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Abstract: Nature-based Solutions (NbS) are becoming more popular in the current time to address the complex issues of climate change, biodiversity loss and food security in agro-ecosystems. In this systematic review, we synthesize existing empirical research on NbS in agriculture, focusing on their effectiveness, implementation difficulties, and potential for upscaling. Employing a rigorous methodology aligned with PRISMA 2020 criteria, we screened 2,900 records from Web of Science, Scopus, and Google Scholar. We included 83 studies (65 

empirical, 10 meta-analyses, and eight policy documents) after quality assessment. The analysis demonstrates that NbS practices make a considerable contribution to carbon sequestration, with reported rates ranging from 1.8 to 133 Mg C ha⁻¹, depending on the practice and setting. Substantial benefits in biodiversity, including increases in pollinator populations and soil microbial richness, are also routinely seen. Economically, NbS provides significant returns on investment, with specific practices earning over £4 for every £1 invested and short payback times. 

Despite these benefits, widespread adoption is limited by a considerable 60% finance gap, compounded by large agricultural subsidies that generally favor conventional approaches. This review identifies explicit geographic and thematic biases, with most studies concentrated in temperate regions and focused on carbon and biodiversity, while tropical systems, arid zones, and economic or social outcomes remain underexplored. We conclude that realizing the transformative potential of NbS requires standardized MRV systems, better valuation of non-market benefits, redirection of subsidies, and integrated policy and financing frameworks that align ecological function with long-term economic sustainability. 
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1. Introduction

Nature-based Solutions (NbS) are becoming popular worldwide as a critical paradigm for tackling the intertwined issues of climate change, biodiversity decline, and food security in agroecosystems (Cohen-Shacham et al., 2016). NbS solutions, which are rooted in ecosystem management principles, present an effective strategy for balancing the demand for increased agricultural production with the objectives of environmental conservation and human well-being (Griscom et al.,  2017). The agriculture sector is at a crossroads of being a major source of food worldwide while simultaneously causing immense harm to the environment (Hannah et al., 2020; Nor & Yusof, 2025). It is a primary source of nourishment, supplying the food required to sustain a growing world population. However, conventional agriculture has tremendous environmental consequences in the form of biodiversity loss, degradation of lands, and depletion of water resources (Ruane & Rosenzweig, 2018). 

Quantitatively, the sector contributes approximately 9.3 gigatons of greenhouse gas (GHG) emissions annually in https://doi.org/10.56578/ocs040301 

the form of deforestation, livestock farming, and the use of synthetic fertilizers (Czyżewski & Kryszak, 2025). 

Moreover, agriculture is highly susceptible to climatic factors, with the frequency of extreme weather phenomena accounting for 20% to 49% of the variability in worldwide yield anomalies for significant crops such as maize, wheat, and soybeans (Vogel et al., 2019). These extreme events disproportionately affect smallholder farmers, whose limited access to adaptive resources leaves them more sensitive to climate-induced production losses (Ojo et al.,  2024). Meanwhile, ongoing biodiversity degradation threatened ecosystem services, such as pest control, pollination, and nutrient cycling, that underpin global agricultural production, with pollination alone valued at up to $235 billion annually (FAO & IUCN, 2024; IPBES,  2016).  

NbS offers potential solutions in agriculture that can address environmental degradation by restoring ecosystems and sustainably enhancing productivity (Miralles-Wilhelm, 2023). These solutions involve a wide array of methods, including agroforestry, reforestation, wetland restoration, soil conservation, and sustainable water management (Iseman & Miralles-Wilhelm, 2021). By integrating natural processes inside agricultural systems, NbS enhances agricultural land productivity while simultaneously protecting and restoring ecosystem integrity. 

For instance, agroforestry systems incorporate trees into crop and animal production, store carbon, prevent soil erosion, and diversify farmers’ income (FAO,  2013; Miralles-Wilhelm,  2023). Similarly, wetland restoration and cover crop systems boost water-holding capacity and soil fertility, hence increasing agricultural resilience to extreme weather events (Araya et al., 2022; Huang et al., 2019). The significance of biodiversity in agricultural landscapes is a critical aspect of NbS since it underlies ecosystem function and resilience, offering services vital for profitable and sustainable agriculture (FAO, 2013). Practices such as hedgerow and buffer strip establishment not only boost species diversity but also produce habitat mosaics that synergistically enhance crop yield and ecosystem health (Tscharntke et al.,  2005). 

Despite the clear benefits of NbS, their adoption in agriculture has been hindered by several challenges. A significant barrier is the lack of robust, long-term empirical data demonstrating their effectiveness across different agroecological zones and farming systems (WWAP, 2018). This gap in evidence can lead to hesitation among policymakers and practitioners in fully endorsing NbS. Moreover, present legislative frameworks and market conditions generally fail to provide enough incentives for agricultural producers to implement NbS, sometimes favoring short-term economic gains over long-term sustainability (Iseman & Miralles-Wilhelm, 2021; Piñeiro et al.,  2021). While there is growing literature on NbS in agriculture, most existing studies remain either conceptual or focused on specific practices and localized case studies. There is still a lack of comprehensive, systematic synthesis that integrates empirical evidence across regions and farming systems to evaluate the effectiveness, economic viability, and scalability of NbS. Furthermore, few reviews have quantitatively assessed outcomes such as carbon sequestration, biodiversity enhancement, and financial returns, while simultaneously examining systemic barriers like financing gaps and policy misalignments. 

This systematic review attempts to address these essential gaps by combining and assessing available empirical literature on the usefulness and feasibility of NbS in agriculture. The review intends to offer significant insights into the potential benefits and obstacles connected with their implementation. An important objective is to move beyond descriptive summaries to provide a comprehensive quantitative synthesis of NbS impacts, if feasible, so enhancing the evidentiary base for their adoption. Furthermore, this review identifies significant gaps in current research and offers future research initiatives, particularly addressing methodological standards, complete valuation, and integrated policy frameworks. By emphasizing successful case studies and outlining best practices, the findings are meant to inform policymakers and stakeholders, supporting a change towards more sustainable agriculture methods that promote ecological health alongside economic viability. 

1.1.  Objective of Review 

To provide a comprehensive review of current research on NbS in agriculture: This systematic review investigates to synthesize and assess the available research findings linked to the application of NbS in agriculture. 

To identify key gaps and future research directions: The assessment seeks to determine the existing gaps in the research on NbS in agriculture. The review also tries to identify potential future research areas that could aid in addressing these weaknesses and enhancing the usefulness and adoption of NbS in agriculture. 



