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Abstract 

We appear to be at a shining moment for interactions between soils and society. Popular interest 

in soils has increased along with interests in urban gardening, carbon sequestration, recognition 

of the vast biodiversity in soils, and the realization that soils are a finite resource whose 

degradation has serious consequences. This increase in interest creates both opportunities and 

challenges for soil science. While there is great potential for increasing the diversity of people 

involved with soil science, key scientific and communication challenges need to be addressed for 

interactions between soils and society to be useful and productive. Here, I present case study 

issues on the mechanisms and limitations of carbon sequestration in soils, and the need to restore 

and/or create new soils for specific uses including urban agriculture and green infrastructure to 

illustrate the opportunities and challenges associated with new societal interest in soil science. 

Addressing these issues requires advances in both basic and applied science, new participatory 

approaches to the design, execution, and interpretation of research, collaboration with multiple 

disciplines, including the social sciences, and improvements in the two-way flow of information 

between science and society. Careful attention to these issues will attract new people to soil 
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science, advance awareness of the importance of and threats to soils across the globe and 

produce improvements in the quality of life for diverse human populations.  

 

Keywords 

carbon, constructed Technosols, contamination, green infrastructure, lead, science 

communication, urban   

 

Highlights 

• General interest in and concern about soils has never been greater. 

• Soil science must be careful not to “over promise” what it can do for society. 

• Example topics include carbon sequestration, urban gardening, and green infrastructure. 

• Advances in basic and applied soil science and communication are needed to address these 

topics. 

 

1. INTRODUCTION 

It is a “golden moment” for soil science. Societal interest in, and concern about, soils has never 

been higher. There is excitement about maximizing or increasing removal of climate-altering 

carbon dioxide (CO2) from the atmosphere and storing the carbon in this CO2 as soil organic 

matter that enriches the capacity of soil to support plant growth. Urban populations interested in 

producing their own food have developed an interest in clean, productive soils. New “nature-

based solutions” to provide “ecosystem services,” ranging from air and water purification, to 

aesthetics, to spiritual and mental health improvements, rely fundamentally on soils. The titles of 

popular books such as “The Soil Will Save Us” (Ohlson, 2014), “Kiss the Ground” (Tickell, 
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2018), “Dirt to Soil” (Brown, 2018), and “A World Without Soil” (Handelsman, 2021) reflect 

the scope and intensity of this new interest.  

 New societal interest in soils is extremely gratifying and encouraging to soil scientists. 

For hundreds of years, interest in soils has focused on management to increase crop production, 

and efforts to mitigate the negative environmental effects of that management have been active 

for the past 60 years. Soil degradation remains widespread, offsite impacts of intensive 

management on air and water are profound, and interest in soil conservation has lagged behind 

interest in protection of air, water, and biodiversity (Baveye, 2021; Dominati et al., 2010; 

Kraamwinkel et al., 2021). The recent wider societal recognition of the importance and 

vulnerability of soils noted above suggests that long efforts in research and education are finally 

paying off, creating exciting new opportunities to attract new people and funding to our 

discipline and to see the results of research applied to important problems. 

 Yet the new societal interest in and excitement about soils also creates challenges for soil 

science. Will we meet the expectations that are created by this interest?  Can improved soil 

management really “save us” from the greenhouse effect caused by CO2, N2O, and CH4 

accumulation in the atmosphere?  Will we be able to provide clean and safe soils for urban 

gardening and agriculture? Will nature-based features function and be resilient in the face of 

changing climate extremes? If societal expectations are not met, will public interest and support 

for funding for soil science research decrease? 

 In this paper, I present three case studies that illustrate the opportunities and challenges 

created by this golden moment in soil science. “These case studies all address themes that 

directly affect society and its relationships with soil. First, I will discuss soil carbon sequestration 

and the need to be clear about the limitations of this sequestration to management of global 
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carbon and climate warming. Second, I will discuss managing urban soils for food production, 

and the challenges of guaranteeing that these soils are not producing contaminated food.  Finally, 

I will discuss the importance of soils for green infrastructure or nature-based features and address 

questions about how well these features function. Throughout, I will focus on the idea that 

sustaining new societal interest will require some changes in the way that we conduct, interpret, 

and communicate our research.  

 

2. CARBON SEQUESTRATION: WILL THE SOIL REALLY SAVE US? 

A 2014 book (Ohlson, 2014), addresses “how scientists, farmers, and foodies are healing the soil 

to save the planet.” The book highlights the potential of sequestering significant amounts of 

carbon in soil by restoring soil organic matter levels that have been depleted by decades and 

centuries of farming, erosion, and human use – a “great green hope.” The idea that restoring soil 

carbon will improve multiple components of soil quality is well established in soil science. 

However, the value of this restoration for managing the global carbon cycle is less certain 

(Moinet et al., 2023). But this idea is novel and exciting to the general public and has created 

interest in soils well beyond traditional academic and agriculture communities. This interest 

dovetails with renewed scientific interest in soil carbon sequestration, which has stimulated a 

large body of new basic research with new methods and models addressing soil carbon pools, 

fractions, and formation (Cotrufo & Lavallee, 2022). It has also driven new practical and applied 

research on amendments (e.g., biochar (Lehmann et al., 2021), enhanced mineral weathering 

(Taylor et al., 2016), and “smart farming” techniques (Lieder & Schröter-Schlaack, 2021). Much 

of this research is framed by the aspiration that new soil management practices can increase soil 
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carbon sufficiently, e.g., by 0.4% per year, to have a significant impact on atmospheric CO2 

concentrations (Martin et al., 2021). 

