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INTRODUCTION
Humanity has now breached six of the nine ‘planetary boundaries’ that define the safe operating space in which our civilization evolved (Richardson et al., 2023). As natural systems come under increasing anthropogenic pressure, it is imperative that we safeguard our ecosystems and the services they provide. Such efforts must extend beyond protection of the habitat that remains, and embrace the global restoration of areas that have been degraded through land use conversion, pollution, and over-exploitation. Governments worldwide have recognised the urgency of this mission, launching the ‘UN Decade on Ecosystem Restoration’ in 2021, and committing to large-scale restoration efforts through the Bonn Challenge, The Glasgow Leaders’ Declaration on Forests and Land Use, the Kunming-Montreal Global Biodiversity Framework, and more. Yet restoration efforts on the ground have lagged far behind targets set by these and pre-existing global initiatives. For example, the 2010 Aichi Biodiversity Target of restoring 15 percent of degraded ecosystems was not achieved by 2020 (Convention on Biological Diversity, 2020), and 10 million hectares of forest continued to be lost each year between 2015 and 2020 (FAO and UNEP, 2020). To accelerate ecosystem restoration and meet policy targets, two key obstacles must be overcome. The first challenge is to implement restoration innovations at the scales necessary to halt and even reverse net loss of forest, grassland, wetland, mangroves, and other habitats. The second challenge is to achieve this large-scale restoration in a way that involves the full participation of local stakeholders.
SCALING RESTORATION SOLUTIONS
The response of any particular site to a standard management intervention will be highly context dependent, which challenges restoration practitioners. Community dynamics in any ecosystem are very sensitive to stochastic processes, including priority effects (when the random order of species arrival influences subsequent community development) (Weidlich et al., 2021), unpredictable disturbances, climatic fluctuations, etc. Although there is an increasing focus on landscape-scale approaches to ecosystem rehabilitation, in practice, restoration interventions are often conducted at relatively small scales, and geared towards solving site-specific problems (Murcia and Aronson, 2014; Perring et al., 2015).
One way to enhance the success of a site-specific intervention is to ground specific restoration practices in a more general theoretical understanding of community ecology. Over the 20th century, advances in restoration technique emerged from the study of community assembly, the process by which species with the capacity to inhabit a particular region (i.e., members of the ‘regional species pool’) surmount environmental filters to become part of the local species pool (Keddy, 1992). To successfully establish at a site, a particular species must arrive (overcome dispersal limitation), be able to tolerate microenvironmental conditions (pass the abiotic filter), and coexist with the other species resident in the local community (pass the biotic filter) (Kraft et al., 2015). Each of these filters may be targeted by restoration ecologists to influence the composition or diversity of species at a site. For example, practitioners can introduce seed-containing substrate to surmount dispersal limitation (Kiehl et al., 2010), enhance microtopography to maximise variation in the abiotic environment (Török et al., 2018), or modify species interactions through removal of invasives. In this way, ecologists have adopted general theoretical ecological approaches to address site-specific conditions.
Although the field of restoration ecology has rapidly advanced alongside our theoretical understanding of ecological communities, theory-inspired approaches must be upscaled in order to restore habitat at the speed and spatial extent required. This can invoke significant practical and logistical challenges. For example, while transferring litter or soils from a ‘donor’ to a ‘recipient’ site can propel ecosystem regeneration (Buckley et al., 2017; Contos et al., 2023), how can these practices be extended to large areas of degraded lands without damaging the donor sites? Can labour-intensive restoration practices–e.g., intentional application of small-scale disturbance, manual removal of invasives - practically be applied at scale? How can restoration outcomes (particularly those related to ecosystem function or resilience) be monitored over large areas? Taking a broader lens on restoration also invokes the need to consider landscape-level ecological processes, assessing connectivity and permeability among habitat classes (Metzger et al., 2021).
Scaling up restoration could involve finding compromises between passive restoration (allowing ecosystems to recover on their own–which is inexpensive, but sometimes ineffective) and active restoration (spending time, money, and effort to directly modify an ecosystem). These intermediate approaches, termed assisted natural regeneration, might involve planting tree ‘islands’ rather than large-scale plantations in degraded landscapes, a technique sometimes referred to as applied nucleation (Holl et al., 2011; Wilson et al., 2021). Strategic plantings like this can improve landscape connectivity, enhance abundance of animal-dispersed plant species, and accelerate habitat recovery at minimal cost (Holl et al., 2011; De La Peña-Domene et al., 2016; Werden et al., 2022). However, there are still large knowledge gaps surrounding the suitability of individual sites or landscapes for passive vs assisted vs active restoration (Holl and Aide, 2011; Crouzeilles et al., 2017; Reid et al., 2018); we must learn to rapidly ‘triage’ ecosystems to best allocate time and effort.