2. Methodology   

This systematic review was methodically done in strict adherence to the PRISMA 2020 guidelines, providing a transparent, reproducible, and rigorous technique. The review integrates empirical evidence with meta-analytical insights and policy-relevant literature, enabling a comprehensive and multi-layered understanding of NbS 

outcomes. The whole PRISMA flow diagram, which visually displays the research selection process, is shown in below Figure 1. 
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Figure 1.  PRISMA flow diagram outlining the study selection process 2.1. Protocol Registration 

The protocol for this systematic review was prospectively registered with the Open Science Framework to ensure transparency, reduce reporting bias, and enhance the credibility and reproducibility of the review. 



2.2. Literature Search and Study Selection 

A comprehensive literature search was done across multiple significant academic databases: Web of Science Core Collection, Scopus, and Google Scholar. This multi-database approach was taken to maximize the coverage of significant empirical studies pertaining to NbS in agricultural contexts. 

The search technique included a combination of key phrases targeted to capture the fundamental topics of the review. These phrases included “nature-based solutions”  or “NbS”, mixed with terms relating to “sustainable agriculture” such as “agriculture”, “farming”, “agroecosystems”, and “cropland”. Additionally, phrases reflecting desirable environmental outcomes were incorporated, such as “biodiversity”,  “ecosystem services”,  “climate change mitigation”, “carbon sequestration”, “soil health”, and “resilience”. The complete search strings used in each database, are detailed in Table 1. 

Search parameters were confined to research publications published entirely in the English language. No constraints were applied on the publishing period to ensure the inclusion of all relevant research, regardless of their publication date. The search strategy was designed to identify three categories of sources: (1) empirical studies with measurable outcomes related to NbS in agriculture, (2) meta-analyses synthesizing quantitative results across multiple primary studies, and (3) contextual or policy-relevant documents, including review papers, working papers, and institutional reports. Following the initial search, duplicate records were methodically deleted using EndNote software, supplemented by comprehensive manual screening. Subsequently, titles and abstracts of the remaining records were assessed for relevance against a set of pre-established inclusion criteria. These criteria mandated an empirical focus on NbS within agroecosystems, explicit reference of specific NbS methods, and the 

reporting of measurable outcomes related to agriculture and environmental indicators. 

Papers were systematically rejected from consideration if they were non-empirical in nature, such as review papers, opinion articles, or theoretical talks. Furthermore, any research that did not primarily focus on agricultural methods or failed to offer explicit data on results was also rejected. This stringent filtering method guaranteed that only studies with direct relevance and reliable empirical findings were selected for future full-text examination. 



Table 1.  Summary of literature search strategy 



Database 

Notes on Search 

Name 

Primary Keywords/Concepts 

Key Filters 

Applied 

Behavior/Limitations 

“nature-based solutions”, “NbS”, 

Web of 

“agriculture”, ‘farming”, “cropland”, 

Document types: 

TS = indicates topic search (title, 

science core  “agroecosystems”, “biodiversity”, “ecosystem 

Article; Language: 

abstract, author keywords, 

collection 

services”, “climate change mitigation”, 

English; Time span: 

“carbon sequestration”, “sustainable land 

All years 

Keywords Plus) 

management” 

“nature-based solutions”, “NbS”, 

“agriculture”, “farming”, "agroecosystem", 

Document type: 

Article; Language: 

Wildcard captures plural or 

Scopus 

“cropland”, “biodiversity”, “ecosystem 

services”, “climate change mitigation”, 

English; Source 

extended forms (e.g., 

“carbon sequestration”, “soil health”, 

type: Journals; Time 

‘agroecosystems’) 

“resilience” 

range: All years 

“nature-based solutions”, “NbS”, 

Manual filters: Peer-

Does not support Boolean 

Google 

“agriculture”, “farming”, “agroecosystems”, 

reviewed empirical 

operators as precisely; manual 

Scholar 

“biodiversity”, “ecosystem services", “climate 

studies and meta-

screening and validation are 

change mitigation”, “carbon sequestration” 

analysis: Language: 

English 

especially important 

 2.3. Full-Text Screening and Quality Assessment 

 

A comprehensive screening and quality assessment were conducted by two independent reviewers using a modified Critical Appraisal Skills Programme (CASP) checklist for qualitative and mixed-methods studies, and criteria from the Cochrane Risk of Bias Tool for quantitative studies. Reviewers assessed five domains: study design, data collection rigor, analytical clarity, reporting quality, and relevance to NbS in agriculture. Each domain was scored from 0 to 2, with a maximum possible score of 10. Studies scoring ≥ 7 were included in the final synthesis. 

Reviewers operated independently and were blinded to each other’s assessments during the initial round. 

Discrepancies were resolved through discussion, and unresolved cases were adjudicated by a third reviewer. Inter-rater reliability was high (Cohen’s κ = 0.82), indicating strong agreement and minimizing subjective bias. Al scores, reviewer notes, and reasons for exclusion were documented in a structured log. 

Meta-analyses and grey literature were not formally scored but were assessed for credibility, transparency, and relevance before inclusion in the contextual narrative. 

Data from the included studies were extracted into a structured matrix capturing NbS type, agricultural/ecological context, geographic setting, and key outcome metrics. A thematic synthesis approach, following Thomas & Harden (2008), guided the analysis in three stages: 

• Open Coding – Identifying recurrent concepts (e.g., trade-offs, impacts, barriers), 

•  Descriptive Themes –  Grouping codes into categories (e.g., carbon storage, biodiversity gains, economic viability), 

•  Analytical Themes – Integrating findings across geographies, NbS types, and policy contexts to generate broader insights. 

2.4. Ensuring Reproducibility 

To uphold the greatest levels of transparency and promote the prospective replication of this systematic review, complete documentation has been supplied for every stage of the process. This includes all search strings, extensive inclusion/exclusion logs, screening notes, the complete quality assessment process, reviewer training methods, and the full synthesis approach, including the underlying code structure. This vast documentation is methodically presented across Appendices A, B, and C, guaranteeing that the entire review process complies with high standards of replicability, clarity, and methodological integrity. 



3. Results 

 3.1. Overview of Included Studies 

A total of 83 studies matched the predefined inclusion criteria and were accordingly included in the final synthesis. These investigations ranged over 30 nations and encompassed 20 unique NbS categories. The inclusion of a quantifiable pool of research is crucial for a systematic review since it establishes the breadth and depth of the evidence base and clearly differentiates this effort from a narrative literature review. 

Further analysis of the included research revealed their regional spread. For instance, around 40% of the research originated from tropical regions, while 60% was done in temperate zones, with the remainder from different climatic areas. The distribution of studies among distinct NbS practices also varied, with one specific practice being the most commonly investigated. This review gives a foundational understanding of the evidence base behind the ensuing detailed conclusions. 

3.2. Cross-Cutting Patterns and Evidence Distribution 

The distribution of the 83 included studies highlights clear patterns in the evidence base for agricultural NbS. 

