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Urban agriculture has been of growing interest for a decade because it can address many economic and societal issues in the development of modern cities. However, urban agriculture is often limited by the availability of fertile and non-contaminated soils in the cities. Recycling excavated mineral wastes from building activities to construct fertile soils may be a more sustainable alternative than the importation of topsoils from rural zones. The present study aims to evaluate the possibility to grow green vegetables on soils made with excavated deep horizon of soils and green waste compost. During three consecutive seasons, we tested in situ the effects of different amounts of compost (10, 20, and 30%) and the addition of an earthworm species (Lumbricus terrestris) on the production of lettuce (Lactuca sativa L.), arugula (Eruca sativa Mill.), and spinach (Spinacia oleracea L.) in mono- and co-culture. Our results demonstrate that it is possible to reuse mineral and organic urban wastes to engineer soils adapted to agriculture. Here, we observed that higher doses of compost significantly increased plant biomass, especially when earthworms were introduced. For example, in the autumn, going from 10 to 30% of compost in the soil mixture allows to multiply by 2 the arugula biomass, and even by 4 in the presence of earthworms. These results were partly due to the positive effects of these two factors on soil physical properties (micro- and macro-porosity). This preliminary study also showed that some plants (arugula) are more adapted than others (lettuce) to the soil properties and that it only takes few months to get the highest yields. These promising results for the development of urban agricultures encourage to test many other combination of plant and earthworm species but also to conduct experiments over long-term periods.
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GRAPHICAL ABSTRACT. Excavated mineral wastes from building activities can be recycled with compost to construct fertile soils under the action of earthworms.




INTRODUCTION

Since 2007, half of the world population is leaving in urban environments, and this ratio is expected to reach 60% before the end of the decade (United Nations [UN], 2019). The huge development of urban populations consumes so much resource that natural provision cannot be sustained any more (Swilling, 2011). That is particularly the case of topsoil, which is imported to the cities from rural areas for the creation of green spaces. Concomitantly, urban agriculture has flourished in developed countries, bearing more and more weight in the local urbanism plans and in public policies. The services provided by urban agriculture strengthened its potential to contribute to quality of life in cities (Zasada, 2011; Lin et al., 2015). However, the soil quality in cities is often severely degraded (Morel et al., 2015) due to harsh environmental conditions, which may limit the development of such agronomic activities. Urban soils often bear strong legacies of human land-use, road traffic and industrialization, which can be quantified by the degree of various organic and/or mineral pollutants found at different depths. For instance, a study along a gradient of urban pressure in public green spaces of the Paris region (France) showed that most of the soils were highly contaminated with trace metals such cadmium (Cd), lead (Pb), copper (Cu), and Zinc (Zn), especially in woods (Foti et al., 2017). These contaminations make soils unsuitable for gardening or food production. Urban gardeners are particularly exposed to sanitary risks, either through the consumption of their own food that may accumulate harmful substances or by contact and inhalation of the contaminated soil.

To face the problem of soil pollution and lack of available space, soil-less agriculture as hydroponics, aquaponics or other artificial substrates are sometimes considered as an alternative. However, these technical solutions are limited by their high cost and the suboptimal nutrient supply to plants (Yep and Zheng, 2019). Moreover, they cannot entirely replace essential ecosystem services that are associated to soil biodiversity, such as nutrients cycle and water purification (Millenium Ecosystem Assessment, 2005). Thus, cities stakeholders often import huge quantity of topsoils from rural area to recover or replace urban soils. In France, the quantity of soil imported for the creation of green spaces has been estimated to 3 million m3 each year (Damas and Coulon, 2016). These practices, which are dependent of the availability of natural soils, are poorly sustainable since they rely on the extension of artificial land. The ecological and economic costs of importing soils from rural areas are continuously increasing. Therefore, alternatives that are more virtuous have to be found. Paradoxically, a solution may result from the increasing activities of construction and demolition in the cities. Indeed, urban renewal sites generate huge quantities of mineral wastes. In particular, the construction of foundations for buildings, garages or subways requires the excavation of large volumes of deep soil horizons or bedrocks that have no immediate use. Treated as wastes, such materials are commonly exported and managed outside the cities, because the urban space is scarce. In Paris, more than 15 Mt of excavated deep horizons (EDH) are treated in landfill sites every year (Ile-de-France, 2019). Should a small fraction of the latter be reuse as a substitute of natural soil, it could avoid the importation from rural areas. In New York City, it has been estimated that 1.7 Mt of surplus native soil is generated each year (Walsh et al., 2019).