Another way to scale restoration is to operationalise our understanding of plant-animal and plant-microbe interactions. Re-introduction of keystone species, especially predators which exert top-down control (i.e., ‘trophic rewilding’), might be another way to restore ecosystem integrity with minimal direct intervention (Perino et al., 2019). One study found that re-introduction or re-colonization by only twenty species could dramatically increase the intactness of large mammal assemblages worldwide (Vynne et al., 2022), but research on the ecological consequences of such re-introductions is far from complete. Conversely, restoration efforts might employ ‘bottom-up’ approaches that focus on the soil microbes which release and transport plant-available nutrients, secrete growth-promoting hormones, and mediate plant community succession through plant-soil feedbacks. Until recently, most restoration efforts failed to consider whether and how to re-introduce beneficial microbes to a site–and without intervention, recovery of the soil microbiome in revegetated sites is often incomplete (Watson et al., 2022). Although inoculation with specific, beneficial plant symbionts (i.e., mycorrhizal fungi) is a relatively well-established practice (Neuenkamp et al., 2019); more recent work explores the possibility of plant inoculation with whole-soil or phyllosphere microbiomes to accelerate ecosystem recovery (Wubs et al., 2016; Busby et al., 2022). At the frontier of this science are efforts to actually re-engineer microbial communities to re-establish specific ecosystem processes (Silverstein et al., 2023)–this is a promising approach that is nonetheless still in its infancy.
Tackling the challenge of upscaling restoration will involve technological advances, as well as theoretical and operational ones. Such developments might include the invention of new equipment/infrastructure to help native species to spread and re-establish (Temmink et al., 2020); the deployment of sensors and satellites for monitoring restoration projects at scale; and the data infrastructure necessary to share, analyse, and synthesise information about restoration outcomes (Perring et al., 2015). Much of this technology is still in the early stages of its development. Yet there is an urgent knowledge gap surrounding the effectiveness of restoration projects, which can only be addressed by fusing large-scale monitoring and local, site-specific expertise. For example, although just 5% of tropical reforestation organisations monitor survival rates of the trees they plant (Martin et al., 2021), emerging syntheses suggest that these projects exhibit relatively high rates of failure (Coleman et al., 2021), with mortality rates approaching 50% in the first few years (Banin et al., 2023). Yet it is very challenging to understand the factors that limit project success, as many landscape restoration efforts do not solicit sufficient involvement of local stakeholders in planning, data collection or monitoring (Evans et al., 2023).
Finally, large-scale rehabilitation of degraded lands will also involve careful attention to the socioeconomic factors that drive land use change–which itself comprises another major challenge to twenty-first century restoration.
INTEGRATING RESTORATION INTO SOCIO-ECOLOGICAL SYSTEMS
Many restoration efforts fail because they do not consider the needs and motivations of local stakeholders who interact most directly with the land (Brancalion and Holl, 2020; Fleischman et al., 2020). Just as restoration practitioners must grapple with the heterogeneous ecological processes that affect ecosystem regeneration, so must they confront the diverse social, political, and economic contexts in which restoration takes place. There is an urgent need to better understand the enabling conditions that promote successful restoration, and how these conditions might vary from place to place.
Ecosystems can spontaneously recover in agricultural landscapes where pressure on land use conversion is low, usually due to population migration out of rural areas and into cities, and/or changing agricultural policies (Chazdon et al., 2020; Crouzeilles et al., 2021). It is more difficult to incentivise restoration in areas where there is a high opportunity cost of forgoing land use conversion, or of abandoning land already in production. To ensure restored habitat persists on the landscape, landholders must be compensated for these costs. However, devising appropriate payment for ecosystem service schemes can be complicated. Any uncertainties in land tenure or land access rights can dramatically weaken incentives for restoration, or displace land degradation into other areas (Ford et al., 2020). For example, in some jurisdictions, ceasing agricultural land use terminates a landholder’s rights to that land, and ‘idle’ (naturally regenerating) habitat can invite land grabs (Holl et al., 2022). Additionally, although indigenous peoples are frequently the best custodians of intact ecosystems, their rights to land are often opposed by regional or national governments (FAO, 2021; Kruid et al., 2021; Haenssgen et al., 2022). It is very challenging to map interactions among local, regional, and (inter-)national governance structures that impact land use, but such a holistic understanding must be achieved to effectively restore ecosystems with the full participation of the people who depend on them.