 The excitement about soil carbon sequestration to help solve global climate problems 

must be tempered, however, by some established principles in soil science as well as by 

challenges in practical soil management. Of primary importance to soil scientists are ideas about 

equilibrium levels of organic matter and carbon sequestration (Six et al., 2002; Stewart et al., 

2007; Georgiou et al., 2022). These ideas posit that there may be limits to the amount of carbon 

that soils can hold. Long-term data from experiments in North America (Morrow Plots, Illinois 

established in 1876 and Sanborn Field, Missouri established in 1888) and Great Britain 

(Rothamsted, established 1843) clearly show this “equilibrium effect” in both declining and 

aggrading phases (Figure 1).  Data from the Morrow and Sanborn plots show that as grassland 

ecosystem soils were converted to row-crop agriculture, there was a rapid decline in organic 

matter levels due to removal of carbon by harvest and stimulation of decomposition due to tillage 

and changes in organic matter quality, followed by establishment of a new, stable, equilibrium 

level of organic matter. Data from the Rothamsted plots show that organic matter levels in soils 

that have been farmed for many years can be increased by large additions of manure, but that this 

increase may be finite and leads to a new, stable, equilibrium level of organic matter. These 

levels are controlled by soil physical and chemical conditions that protect organic matter from 

degradation by microbes (Six et al. 2002). While we have to be cautious about how much insight 

can be drawn from these two long-term study sites, soil scientists should be clear about the idea 

that there are limits to soil organic matter levels when we talk to general audiences about the 

potential for soil carbon sequestration.  
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There is debate about the limits to soil carbon storage. Recent analysis of a wide range of 

German agricultural soils (Begill et al., 2023) found no upper limit of mineral-associated organic 

carbon. These were methodological and interpretation concerns about these results (Cotrufo et al. 

2023), and the analysis was restricted to agricultural soils and did not include natural reference 

sites that might represent an upper limit of carbon storage. While it is undeniable that many 

agricultural soils are depleted in soil carbon, and that there is potential to sequester significant 

amounts of carbon in these soils, realizing this potential depends on agricultural management 

practices and constraints (Poulton et al., 2018; Soussana et al., 2019), and there may well be a 

limit on the amount of carbon that can be sequestered in any given soil.  

 In addition to concepts about carbon saturation and equilibrium, soil scientists need to be 

clear with general audiences about the permanence of carbon sequestered in soil (Dynarski et al., 

2020). If management that is changed to foster carbon sequestration is changed back to more 

conventional management, the carbon that had been sequestered can be very rapidly released 

back to the atmosphere. This type of dynamic was seen in the Conservation Reserve Program in 

the U.S. where more than 1 million ha of marginal croplands were converted to perennial 

grasslands between 1985 and 2005 to reduce erosion. While some of these lands accumulated 

carbon as grasslands, if and when they were converted back to croplands, that carbon was often 

lost, either to erosion or released back to the atmosphere via microbial oxidation (Abraha et al., 

2018; Bowman & Anderson, 2002). These uncertainties about the permanence or reliability of 

soil carbon sequestration need to be considered when comparing soil-based approaches for 

addressing greenhouse gas-driven climate change with other approaches such as decarbonization 

of the economy. 
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 An additional consideration that must be addressed with carbon sequestration, and other 

topics at the interface between science and society, is uncertainty. Quantifying carbon stocks of 

soils at specific sites, extrapolating measured values to larger (field, landscape) scales, predicting 

changes with models, and quantifying values of sequestered carbon are all complex and highly 

uncertain tasks. New approaches to characterizing uncertainty (Yanai et al. 2018), including 

meta-analysis (Beillouin et al. 2023), models, and long-term studies (Bradford et al., 2016), will 

help to improve the transmission of information from science to stakeholders.  

 While it is relatively straightforward for soil scientists to communicate concepts about the 

limits and permanence of soil carbon sequestration, making comparisons with other approaches 

to addressing greenhouse gas-driven climate change is much more challenging (Nayak et al., 

2022). Yet, there is a clear need for us to “communicate with context” about these comparisons. 

This will require collaboration with social scientists and communication specialists and active 

engagement with stakeholder audiences. The risks of not communicating with context are high. 

If soil carbon sequestration becomes associated with efforts to address climate change that do not 

work, i.e, “greenwashing” (de Freitas Netto et al., 2020), or if efforts to increase sequestration 

raise equity issues, i.e., who benefits (and who does not benefit) when we direct funds towards 

soils versus public transport, housing, or alternative energy, the credibility of soil science with 

society could be severely damaged (Paul et al., 2023; Vass et al., 2013).  

 

3. URBAN SOILS AND FOOD PRODUCTION: ARE SOILS IN THE CITY SAFE?  

One of the most exciting areas in the recent golden age of soil science has been urban soils 

(O'Riordan et al., 2021). As with carbon sequestration, this topic has stimulated advances in both 
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basic and applied research, as well as a strong need for “communication with context” and a risk 

of damaging the credibility of soil science with society.  

 Analysis of urban soils has motivated the development of new concepts, tools, and 

methods for soil description and classification. For decades, soils in cities were unmapped or 

mapped simply as “urban land.” However, recognition of the functional importance of urban 

soils led to efforts to characterize anthropogenic parent materials and soil-forming processes 

(Effland & Pouyat, 1997; Rossiter, 2007). These efforts have been fundamental to practical 

evaluation of the potential of urban soils to function as sources of pollution and to support a wide 

range of ecosystem services, from carbon sequestration to water purification, capture of runoff, 

support of green infrastructure, and food production. 

