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Soil quality is related to soil characteristics such as fertility and contamination. The aim of this study is to assess
the effect of land use on these soil characteristics and to confirm the following anthropisation gradient: (i) forest,
(ii) grassland, (iii) cultivated, (iv) orchard and vineyard, (v) urban vegetable garden, and (vi) SUITMA (urban, in-
dustrial, traffic, mining andmilitary areas). A database comprising the characteristics of 2451 soils has been con-
stituted. In order to compare the topsoils from six contrasting land uses, a principal components analysis (PCA)
was performed on nine geochemical variables (C, N, pH, POlsen, total Cd, Cu, Ni, Pb, Zn). The first axis of the PCA is
interpreted as a global increase of topsoil metallic elements along the anthropisation gradient. Axis 2 reflects the
variability of fertility levels. Human activity increases the pressure on soils along the proposed gradient according
to six different distribution patterns. This better knowledge of topsoil quality and its dependence on current land
use should therefore help to manage and preserve the soil mantle.
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1. Introduction
Table 1
Main features of collected soils.

Research program Land use Number of sampling points

RMQS Forest 582
RMQS Agriculture-grassland 623
RMQS Agriculture-cultivated 820
RMQS Orchard and Vineyards 48
JASSUR Urban vegetable gardens 104
LSE database SUITMAs 274
Total 2451
The quality of a soil is defined as its ability to fulfill functions and
provide ecosystem services (Morel et al., 2014). Anthropisation, which
designates an effect resulting from “human activity” (El Khalil et al.,
2013), is often described as the main driver of ecosystemmodifications
(Vitousek et al., 1997), especially for biotopes like soil. The fertility level
and contamination of soils are generally considered to be two aspects of
soil quality. The modifications of the soil characteristics are dependent
on the human use of land. Land use concerns the products and/or ben-
efits obtained from use of the land, aswell as the landmanagement car-
ried out by humans to produce those products and benefits (Ellis and
Pontius, 2012). In this study, we will employ the term “land use” to de-
scribe the main type of human activity in each area. Land use involves
the management and the modification of the natural environment
through cultivation, urbanisation or industrialisation (El Khalil et al.,
2013), which differ with the intensity and the duration of human im-
pact (Morel et al., 2005a, 2005b). Urban soils differ from those in rural
areas by the scale and intensity of human impacts on soils (Bullock
and Gregory, 1991). Agriculture and forestry are often considered as
having little disturbing effects on soil, whereas urban and industrial ac-
tivities could potentially involve organic and inorganic pollution causing
a significant alteration of physical, geochemical, and biological proper-
ties (Norra et al., 2006; Schwartz et al., 2001). In previous studies, Cd
and Pb contaminations were often observed in community gardens or
kitchen gardens (Douay et al., 2008; Mitchell et al., 2014). Urban soils
are often characterised by high pH values as well as a large amount of
coarse materials and soil organic matter, which influence porosity dy-
namics (Nehls et al., 2006). Therefore, all land uses do not have the
same effect on soil quality. These effects vary in function of the fre-
quency and intensity of corresponding human activities. Also, the ability
of soils to provide such functions as vegetation and biodiversity support,
filter and exchange, is modified by land use. However, to our present
knowledge, no study has explored how a complete range of contrasting
land uses influences topsoil chemistry. Saby et al. (2009) and Arrouays
et al. (2011) have investigated the spatial patterns of the topsoil charac-
teristics, but their work mainly focused on forest, agriculture and per-
manent crops. In contrast, the aim of this work is to establish the
status of topsoil quality and its factors throughout France along an orig-
inal land use gradient. According to the differences in intensity and fre-
quency of human activities, we propose to test the existence of a soil
anthropisation gradient from forest–grassland–cultivated–orchard and
vineyard–vegetable urban garden to SUITMA (urban, industrial, traffic,
mining andmilitary areas). SUITMA are the ultimatemembers of a con-
tinuum characterised by increasing human influence, ranging from soils
not or only slightly affected by human influence to agricultural lands to
urban soils where the human imprint is maximum and where natural
features have often disappeared (De Kimpe and Morel, 2000). The
SUITMA group comprises soils used for the mining industry, solid and
liquid waste dumping, as well as habitation and road construction. It
should also be mentioned that garden soils are excluded here from the
SUITMA category and constitute a separate land use. Indeed, there is
no consensus about garden soils, which are often considered as culti-
vated soils with intensive management (e.g. McDonald and Balasko,
2003). For this study, rural gardens, rural market gardens, ornamental
gardens and kitchen gardens have been skipped, and thus only urban
vegetable garden soils from allotments have been considered.