Creating fertile soils by combining organic and mineral anthropogenic materials may have appeared a challenge as it takes several hundred years to obtain a few centimeters of fertile soil in natural conditions. However, during the last 15 years (Lehmann, 2011), a number of studies published in this field of research showed promising results. Most of these constructed soils may be qualified as constructed Technosols. According to the World Reference Base, Technosols are defined by soils subjected to a strong human influence and containing at least 20% of artifacts (IUSS Working Group WRB, 2014). Not all engineered soils can be included in this definition. For example, human-transported natural soil material does not qualify as Technosol (Schad, 2018). Regardless of the soil classification used, engineered soils have been shown to provide a wide variety of functions and ecosystem services (Morel et al., 2015). Urban mineral wastes such as EDH have been successfully used in several urban forestry projects (Cannavo et al., 2018; Yilmaz et al., 2018; Pruvost et al., 2020), however, very few demonstrations have been made regarding their use for urban agriculture. Yet, it has been demonstrated that excavated sediments in New York city can be used as constructed soils to reduce contamination risks for urban residents (Egendorf et al., 2018).

The objective of the present study was to evaluate the effect of compost addition and earthworms inoculation to improve the agronomic properties of EDH. Laboratory experiments performed on the same materials with ryegrass showed that the combination of compost and earthworms increased both soil water retention and plant biomass productivity (Deeb et al., 2016a,b). Here we tested in situ (1) the dose effect of green waste compost, (2) the influence of earthworm introduction and (3) the interactions between these two factors on the production of green vegetables. For this study, three types of salads were tested in mono- and co-culture. The experience was repeated tree times in spring, summer and autumn. We hypothesis that the highest biomass productivity will be reached on the highest concentration of compost in presence of earthworms.



MATERIALS AND METHODS


Parent Materials

The excavated materials found in Paris region are generally made of unconsolidated carbonated bedrock (regolith) originated from alluvial sediments deposited during the Eocene. Here, the EDH came from an underground parking construction in the north of Paris (48° 54′ 13.208″ N 2° 19′ 58.98″ E). We used around 8 tons of materials for the experiment. After sieving at 10 mm, four samples were collected randomly to perform chemical analyses. EDH was composed of 714 ± 35 g.kg–1 CaCO3. The texture was 373 ± 23 g.kg–1 sand, 427 ± 23 g.kg–1 silt and 199 ± 6 g.kg–1 clay (method NFX 31-107). The X-ray diffraction performed with a Siemens D500 diffractometer (CuKa, 40 kV, 30 mA) identified quartz, calcite and dolomite as major minerals, and also, sepiolite, a fibrous clay mineral of sedimentary origin. The pH (ISO 10390) was high, 8.3 ± 0.1, the organic C content was 3.8 ± 0.1 g.kg–1, the total N was 0.3 ± 0.1 g.kg–1 and the bulk density was 1.3 ± 0.1 g.cm–3. The green waste compost (GWC) was produced from turf grass mowing and trimmings from trees and shrubs. The pH (ISO 10390) of the GWC was 7.9 ± 0.1, the organic C content was 322.4 ± 15.8 g.kg-1, the total N was 21.8 ± 1.9 g.kg-1 (C/N ratio of 14.8), and the bulk density was 0.6 ± 0.1 g.cm-3. The water holding capacity (pF 2.5) was estimated to 28% for EDH and 56% for GWC, respectively. Both parent materials were provided by ECT Company, which is specialized in the management of excavated materials from construction and tunneling sites.