The majority of studies were conducted in temperate regions (59%), with fewer in tropical settings (40%) and only two in arid or cold areas. This geographic imbalance suggests that temperate systems dominate current NbS 

research, even though tropical regions are often more vulnerable to climate change and biodiversity loss. 

In terms of practices, agroforestry, cover crops, and wetland restoration together account for nearly half of all studies, reflecting their prominence in both carbon sequestration and biodiversity literature. By contrast, hedgerows, silvopasture, and biochar amendments are comparatively underrepresented, despite having documented benefits for soil health and landscape resilience. This uneven distribution highlights the need for more comprehensive comparative studies across a broader range of NbS interventions. 

Outcome focus further reveals gaps in the evidence base. While the impacts of carbon and biodiversity are consistently examined across practices, economic viability is much less frequently assessed. Only agroforestry, cover crops, and organic/conservation agriculture had notable consideration of financial returns or cost-effectiveness. This limited attention to economic dimensions hampers policy uptake, as decision-makers require robust cost–benefit evidence to justify scaling NbS. 

Overall, the data indicate that NbS research remains concentrated on a narrow set of practices and outcomes in temperate regions, while tropical and arid systems, as well as economic assessments, remain critically underexplored. These gaps present opportunities for future studies to build a more balanced and policy-relevant evidence base. 



3.3. Carbon Sequestration Potential of NbS: Evidence and Variability NbS solutions are becoming acknowledged for their efficacy in climate change mitigation, especially through their ability for carbon sequestration and the improvement of soil organic carbon (SOC). The thorough evaluation of empirical and meta-analysis data (Figure 2) offers persuasive quantitative evidence of this potential across a varied spectrum of NbS activities. 

For instance, meta-analyses and specific empirical investigations emphasize that wetland conservation demonstrates a remarkable carbon sequestration rate of 133 Mg C ha⁻¹ (Ebbets et al., 2020). In contrast, peatland restoration adds 40.83 Mg C ha⁻¹ (Xu et al., 2019). This is followed by biochar, lime, and gypsum as well as grassland management, each contributing between 30-40 Mg C ha⁻¹ (Albert et al., 2021; Gravuer et al., 2019; 

Wang et al.,  2023). Moderate levels of carbon sequestration, ranging from 10 to 20 Mg C ha⁻¹, are associated with practices such as agroforestry, leguminous (N-fixing) and crops, and intercropping. (Chatterjee et al., 2018;  

Daryanto et al.,  2020; Powlson et al.,  2016). In contrast, traditional and less intensive methods such as no-tillage, organic farming systems, crop rotation, and cover crops show comparatively low carbon sequestration potential, typically below 10 Mg C ha⁻¹ (Gattinger et al.,  2012;  Haddaway et al.,  2017; McClelland et al.,  2021; McDaniel et al., 2014).  Agroforestry, intercropping, and organic fertilization also contribute meaningfully to carbon storage, while poorly managed grazing systems can lead to carbon losses under certain conditions. 

This variability is further contextualized by the geographic biases identified in Table 2.  For example, high-sequestration practices like wetland restoration are primarily studied in temperate zones, potentially overlooking their even greater potential in tropical contexts.The efficiency of NbS for carbon sequestration demonstrates considerable regional variability, determined by a complex interplay of climate, soil type, existing biodiversity, and prevailing land management techniques. Tropical systems, for instance, often offer higher sequestration potential compared to temperate ones, partly due to their intrinsically rapid biomass growth rates. This is shown by the large SOC increases reported in arid zones with agroforestry, owing to enhanced microclimates and nutrient availability (Pan et al.,  2025). Similarly, particular regional trends in China imply a rise in agricultural carbon 
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sequestration in grain-producing areas, contrasting with reductions elsewhere, impacted by socioeconomics and land-use planning (Wang et al.,  2023). The effectiveness of any NbS intervention is consequently dependent upon its careful adaptation to local ecological, meteorological, and socioeconomic circumstances. To illustrate these region-specific variations and the diverse influencing factors that shape carbon sequestration outcomes, Table 3 

summarizes key empirical findings across different types of NbS and geographic contexts. 

Figure 2.  Mean carbon sequestration by different farming practices (in Mg C ha⁻¹) Table 2.  Distribution of included studies (n = 83) by NbS practice, geographic region, and primary outcome focus

NbS Practice 

Tropical 

Temperate 

Other 

Carbon 

Biodiversity 

Economic 

Total 

Regions 

Regions 

(Arid/Cold) 

Focus 

Focus 

Focus 

Studies 

Agroforestry 

11 

8 

1 

✓

✓

✓

20 

Wetland 

restoration 

5 

8 

–

✓

✓

–

13

Cover crops & 

rotations 

4 

9 

–

✓

✓

✓

13

Hedgerows / 

buffer strips 

3 

6 

– 

– 

✓

–

9

Silvopasture / 

grassland 

3 

3 

–

✓

✓

–

6

management 

Biochar / soil 

amendments 

3 

4 

1 

✓

–

– 

8

Other NbS 

(organic, 

conservation 

4 

11 

–

✓

✓

✓

15

agri.) 

Total 

33 

49 

2 

83 

Table 3. Regional context and specific carbon sequestration outcomes NbS Practice 

Region/Context 

Specific 

Outcome/Rate 

Key Influencing Factor 

Source 

Agroforestry 

Arid Zones 

18.7% SOC increase 

Improved microclimates & 

nutrient availability 

Pan et al.,  2025 

Alley cropping 

Tropical (Costa Rica) 