Thanks to the existence of the national soil quality monitoring net-
work based on a systematic grid over the entire French metropolitan
territory (RMQS), the French national survey of garden soils (JASSUR-
ANR) and data collected over 20 years on SUITMAs at the LSE research
unit (Laboratoire Sols et Environnement, UMR 1120 University of
Lorraine-INRA) (Lefort, 2009; Lefort et al., 2006), a comparative study
of topsoil characteristics (pH, carbon (C) and nitrogen (N), available
phosphorus (POlsen), and total trace metals) is put forward to assess
the anthropisation gradient, using a multivariate statistics
methodology. Our objective is to confirm the increase in total element
concentration with the intensification of human activities along an
anthropisation gradient. As for the fertility parameters in agricultural
soils, two possibilities are considered: (i) an increase due to the use of
fertilisers for plant biomass production, or (ii) a decrease induced by
cultivation. We also hypothesise that even though the different data
sets have quite distinct distributions, it is feasible to handle and inter-
pret soil data in order to obtain further knowledge about soil quality de-
pending on land use. The global characteristics of French topsoils will be
discussed and compared according to land uses, without accurate agro-
nomic interpretations and without taking into account successive land
uses at a given point. The resulting implications for the development
of soil quality indicators and for themanagement of French soils accord-
ing to land use, will be discussed.

2. Materials and methods

The data pertain exclusively to the characteristics of topsoils (up to
30 cm) and do not concern deeper layers of soil profiles. The proposed
gradient refers to varying land use: forest–grassland–cultivated–or-
chard and vineyard–urban vegetable garden–SUITMA (urban, indus-
trial, traffic, mining and military areas). The first five land uses
proposed in this gradient are exclusively dedicated to plant growth, al-
though the last land use includes several human activities which could
possibly impact plant biomass production.

2.1. Soil characteristic dataset

The dataset of 2451 topsoils has been built by gathering together
data collected in the framework of distinct research programs carried
out with different sampling strategies (Table 1). The different sampling
approaches were developed in order to collect soil samples representa-
tive of French soils.

2.2. RMQS

The RMQS database (Arrouays et al., 2002) primarily consists of
2146 observations of soil properties on a 16-km regular grid across
the 550,000 km2 French metropolitan territory. If it was not possible
to sample the selected site (e.g. in urban areas, in rivers or on roads)
an alternative adjacent cultivated or undisturbed location within a 1-
km radius was selected. Where this was not possible, the cell was omit-
ted from the survey. This baseline survey of the RMQSwas completed in
2009. At each site, 25 individual core samples were taken from the top-
soil (0–30 cm) layer, using an unaligned sampling design within a
20 × 20-m area. The 0–30 cm layer was chosen to ensure consistency
with existing surveys and because in France 30 cm is the maximum
depth at which topsoil is generally affected by plowing. Core samples
were bulked to obtain a composite sample for each site.

2.3. Garden soil database: JASSUR research program

The garden soils database exclusively concerns vegetable gardens
from allotment sites. An allotment site contains several gardens, each
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being managed by one gardener. Gardening is a very common practice
in many industrialised and developing countries. In France, allotment
gardens cover more than 200,000 ha (INSEE, 1993), and many of them
are situated at the interface between agricultural, industrial and urban
areas (Chenot et al., 2012). Garden soils are soils located in urban, sub-
urban or industrial areas with the purpose of plant biomass production.
This variety of locations is entailed by the diversity of gardens and rep-
resents a challenge when conducting a systematic data collection
(Dewaelheyns et al., 2013). A SOJA-ADEME bibliography (2010), was
conducted on gardens soils in order to determine the current state of
knowledge and how to study them on the French territory. Garden
soils have been considered to be influenced by seven factors (Chenot
et al., 2012): urbanisation (e.g. urban, rural, peri-urban) (Schroeder
et al., 1987), age and sex of the gardener (INSEE, 1993), gardening prac-
tices (Crößman and Wüsteman, 1992; Schwartz, 1993), socio-
professional category of the gardener, types and relative shares of pro-
ductions, climate and age of the garden (Putegnat, 2001). Among
these factors, two are independent of the garden: climate and urbanisa-
tion. Allotment sites were selected according to these two independent
influence factors of the gardens.