In order for restoration to be successful, projects must be co-designed with the people with the most to gain (or lose) from their implementation (Waring et al., 2023). This can happen through ‘top-down’ approaches, where a centralized, decision-making body (e.g., national government) leads restoration efforts, in consultation with diverse stakeholders; or ‘bottom-up’ processes where local communities initiate the behavioural change (Reed et al., 2018). Each approach has pros and cons. For example, the Chinese government initiated the ‘Grain-for-Green’ programme, the world’s largest reforestation effort to date. In an attempt to control soil erosion, landholders were paid to plant trees on scrubland (Hua et al., 2016). Although this effort had a dramatic impact on forest cover in China, much of the planted forest consists of monocultures that are depauperate in biodiversity (Hua et al., 2016), and in some areas these forests lost more water to the atmosphere than native grasslands, contributing to regional water shortages (Schwärzel et al., 2020). In this example, a top-down restoration approach achieved speed and scale, but potentially at the cost of environmental integrity. By contrast, a ‘bottom-up’ approach is exemplified by the ‘regreening’ that took place in the Sahel region from the 1980s onward. By building upon traditional knowledge, smallholder farmers were able to encourage the natural regrowth of trees on their lands, reducing desertification and improving food security for an estimated three million people (Magrath, 2020). High-resolution satellite imagery now shows that 1.8 billion trees are growing in a region typically thought of as the exemplar of dryland desertification (Brandt et al., 2020). It is important to note, however, that the restored lands are still under active agricultural management. This groundswell movement did not intend - nor did it achieve - the full restoration of native, unmanaged habitat. Enhancing biodiversity and carbon sequestration in agricultural landscapes is crucial, but some portion of the landscape must be fully restored to halt the precipitous decline in biodiversity.
Over the last 2 decades, the ‘Forest Landscape Restoration’ (FLR) approach has emerged to consider how habitat protection and restoration can be balanced with agriculture and forestry at the landscape scale (César et al., 2021). Integral to this approach is participatory planning–collaboration among governments, NGOs, landowners, and local communities is vital to assess how multiple ecosystem services can be maximised simultaneously (Aguiar et al., 2021). This can open up new frontiers for ecosystem regeneration: millions of hectares could be restored in landscapes currently dominated by smallholder agriculture, if the right institutional supports and market conditions are put in place (Busch et al., 2019; Shyamsundar et al., 2022). As the FLR approach is a relatively recent development, we urgently need more information about when and where such interventions are successful, and how restored landscapes can be adaptively managed over time in the face of continuously changing socioeconomic conditions.
CONCLUSION
There are no universal solutions in restoration ecology. Each site reflects the unique confluence of environmental, ecological, sociological, and historical factors that shape its present-day function. Ignoring any of these context dependencies can lead to restoration failure–yet to preserve biodiversity and safeguard ecosystem services, large areas of degraded land must be restored very quickly. To achieve cost-effective large-scale restoration without the pitfalls of ‘one-size-fits all,’ site-agnostic management protocols, practitioners should seek to harness natural regeneration processes wherever possible. We must also acknowledge that no restored landscape can persist without the participation of local stakeholders. Although there are many viable pathways to connect these stakeholders with regional, national, or global-scale finance streams and governance frameworks, all must involve a bidirectional exchange of information, ideas, and resources. Twenty-first century restoration will require much more collaboration across disciplines, from economics to anthropology to engineering; as well as among academics, policymakers, landowners, and conservation practitioners. These tasks pose an enormous intellectual and practical challenge–but it is one we must surmount to leave a functional biosphere for future generations.