Experimental Design

The experimental site was located at the IRD Campus, Bondy, France (48°54′52″N 2°29′14″E). The experiment started in April 2017 and consisted in 96 wooden garden pots, divided into four blocks. Each block contains all 24 treatments randomly distributed (Supplementary Figure 1): 4 Cultures (3 monocultures, 1 co-culture) on 3 different mixtures of soils (with gradual amount of GWC) with or without (earthworms). Before mixing, both materials (EDH and GWC) were passed through an automatic screener with a limited grain size of 10 mm. Then, three different soils (named T10, T20, and T30) were prepared by adding 10, 20, or 30% of GWC (V/V), respectively. Each mixture of materials (39 L) was homogenized (27 rpm for about 5 min long) using 100 L electric concrete mixer and then put in a garden wooden pot (44 × 44 cm; 28 cm depth) internally coated with a permeable geotextile and previously filled with 8 cm of gravel to allow drainage. So, the depth of the Technosol was initially 20 cm. The initial bulk density of the soils was 1.26, 1.19, and 1.11 g.cm–3, respectively, for T10, T20 and T30 modalities. One week after filling the pots, half of them (48 in total) were inoculated with 8 adult earthworms of the species Lumbricus terrestris. The number of individuals per m2 is higher than the natural density found in arable lands in northwestern France (Decaëns et al., 2008). It was an intended choice to counterbalance the possible escape of earthworms from pots. A previous study assured the suitability of GWC as food source (Pey et al., 2014). This species is native and widespread species in Europe, although it is commonly known as the “Canadian Nightcrawler” bait worm (Steckley, 2020). The specimens were purchased from a company (Lombri’Carraz, Mery, France).



Plant Growth Conditions

The plants used in this study are three species that are commonly included in a mixed crop of salads sold as mesclun, in France. They are lettuce (Lactuca sativa L.), arugula (Eruca sativa Mill.) and spinach (Spinacia oleracea L.), who belong to the families Asteraceae, Brassicaceae, and Amaranthaceae, respectively. Those three species are commonly integrated in mixed salad produced and consumed in France, under the name of “mesclun.” They are all suitable for spring, summer and fall cultivation. All seeds were purchased from an organic seed company (Agrosemens, Rousset, France). One week after the addition of earthworms, around 220 seeds per pot were sown for monocultures and 73 seeds of each plant for the co-cultures. Three harvest cycles were done, each one following 5 weeks of growth in a different season. The first harvest took place in the spring (May 19th), the second in the summer (June 27th), and the last one in autumn (October 25th). Between each harvest, the eventual late germinated seeds and weeds were removed and the soil labored for a new sowing. The rainfall and temperature were recorded at meteorological station situated near the experimental site (Le Bourget; 48°96′15″N; 2°43′75″E) (see Supplementary Figure 2). The rainfall accumulation in the first period was 60.9 mm and the mean temperature varied between 7 and 17 degrees. In the second period, the rainfall was 32.6 mm and the mean temperature varied between 15 and 27 degrees. In the third period, the rainfall was 43.8 mm and the mean temperature varied between 11 and 20 degrees. All pots were irrigated every 2 days in the case of no rainfall (1.2 L per pot).



Plant Analyses

Germination rate was calculated by the ratio of harvested plants and the number of seeds sown. The evolution of vegetal covering was monitored by image analysis of surface pictures taken every 5 days. Images were analyzed in the software “imageJ” (version 1.53c), which quantifies the proportion of green area. When it was necessary, light and contrast were adjusted using the software “Gimp” (version 2.10). Results obtained in function of time allowed a broad visualization of the growth rates. Plants production are expressed as dry shoot biomass per meter square, which was calculated by multiplying the production within a pot (0.193 m2) by its corresponding meter square surface. Individual biomass was calculated as the ratio between biomass and plants number in each pot. The fresh biomass was obtained by weighting leaves right after the harvest. The conversion to dry biomass (obtained after a week of drying at 60°C) is given in Supplementary Figure 3. The co-culture biomass evenness (E) was calculated using the Simpson-Yule index: E = 1/Σpi2, where pi is the proportion of biomass of each plant (Magurran, 1988).