To assess the variability of gardens, allotment siteswere chosen from
different urban contexts under contrasting climates in order to investi-
gate the range of variation in age, plot size and gardeners. Three urban
areas were selected: Marseille, Nancy and its surrounding area and
Nantes.Marseille is located in south-eastern France, bordering theMed-
iterranean Sea. This zone is characterised by a Mediterranean climate
with a warm, dry summer surrounded by two wet seasons. The area
of Greater Nancy is located in north-eastern France. The climate is
semi-continental with a strong thermic contrast between summer and
winter. Summers are warm and humid and winters are cold and
snowy. Nantes is located in western France, close to the Atlantic Ocean
and is characterised by an oceanic climate. There is little contrast be-
tween winters, rainy and mild, and summers, cool and humid. Rainfall
is low but regular. Inside urban areas, allotments sites were chosen ac-
cording to land use typology (residential, industrial, semi-natural).
This typology was defined considering the level of urbanisation 500 m
around each allotment site based on the annotations of a land cover car-
tography (prepared using satellite images): Corine Land Cover 2006
Level 3 (Bossard et al., 2000): “Residential”, when the site includes
more than 70% artificial areas (for example: continuous or discontinu-
ous building, road, airports); “Industrial”, more than 30% of the surface
area is used for industrial purposes, “Mixed”, when the area around al-
lotment sites is composed of more than 30% of semi- natural or natural
elements. In total, 104 gardens, belonging to 26 allotments sites, were
investigated (36 in Marseille, 33 in Greater Nancy, 35 in Nantes).
Twenty subsamples of cultivated topsoils (0–20 cm mostly depending
on the depth affected by plowing) were collected from the cultivated
area of each garden. The elementary samples were mixed and
homogenised to obtain one representative sample for each garden.

2.4. SUITMA database

The SUITMA database is a compilation of several research programs
on Soils of Urban, Industrial, Traffic, Mining and Military Areas carried
out over the last twenty years. SUITMAs include soil frommining, liquid
or solid waste deposits, roads or dwellings. Data from spontaneous for-
est developed on brownfield are thus classified in the category of
SUITMAs, although the vegetation is typical of a forest. Indeed, the
main human activity on this site is for the delivery of industrial steel
waste over the last two centuries, thereby explaining its brownfield sta-
tus. It should also be noted that garden soils are excluded from the
SUITMAs category here and form a separate use class. Unlike RMQS da-
tabases, SUITMAs do not result from a monitoring study conducted on
the French territory scale, but through a design based sampling proce-
dure. Nevertheless, this is the only available database for such anthropo-
genic soils. These 274 topsoils (mean depth of 30 cm) were sampled
mostly (58%) in the Eastern (Lorraine and Champagne-Ardenne) and
Northern (Nord-Pas de Calais and Picardie) regions of France. The
other soils come from studies conducted in Paris or in the South of
France (Midi-Pyrénées, Rhône-Alpes, Lozère).

2.5. Soil analysis

2451 soil samples fromall the datasetswere air-dried, disaggregated
and sieved at 2 mm. Soil analysis was performed by a certified labora-
tory for soil analysis (Laboratoire d'analyse des sols-INRA, Arras,
France) according to the following standard methods. The parameters
retained for comparison between soils use were: pHwater (NF ISO
10390), organic carbon (C) and total nitrogen (N) (NF ISO 10694), avail-
able phosphorus (POlsen) for plants (Olsenmethod; NF ISO 11263), total
trace metals after HF dissolution (Cd, Cu, Ni, Pb and Zn; extraction HF;
NF EN ISO 17294-2, NF ISO 22036).

C, N, pH and POlsen were selected as main indicators of soil chemical
fertility and were available data for all the studied databases. These pa-
rameters allow assessing the ability of the soil to supply mineral ele-
ments for the growth and development of plants. Cd, Cu, Ni, Pb and Zn
total concentrations inform about the level of contamination by trace el-
ements. They are often related to anthropisation and are representative
for toxic and/or nutritive elements.

2.6. Statistical analysis

In order to compare topsoils of the six land uses: forest–grassland–
cultivated–orchard and vineyard–garden–SUITMA, a principal compo-
nents analysis (PCA) was performed on geochemical variables. The
nine variables used for the PCA were: C, N, pH, POlsen, Cd, Cu, Ni, Pb
and Zn. Secondly, we compared the topsoil characteristics of land uses
for each geochemical variable. As geochemical data did not match the
basic assumptions of normality and homoscedasticity required for para-
metric statistics (Wilk–Shapiro test at significant level of p = 0.05), we
used the Wilcoxon Rank-Sum test to compare these data. No log-
modification has been carried out. All statistics were performed using
the “FactoMineR” module of the R software.