AUTHOR CONTRIBUTIONS
BW: Conceptualization, Writing–original draft.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Aguiar, S., Mastrángelo, M. E., Brancalion, P. H. S., and Meli, P. (2021). Transformative governance for linking forest and landscape restoration to human well-being in Latin America. Ecosyst. People 17, 523–538. doi:10.1080/26395916.2021.1976838
 Banin, L. F., Raine, E. H., Rowland, L. M., Chazdon, R. L., Smith, S. W., Rahman, N. E. B., et al. (2023). The road to recovery: a synthesis of outcomes from ecosystem restoration in tropical and sub-tropical Asian forests. Philosophical Trans. R. Soc. B Biol. Sci. 378, 20210090. doi:10.1098/rstb.2021.0090
 Brancalion, P. H. S., and Holl, K. D. (2020). Guidance for successful tree planting initiatives. J. Appl. Ecol. 57, 2349–2361. doi:10.1111/1365-2664.13725
 Brandt, M., Tucker, C. J., Kariryaa, A., Rasmussen, K., Abel, C., Small, J., et al. (2020). An unexpectedly large count of trees in the West African Sahara and Sahel. Nature 587, 78–82. doi:10.1038/s41586-020-2824-5
 Buckley, P., Helliwell, D. R., Milne, S., and Howell, R. (2017). Twenty-five years on - vegetation succession on a translocated ancient woodland soil at Biggins Wood, Kent, UK. Forestry 90, 561–572. doi:10.1093/forestry/cpx015
 Busby, P. E., Newcombe, G., Neat, A. S., and Averill, C. (2022). Facilitating reforestation through the plant microbiome: perspectives from the phyllosphere. Annu. Rev. Phytopathol. 60, 337–356. doi:10.1146/annurev-phyto-021320-010717
 Busch, J., Engelmann, J., Cook-Patton, S. C., Griscom, B. W., Kroeger, T., Possingham, H., et al. (2019). Potential for low-cost carbon dioxide removal through tropical reforestation. Nat. Clim. Chang. 9, 463–466. doi:10.1038/s41558-019-0485-x
 César, R. G., Belei, L., Badari, C. G., Viani, R. A. G., Gutierrez, V., Chazdon, R. L., et al. (2021). Forest and landscape restoration: a review emphasizing principles, concepts, and practices. Land 10, 28–22. doi:10.3390/land10010028
 Chazdon, R. L., Lindenmayer, D., Guariguata, M. R., Crouzeilles, R., Rey Benayas, J. M., and Lazos Chavero, E. (2020). Fostering natural forest regeneration on former agricultural land through economic and policy interventions. Environ. Res. Lett. 15, 043002. doi:10.1088/1748-9326/ab79e6
 Coleman, E. A., Schultz, B., Ramprasad, V., Fischer, H., Rana, P., Filippi, A. M., et al. (2021). Limited effects of tree planting on forest canopy cover and rural livelihoods in Northern India. Nat. Sustain 4, 997–1004. doi:10.1038/s41893-021-00761-z
 Contos, P., Murphy, N. P., and Gibb, H. (2023). Whole-of-community invertebrate rewilding: leaf litter transplants rapidly increase beetle diversity during restoration. Ecol. Appl. 33, e2779. doi:10.1002/eap.2779
 Convention on Biological Diversity (2020). Global biodiversity outlook 5. Montréal, Canada: Convention on Biological Diversity. 
 Crouzeilles, R., Ferreira, M. S., Chazdon, R. L., Lindenmayer, D. B., Sansevero, J. B. B., Monteiro, L., et al. (2017). Ecological restoration success is higher for natural regeneration than for active restoration in tropical forests. Sci. Adv. 3, 1–8. doi:10.1126/sciadv.1701345
 Crouzeilles, R., Maurenza, D., Prieto, P. V., Barros, F. S. M., Jakovac, C., Ferreira, M. S., et al. (2021). Associations between socio-environmental factors and landscape-scale biodiversity recovery in naturally regenerating tropical and subtropical forests. Conserv. Lett. 14, 1–9. doi:10.1111/conl.12768
 De La Peña-Domene, M., Minor, E. S., and Howe, H. F. (2016). Restored connectivity facilitates recruitment by an endemic large-seeded tree in a fragmented tropical landscape. Ecology 97, 2511–2517. doi:10.1002/ecy.1459
 Evans, K., Meli, P., Zamora-Cristales, R., Schweizer, D., Méndez-Toribio, M., Gómez-Ruiz, P. A., et al. (2023). Drivers of success in collaborative monitoring in forest landscape restoration: an indicative assessment from Latin America. Restor. Ecol. 31, 1–9. doi:10.1111/rec.13803
 FAO and UNEP (2020). The state of the world’s forests 2020. Rome, Italy: FAO and UNEP. doi:10.4060/ca8642en
 FAO (2021). Forest governance by indigenous and tribal peoples. Santiago, Chile: FAO, 1–21. 
