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Purpose: Green roofs (GR) offer a way to improve several ecosystem services in cities. However, the 23 performances of GR are basically considered as steady over time whereas they are living media subject to ageing 24 that are rarely managed by their owners. This study transposes a pedological approach to evaluate changes in GR 25 physical structure and chemical composition over time.

26

Materials and methods: A full scale experimental plot with various vegetation cover was studied. An appropriate 27 sampling of a four years substrate was implemented on the basis of observation. Then physical and chemical 28 characterization were conducted and compared to results on the original substrate.

29

Results and discussion: The top sub-layer of the substrate contained a large amount of fine and short roots 30 whereas the root density was much smaller in the lower layer of the substrate. There was a drastic drop of 3% of 31 the organic carbon content between the initial substrate and the 4 years old substrate. On contrary the nitrogen 32 concentration has increased of 0.4% during the same period. The total porosity decreased from 0.45 cm 3 cm -3 to 33 0.38 cm 3 cm -3 . On the whole substrate the < 2 mm particles fraction was smaller after 4 years (12.5%) than in the 34 initial substrate (18.2%) which was especially obvious in the upper horizon (9.5%). Additionally, the monitored 35 properties also varied significantly as a function of soil cover (sedum, moss and bare soil). Evidences of an early 36 pedogenesis were highlighted. 37 Conclusions: In conclusion, the study demonstrated the effects of time, climate and vegetation on physical and 38 chemical properties of green roofs. They are not only classified as Isolatic Technosols due to their composition 39 and implementation, they also exhibit one of the major characteristic of young Technosols: a fast and intense 40 pedogenesis.

at: i) defining relevant sampling and measurement strategies to exhibit the evolution of an aged GR substrate 85 over time ii) describing such transformations in terms of pedogenic processes. 6°13'E , under temperate climate ). The local meso-climate is semi-oceanic with a continental degraded marked 91 influence, with an average annual precipitation of 763 mm. The average external temperature is 10°C with high 92 amplitude of variations between summer and winter [START_REF] Bouzouidja | Characterization of the thermo-hydric functioning of in situ 244 green roof[END_REF] 93

The green roof platform, built in July 2011, is placed above an approximately 6 m height flat roof building. The 94 overall GR surface area is 600 m², 40 m² of which were studied for this work. (Figure 1). The substrate is a man-95 made porous medium composed of pozzolana (60% of 3 -6 mm particles and 20% of 7 -15 mm particles) and 96 organic parts (10 % of peat dust and 10% of maritime pine bark). The thickness of this layer is comprised 97 between 7.5 and 9.5 cm. Vegetation plants that were installed are classically: sedum album, sedum reflexumlarix, 98 sedum reflexum germanium, sedum sexangulare, sedum floriferum [START_REF] Bouzouidja | Characterization of the thermo-hydric functioning of in situ 244 green roof[END_REF] 

103

Two time steps were studied: original substrate (S0) and 4 years old substrate (S4). We based the sampling on 104 the observation of the substrates vertical profiles and decided to split them into three sub-horizons: 0-2 cm, 2-5 105 cm, 5-10 cm. The soil cover was also taken into account by sampling on zones covered by sedums (S-sedum), by 106 moss (S-moss) and bare soil (S-bare). Each soil cover was replicated three times.

107

The measurement of plant coverage was performed using three permanent quadrats (1m × 1m) and the 108 photographic method according Magill (1989) .

109

An observation of the roots distribution was realized on the aged GR on S-sedum. The used method was based 110 on in situ mapping protocol described by [START_REF] Tardieu | Caractérisation en tant que capteur d'eau de l'enracinement du maïs en parcelle 293 cultivée[END_REF]. The measurement was conducted on 111 three replicates, on a surface of 900 cm². For each sample a regular grid (0.5 cm × 0.5 cm cells) is chosen, the 112 root occurrence is defined by a coloured cell and its absence by an empty cell. 113 114

Substrate characterization

115

The samples have been air-dried during 48h. They have been sieved at 5, 2 and 0.2 mm. All fractions have been 116 collected, weighted and characterized for total carbon (Ctot) and total nitrogen (Ntot) (vario Micro cube, 117 Elementar).