1.10 Mg C ha⁻¹year--1

Longer growing seasons, 

Olbermann et al., 

efficient nutrient cycling 

2004 

Mixed 

agroforestry 

Central Java 

Up to 56.42 Mg C 

ha⁻¹year--1 

Multi-strata design 

Nur et al.,  2024 

Grazed 

Soil compaction effects 

Leiva‐Dueñas et al., 

saltmarshes 

Denmark 

Higher SOC than 

ungrazed areas 

slowing carbon decay 

2024 

Mangroves 

Hainan Island 

Exceptional 

Elevation, climate, land-

sequestration 

use change 

Shi et al., 2024 

Conservation 

agriculture & 

Temperate zones 

~0.56 Mg C ha⁻¹year--1 

Nitrate reduction benefits 

Jian et al., 2020 

Cover crops 

Silvopasture 

Semi-arid zones 

0.54– 1.91 Mg C 

Enhanced soil moisture 

ha⁻¹year--1 

and biological activity 

Amorim et al., 2023 

3.4. Biodiversity Enhancement Through NbS: Differential Effects and Assessment Challenges The application of NbS  within agricultural landscapes continuously delivers demonstrated ecological advantages, considerably supporting biodiversity and sustaining the ecosystem services necessary for sustained agricultural production. Specific NbS activities give various advantages to biodiversity. For instance, hedgerows provide critical habitats for pollinators and beneficial insects, helping pest management and general ecosystem stability. Studies reveal that hedgerows boost plant species richness and greatly enhance soil microbial variety, particularly arbuscular mycorrhizal fungi, with a reported 31% increase in taxonomic richness (González Fradejas et al., 2022;  UCANR, 2020). Buffer zones, when carefully constructed, generate greater plant species richness near protected areas and boost soil microbial diversity by limiting harmful edge effects (Navntoft et al., 2009; Pessereau, 2024). Agroforestry systems are acknowledged for providing habitat for different pollinator species and  sustaining  β-diversity comparable to natural grasslands while also enhancing soil microbial diversity and functional capability (SARE, 2020). Cover crops increase pollinator populations and enhance plant diversity through the inclusion of flowering plants, concurrently improving soil microbial health and activity (Lee-Mäder et al., 2020; Strickland et al., 2019). 

Table 4. Biodiversity enhancement by NbS 

NbS Practice 

Pollinator Increase 

Plant Species 

Soil Microbial 

Richness 

Diversity 

Reference 

31% increase in AM  González Fradejas et 

Hedgerows 

25% increase in pollinator 

Significantly higher 

populations 

than cultivated areas 

fungal taxonomic 

al., 2022; UCANR, 

richness 

2020 

Enhanced species 

Improved microbial 

Navntoft. et al., 

Buffer zones 

Quantitative data not 

explicitly stated 

richness near protected 

diversity through 

2009;  Pessereau, 

areas 

edge effect reduction 

2024 

Documented habitat 

Increased microbial 

Agroforestry 

provision for diverse 

β-diversity comparable 

diversity and 

SARE, 2020 

pollinator species 

to natural grasslands 

functional capacity 

Significant attraction of 

Improved microbial 

Strickland et al., 

Cover crops 

honeybees and native 

Enhanced flowering 

biodiversity and soil 

2019; Lee-Mäder et 

pollinators 

species diversity 

activity 

al., 2020 

25% lower than natural 

Restored sites show 

Wetland 

Increased abundance and 

wetlands but 

microbial diversity 

Huang et al., 2019; 

restoration 

diversity of hymenopteran 

like natural wetlands;  Begosh et al.,  2020; 

pollinators 

significantly higher 

than degraded wetlands 

increased microbial 

Meng et al., 2024;  

activity and biomass 

Wetland restoration brings enormous biodiversity benefits, particularly within aquatic habitats. Empirical research demonstrates that restored wetlands sustain enhanced quantity and variety of hymenopteran pollinators, albeit at levels around 25% lower than natural wetlands but much greater than degraded ones (Begosh et al. , 2020). 

Restoration initiatives have also proven to have favourable impacts on microbial communities, with restored areas demonstrating microbial diversity comparable to natural wetlands, coupled with enhanced microbial activity and biomass (Huang et al., 2019; Meng et al., 2024). However, a crucial difficulty in large-scale wetland restoration is 

the high danger of habitat homogenization, particularly when approaches rely primarily on monoculture plantings, which can lead to reduced ecological variety and resilience. To avoid these risks, adherence to recommendations such as the IUCN Global Standard for NbS, which advocates for native species selection and participatory restoration planning, is vital for preserving long-term ecological resilience (Cohen-Shacham et al.,  2016). Table 4 

summarizes the biodiversity enhancement effects associated with these NbS practices, detailing their impacts on pollinator populations, plant species richness, and soil microbial diversity. 

Regional variables considerably impact the biodiversity effects of NbS. Tropical agroforestry systems, for example, display higher plant and animal diversity due to rapid biomass growth and fundamentally rich ecosystems, contributing greatly to ecosystem services. In contrast, temperate landscapes exhibit different patterns of success, where measures like hedgerows and buffer zones are more effective at providing particular habitats for pollinators and wildlife (SARE, 2020). Despite these demonstrated benefits, major hurdles exist in comprehensively assessing biodiversity consequences across NbS methods. Current research largely focuses on plant species richness, often disregarding essential components of ecosystem health such as functional diversity and habitat connectivity (Croeser et al., 2024). This narrow focus fails to reflect the numerous relationships and biological processes that contribute to actual ecosystem resilience. Therefore, future research and monitoring frameworks must embrace a more holistic approach to biodiversity assessment, specifically considering functional diversity, habitat connectivity, and larger ecosystem processes. A particularly relevant issue arises from disputing the prevalent idea that native species automatically offer more benefits in restoration. A study by Lundgren & Svenning (2024) found that the functional traits of herbivores, not their nativeness, were the main drivers of ecological impact. This study perspective offers a key nuance to restoration ecology. While native species are generally preferred due to their co-evolved relationships and the imperative to prevent invasive species, this finding suggests that for specific restoration goals, functionally appropriate non-native species could be considered under carefully defined conditions where invasive risk is negligible and functional benefits are demonstrably superior. This needs a more complex approach to species selection in NbS initiatives, moving beyond a simple native-or-nothing dichotomy to a consideration of functionally appropriate and non-invasive species that contribute to long-term ecological resilience. This complex interaction of ecological function, invasive risk, and evolutionary history requires rigorous elaboration to inform nuanced restoration efforts. To address these evaluation gaps, the use of standardized biodiversity indicators has become more crucial. Frameworks such as that suggested by Noss (1990), which gives a hierarchical approach to categorizing biodiversity into compositional, structural, and functional parts, provide a more thorough assessment methodology (Noss,   1990). While standardized protocols offer essential frameworks, their effective implementation across multiple locations needs adjustment to local ecological, cultural, and socio-economic settings. The success of NbS initiatives depends on balancing the need for uniformity in monitoring with the flexibility required to handle regional differences, integrating local ecological knowledge and focusing on a larger variety of biodiversity measures. 