 Fleischman, F., Basant, S., Chhatre, A., Coleman, E. A., Fischer, H. W., Gupta, D., et al. (2020). Pitfalls of tree planting show why we need people-centered natural climate solutions. Bioscience 70, 947–950. doi:10.1093/biosci/biaa094
 Ford, S. A., Jepsen, M. R., Kingston, N., Lewis, E., Brooks, T. M., MacSharry, B., et al. (2020). Deforestation leakage undermines conservation value of tropical and subtropical forest protected areas. Glob. Ecol. Biogeogr. 29, 2014–2024. doi:10.1111/geb.13172
 Haenssgen, M. J., Lechner, A. M., Rakotonarivo, S., Leepreecha, P., Sakboon, M., Chu, T. W., et al. (2022). Implementation of the COP26 declaration to halt forest loss must safeguard and include Indigenous people. Nat. Ecol. Evol. 6, 235–236. doi:10.1038/s41559-021-01650-6
 Holl, K. D., and Aide, T. M. (2011). When and where to actively restore ecosystems?Ecol Manage 261, 1558–1563. doi:10.1016/j.foreco.2010.07.004
 Holl, K. D., Zahawi, R. A., Cole, R. J., Ostertag, R., and Cordell, S. (2011). Planting seedlings in tree islands versus plantations as a large-scale tropical forest restoration strategy. Restor. Ecol. 19, 470–479. doi:10.1111/j.1526-100x.2010.00674.x
 Holl, K. D., Ashton, M. S., Bukoski, J. J., Culbertson, K. A., Curran, S. R., Harris, T. B., et al. (2022). Redefining “abandoned” agricultural land in the context of reforestation. Front. For. Glob. Change 5, 1–6. doi:10.3389/ffgc.2022.933887
 Hua, F., Wang, X., Zheng, X., Fisher, B., Wang, L., Zhu, J., et al. (2016). Opportunities for biodiversity gains under the world’s largest reforestation programme. Nat. Commun. 7, 12717. doi:10.1038/ncomms12717
 Keddy, P. A. (1992). Assembly and response rules: two goals for predictive community ecology. J. Veg. Sci. 3, 157–164. doi:10.2307/3235676
 Kiehl, K., Kirmir, A., Donath, T., Rasran, L., and Holzel, N. (2010). Species introduction in restoration projects – evaluation of different techniques for the establishment of semi-natural grasslands in Central and Northwestern Europe. Basic Appl. Ecol. 11, 285–299. doi:10.1016/j.baae.2009.12.004
 Kraft, N. J. B., Adler, P. B., Godoy, O., James, E. C., Fuller, S., and Levine, J. M. (2015). Community assembly, coexistence and the environmental filtering metaphor. Funct. Ecol. 29, 592–599. doi:10.1111/1365-2435.12345
 Kruid, S., Macedo, M. N., Gorelik, S. R., Walker, W., Moutinho, P., Brando, P. M., et al. (2021). Beyond deforestation: carbon emissions from land grabbing and forest degradation in the Brazilian amazon. Front. For. Glob. Change 4. doi:10.3389/ffgc.2021.645282
 Magrath, J. (2020). Regreening the Sahel: a quiet agroecological revolution. doi:10.21201/2020.5662
 Martin, M. P., Woodbury, D. J., Doroski, D. A., Nagele, E., Storace, M., Cook-Patton, S. C., et al. (2021). People plant trees for utility more often than for biodiversity or carbon. Biol. Conserv. 261, 109224. doi:10.1016/j.biocon.2021.109224
 Metzger, J. P., Villarreal-Rosas, J., Suárez-Castro, A. F., López-Cubillos, S., González-Chaves, A., Runting, R. K., et al. (2021). Considering landscape-level processes in ecosystem service assessments. Sci. Total Environ. 796, 149028. doi:10.1016/j.scitotenv.2021.149028
 Murcia, C., and Aronson, J. (2014). Intelligent tinkering in ecological restoration. Restor. Ecol. 22, 279–283. doi:10.1111/rec.12100
 Neuenkamp, L., Prober, S. M., Price, J. N., Zobel, M., and Standish, R. J. (2019). Benefits of mycorrhizal inoculation to ecological restoration depend on plant functional type, restoration context and time. Fungal Ecol. 40, 140–149. doi:10.1016/j.funeco.2018.05.004
 Perino, A., Pereira, H. M., Navarro, L. M., Fernández, N., Bullock, J. M., Ceaușu, S., et al. (2019). Rewilding complex ecosystems. Sci. (1979) 364, eaav5570. doi:10.1126/science.aav5570
 Perring, M. P., Standish, R. J., Price, J. N., Craig, M. D., Erickson, T. E., Ruthrof, K. X., et al. (2015). Advances in restoration ecology: rising to the challenges of the coming decades. Ecosphere 6, 1–25. doi:10.1890/es15-00121.1
 Reed, M. S., Vella, S., Challies, E., de Vente, J., Frewer, L., Hohenwallner-Ries, D., et al. (2018). A theory of participation: what makes stakeholder and public engagement in environmental management work?Restor. Ecol. 26, S7–S17. doi:10.1111/rec.12541
 Reid, J. L., Fagan, M. E., and Zahawi, R. A. (2018). Positive site selection bias in meta-analyses comparing natural regeneration to active forest restoration. Sci. Adv. 4, eaas9143–4. doi:10.1126/sciadv.aas9143
 Richardson, K., Steffen, W., Lucht, W., Bendtsen, J., Cornell, S. E., Donges, J. F., et al. (2023). Earth beyond six of nine planetary boundaries. Available at: https://www.science.org.