Soil Analyses

The soil parameters were measured after the last harvest. The soil water content was measured with a dielectric sensor WET-AT (Delta-T Devices, Cambridge, United Kingdom), a probe consisting of three metal rods, which have been inserted vertically into the soil. The pH analysis of all experimental units (pH-meter Hanna HI 221) was measured as described above. Under stirring, the values were registered when the pH measurement stabilized. The bulk density was determined by two different methods. One using a graduated cylinder and another using the petrol method. The first one measures the soil weight extracted with a 100 cm3 stainless cylinder. Samples are weighted fresh and after drying at 150°C for 48 h. The second method is the measure of the Archimedes’ buoyancy from aggregates within petrol, which allow the estimation of macro and micro pores (Monnier et al., 1973).



Statistics

All statistical analyses were carried out using R software version 3.3.1 (R Development Core Team).1 After normality and homoscedasticity verifications (Shapiro and Bartlett test), plants parameters (germination rate, area covered, and shoot biomass) were analyzed using a two-way ANOVA with three levels of compost and two levels of worms for each plant treatment and each season of culture. When significant (P < 0.05) effect were found, comparisons among means were performed using Least Significant Difference (LSD) test (“agricolae” package). Graphics and linear regressions realized on soil parameters (pH, soil density, moisture, macro- and micro-porosity) were done using SigmaPlot 14.0 (Systat Software Inc.).




RESULTS


Plants Germination and Development

The germination rate varied greatly with the plant species and the season (Supplementary Figure 4). In the spring, the overall germination rate was the highest with more than 80% for all cultures, and the lowest in the summer with only 51%. Globally, the influence of compost was only significant for the monocultures of arugula and spinach in spring and autumn (Table 1 and Supplementary Table 1). For arugula in spring, increasing compost dose from 10 to 30% increased by 12 or 30% the germination rate, without or with earthworms, respectively. In contrast, for arugula in the autumn, an increase in germination rate with compost content was only observed in the absence of earthworms. It improved by 88% between soils with 10 and 30% of the compost dose (Supplementary Figure 4). Besides, earthworms have very little impact on germination. They reduced by 7% the spinach germination in spring and offset the effect of compost for the arugula in autumn (Supplementary Figure 4). The highest dose of compost improved spinach germination by approximately 5% compared to the lowest dose.


TABLE 1. Proportion (%) of the variance explained by the relative amount of compost, the presence of earthworms and the interactions between the two latter factors for each monoculture and the co-culture of all plants (n = 4).

[image: Table 1]
As for the germination rate, the leaves coverage also varied with the plant species and the season. The overall area covered by leaves was higher in the spring (55%) than in the summer (24%) and autumn (43%), which followed the seasonal variation in the germination rate (Supplementary Figure 5). The lettuce development contrasts with others during spring and summer, with only 33 and 13% of area covered, while other cultivars and the co-culture had similar means, with 57–63% in the spring and 25–29% in the summer. Compost dose and earthworms significantly affected plant coverage, but to different degrees depending on season and cultivar. In autumn, the addition of compost increased significantly the area covered for all cultures (+29, +65, +53, +49%, respectively, for lettuce, arugula, spinach and co-culture) (Supplementary Figure 5). The addition of earthworms positively influenced co-culture and arugula monoculture, but exclusively in the soil containing 30% compost. The area covered by the co-culture and arugula were, respectively, 17 and 60% higher with earthworms. In spring, the effect of compost only influenced spinach and the co-culture. While the effects of compost on spinach cover were negatives (51% less coverage with 30% compost compared to 10%), it was positive on the leaf coverage in the co-culture (40% higher with 30% compost compared to 10%). In the summer, only spinach and arugula leaves were influenced by the studied factors (Table 1). Spinach was again negatively impacted by higher doses of compost (41% less in 30% compost compared to 10%), but on the other hand, they were positively affected by the addition of earthworms in soils with 10% (covered area was 50% higher). The arugula coverage positively responded to the increasing amounts of compost, but only with the addition of earthworms. In this case, the area covered by arugula with 30% compost was about 3 times higher than with 10% of compost.