3.5. Economic Trade-Offs and Opportunities of NbS: Investment, Valuation, and Financing Gaps NbS are widely acknowledged as important tools for solving climate concerns while simultaneously bringing major economic, social, and ecological advantages. Recent research reveals that NbS outperform traditional engineering approaches in hazard reduction in 65% of cases, highlighting their essential significance in sustainable development initiatives (Debele et al.,  2023). Their economic viability is equally compelling, with investments in NbS, such as afforestation and salt marsh restoration, yielding substantial returns, generating between £1.31 and 

£4.62 for every £1 invested by providing ecosystem services like carbon sequestration, flood mitigation, and enhanced water quality (IUCN 2021; Seddon et al.,  2020). Furthermore, NbS projects contribute considerably to employment creation; for instance, woodland restoration activities have been proven to create roughly 50 

temporary jobs per million dollars invested while simultaneously encouraging gender-inclusive work opportunities (IUCN, 2021). Diverse NbS practices reveal varying return on investment (ROI) profiles. However, all demonstrate favourable economic effects. Cover crops offer one of the fastest payback times, recouping initial investments of €300/ha in around 1.5 years through yearly benefits of €200/ha (Plastina et al. , 2018).  Agroforestry, while more capital-intensive with beginning expenditures ranging from €3,000 to €3,250/ha, produces substantial long-term returns of €875–€1,000/ha annually. Longitudinal research in Costa Rica demonstrated that diversified coffee agroforestry systems delivered a 20% higher net revenue compared to monoculture plantings over 15 years (Cerda et al., 2022). These results emphasize the strong economic argument for investing in NbS. 

Policy innovations such as Payments for Ecosystem Services (PES) have proven beneficial in growing NbS. 

Mexico’s Pagos por Servicios Ambientales program, for instance, has successfully promoted agroforestry and reforestation by tying carbon credits to community livelihoods. Scaling such programs globally, in conjunction with carbon payment, could help overcome equity gaps and encourage wider adoption, particularly among smallholder farmers (Schilling et al.,  2023). 

Nevertheless, various challenges limit the broader use of NbS, particularly in economic evaluation. Many co-benefits, such as scenic beauty, cultural relevance, and community cohesion, are not easily represented by 

conventional economic measurements, leading to their undervaluation in cost-benefit evaluations. This fundamental problem in environmental economics and policy means that the true value of NbS extends much beyond direct carbon credits or flood prevention. Therefore, there is a critical need for advanced valuation methodologies (e.g., contingent valuation, hedonic pricing, stated preference methods) to capture better these non-market benefits, which would strengthen the overall business case for NbS and help bridge the financing gap by demonstrating a complete return on investment. 

Despite demonstrable economic benefits, a considerable global financial gap for NbS was observed. Current worldwide investment in NbS is at $154 billion annually, far below the $384 billion required to reach climate targets by 2025 (PLOS Climate,  2024; UNEP,  2022). This investment indicates a substantial 60% finance shortfall that poses a key hurdle to scaling NbS implementation internationally. Compounding this issue, agricultural subsidies emerged as a strong counterforce to NbS implementation, with nearly $500 billion given annually toward conventional agricultural techniques that often undercut NbS initiatives (PLOS Climate, 2024). This is not only a financial deficit but a systemic misallocation of resources that actively discourages NbS deployment. The most impactful policy intervention, therefore, is not merely to add more cash for NbS, but to divert or alter existing agricultural subsidies. Redirecting even 10% of these subsidies ($50 billion annually) might greatly speed NbS 

adoption globally, particularly in low-income nations where financial limitations are most acute. 

Furthermore, allowing finance resources for NbS initiatives demands both public and private sector involvement. 

Expanding understanding on the multiple benefits of NbS is vital to attract public sector investment, whereas private sector investment remains less responsive to such data. This situation calls for expanded research on innovative financing structures and the development of blended (public-private) funding techniques to strengthen the business and investment case for nature and increase the provisioning of money. 

3.6. Synthesis of NbS Outcomes: Synergies and Trade-offs 

Integrating the findings on carbon, biodiversity, and economics reveals that the performance of NbS is not uniform across objectives. Table 5 synthesizes these outcomes, highlighting the synergies and trade-offs that are critical for policy and implementation decisions. 

NbS in agriculture can deliver substantial climate, biodiversity, and economic benefits, but the evidence base is skewed toward temperate practices, and economic valuations are inconsistently applied. The relationships between outcomes are complex, involving strong synergies in some cases (e.g., Agroforestry) and clear trade-offs in others (e.g., Wetland Restoration). Most critically, the analysis identifies a fundamental misalignment: the practices with the greatest environmental potential often lack the compelling, short-term economic data needed for widespread farmer adoption, a challenge that extends beyond technical feasibility into the realms of policy and finance. These findings set the stage for a discussion focused on overcoming these systemic barriers. 

Table 5.  Synthesis of NbS outcomes: Synergies and trade-offs Carbon 

Economic 

NbS Practice 

Sequestration 

Biodiversity 

Viability & 

Key Synergies / Trade-offs 

Potential 

Enhancement 

Timeline 

High-Moderate 

High (habitat, 

High long-term 

Strong Synergy: Long-term 

Agroforestry 

(10-20 Mg C 

pollinators, β-

ROI; slow initial 

investment yields co-benefits 

ha⁻¹) 

diversity) 

payback 

across all three domains. 

High (aquatic 

Wetland 

Very High (up 

pollinators, 

High societal ROI; 

Trade-off: High ecological value 

Restoration 

to 133 Mg C 

limited direct farm-

may not translate to short-term 

ha⁻¹) 

microbial 

diversity) 

level data 

farm profitability without PES. 

Moderate 

Synergy for Adoption: Low 

Cover Crops 

Low (< 10 Mg 

Very high; fast 

C ha⁻¹) 

(pollinators, soil 

barrier to entry due to quick 

microbes) 

payback (1.5 years) 

economic return. 

Very High 

Hedgerows/Buffer 

Not primary 

(plant richness, 

Limited data; cost 

Knowledge Gap: Clear 

Strips 

focus 

beneficial 

vs. pest control 

biodiversity win, but economic 

insects) 

benefits 

case needs robust quantification. 

High cost; long-

Trade-off: High carbon mitigation 

Biochar 

High (30-40 

Limited 

potential, but high upfront cost 

Mg C ha⁻¹) 

evidence 

term soil 

amendment value 

and uncertain biodiversity 

impacts. 

4. Discussion

This systematic study reviews the existing understanding of NbS in agriculture and confirms their important

contributions across different dimensions. It has already been identified that NbS methods, such as agroforestry, wetland restoration, and cover cropping, contribute substantially to carbon storage and enhance different elements of biodiversity in agricultural landscapes (Begosh et al., 2020; Griscom et al.,  2017). Our findings show a wide range of carbon sequestration outcomes, from less than 10 Mg C ha⁻¹ in conventional no-till and crop rotation systems (Gattinger et al., 2012;  Haddaway et al.,  2017) to as high as 133 Mg C ha⁻¹ in restored wetlands (Ebbets et al.,  2020). This gradient emphasizes that not all NbS provide equal climate benefits. While earlier meta-analyses (Griscom et al., 2017; Kaempf et al.,  2016) reported average sequestration values in the moderate range (10–40 

Mg C ha⁻¹), our synthesis highlights the upper-end potential of wetland and peatland interventions, confirming their outsized role in global mitigation strategies. At the same time, our analysis reinforces Pan et al. (2025), who found agroforestry particularly effective in arid environments, with SOC increases exceeding 18%. This suggests that agroecological context is decisive and should guide NbS selection. 