 Advances in urban soil science have coincided with an increase in interest in urban 

agriculture and food production (Wortman & Lovell, 2013). The benefits of urban food 

production include improvements in food security, mental and physical health, community 

cohesion, and provision of green space (Ilieva et al., 2022). There are active efforts to increase 

urban gardening and agriculture across the world (Yan et al., 2022). 

Urban food production has risks and potential drawbacks, however. Soil contamination, 

especially with heavy metals, creates risks to producers and consumers of urban food, and there 

are concerns about water and air pollution associated with fertilizer, pesticide, and water use in 

urban soils (Wortman & Lovell, 2013). More generally, there is a need to evaluate food 

production spaces in the broader context of green infrastructure within cities (Evans et al., 2022). 

Soil scientists need to help develop and implement soil testing programs and to communicate 

these risks so that participation in a potentially beneficial activity (gardening) does not have 

https://doi.org/10.1111/ejss.70035


Groffman, P. M. 2025. A “golden moment” for soils and society presents challenges and opportunities for soil 
science. European Journal of Soil Science 76:e70035 https://doi.org/10.1111/ejss.70035 . 
 

9 
 

negative effects on human health, environmental quality, and the credibility of scientists and 

policy makers. 

 

3.1 Urban food production in New York City 

New York City is an excellent case study illustrating how interest in urban food production has 

developed and grown in cities across the world, how concerns about the risks of this food 

production can be addressed, and the implications of not addressing these risks in a 

comprehensive way. Interest in community gardens in New York City increased in the 1970s 

during an economic downturn that created a large number of vacant lots (Campbell, 2017; New 

York City Department of Parks and Recreation, 2023). Community groups began to use these 

lots for gardening, and the lots became focal points for community cohesion and the other 

benefits of urban food production. Improvements in the economy that increased pressure to 

develop vacant lots drove efforts to conserve and protect garden spaces. The New York City 

“Green Thumb” program now includes 550 gardens and 20,000 garden members and provides 

more than 40 ha of public open space (New York City Department of Parks and Recreation, 

2023). 

 As interest in urban food production increased around the world, soil scientists played an 

important role raising concerns about soil contamination. In New York City, an urban soil lab at 

Brooklyn College of the City University of New York encouraged gardeners to send in soil 

samples for analysis. This program revealed widespread contamination of soils across New York 

City (Cheng et al., 2015) and motivated extensive research and extension efforts, e.g., the 

Cornell University Healthy Soils, Healthy Communities program, to provide science-based 

information about soil contaminants and healthy gardening practices to urban food producers 
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(https://blogs.cornell.edu/healthysoils/). These efforts have produced and disseminated best 

practices for healthy gardening that include the use of raised beds, testing of soil and compost 

materials, and handling of produce and soil to avoid exposure to contaminants.  

Still, challenges remain. For example, in 2014 a local tabloid newspaper in New York 

City (New York Post) published an article entitled “Root of all evil: Vegetables in NYC gardens 

are toxic” based on incomplete and inaccurate interpretation of a scientific paper (McBride et al., 

2014). This article created great concern in the urban gardening community and highlights the 

challenges of societal interest in soil science and the need for soil scientists to redouble their 

efforts to “communicate with context” about the actual and perceived risks of urban food 

production (Paltseva et al., 2020; Paltseva et al., 2022). Failure to meet this challenge could 

result in negative effects on human health, environmental quality, and the credibility of scientists 

and policy makers.  

One promising approach is to carry out community-based, participatory research where 

research questions and projects are jointly defined, and results are interpreted, by scientists and 

community members working together (Wadoux & McBratney, 2023). Participatory efforts have 

been used to engage with indigenous and traditional food producers (Kerr et al., 2007) and they 

have also been used to engage with farmers in the U.S. and Europe (Mason et al., 2024; Snapp et 

al., 2019; Stoate et al., 2019). A participatory approach could produce information on both actual 

and perceived levels of contamination, both of which are critical for maintaining or increasing 

participation in urban food production. Other challenges in this area include emerging 

contaminants such as plastics and per- and polyfluorinated substances (PFAS), i.e., “forever 

chemicals.” There is a clear need for dynamic and participatory research on these developing 

threats to the safety of urban food production. It is not clear, however, how participatory research 
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will be developed. Who will pay for these programs? How will their effectiveness be evaluated? 

How will participants be rewarded and a workforce developed and recruited? Interest in 

participatory research is active in many disciplines, and soil scientists have high potential to 

collaborate with these disciplines to make progress in this important development. 

 

3.2 Constructed Technosols as a solution to urban (and other) soil challenges 

The need to create raised beds for urban agriculture has stimulated interest in constructed soils, 

or “Technosols” (Deeb et al., 2020; Schad, 2018). Interest in Technosols is driven by multiple 

factors, including the use and/or recycling of various urban waste materials (Rodríguez-Espinosa 

et al., 2021). For urban agriculture, interest in Technosols is constrained by the need for 

uncontaminated materials (Séré et al., 2021). In New York City, a “Clean Soil Bank” program 

was developed that involved the use of clean fill excavated from construction sites and mixed 

with compost to create Technosols for community gardens across the city (Egendorf et al., 2018; 

Egendorf et al., 2021). Certain areas of New York City are developed on deposits of fine-sandy 

glacial outwash that makes an excellent soil material when mixed with compost. The Clean Soil 

Bank program has reduced disposal costs for real estate developers, truck traffic (3.5 million km) 

and greenhouse gas emissions (4,800 metric tons of CO2) associated with disposal. The program 

also produced a large volume of clean soil material (544,000 metric tons) for urban food 

production (New York City Office of Environmental Remediation, 2024).  