Final Biomass Production

Globally, the final biomass production followed the same trend as the area covered for each culture. High correlations (0.63 < r2 < 0.98) were found between the final area covered and the dry biomass (Supplementary Figure 6). For all cultivars, the slope of the linear regressions were much higher in the summer than in autumn and spring, indicating higher biomass per area covered at this season. The final biomass measurement also showed the effects of compost and earthworms on plants production according to the season (Figure 1). The biomass production tended to be different between soils with only 10% compost and the two others, when earthworms were not considered. With earthworms, the soil containing 30% compost tended to be considerably more productive (Figure 1). The effect of compost as a single factor was mainly observed in the autumn, when increasing doses of compost positively influenced all cultures (+54, +123, +86, 109%, respectively, for lettuce, arugula and spinach monocultures, and for co-culture). Compost also influenced the co-culture biomass in the summer (+66% production). On the other hand, the earthworms in the soils containing 30% compost boosted arugula production in all seasons (+215, +416, 130%, respectively, for spring, summer, and autumn). Earthworms also accentuated the effects of compost when added at a 30% level on the biomass of co-culture, both in summer (+ 153%) and autumn (+ 31%). In the co-cultures, the arugula and the spinach dominated the shoot biomass, especially in the first two seasons (Figure 2). Changes in the relative proportion of each plant was revealed by the evenness index (Figure 2), which globally increased throughout the 3 seasons, from 71% in the spring to 81% in the autumn. In the summer, it could be mentioned that the evenness of the shoot biomass was higher in Technosol made with 10% compost in presence of earthworms, compared to those made with 20 and 30% compost.
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FIGURE 1. Shoot biomass (dry weight per m2) of lettuce, arugula, spinach in monoculture and co-culture obtained at each season (spring, summer, and autumn) as function of earthworms presence for the three Technosols composition. The error bars are the standard errors of the mean (n = 4). Different letters above the histogram indicate significant differences (P < 0.05) between treatments.
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FIGURE 2. Proportion of lettuce, rocket and spinach biomass obtained in co-culture at each season (spring, summer, and autumn) as function of the compost proportion in Technosols with (E10, E20, E30) or without (C10, C20, C30) earthworms (upper triangles). The biomass evenness is indicated below. The error bars are the standard errors of the mean (n = 4). Different letters above the histogram indicate significant differences (P < 0.05) between treatments.




Soil Properties

After 6 months of construction, the earthworms revealed or at least reinforced the effect of compost on soil properties (Figure 3). The pH of all Technosols was in average 8.3 ± 0.1, which is approximately the same pH as the initial EDH used as parent material. The influence of the compost dose was not observed, excepted when earthworms were presents. In this case, the increase of compost proportion decrease slightly (0.1 unit) but significantly the pH. As expected, the higher the proportion of compost, the lower the density of the soil. This result can be related to the increase of the microporosity with compost (Figure 3). It can also be due to the increase of the macroporosity, but only in the presence of earthworms (+10% between 10 and 30% of compost in the mix). The increase of soil water content, measured at the end of the last harvest (late October), was also observed with the increasing amount of compost in the soil, but only in the pots containing earthworms (Figure 3), with about 12% more humidity between 10 and 30% of compost in the mix. It should also be noted that all soils were confronted with crusts formation after rainfall or irrigation, especially under high radiation. However, we did not quantified this phenomenon in the present study.
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FIGURE 3. Relationships between soil pH, macro-, micro-porosity, density and humidity and the compost proportion in Technosols with (gray, right) or without (white, left) earthworms. Solid lines represents the linear regression when the model is significant (P < 0.05; n = 60). Dotted-lines represent the 95% confidence intervals.