The economic benefits of NbS in the long run, and when considering the complete value of ecosystem services, are increasingly well understood (Seddon et al., 2020). NbS has shown promising results, while its efficacy is significantly subject to regional variation based on ecological, climatic, and socio-economic circumstances (Pan et al., 2025). The evidence presented in previous sections underscores the capacity of NbS to build ecosystem resilience, improve farming productivity, and minimize environmental effects, thus rendering them a powerful approach to address intertwined environmental challenges while simultaneously contributing to food security and sustainable livelihoods. Beyond these recognized benefits, this research finds numerous crucial elements  that represent fresh contributions and question existing assumptions, thereby expanding the conceptual understanding of NbS in agriculture. The first essential discovery related to the critical interplay of permanence and measurements in carbon sequestration. While NbS offer significant carbon storage potential, the analysis highlights that soil carbon accumulation can plateau over time, and crucially, stored carbon is vulnerable to reversal due to land-use changes, disturbances such as wildfires, or shifts in climatic conditions (Halofsky et al., 2020; Nave et al.,  2022). 

This insight advances beyond a simple calculation of sequestration rates to emphasize the long-term stability and resilience of sequestered carbon as a vital, sometimes neglected, facet of NbS efficacy. The value of carbon sequestration is not just in its initial capture but also in its continuous presence. That is why it necessitates a fundamental shift in NbS design and evaluation. Therefore, requiring the incorporation of strategies to mitigate reversal risks (e.g., through the use of fire-resistant species or diversified systems) and the development of robust, continuous monitoring and adaptive management protocols to ensure sustained climate benefits. The shift in mindset from mere accumulation to long-term resilience is essential for effective policy and financial processes. 



4.1. Biodiversity Enhancement in Comparison to Prior Research 



Biodiversity gains were consistent across NbS practices, with hedgerows and agroforestry delivering substantial increases in pollinator richness and microbial diversity. For example, hedgerows increased AM fungal richness by 31% (González Fradejas et al.,  2022), while cover crops significantly boosted pollinator abundance (Strickland et al., 2019). These findings support earlier conclusions by FAO (2013) and SARE (2020) that NbS diversify habitats and strengthen ecosystem services. However, our results move beyond descriptive claims by quantifying biodiversity benefits across multiple practices. Unlike earlier reviews that focused narrowly on species richness, this study also emphasizes microbial and functional diversity, aligning with Croeser et al. (2024), who called for more holistic biodiversity metrics. 

An importantnuancee assessment of the "nativeness" versus "functionality" argument in restoration ecology. 

The review critically analyzes the common idea that native species naturally offer better benefits in restoration. 

Findings from Lundgren et  al. (2024) suggest that functional qualities may play a more essential role than nativeness alone in driving ecosystem dynamics. These findings challenge the long-held paradigm in ecological restoration. Native species are generally preferred due to their co-evolved relationships with the ecosystem. It is also imperative to prevent invasive species. However, this finding suggests that for specific restoration goals, functionally appropriate non-native species could be considered. This could be only under carefully defined conditions where invasive risk is negligible and functional benefits are demonstrably superior. This perspective needs a more nuanced approach to species selection in NbS initiatives, suggesting a move beyond a strict native-only criterion to a thorough examination of ecological function, invasive potential, and the long-term advantages of evolutionary history. This complex interaction of ecological function, invasive risk, and evolutionary history requires rigorous elaboration to inform nuanced restoration efforts. 



4.2. Economic Performance and Financing Gaps 

From an economic perspective, our review shows that NbS can deliver strong returns on investment. Cover crops, for example, recoup initial costs within 1–2 years (Plastina et al., 2018), while agroforestry systems provide long-term income diversification and up to 20% higher net revenues than monocultures (Cerda et al., 2022). These results are consistent with Seddon et al. (2020), who found NbS to be more cost-effective than engineered solutions 

in 65% of cases. 

Another contribution underlines the systemic hurdle provided by misaligned agriculture subsidies. While the assessment reveals a major worldwide financial shortfall for NbS, it critically points out that the nearly $500 billion allocated yearly toward conventional agriculture techniques actively undermines NbS initiatives (PLOS Climate, 

2024). This demonstrates a basic structural impediment that extends beyond a mere funding deficiency. The result is that policy reform focused on redirecting or restructuring these existing agricultural subsidies is not merely a recommendation but a primary, high-impact policy intervention required for systemic transformation. Redirecting even  a percentage of these huge subsidies might greatly speed NbS implementation globally, particularly in countries with severe finance restrictions. This insight moves the focus from simply seeking increased financing for NbS to tackling the core cause of resource misallocation, which is vital for achieving widespread adoption and transformative impact. 



4.3.  Geographic and thematic biases in NbS research 

An analysis of the 83 included studies shows distinct geographic and thematic biases in NbS research. Despite the recognized importance of NbS, the evidence base remains uneven. Most studies are concentrated in temperate regions, while tropical and arid systems—often more climate-vulnerable—are comparatively underrepresented. 

Similarly, carbon and biodiversity benefits dominate the literature, whereas economic viability remains less frequently assessed, limiting the scope of current NbS evidence. 

The cross-cutting patterns and synthesis presented in Table 2 and Table 5 provide further evidence for these imbalances. Table  2  shows how temperate-focused studies dominate the evidence base and how economic outcomes remain underrepresented compared to carbon and biodiversity. Table 5  complements this by synthesizing NbS outcomes across practices, demonstrating both consistent ecological benefits and the persistent lack of economic evaluation. Together, these results underscore the need for broader geographic coverage and integration of financial and institutional dimensions in future NbS research. 

These findings echo the conclusions of recent reviews (PLOS Climate, 2024;  Seddon et al. , 2020) that NbS 

research has largely emphasized ecological effectiveness while underexploring financial, social, and institutional feasibility. Addressing these gaps is critical to strengthen the policy relevance of NbS and enable their mainstreaming in agricultural development strategies. 

 4.4. Cross-Cutting Challenges to NbS Implementation   

Despite the convincing evidence of their benefits, the widespread application and scaling of NbS in agricultural landscapes are considerably inhibited by multiple interconnected difficulties. A major barrier is the substantial global financial deficit for NbS. Current global investment remains at $154 billion annually, substantially below the $384 billion required to accomplish climate commitments by 2025 (PLOS Climate, 2024;  UNEP,  2022).  This gap is further worsened by existing agricultural subsidies, amounting to around $500 billion annually, which typically favour conventional techniques detrimental to nature-based alternatives (PLOS Climate, 2024).  This gap represents a systemic misallocation of resources that actively undermines NbS adoption. Another key obstacle lies in the difficulties of adequately evaluating the non-market benefits of NbS. Aspects such as scenic value, cultural relevance, and community cohesion are not easily represented by standard economic measurements, leading to their undervaluation in typical cost-benefit evaluations (UNEP, 2022). This undervaluation generates uncertainty for potential private investors, as the whole range of rewards on investment is not appropriately acknowledged. 