The Clean Soil Bank program is an excellent example of how and why interest in soils 

has increased in society. It has stimulated interest in Technosols for multiple purposes across the 

world and created a need for basic and applied research to determine the suitability of 

constructed soils for these purposes (Deeb et al., 2020). Will physical, chemical, and biological 
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properties of Clean Soil Bank soils develop over time to sustain plant productivity? A major 

issue that has emerged is the need for sources of clean compost to mix with geologic materials to 

create soils that are safe for food production. Urban composts can have high levels of lead 

(Egendorf et al., 2018, Figure 2), and there is great uncertainty about the sources of this lead. 

There is a clear need for research on urban composting programs to address this issue. Another 

issue is the availability of suitable geologic materials for Technosols in different cities (Wortman 

et al. 2013). This likely varies with inherent geologic conditions and raises ideas about mapping 

or predicting “soil sheds” in different regions. There is also interest in using waste materials in 

Technosols, but research is needed to determine what kinds of waste materials can be used for 

different purposes in different places (Deeb et al., 2020).   

Answering these questions could facilitate expansion of urban food production, and the 

benefits it brings, in many areas. These questions must be addressed in ways that facilitate 

participation and communication with multiple societal groups (Wadoux & McBratney, 2023). 

We are well aware of the need to scientifically determine if soils are safe for different uses. What 

is harder, and equally important, is to determine if different stakeholders believe that their soils 

are safe and how we can help these stakeholders to make that assessment. 

 

4.0. HOW DOES BROWN INFRASTRUCTURE CONTROL THE FUNCTION AND 

VALUE OF GREEN INFRASTRUCTURE? 

The development of green infrastructure to capture stormwater runoff and provide a wide range 

of ancillary benefits has been one of the most exciting topics in urban environmental science 

over the past 30 years. There has always been recognition of the importance of green spaces in 

cities to moderate the climate, provide aesthetics, and to support food production and other 
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ecosystem services (Wang & Banzhaf, 2018). In recent decades, regulatory structures have 

emerged to allow green infrastructure features to be used to meet standards for stormwater 

management (Grabowski et al., 2022). This emergence has stimulated a burst of creative activity 

to design and construct features that include engineered and more natural components to capture 

stormwater while still providing the more traditional benefits of urban green spaces.  

 Soils are the fundamental “brown” infrastructure that underlies the performance of green 

infrastructure (Montgomery et al., 2016). Their properties control infiltration of stormwater and 

the growth of plants that provide ancillary benefits. There are significant uncertainties related to 

this support, however. Conditions in many green infrastructure features can be extreme, e.g., 

high air and water temperatures associated with impervious surfaces, foot traffic, and direct 

human disturbance of soil and vegetation. Urban street runoff can be very hot, and can have high 

concentrations of salts, hydrocarbons and other contaminants that can degrade the function of 

soils and vegetation in these features. Over time, contaminants, especially metals such as lead, 

will accumulate in soils, potentially affecting biogeochemical functions that influence pollutant 

absorption and plant growth (Deeb et al., 2020; Deeb et al., 2018; Taguchi et al., 2020). Research 

in New York City by Deeb et al. (2018) found that soils in green infrastructure features that were 

closely connected to street runoff had higher levels of contaminants (lead, petroleum 

hydrocarbons) (Figure 3). However, this accumulation did not appear to be having negative 

effects on soil biogeochemical functions related to water quality such as denitrification (Deeb et 

al., 2018). Further research is needed on interactions between green infrastructure feature designs 

and the contamination and function of the brown infrastructure that is central to them.    

An even greater challenge is maintenance of green infrastructure features. Accumulation 

of trash and physical disturbance can affect hydrologic, soil, and vegetation conditions as well as 

https://doi.org/10.1111/ejss.70035


Groffman, P. M. 2025. A “golden moment” for soils and society presents challenges and opportunities for soil 
science. European Journal of Soil Science 76:e70035 https://doi.org/10.1111/ejss.70035 . 
 

14 
 

the function of these features. Responsibility for their maintenance must be clearly established by 

municipal authorities and affords an opportunity for new jobs related to green infrastructure. 

There are also concerns about equity in the placement of green infrastructure, as there is 

great variation in enthusiasm for green infrastructure solutions within and between cities. These 

differences lead to concerns about spending money and utilizing space in one (potentially poor) 

neighborhood that produces downstream benefits in other (potentially rich) neighborhoods 

(Grabowski et al., 2023; Hager et al., 2013; Hoover et al., 2021) (Figure 4). 

The complications of green infrastructure are an excellent example of the opportunities 

and challenges of our current golden age of soil science. There is great enthusiasm about the 

importance of soils in green infrastructure and other “natural and nature-based” features 

(Wijsman et al., 2021).  But if these features fail to deliver promised benefits, or if they create 

equity issues, the credibility of our discipline will decrease 

Soil scientists need to be clear about the scientific limits and uncertainties about soil 

processes in green infrastructure features. As for urban food production, a community-based, 

participatory approach would be useful for these efforts. There is a clear need for information on 

both the actual and perceived levels of the ability of these features to provide a range of 

ecosystem services, and a participatory approach has the potential to produce this information. 