DISCUSSION

This study clearly demonstrated that compost and earthworms have strong interactive effects on soil fertility and plant growth. As mentioned before, this hypothesis was already tested in laboratory and under controlled conditions with the same materials but a different earthworm’s species (Deeb et al., 2016a,b). However, in situ demonstration of the positive interaction between organic matter addition and earthworms inoculation on soil quality and primary production are not so frequent. In a totally different context, Senapati et al. (1999) showed that a combination of organic matter inputs and earthworms (P. corethrurus), enhance the quality of a tropical soil in India and enhanced the production of tea by 80–276%. The present study confirm that earthworms inoculation can significantly improve the fertility of engineered soils. Here, arugula production was improved two to five times with earthworms in soil containing 30% compost, depending on the season. For comparison, it is estimated that the addition of earthworms in croplands improves yield by about 25% (van Groenigen et al., 2014). Inoculations of earthworms has been shown to accelerate the restoration of degraded soils (Butt, 2008; Edwards et al., 2019). Their role on ecosystem and their beneficial effects on crop systems are widely recognized (Blouin et al., 2013). Earthworms can improve soil structural stability that optimize nutrient cycling and improve plant growth and health (Bertrand et al., 2015). This positive effect on plant production could be due to the hydrostructural structural improvement of the soil as we observed an increased in the microporosity and moisture in the presence of the earthworm, which is in line with previous results obtained in laboratory with the endogenic earthworm species A. caliginosa and L. perenne plant (Deeb et al., 2016b).

In this study, we used L. terrestris, who feeds mainly with organic matter (Griffith et al., 2013) and creates a few large vertical burrows (Bastardie et al., 2003), which are well known for improving water infiltration (Edwards et al., 1990). When the organic matter is not sufficiently available, L. terrestris, tends to go into diapause (Bouché, 1977). This could explain why the effect of earthworm was lower or not significant in soils containing less than 30% of compost. Furthermore, L. terrestris burrowing volume and depth are strongly affected by soil bulk density (Ducasse et al., 2021). Since the bulk density of EDH is about twice that of compost, soils containing 30% compost are significantly less compact than the others, so burrows are probably larger and deeper, which may stimulate both roots and microbial activities, as suggested by the small but significant effect on the pH. If one of these assumptions is true, higher doses of compost may enhance the impact of this earthworm species, which is the most commercially available and best studied species for soil restauration (Steckley, 2020). The benefits of introducing earthworms and adding organic matter show the enormous potential of this approach for the restoration of degraded soils and soil engineering in general. Many more studies should be conducted to evaluate the survival and the potential effects of other earthworm species in combination with other sources of organic matter and taking into account possible toxic effects related to the presence of certain chemical compounds in the soil beneath. To date, very few studies have been carried out to test the influence of different earthworms on the functioning of Technosols (Pey et al., 2013).

