture with Sustainable Development Goals (SDGs) 

The integration of Sustainable Development Goals (SDGs) into agricultural studies is 

essential for understanding how farming systems contribute to broader global sustainability 

commitments. Sustainable agriculture is directly connected to the realisation of several SDGs, 

particularly those related to food security, access to clean water, climate action, and ecosystem 

conservation. As indicated by SDGs, the need for resilient and productive food systems is 

emphasised in SDG 2 (Zero Hunger), while the importance of reducing chemical runoff and 

improving water quality, challenges commonly associated with conventional farming, is 

highlighted in SDG 6 (Clean Water). In a similar manner, SDG 13 (Climate Action) and SDG 15 

(Life on Land) underscore the critical function of soil carbon sequestration, erosion control, and 

biodiversity protection in ensuring the long-term agricultural viability. By aligning agricultural 

development with these goals, land-use planning and regenerative practices emerge as strategic 

instruments for promoting resource-efficient, climate-resilient, and ecologically balanced farming 

systems. Therefore, the incorporation of the SDG framework within the present study provides a 

comprehensive lens through which to evaluate how regenerative agriculture and land-use planning 

contribute not only to local productivity improvements but also to global sustainability targets. 

The SDG-related thematic group links regenerative agriculture and land-use planning 

directly to global sustainability agendas by demonstrating how field-level practices contribute to 

multiple Sustainable Development Goals (Table 4). Practices such as soil restoration, conservation 

tillage, and organic amendments support SDG 15 (Life on Land) through land rehabilitation, 

reduced erosion, and the reversal of soil degradation, while simultaneously contributing to SDG 

13 (Climate Action) via increased soil carbon sequestration and reduced greenhouse gas emissions 

from the land sector [2,13,33]. Agroforestry and tree-based systems further strengthen these 

contributions by enhancing habitat connectivity and landscape diversity. This, in turn, supports 

land restoration and conservation in terrestrial ecosystems. As summarised in Table 4, these 

interventions align with indicators such as reduced proportion of degraded land (SDG 15.3.1) and 

climate-related disaster preparedness and mitigation (SDG 13.1.1). 

Regenerative agriculture is also pivotal to the advancement of SDG 2 (Zero Hunger), by 

promoting adaptive and productive food systems. Diversified crop rotations, intercropping, and 

integrated farming systems can increase the productivity and income of small-scale food producers 

while ensuring the maintenance of long-term soil fertility and water-use efficiency, in accordance 

with indicators on sustainable agriculture and smallholder productivity (SDG 2.3.1; SDG 2.4.1). 

Concurrently, the reduction of synthetic fertilisers and pesticides contributes to SDG 6 (Clean 
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Water and Sanitation) by limiting chemical runoff, improving surface- and groundwater quality, 

and supporting indicator 6.3.1 on water quality improvement. 

Table 4. Integration of Regenerative Agriculture with Sustainable Development Goals (SDGs) 
Planning Intervention Supported SDGs Related Indicators 

Soil restoration and 

conservation tillage 

SDG 15 (Life on Land); SDG 

13 (Climate Action) 

Reducing land degradation and erosion; 

increasing soil carbon stocks and 

ecosystem functions (e.g. SDG 15.3.1; 

SDG 13.2.1). 

Agroforestry and tree-based 

systems 

SDG 13 (Climate Action); 

SDG 15 (Terrestrial 

Ecosystems); SDG 2 (Zero 

Hunger) 

Enhancing carbon sequestration, habitat 

connectivity, and diversified food and 

income sources (e.g. SDG 13.1.1; SDG 

15.1.1; SDG 2.3.1). 

Adaptive and diversified 

food systems (crop rotation, 

intercropping, integrated 

farming) 

SDG 2 (Zero Hunger) Increasing productivity and resilience of 

small-scale producers and expanding 

sustainably managed agricultural area 

(e.g. SDG 2.3.1; SDG 2.4.1). 

Reduction of synthetic 

chemical inputs (fertilisers 

and pesticides) 

SDG 6 (Clean Water and 

Sanitation) 

Lowering nutrient and pesticide runoff, 

improving surface- and groundwater 

quality (e.g. SDG 6.3.1). 

 

Beyond the biophysical outcomes, regenerative agriculture has important social 

implications. The implementation of targeted farmer training programmes, the provision of 

extension services, and the stablishment of participatory learning platforms advance SDG 4 

(Quality Education) by strengthening capacities in sustainable land management and climate-smart 

farming. When these initiatives prioritise smallholder households and actively involve women, 

they also support SDG 1 (No Poverty) and SDG 5 (Gender Equality) by improving livelihood 

opportunities, enhancing access to productive resources, and increasing the decision-making roles 

of women in agricultural innovation [33]. Programmes such as Zero Budget Natural Farming in 

India and women-focused training schemes in Kenya illustrate how reduced dependence on 

external inputs can raise net farm income while empowering marginalised groups. 