 

5.0 CONCLUSIONS 

The current golden age of soil science has the potential to produce many benefits for our 

discipline. It will allow us to attract new students with diverse backgrounds, to expand the scope 

of our work into new questions and applications, and to attract funding and attention for our 

research. The solutions to many pressing societal problems, from climate change to urban food 
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production, involve soils, and it is gratifying and exciting to see new societal interest in our 

discipline. 

 Sustaining new societal interest will require some changes in the way that we conduct, 

interpret, and communicate our research. As societal interest in our work increases, we need to 

take a more participatory approach to defining questions, designing studies, and interpreting our 

results. There is a strong need to “communicate with context” so that results can be kept in 

proper perspective and concerns about “over promising” and equity can be clearly addressed. If 

we do not accept the challenges inherent in new societal interest, the benefits associated with this 

interest will not persist. 

Participatory approaches and improvements in science communication are developing in 

many scientific disciplines (Zoellick et al., 2012). New societal interest creates an opportunity 

for soil scientists to be leaders in this development. This would be exciting and appropriate for a 

discipline that has a long history of contributing to human well-being through its contributions to 

food production and environmental quality. Now we have an opportunity to use this history to 

expand the scope of our impact, and to help influence the development of other disciplines.  

 

6.0 REFERECNES CITED 
 

Abraha, M., Hamilton, S. K., Chen, J., & Robertson, G. P. (2018). Ecosystem carbon exchange 
on conversion of Conservation Reserve Program grasslands to annual and perennial 
cropping systems. Agricultural and Forest Meteorology, 253, 151-160.  

Baveye, P. C. (2021). Bypass and hyperbole in soil research: A personal view on plausible 
causes and possible remedies. European Journal of Soil Science, 72, 21-28.  

Beillouin, D., Corbeels, M., Demenois, J., Berre, D., Boyer, A., Fallot, A., Feder, F., & 
Cardinael, R. (2023). A global meta-analysis of soil organic carbon in the Anthropocene. 
Nature Communications, 14, 3700 

  

https://doi.org/10.1111/ejss.70035


Groffman, P. M. 2025. A “golden moment” for soils and society presents challenges and opportunities for soil 
science. European Journal of Soil Science 76:e70035 https://doi.org/10.1111/ejss.70035 . 
 

16 
 

Begill, N., Don, A., & Poeplau, C. (2023). No detectable upper limit of mineral-associated 
organic carbon in temperate agricultural soils. Global Change Biology, 29, 4662–4669.  

Bowman, R., & Anderson, R. (2002). Conservation Reserve Program: Effects on soil organic 
carbon and preservation when converting back to cropland in northeastern Colorado. 
Journal of Soil and Water Conservation, 57, 121-126.  

Bradford, M. A., Wieder, W. R., Bonan, G. B., Fierer, N., Raymond, P. A., & Crowther, T. W. 
(2016). Managing uncertainty in soil carbon feedbacks to climate change. Nature Climate 
Change, 6, 751-758. 

Brown, G. (2018). Dirt to Soil: One Family's Journal Into Regenerative Agriculture. Chelsea 
Green Publishing.  

Campbell, L. K. (2017). City of Forests, City of Farms: Sustainability Planning for New York 
City’s Nature. Cornell University Press.  

Cheng, Z., Paltseva, A., Li, I., Morin, T., Huot, H., Egendorf, S., Su, Z., Yolanda, R., Singh, K., 
Lee, L., Grinshtein, M., Liu, Y., Green, K., Wai, W., Wazed, B., & Shaw, R. (2015). 
Trace metal contamination in New York City garden soils. Soil Science, 180, 167-174.  

Cotrufo, M. F., & Lavallee, J. M. (2022). Soil organic matter formation, persistence, and 
functioning: A synthesis of current understanding to inform its conservation and 
regeneration. Advances in Agronomy, 172, 1-66.  

de Freitas Netto, S. V., Sobral, M. F. F., Ribeiro, A. R. B., & Soares, G. R. d. L. (2020). 
Concepts and forms of greenwashing: a systematic review. Environmental Sciences 
Europe, 32, 19.  

Deeb, M., Groffman, P. M., Blouin, M., Egendorf, S. P., Vergnes, A., Vasenev, V., Cao, D. L., 
Walsh, D., Morin, T., & Séré, G. (2020). Using constructed soils for green infrastructure 
– challenges and limitations. SOIL, 6, 413-434.  

Deeb, M., Groffman, P. M., Joyner, J. L., Lozefski, G., Paltseva, A., Lin, B., Mania, K., Cao, D. 
L., McLaughlin, J., Muth, T., Prithiviraj, B., Kerwin, J., & Cheng, Z. (2018). Soil and 
microbial properties of green infrastructure stormwater management systems. Ecological 
Engineering, 125, 68-75.  

Dominati, E., Patterson, M., & Mackay, A. (2010). A framework for classifying and quantifying 
the natural capital and ecosystem services of soils. Ecological Economics, 69, 1858-1868.  

Dynarski, K.A., Bossio, D.A., & Scow, K.M. (2020). Dynamic stability of soil carbon: 
Reassessing the “permanence” of soil carbon sequestration. Frontiers in Environmetnal 
Science. 8, 514701. 