Furthermore, the absence of standardized MRV systems for both carbon and biodiversity results create a basic structural impediment. Without trustworthy measures, it becomes difficult to create baselines, reliably track progress, or assure the additionality of NbS interventions. This lack of standardization hampers the creation of performance-based incentives and limits entry to emerging carbon and biodiversity markets, as trust, transparency, and verifiability are important for efficient market mechanisms. Socio-economic and governance hurdles also greatly restrict NbS uptake. These include opposition to change among some stakeholders, frequently coming from limited awareness of the long-term benefits of NbS, and fragmented policy and governance frameworks across several levels (IUCN, 2021). Inclusive governance mechanisms and successfully integrating local ecological knowledge is vital for developing project ownership and guaranteeing the long-term sustainability of NbS efforts (IUCN, 2021). The example of Nepal's Community of Practice (CoP) model highlights the potential of collaborative platforms to promote policy discourse and identify implementation gaps through multi-stakeholder involvement (Community of Practice, as referenced in the research paper). Addressing these interconnected problems across financing, valuation, monitoring, and governance is key for converting NbS from isolated triumphs to systemic components of a climate-resilient and sustainable agriculture industry. 



4.5. Policy Implications   

Integrating NbS into national and international policy frameworks is vital for encouraging their greater acceptability and optimizing their impact. One of the important policy consequences is the explicit incorporation of NbS in various critical policy sectors, including climate change mitigation policy, agricultural policy, urban planning, and catastrophe risk reduction programs. Moreover, for effective implementation of such policies, it is important to establish clear enabling conditions, such as national guidelines aligned with globally recognized standards like the IUCN Global Standard for NbS and the EU Carbon Removal Certification Framework (EU, 

2024;  IUCN,  2021). Regulatory reforms, such as the incorporation of NbS  into green taxonomies and the implementation of supply chain due diligence standards, can further strengthen congruence with global sustainability goals (Cohen-Shacham et al.,  2016). Policy measures such as Payment for Ecosystem Services (PES) and voluntary carbon markets have been effective in increasing NbS implementation by connecting environmental outcomes to actual economic rewards for land managers. Expanding these programs and integrating carbon credit mechanisms would help overcome equity gaps and promote uptake among smallholder farmers, ensuring that NbS 

contribute to both climate resilience and economic stability (Sangha et al.,  2024; Wollenberg et al., 2022). A significant policy intervention, as noted by the research, is the redirection of agricultural subsidies away from conventional techniques that often hinder NbS efforts (FAO, 2013). The huge yearly allocation of around $500 

billion for conventional agriculture represents a significant opportunity for systemic change. Redirecting even a fraction of these subsidies might dramatically speed NbS adoption globally, particularly in low-income nations where finance limitations are most severe. Policy instruments should consequently be studied to support and incentivise private investment in NbS, establishing favorable circumstances for scaling these technologies. In Nepal, for instance, stakeholders have underlined the necessity of giving dedicated funds at provincial and local government levels to prioritize NbS as a climate solution (Stakeholders in Nepal, as quoted in research report). 

Standardization plays a significant role in guaranteeing the trust, quality, and coherence of NbS applications, needing assistance from policymakers and implementation actors. Frameworks like the EU’s Carbon Removal Certification Framework provide a paradigm for harmonizing NbS measurements, promoting transparency, simplifying policy integration, and improving accountability in tracking outcomes (EU, 2024). Effective NbS 

policies must also prioritize knowledge exchange and capacity building, supporting targeted training and sharing best practices with key stakeholders to enhance the inclusion of NbS into national plans, policies, and strategies (Targeted training and sharing, as cited in research report). More effective approaches to cross-sectoral and interdisciplinary knowledge sharing should be supported and facilitated by relevant networks and authorities to engage stakeholders who may be reluctant to adopt NbS practices (Cross-sectoral and interdisciplinary knowledge sharing, as cited in research report). This section gives a detailed and actionable collection of policy consequences. 

 4.6. Limitations 



This systematic review, while thorough in its coverage and rigorous in its approach, is subject to many limitations intrinsic to the nature of systematic reviews and the current level of research on NbS in agriculture. 

Firstly, addressing the review's scope and inclusivity, the concentration on empirical studies and meta analysis published in English may have mistakenly ignored useful insights from non-empirical literature (e.g. certain forms of grey literature not critically framed) or non-English publications. However, relevant grey literature sources, such as reports from FAO, UNEP, IUCN, and IMF, were used in the background and discussion sections to provide contextual insights, policy relevance, and emerging perspectives not always captured in the peer-reviewed literature. While this approach maintains methodological integrity, it may still limit the comprehensive inclusion of local ecological knowledge and community-based practices often documented outside academic channels. 

Secondly, despite the severe quality assessment and reviewer blinding methodologies, the review's conclusions are necessarily influenced by potential biases in the underlying study. Factors such as publication bias (where studies with positive outcomes are more likely to be published) or methodological limits within individual studies (e.g. short study durations and limited geographic scope) can influence the overall synthesis. Furthermore, while the narrative thematic synthesis approach enables flexibility  in integrating various materials, it may not fully capture the statistical nuances or allow for direct meta-analysis of all quantitative outcomes, particularly when data heterogeneity between studies is considerable. 

Thirdly, the evidence base, while growing, reveals geographic and evidential gaps. Certain regions or certain NbS practices may be underrepresented in the published literature, hence restricting the generalizability of some findings. For example, the nuanced discussion on “nativeness”  versus  “functionality”  in restoration ecology indicates an emerging topic that requires more empirical data across varied contexts to guide best practices fully. 

Finally, the dynamic nature of NbS impacts offers a hurdle for complete assessment. The long-term stability and potential reversibility of sequestered carbon, as well as the expanding understanding of complex biodiversity effects, imply that existing findings may not completely represent the sustained benefits or potential hazards over longer periods. The variation in methodologies and reporting across primary studies, which highlighted the require 

for standardized MRV systems. This further complicated direct quantitative comparisons and necessitated a thematic synthesis approach, thereby limiting the ability to provide aggregated effect sizes for all parameters. 

Acknowledging these limitations is crucial for evaluating the findings and for guiding future research efforts. 

 4.7. Future Research Directions and Critical Considerations  

Building upon the highlighted challenges and knowledge gaps, this section covers critical considerations and future research areas required for advancing the widespread acceptability and long-term effectiveness of NbS in agriculture. 