Land-use planning based on spatial data, land capability assessment, and predictive models 

further expands the contribution of regenerative agriculture to SDGs. Initiatives focused on carbon 

farming, such as those implemented in Brazil, demonstrate how a coordinated approach to land 

use planning, the incorporation of financial incentives, and the establishment of monitoring 

systems can optimise the allocation of land for carbon-negative agriculture and integrate climate 

objectives into national development strategies [8,13]. These practices are closely related to SDG 

13 (particularly indicator 13.2.1 on integrating climate measures into policies and planning) and 

SDG 17 (Partnerships for the Goals), as they rely on collaboration between governments, private 

actors, research institutions, and local communities to design inclusive, evidence-based policy 

frameworks. The integration of regenerative agriculture and land-use planning offers a multi-
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dimensional contribution to SDGs 1, 2, 4, 5, 6, 13, 15, and 17 by linking adaptive and productive 

food systems, clean water, climate mitigation and adaptation, terrestrial ecosystem restoration, 

poverty reduction, gender equality, and multi-stakeholder partnerships within a unified land-

management paradigm. 

1.7. Implementation of Regenerative Agriculture 

The thematic group on environmental monitoring and analytical tools is reflected in the 

implementation pathways for regenerative agriculture. The Carbon Farming Initiative exemplifies 

how land use planning can be aligned with regenerative principles by promoting crop rotations, 

cover crops, and diversified cropping to build soil organic carbon content, reduce emissions, and 

support biodiversity (Fig. 5) [13]. In order to facilitate broader adoption, not only in Brazil but in 

a global scale, the discussion highlights several points. In order to ensure that regenerative 

practices are context-appropriate, local condition assessment must integrate edaphoclimatic 

analysis, existing farming systems, and infrastructure mapping. The development of policy and 

the implementation of incentives, including sustainable agriculture policies, input subsidies, and 

carbon market access, should provide the necessary conditions for farmers to adopt regenerative 

practices. 

 
Fig. 5. Implementation of regenerative agriculture (Source: primary data) 

Education and training through field schools, digital platforms, and pilot projects have been 

demonstrated to address knowledge gaps and demonstrate tangible benefits. Collaboration with 

the private sector and research institutions has the potential to support technology diffusion, data-

driven modelling, and long-term monitoring of soil health, productivity, and carbon stocks. The 

implementation of core practices, including no-till, cover cropping, crop diversification, and 
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agroforestry, operationalises the principles of regenerative agriculture at both farm and landscape 

scales. Monitoring and evaluation, which use soil sensors, remote sensing, and GIS, establish an 

empirical basis for adaptive management and policy refinement, while scalability strategies ensure 

that successful pilots expand to larger regions. In this framework, land use planning functions as 

the organising mechanism, which coordinates these elements, allowing regenerative agriculture to 

be integrated into national and regional strategies for climate mitigation, food security, and rural 

development [13,21–24,34]. These thematic strands show that integrating land use planning with 

regenerative agriculture offers a coherent and scientifically grounded pathway to enhance 

sustainable agricultural productivity and strengthen ecosystem resilience across marginal and 

productive landscapes alike. 

4. Conclusions 

This bibliometric review shows that strategic land-use planning is central to optimising 

marginal lands by integrating ecological sustainability principles, land suitability assessments, and 

environmental carrying capacity into agricultural decision-making. The analysis reveals strong 

thematic linkages between regenerative agriculture, ecosystem resilience, and spatial planning, 

with increasing scientific attention toward practices such as no-till systems, agroforestry, and 

organic amendments that improve soil health, resource-use efficiency, and long-term productivity 

in S2 and S3 landscapes. These findings highlight several policy implications, namely that land-

use regulations should incorporate incentives for soil-restorative practices, climate-resilient 

planning strategies, and zoning mechanisms that prevent ecological degradation while promoting 

sustainable intensification. The successful implementation depends on the enhancement of 

institutional collaboration that aligns governmental planning frameworks with the needs of 

community and national sustainability goals. It is recommended that future research examine how 

specific land-use planning models can accelerate the adoption of regenerative farming at landscape 

scale. Furthermore, the long-term ecological and socio-economic benefits of embedding 

regenerative practices within formal planning processes should be evaluated. Finally, it is advised 

that the use of geospatial modelling, remote sensing, and participatory planning in evidence-based 

land management be expanded. These directives underscore the critical function of land-use 

planning in fostering sustainable agricultural productivity, while enhancing ecosystem resilience 

over the long term. 
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