Effland, W. R., & Pouyat, R. V. (1997). The genesis, classification, and mapping of soils in 
urban areas. Urban Ecosystems, 1, 217-228.  

https://doi.org/10.1111/ejss.70035


Groffman, P. M. 2025. A “golden moment” for soils and society presents challenges and opportunities for soil 
science. European Journal of Soil Science 76:e70035 https://doi.org/10.1111/ejss.70035 . 
 

17 
 

Egendorf, S. P., Cheng, Z., Deeb, M., Flores, V., Paltseva, A., Walsh, D., Groffman, P., & 
Mielke, H. W. (2018). Constructed soils for mitigating lead (Pb) exposure and promoting 
urban community gardening: The New York City Clean Soil Bank pilot study. Landscape 
and Urban Planning, 175, 184-194.  

Egendorf, S. P., Groffman, P., Cheng, Z., Menser, M., Mun, J., & Mielke, H. (2021). Applying a 
novel systems approach to address systemic environmental injustices. Elementa: Science 
of the Anthropocene, 9, 00174.  

Evans, D. L., Falagán, N., Hardman, C. A., Kourmpetli, S., Liu, L., Mead, B. R., & Davies, J. A. 
C. (2022). Ecosystem service delivery by urban agriculture and green infrastructure – a 
systematic review. Ecosystem Services, 54, 101405.  

Georgiou, K., Jackson, R.B., Vindušková, O. et al. (2022). Global stocks and capacity of 
mineral-associated soil organic carbon. Nature Communications 13, 3797. 

Grabowski, Z. J., McPhearson, T., Matsler, A. M., Groffman, P., & Pickett, S. T. (2022). What is 
green infrastructure? A study of definitions in US city planning. Frontiers in Ecology and 
the Environment, 20, 152-160.  

Grabowski, Z. J., McPhearson, T., & Pickett, S. T. A. (2023). Transforming US urban green 
infrastructure planning to address equity. Landscape and Urban Planning, 229, 104591.  

Groffman, P. M., Matsler, A. M., & Grabowski, Z. J. (2023). How reliable – and (net) beneficial 
– is the green in green infrastructure. Agricultural and Resource Economics Review, 52, 
189-200.  

Hager, G. W., Belt, K. T., Stack, W., Burgess, K., Grove, J. M., Caplan, B., Hardcastle, M., 
Shelley, D., Pickett, S. T. A., & Groffman, P. M. (2013). Socio-ecological revitalization 
of an urban watershed. Frontiers in Ecology and the Environment, 11, 28-36.  

Handelsman, J. (2021). A World Without Soil: The Past, Present, and Precarious Future on the 
Earth Beneath our Feet. Yale University Press.  

Hoover, F. A., Meerow, S., Grabowski, Z. J., & McPhearson, T. (2021). Environmental justice 
implications of siting criteria in urban green infrastructure planning. Journal of 
Environmental Policy & Planning, 23, 665-682.  

Ilieva, R. T., Cohen, N., Israel, M., Specht, K., Fox-Kämper, R., Fargue-Lelièvre, A., Poniży, L., 
Schoen, V., Caputo, S., & Kirby, C. K. (2022). The socio-cultural benefits of urban 
agriculture: a review of the literature. Land, 11, 622.  

Kerr, R. B., Snapp, S., Chirwa, M., Shumba, L., & Msachi, R. (2007). Participatory research on 
legume diversification with Malawian smallholder farmers for improved human nutrition 
and soil fertility. Experimental Agriculture, 43, 437-453.  

Kraamwinkel, C. T., Beaulieu, A., Dias, T., & Howison, R. A. (2021). Planetary limits to soil 
degradation. Communications Earth & Environment, 2, 249.  

https://doi.org/10.1111/ejss.70035


Groffman, P. M. 2025. A “golden moment” for soils and society presents challenges and opportunities for soil 
science. European Journal of Soil Science 76:e70035 https://doi.org/10.1111/ejss.70035 . 
 

18 
 

Lehmann, J., Cowie, A., Masiello, C. A., Kammann, C., Woolf, D., Amonette, J. E., Cayuela, M. 
L., Camps-Arbestain, M., & Whitman, T. (2021). Biochar in climate change mitigation. 
Nature Geoscience, 14, 883-892.  

Lieder, S., & Schröter-Schlaack, C. (2021). Smart farming technologies in arable farming: 
Towards a holistic assessment of opportunities and risks. Sustainability, 13, 6783.  

Martin, M. P., Dimassi, B., Román Dobarco, M., Guenet, B., Arrouays, D., Angers, D. A., 
Blache, F., Huard, F., Soussana, J.-F., & Pellerin, S. (2021). Feasibility of the 4 per 1000 
aspirational target for soil carbon: A case study for France. Global Change Biology, 27, 
2458-2477.  

Mason, E., Gascuel‐Odoux, C., Aldrian, U., Sun, H., Miloczki, J., Götzinger, S., Burton, V. J., 
Rienks, F., Di Lonardo, S., & Sandén, T. (2024). Participatory soil citizen science: An 
unexploited resource for European soil research. European Journal of Soil Science, 75, 
e13470.  

McBride, M. B., Shayler, H. A., Spliethoff, H. M., Mitchell, R. G., Marquez-Bravo, L. G., 
Ferenz, G. S., Russell-Anelli, J. M., Casey, L., & Bachman, S. (2014). Concentrations of 
lead, cadmium and barium in urban garden-grown vegetables: The impact of soil 
variables. Environmental Pollution, 194, 254-261.  