118

Bulk density has been measured thanks to core-sampling. The soil water retention characteristics, i.e. volumetric 119 water content at field capacity (θfc) and permanent wilting point (θpwp), were determined on a pressure plate 120 apparatus at 0.33 kPa and 15 kPa respectively [START_REF] Bruand | Backscattered electron scanning images of soil porosity for 248 analyzing soil compaction around roots[END_REF]. The solid density was then measured with a 121 helium pycnometer (Quantachrome UltraPyc 1200) based on NF P18-554. Total porosity (δ) was then calculated 122 after (Eq. 1). Macroporosity (Mp), mesoporosity (mp) and microporosity (μp) were estimated after the previous 123 measurements. 125 δ = 1 -𝜌 𝑎 𝜌 𝑟 (Eq. 1)

Where ρa and ρr are respectively apparent and real soil density (kg m -3 ).

126 [START_REF] Jim | Substrate moisture effect on water balance and thermal regime of a tropical extensive 267 green roof[END_REF] described that the soil water potential is largely influenced by the poral architecture. The 127 authors determined different porosities class for green roof soils: i) the micropores have equivalent diameters < 128 0.2 μm, ii) the mesopores have equivalent diameters comprised between 0.2 and 60μm and iii) the macropores 129 have equivalent diameters that are > 60μm. According to [START_REF] Peverill | Soil Analysis: An Interpretation Manual[END_REF], the relationship between porosity 143

The top sub-layer (0 -5 cm) contains a large amount of roots (31.2 % ± 4.3 %). Oppositely the root density is 144 much smaller (8.4 % ± 4.7 %) in the lower layer (5 -9 cm).

145 [START_REF] Macivor | Performance evaluation of native plants suited to extensive green roof 271 conditions in a maritime climate[END_REF] There was a drastic decrease of the organic carbon content between the initial substrate ([Ctot]S0 = 5.09 %) and 152 the average 4 years old substrate ([Ctot]S4 = 2.10 % ± 0.65 %) (Figure 4). Concentrations also varied 153 significantly as a function of soil cover, especially at the surface (0 -2 cm). The higher content was under the 154 sedum cover ([Ctot]S4-sedum = 2.87% ± 0.44%), then the moss cover ([Ctot]S4-moss = 2.62% ± 0.53%) and the bare 155 soil at last ([Ctot]S4-bare soil = 1.98% ± 0.57%). Changes in total carbon concentrations profiles were also observed 156 with a decrease from the surface to the depth for both sedum and moss covers (Figure 4). Oppositely, a small 157 increase was observed under bare soil for the 2-5 cm sub-horizon compared to the surface.

158

To explain the global decrease of organic matter over time, two hypotheses could be formulated that are 159 supported by a previous work [START_REF] Chow | An updated mutation spectrum in an Australian series of PJS 252 patients provides further evidence for only one gene locus[END_REF]). Indeed, peat materials are formed under specific conditions, very different from the GR environment. It appears especially that the temperature variations and the wet-dry 161 cycle effects strongly enhance the organic carbon mineralization. Nevertheless, maximum mineralization rate 162 that was measured under controlled conditions was around 1 g kg -1 over two months [START_REF] Chow | An updated mutation spectrum in an Australian series of PJS 252 patients provides further evidence for only one gene locus[END_REF]. Over 4 163 years, considering a constant intensity (which is unrealistic) it would correspond to a decrease of 2.4%, which is 164 below the observed 3% mentioned before. As a consequence, additional organic carbon dissolution and vertical 165 transfer probably happened in the GR following mechanisms that are described by [START_REF] Chow | An updated mutation spectrum in an Australian series of PJS 252 patients provides further evidence for only one gene locus[END_REF] and 166 [START_REF] Vodyanitskii | Organic matter of urban soils[END_REF]. Besides, some further consideration will be assessed below about particles transfer. Apart 167 from that, it can be suggested that the surface enrichment is basically due to and also depending on the 168 vegetation development.

169

In a very different way, nitrogen concentration increased over time between the initial substrate ([Ntot]S0 = 170 0.13%) and the average 4 years old substrate ([Ntot]S4 = 0.54% ± 0.20%) (Figure 4). Similar trends as for carbon 171

were observed: higher concentrations under vegetation (even if the nitrogen content was higher under moss than 172 under sedum) and decreasing concentrations from the surface to the bottom part of the substrates.

173

Organic matter mineralization is a logical explanation to explain nitrogen increase over time In all situations, the < 2 mm particles fraction were smaller after 4 years (12.5% ± 2.9%) than in the initial 181 substrate (18.2%) (Figure 4). Potential vertical transfer of fine particles leading to an accumulation on the 182 geotextile and an eluviation through the drainage layer has already been described [START_REF] Schwager | Emission of trace elements and retention of Cu and Zn by 288 mineral and organic materials used in green roofs[END_REF].