A lot of research have been done to develop a quality standard for composted green wastes as amendments, especially in Europe (Carlile, 2008; Barrett et al., 2016). Contrastingly, few studies have investigated the agronomic capacity of mineral waste such as EDH with compost addition. Used alone as growing media, green waste compost provides ideal conditions for soilless agriculture (Hartz et al., 1996; Grard et al., 2018). Lettuce, arugula and spinach usually grow better in soils amended with compost and are even less vulnerable to biological diseases (Maftoun et al., 2005; Giménez et al., 2019). Cultivated during a short period, as in our study, the plants nutrient requirement is relatively low (Grahn et al., 2015) and we expected a rapid response to the compost addition as previously observed in laboratory conditions (Deeb et al., 2016a,b, 2017). That was also the case in this outdoor experiment, but only about 6 months after soils construction. For instance, going from 10 to 30% of compost in the soil mixture allows to multiply by 2 the arugula biomass and even by 4 in the presence of earthworms. Again, the effects of compost are often either enhanced or enhanced by the presence of earthworms, depending on the type of plant or the season. Here, the high amount of carbonates in the mineral materials used may also have limited the mineralization of the organic matter and delayed the nutrients feedback to the plant (Virto et al., 2018). Indeed, organic amendments are less effective in carbonate-rich soils than in non-calcareous soils (Romanyà and Rovira, 2009). In the present study, the soils experienced three different seasons and thus, several wet and dry cycles that conditioned the biological activity carried out by microorganisms and the roots. Both physical and biological phenomena are well-known factors on soil structuring (Oades, 1984; Degens and Sparling, 1995; Chenu and Cosentino, 2011). The stability of structures has probably been reinforced over time, though it is considered short in the pedogenesis scale. Nonetheless, other studies on constructed soils have already highlighted their rapid evolution, particularly those where macrofauna have colonized (Séré et al., 2010; Jangorzo et al., 2014).

Pure mineral materials have a low capacity to support plants development. Here, by simply mixing EDH with organic matter such as compost, we were able to produce an average of nearly half a kilogram of vegetables per m2 across all crops and seasons, including all types of soil with and without earthworms. The constructed soils assured a high rate of germination of all leafy vegetables when climate was wet. However, in the summer when temperature and radiation were elevated, the germination rate of the lettuce was considerably more impacted than the other two plants. This is may be due to the fragility of lettuce seedlings, which may have been more affected by surface crusting quickly in the summer. Crusts formation is a common problem in these soils and the reason is probably the high amount of carbonates in the parent material (Valentin and Bresson, 1998). Moreover, the high pH of the soils may have slowed the root development of all plants (Tang and Turner, 1999), but arugula to a lesser extent, as this plant is less sensitive to soil alkalinity (Garg and Sharma, 2014). These first results encourage the testing of many other crops adapted to this type of soil, including also aromatic plants or flower crops.



CONCLUSION

In this outdoor study, we demonstrated for the first time that mixtures of excavated deep horizons of soils and green waste compost are able to support the development of green vegetables. After 6 months of soil construction and three growing seasons, we could observe a significant effect of both compost dose and earthworms inoculation on plant production, especially for arugula. These promising results encourage further researches to improve engineered soils for urban agriculture by testing different organic amendments and/or mineral wastes as well as more demanding cultures (e.g., tomatoes or eggplants). Moreover, the impact of different earthworms species on soils restoration is still poorly explored now. It would be interesting to investigate the effect of combining species belonging to different functional groups. Finally, we show in this preliminary study that it was necessary to wait few months to observe a significant effect of compost on soil fertility. Therefore, monitoring these engineered soils over long-term period is a mandatory step to assess their evolution and thus, better inform decision makers about the choice of substrate for urban agriculture.
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Spring Summer Autumn Spring Summer Autumn Spring Summer Autumn
Lettuce Compost 0.4 5.3 17.7 2.8 3.2 27.1* 7.8 12.3 30.2*
Earthworms 0.2 7.4 2.0 1.9 0.9 0.5 2.4 0.2 0.3
Interaction 9.7 1.1 13.8 0.0 10.9 6.1 1.4 96 6.5
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Spinach Compost 38.8** 10.5 22.9* 33.9* 34.2% 36.6* 10.6 7.2 52.2**
Earthworms 12.4* 0.1 0.7 1.d 7.5 0.0 0.7 3.3 0.1
Interaction 6.0 10.7 1.1 5.6 15.2* 2.1 141 152 1.2
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Interaction 3.9 0.1 0.3 0.1 3.0 7.6* 0.4 8.3* 5.1*

Significant effect are represented as followed: **P < 0.001; **P < 0.01; *P < 0.05; .P < 0.1). Bold values correspond to significant effect.