Moinet, G. Y. K., Hijbeek, R., van Vuuren, D. P., & Giller, K. E. (2023). Carbon for soils, not 
soils for carbon. Global Change Biology, 29, 2384-2398. 

Montgomery, J. A., Klimas, C. A., Arcus, J., DeKnock, C., Rico, K., Rodriguez, Y., Vollrath, K., 
Webb, E., & Williams, A. (2016). Soil quality assessment is a necessary first step for 
designing urban green infrastructure. Journal of Environmental Quality, 45, 18-25.  

Nayak, N., Mehrotra, R., & Mehrotra, S. (2022). Carbon biosequestration strategies: a review. 
Carbon Capture Science & Technology, 4, 100065. 

New York City Department of Parks and Recreation. (2023). History of the Community Garden 
Movement; https://www.nycgovparks.org/about/history/community-gardens/movement   

New York City Office of Environmental Remediation. (2024). Clean Soil Bank. 
https://www.nyc.gov/site/oer/safe-land/clean-soil-bank.page   

O'Riordan, R., Davies, J., Stevens, C., Quinton, J. N., & Boyko, C. (2021). The ecosystem 
services of urban soils: A review. Geoderma, 395, 115076.  

Ohlson, K. (2014). The Soil Will Save Us:  How Scientists, Farmers, and Foodies are Healing 
the Soil to Save the Planet. Rodale.  

Paltseva, A. A., Cheng, Z., Egendorf, S. P., & Groffman, P. M. (2020). Remediation of an urban 
garden with elevated levels of soil contamination. Science of The Total Environment, 
722, 137965.  

https://doi.org/10.1111/ejss.70035
https://www.nycgovparks.org/about/history/community-gardens/movement
https://www.nyc.gov/site/oer/safe-land/clean-soil-bank.page


Groffman, P. M. 2025. A “golden moment” for soils and society presents challenges and opportunities for soil 
science. European Journal of Soil Science 76:e70035 https://doi.org/10.1111/ejss.70035 . 
 

19 
 

Paltseva, A. A., Cheng, Z., McBride, M., Deeb, M., Egendorf, S. P., & Groffman, P. M. (2022). 
Legacy lead in urban garden soils: Communicating risk and limiting exposure. Frontiers 
in Ecology and Evolution, 10, 873542.  

Paul, C., Bartkowski, B., Dönmez, C., Don, A., Mayer, S., Steffens, M., Weigl, S., Wiesmeier, 
M., Wolf, A., & Helming, K. (2023). Carbon farming: Are soil carbon certificates a 
suitable tool for climate change mitigation? Journal of Environmental Management, 330, 
117142.  

Poulton P, Johnston J, Macdonald A, White R, & Powlson D. (2018). Major limitations to 
achieving “4 per 1000” increases in soil organic carbon stock in temperate regions: 
Evidence from long-term experiments at Rothamsted Research, United Kingdom. Global 
Change Biology, 24, 2563–2584. 

Reicosky, D., Hatfield, J., & Sass, R. (2000). Agricultural contributions to greenhouse gas 
emissions. In K. R. Reddy & H. F. Hodges (Eds.), Climate Change and Global Crop 
Productivity (pp. 37–55). CABI.  

Rodríguez-Espinosa, T., Navarro-Pedreño, J., Gómez-Lucas, I., Jordán-Vidal, M. M., Bech-
Borras, J., & Zorpas, A. A. (2021). Urban areas, human health and technosols for the 
green deal. Environmental Geochemistry and Health, 43, 5065-5086.  

Rossiter, D. G. (2007). Classification of urban and industrial soils in the world reference base for 
soil resources. Journal of Soils and Sediments, 7, 96-100.  

Rothamsted Research (2012) Dataset: Hoosfield soil organic carbon content - Electronic 
Rothamsted Archive, Rothamsted Research, Harpenden, UK - DOI: 
https://doi.org/10.23637/KeyRefOAHBsoc   

Schad, P. (2018). Technosols in the World Reference Base for Soil Resources – history and 
definitions. Soil Science and Plant Nutrition, 64, 138-144.  

Séré, G., Deeb, M., Beaudet, L. V., Groffman, P., Blouin, M., Egendorf, S. P., Vergnes, A., 
Walsh, D., Morin, T., & Vasenev, V. (2021). Review of the last two decades experiences 
of technosols construction for urban greening. Eurosoil 2021 virtual congress. 
https://www.soilver.eu/wp-content/uploads/2022/06/220610-Sere_SOILVER-2022-1.pdf   

Six, J., Conant, R. T., Paul, E. A., & Paustian, K. (2002). Stabilization mechanisms of soil 
organic matter: Implications for C-saturation of soils. Plant and Soil, 241, 155–176. 

Snapp, S.S., DeDecker, J., & Davis, A. S. (2019). Farmer participatory research advances 
sustainable agriculture: Lessons from Michigan and Malawi. Agronomy Journal, 111, 
2681-2691.  

Soussana, J.-F., Lutfalla, S., Ehrhardt, F., Rosenstock, T., Lamanna, C., Havlík, P., Richards, M., 
Wollenberg, E., Chotte, J.-L., Torquebiau, E., Ciais, P., Smith, P., & Lal, R. (2019). 
Matching policy and science: Rationale for the ‘4 per 1000 - soils for food security and 
climate’ initiative. Soil and Tillage Research, 188, 3-15. 

https://doi.org/10.1111/ejss.70035
https://doi.org/10.23637/KeyRefOAHBsoc
https://www.soilver.eu/wp-content/uploads/2022/06/220610-Sere_SOILVER-2022-1.pdf


Groffman, P. M. 2025. A “golden moment” for soils and society presents challenges and opportunities for soil 
science. European Journal of Soil Science 76:e70035 https://doi.org/10.1111/ejss.70035 . 
 