Important concern for future research involves the long-term stability and reversibility of sequestered carbon. 

While NbS have significant carbon storage potential, soil carbon building can plateau, and stored carbon is prone to reversal due to land-use changes, disturbances, or wildfires (Halofsky et al., 2020; Nave et al., 2022). Future research must focus on establishing NbS with greater resilience, combining ways to lower reversal risks (e.g. fire-resistant species, diversified systems), and developing strong, ongoing monitoring and adaptive management practices to insure continued climatic advantages. The use of biochar, for instance, deserves greater research as a way to stabilize and extend soil carbon storage (Lal, 2016). 

Another essential area is the construction of standardized MRV systems. The current absence of uniform metrics and methods prevents the thorough evaluation of diverse NbS advantages, notably for biodiversity outcomes beyond simple species richness (Croeser et al.,  2024). 

Furthermore, there is a pressing need for more integrated studies that incorporate ecological, economic, and social data to give a holistic assessment of the trade-offs and synergies related with NbS interventions (Cohen-Shacham et al., 2016). This comprises extensive socio-economic evaluations that expand beyond direct cash returns to cover issues like livelihood implications, community well-being, and equal access to benefits. 

Future research should also address the intricacies of land-use trade-offs, ensuring that large-scale NbS 

deployment does not accidentally lower mitigation potential through increased land competition. This demands robust policy safeguards. Finally, future considerations must emphasize the necessity of inclusive governance systems and properly incorporating local ecological knowledge to create project ownership and ensure long-term sustainability. 



5. Conclusions 

This systematic review highlights the significant potential of NbS in agriculture as an effective strategy to address interconnected environmental challenges, such as climate change and biodiversity loss, at the same time contributing to food security and sustainable livelihoods. The findings consistently support the capacity of NbS 

ability to enhance carbon sequestration, improve biodiversity, and provide economic benefits, particularly in the long run and when evaluating the full value of ecosystem services. 

Despite this overwhelming proof, the general operationalization and scalability of NbS are hindered by severe challenges. These include continuous financial shortfalls, difficulty in complete economic and ecological assessment, the absence of standardized monitoring,  reporting, and verification (MRV) and intricate socioeconomic and governance dynamics. The study emphasizes that current agricultural subsidies supporting conventional methods act as a systemic barrier, indicating that redirecting this financial resource towards NbS 

represents a high-impact strategy for their implementation, especially in low-income regions. 

Beyond these barriers, this review also identified key research and knowledge gaps. Most studies focus on temperate regions and ecological outcomes, leaving tropical and arid systems—often more climate-vulnerable—

underrepresented. Similarly, while carbon and biodiversity benefits are well documented, fewer studies assess economic viability, institutional feasibility, or social equity outcomes. Addressing these gaps will require broader geographic coverage, integrated evaluation of ecological and socio-economic impacts, and development of robust MRV frameworks to track progress and build trust among stakeholders. 

Practical implications emerge from these findings. Policymakers and practitioners must design context-specific interventions that integrate ecological functions with livelihood benefits. Establishing enabling conditions, such as Payments for Ecosystem Services (PES) and access to voluntary carbon and biodiversity markets, can incentivize adoption. At the same time, capacity building, inclusive governance, and knowledge-sharing platforms are vital to ensure that NbS initiatives are not only technically effective but also socially equitable and sustainable in the long term. 

Future research should prioritize several areas. Long-term, integrated studies are needed to evaluate the permanence of carbon storage and to understand trade-offs between ecological, economic, and social outcomes. 

Improved valuation methods are essential to capture non-market benefits such as cultural services and community well-being. Expanding research in tropical and arid regions, alongside innovative financing models and policy reforms, will be critical to scaling NbS globally. 

In conclusion, NbS hold immense promise for transforming agriculture into a climate-resilient, biodiversity-

friendly, and economically viable system. Realizing this potential will require bridging current evidence gaps, aligning policies and financial incentives, and fostering collaborative action between researchers, policymakers, and farming communities. By doing so, NbS can move from isolated pilot projects to integrated, large-scale solutions that secure both environmental health and human well-being for future generations. 
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Abstract: Nature-based Solutions (NbS) are becoming more popular in the current time to address the complex
issues of climate change, biodiversity loss and food security in agro-ecosystems. In this systematic review, we
synthesize existing empirical research on NbS in agriculture, focusing on their effectiveness, implementation
difficulties, and potential for upscaling. Employing a rigorous methodology aligned with PRISMA 2020 criteria,
we screened 2,900 records from Web of Science, Scopus, and Google Scholar. We included 83 studies (65
empirical, 10 meta-analyses, and eight policy documents) after quality assessment. The analysis demonstrates that
NbS practices make a considerable contribution to carbon sequestration, with reported rates ranging from 1.8 to
133 Mg C ha'', depending on the practice and setting. Substantial benefits in biodiversity, including increases in
pollinator populations and soil microbial richness, are also routinely seen. Economically, NbS provides significant
returns on investment, with specific practices earning over £4 for every £1 invested and short payback times.
Despite these benefits, widespread adoption is limited by a considerable 60% finance gap, compounded by large
agricultural subsidies that generally favor conventional approaches. This review identifies explicit geographic and
thematic biases, with most studies concentrated in temperate regions and focused on carbon and biodiversity, while
tropical systems, arid zones, and economic or social outcomes remain underexplored. We conclude that realizing
the transformative potential of NbS requires standardized MRV systems, better valuation of non-market benefits,
redirection of subsidies, and integrated policy and financing frameworks that align ecological function with long-
term economic sustainability.

Keywords: Nature-based Solutions; Agriculture; Climate change; Biodiversity loss; Carbon sequestration;
Sustainable land management

1. Introduction

Nature-based Solutions (NbS) are becoming popular worldwide as a critical paradigm for tackling the
intertwined issues of climate change, biodiversity decline, and food security in agroecosystems (Cohen-Shacham
et al., 2016). NbS solutions, which are rooted in ecosystem management principles, present an effective strategy
for balancing the demand for increased agricultural production with the objectives of environmental conservation
and human well-being (Griscom et al., 2017). The agriculture sector is at a crossroads of being a major source of
food worldwide while simultanecously causing immense harm to the environment (Hannah et al., 2020; Nor &
Yusof, 2025). It is a primary source of nourishment, supplying the food required to sustain a growing world
population. However, conventional agriculture has tremendous environmental consequences in the form of
biodiversity loss, degradation of lands, and depletion of water resources (Ruane & Rosenzweig, 2018).
Quantitatively, the sector contributes approximately 9.3 gigatons of greenhouse gas (GHG) emissions annually in

https://doi.org/10.56578/0cs040301
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