 Schwärzel, K., Zhang, L., Montanarella, L., Wang, Y., and Sun, G. (2020). How afforestation affects the water cycle in drylands: a process-based comparative analysis. Glob. Chang. Biol. 26, 944–959. doi:10.1111/gcb.14875
 Shyamsundar, P., Cohen, F., Boucher, T. M., Kroeger, T., Erbaugh, J. T., Waterfield, G., et al. (2022). Scaling smallholder tree cover restoration across the tropics. Glob. Environ. Change 76, 102591. doi:10.1016/j.gloenvcha.2022.102591
 Silverstein, M. R., Segrè, D., and Bhatnagar, J. M. (2023). Environmental microbiome engineering for the mitigation of climate change. Glob. Change Biol. 29, 2050–2066. doi:10.1111/gcb.16609
 Temmink, R. J. M., Christianen, M. J. A., Fivash, G. S., Angelini, C., Boström, C., Didderen, K., et al. (2020). Mimicry of emergent traits amplifies coastal restoration success. Nat. Commun. 11, 3668. doi:10.1038/s41467-020-17438-4
 Török, P., Helm, A., Kiehl, K., Buisson, E., and Valkó, O. (2018). Beyond the species pool: modification of species dispersal, establishment, and assembly by habitat restoration. Restor. Ecol. 26, S65–S72. doi:10.1111/rec.12825
 Vynne, C., Gosling, J., Maney, C., Dinerstein, E., Lee, A. T. L., Burgess, N. D., et al. (2022). An ecoregion-based approach to restoring the world’s intact large mammal assemblages. Ecography 2022, 1–12. doi:10.1111/ecog.06098
 Waring, B. G., Gurgel, A., Köberle, A. C., Paltsev, S., and Rogelj, J. (2023). Natural Climate Solutions must embrace multiple perspectives to ensure synergy with sustainable development. Front. Clim. 5. doi:10.3389/fclim.2023.1216175
 Watson, C. D., Gardner, M. G., Hodgson, R. J., Liddicoat, C., Peddle, S. D., and Breed, M. F. (2022). Global meta-analysis shows progress towards recovery of soil microbiota following revegetation. Biol. Conserv. 272, 109592. doi:10.1016/j.biocon.2022.109592
 Weidlich, E. W. A., Nelson, C. R., Maron, J. L., Callaway, R. M., Delory, B. M., and Temperton, V. M. (2021). Priority effects and ecological restoration. Restor. Ecol. 29. doi:10.1111/rec.13317
 Werden, L. K., Zarges, S., Holl, K. D., Oliver, C. L., Oviedo-Brenes, F., Rosales, J. A., et al. (2022). Assisted restoration interventions drive functional recovery of tropical wet forest tree communities. Front. For. Glob. Change 5, 1–14. doi:10.3389/ffgc.2022.935011
 Wilson, S. J., Alexandre, N. S., Holl, K. D., and Reid, J. L. (2021). EXTENDING TREE PLANTING EFFORTS: applied Nucleation as a forest restoration. Conserv. Int. Exec. Rep . https://www.conservation.org/docs/default-source/publication-pdfs/applied_nucleation_full_report_final.pdf
 Wubs, E. R. J., Van Der Putten, W. H., Bosch, M., and Bezemer, T. M. (2016). Soil inoculation steers restoration of terrestrial Ecosystems. Nat. Plants 2, 1–5. doi:10.1038/nplants.2016.107
Conflict of interest: The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.
Copyright © 2024 Waring. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Grand challenges in ecosystem restoration		Introduction

		Scaling restoration solutions

		Integrating restoration into socio-ecological systems

		Conclusion

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Environmental Science






OPS/images/logo.jpg
& frontiers | Frontiers in Environmental Science