20 
 

Stewart, C. E., Paustian, K., Conant, R. T., Plante, A. F., & Six, J. (2007). Soil carbon saturation: 
concept, evidence and evaluation. Biogeochemistry, 86, 19-31.  

Stoate, C., Jones, S., Crotty, F., Morris, C., & Seymour, S. (2019). Participatory research 
approaches to integrating scientific and farmer knowledge of soil to meet multiple 
objectives in the English East Midlands. Soil Use and Management, 35, 150-159.  

Taguchi, V. J., Weiss, P. T., Gulliver, J. S., Klein, M. R., Hozalski, R. M., Baker, L. A., Finlay, 
J. C., Keeler, B. L., & Nieber, J. L. (2020). It is not easy being green: Recognizing 
unintended consequences of green stormwater infrastructure. Water, 12, 522.  

Taylor, L. L., Quirk, J., Thorley, R. M., Kharecha, P. A., Hansen, J., Ridgwell, A., Lomas, M. R., 
Banwart, S. A., & Beerling, D. J. (2016). Enhanced weathering strategies for stabilizing 
climate and averting ocean acidification. Nature Climate Change, 6, 402-406.  

Tickell, J. (2018). Kiss the Ground: How the Food You Eat Can Reverse Climate Change, Heal 
Your Body & Ultimately Save Our World. Enliven Books.  

Vass, M. M., Elofsson, K., & Gren, M. (2013). An equity assessment of introducing uncertain 
forest carbon sequestration in EU climate policy. Energy Policy, 61, 1432-1442.  

Wadoux, A. M. J. C., & McBratney, A. B. (2023). Participatory approaches for soil research and 
management: A literature-based synthesis. Soil Security, 10, 100085.  

Wang, J., & Banzhaf, E. (2018). Towards a better understanding of Green Infrastructure: A 
critical review. Ecological Indicators, 85, 758-772.  

Wijsman, K., Auyeung, D. S. N., Brashear, P., Branco, B. F., Graziano, K., Groffman, P. M., 
Cheng, H., & Corbett, D. (2021). Operationalizing resilience: co-creating a framework to 
monitor hard, natural, and nature-based shoreline features in New York State. Ecology 
and Society, 26, 10.  

Wortman, S. E., & Lovell, S. T. (2013). Environmental challenges threatening the growth of 
urban agriculture in the United States. Journal of Environmental Quality, 42, 1283-1294.  

Yan, D., Liu, L., Liu, X., & Zhang, M. (2022). Global trends in urban agriculture research: A 
pathway toward urban resilience and sustainability. Land, 11, 117.  

Zoellick, B., Nelson, S. J., & Schauffler, M. (2012). Participatory science and education: 
bringing both views into focus. Frontiers in Ecology and the Environment, 10, 310-313.  

 

https://doi.org/10.1111/ejss.70035


Groffman, P. M. 2025. A “golden moment” for soils and society presents challenges and opportunities for soil science. European Journal of Soil 
Science 76:e70035 https://doi.org/10.1111/ejss.70035 . 
 

21 
 

 1 

 2 

 3 

Figure 1. Soil organic carbon contents of selected treatments of (left) the Morrow plots at the University of Illinois and Sanborn field 4 

at the University of Missouri (from Reicosky et al., 2000) and (right) the classical Hoosfield experiment at Rothamstead Experiment 5 

Station in England (Rothamsted Research, 2012).  6 
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 9 

Figure 2. Mean ± SE (n=6) Pb concentration in three size fractions (> 2.83 mm, 2.0–2.83 10 

mm,<2.0 mm) of the three different composts considered for mixing with Clean Soil Bank 11 

sediments in New York City, NY USA. Dashed horizontal line represents NYS Department of 12 

Environmental Conservation Soil Cleanup Objectives Unrestricted Use (SCOUU) criteria for Pb. 13 

From Egendorf et al. (2018). 14 

  15 
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 16 

Figure 3. Boxplots showing the effect of green infrastructure designs in New York City 17 

(enhanced tree pits (ETP), street-side infiltration swales (SSIS), and vegetation swale (VS)), on 18 

the concentrations of total petroleum hydrocarbons (TPH), lead (Pb) and zinc (Zn), respectively. 19 

The middle bar is the median, the box extends from the 25% to the 75% quartile, and horizontal 20 

bars show minimum and maximum values. Significant differences (P < 0.05) are indicated by 21 

different letters. Dashed line is the European soil contamination threshold. (n=12, 15, 33 for 22 

ETP, SSIS, and VS, respectively). The level of “connectivity” to the street is ETP > SSIS > VS. 23 

From Deeb et al. (2018). 24 

25 
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 26 

Figure 4. A green infrastructure feature in a neighborhood in Baltimore, MD, USA. This feature 27 

is designed to reduce runoff to receiving waters in areas outside this neighborhood, which has 28 

issues with vacant housing and other societal problems. The feature has accumulated trash, 29 
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despite a “please don’t litter” sign and planted vegetation has been disturbed. From Groffman et 30 

al. (2023). 31 

https://doi.org/10.1111/ejss.70035