183

Despite that fact, the solid density was almost the same for S0 (2.84 g cm -3 ) than for S4 (2.85 g cm -3 ± 0.03 g cm - 184

3 ), suggesting an equal loss of all kind of substrate's constituents.

185

A very clear pattern, if not statistically tested, was observed under all soil covers on the aged GR. Indeed, there 186 was an enrichment of fine particles (< 2 mm) in the second sub-horizons (2 -5 cm) (14.6 % ± 2.3 %) compared 187 to the top sub-horizons (9.5 % ± 2.1 %) and the bottom horizons (13.9 % ± 0.5%) (Figure 4). The eluviation 188 process was the most pronounced in the bare soil, whereas it was the least visible under moss cover. Under 192

The novelty in our approach was the strategic sampling in three sub-horizons of the thick substrate layer. Indeed, The total porosity of S0 (0.45 cm 3 cm -3 ) was higher than for S4 (0.38 cm 3 cm -3 ± 0.02 cm 3 cm -3 ) (Figure 5). The 198 moisture at the field capacity indicated that the macroporosity remained almost constant over time (S0 = 0.26 199 cm 3 cm -3 ; S4 = 0.24 cm 3 cm -3 . The microporosity (calculated after the volumetric water content at permanent 200 wilting point) increased in S4 (0.12cm 3 cm -3 ) compared to S0 (0.07cm 3 cm -3 ). The decrease in total porosity was 201 mainly explained by the drastic decrease of mesoporosity between S0 (0.11cm 3 cm -3 ) and S4. Considering the 202 size of the sampling core and the shallow depth of the substrates, it was not possible to study the effect of depth 203 on such parameters.

204

These measurements indicated modifications of the structure and consequently an evolution of the association 205 between the particles of the substrates. Furthermore, such results suggested not only a small decrease of the 206 water holding capacity of the substrate with time as already highlighted [START_REF] Bouzouidja | Green roof ageing: quantifying the impact of substrate evolution 246 on hydraulic performances[END_REF]), but also a to a notably quick evolution. This is due to the disequilibrium between their parent materials and the 218 environmental forcing factors that lead to an internal response that induced a high-energy state of such artificial 219 media [START_REF] Séré | Early pedogenic evolution of constructed Technosol[END_REF]. This is the case for GR substrates that mix different particulate materials from various 220 origins, with much contrasted properties.

221

The preliminary results currently available, including the one presented here, suggest that there are concomitant 222 processes that happened with a significant intensity shortly after the substrate implementation. However, very 

  based on an in situ experimental GR plot settled in Tomblaine (north-east of France, 48°40'N 90

  130 and soil moisture explained by water content at field capacity (θFC), permanent wilting point (θPWP) vegetation on the different plots was fast during the spring and summer of the first year 136 (2011) and reached its plateau (between 90 and 95 %) in August 2011 (Figure 2). The most present sedum 137 plants were of different species, mainly: S. Spurium, S. Album and S. Floriferum with respectively 39, 26 and 138 21%.The plant diversity exhibited small changes that were not significant over time. During this time, mosses 139 have developed themselves punctually, without being measured. Our observations are coherent with those from 140 Nicholson (2004). They make a survey of the vegetation of a GR located in London area ten years after 141 establishment; they found that mosses were also frequent in the more open areas and north-facing orientation. 142 The Figure 3 presents three replicates of root profiles on S-sedum. Two distinct sub-layers are clearly visible.

  189sedum cover, the particles transfer was intermediate. The most probable assumption is that the fine particles 190 were eluviated from the surface by the rain. The presence of vegetation would limit the intensity of the process 191 by covering the soil surface and slowing down the velocity of the water flux.

  193 we performed previous tests, before the profile observations, by dividing only into two layers and only small 194 grain size's differences were visible as indicated by De-Ville et al.

  207 major decrease of the available water for plants in the aged substrate. This would require confirmation by 208 observation of the vegetation behaviour during drought events. time of physical and chemical properties have been noted in the GR substrates. Our results 212 are consistent with the existing literature cited above, but the soil science methodsobservation / adapted 213 sampling / measurementadded an explicit identification and quantification of the involved processes. Thus, 214 such pedogenic processes as organic matter transfer, transformation and degradation, fine particles eluviation, 215 and structure evolution have been highlighted in Technosols that are analogous to what happened in natural soils. 216 But, in accordance to what Leguédois et al. (2016) described, most of the Technosols are known to be submitted 217
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Figure 5: Evolution of the macro, meso and microporosity of the substrates over time 321