The database shows a huge variability, especially for heavy metal
contents in SUITMAs. In order to preserve global information,we choose
to keep all values from the databases, including outliers. In contrast, this
variability involves a log-modification of data for the PCA. On the other
hand, as extreme values and arithmetic means are of low significance in
this study, this information is not included in the boxplot figure. Like-
wise, only median or percentiles are discussed in this study.

3. Results

3.1. Multivariate analysis (principal component analysis)

A principal component analysis was run on log-modified geochemi-
cal data (Fig.1). The first two axes represented 63% of the total variabil-
ity. Axis 1 accounted for 45% of total variance and was correlated with
Cd, Cu, Ni, Pb and Zn. This axis represented the increase in topsoil
metal concentration. The second axis accounted for 18% of total variance
and was correlated with C and N and to a lesser extent with pH,
representing soil fertility.

3.2. Variation of soil fertility parameters

Total organic C contents were by far the lowest in the orchard and
vineyard topsoils with a median value of 0.90% (Fig.2). The highest
Corg concentrations were measured in the following topsoils: grassland
(2.48%), garden (2.62%), forest (2.68%) and SUITMAs (3.73%). Cultivated
topsoils present intermediate values of around 1.49%.

Total N contents are significantly lower in the orchard and vineyard
topsoils with a median value of 0.09% (Fig.3). Median concentrations



Fig. 1. Graphic display of the first two axes of the principal component analysis on the global topsoil characterisation dataset. Labels correspond to 9 geochemical variables (log-modified
data). (a) Representation of variables on the first two axes with the percentage of inertia for each axis. (b) Representation of observations on the first two axes depending on land uses.
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rise from forest (0.17%) to gardens (0.19%) and to grassland soils
(0.24%) with significant differences. SUITMAs topsoils have an interme-
diate median of total N content (0.15%) with no significant differences
except for grassland, orchard and vineyard soils.

Significant differences in pH median were measured with an in-
crease in values along the land use gradient up to orchard and vineyard
soils (Fig.4). No significant difference is observable between these soils
and SUITMA topsoils. Garden soils exhibit a lower pH median than or-
chard and vineyard soils. Median values range from 4.9 (forest) to 8.2
(vineyard and orchards). Topsoils aremainly acidic in forests and grass-
lands, mainly basic in orchards, vineyards, gardens and SUITMAs. Culti-
vated agricultural topsoils are distributed around neutral pH values
with a median of 7.0 and SUITMAs sometimes present very acidic pH
values with a 95th percentile at 5.4.

The lowestmedian concentration of POlsen is measured in forest soils
(0.006‰), while the highest median (30 times the lowest concentra-
tion) occurs in garden topsoils (0.183‰) (Fig.5). Two categories of top-
soils, grassland (0.031‰), orchard and vineyard (0.035‰) fall between
those extremes and SUITMAs topsoils (0.045‰) constitute an undiffer-
entiated group. Cultivated agricultural soils present significantly higher
POlsen concentrations than those from the latter group, but are
Fig. 2. Distribution of total organic carbon in French topsoils according to land use: forest
(n = 582), grassland (n = 623), cultivated (n = 820), orchard and vineyard (n = 48),
urban vegetable garden (n= 104) and SUITMA (n= 229). Band inside the box represent
themedian. Bottom and top of the box are the first and third quartiles. The whiskers indi-
cate the lowest datumwithin 1.5 interquartile range of the lower quartile, and the highest
datumwithin 1.5 interquartile range of the upper quartile. Lower case letters indicate sig-
nificant differences between land use.
significantly lower than for garden soils. Extremely high values in the
95th percentile have to be mentioned for gardens (0.460‰) and
SUITMAs topsoils (0.455‰).

3.3. Soil mineral contamination parameter distribution

Total Cd concentrations increased along the gradient of land uses,
except for orchard and vineyard topsoils (median of 0.18 mg·kg−1)
(Fig.6). The median values are successively 0.13 (forest), 0.19 (grass-
land), 0.24 (cultivated), 0.34 (garden) and 1.30 mg·kg−1 (SUITMAs).
Extreme values, in the 95th percentile reaching 162mg·kg−1, were re-
corded for SUITMAs.

Total Cu concentrations also increased along the gradient of land use,
except for cultivated topsoils (14.0 mg·kg−1), which presented a lower
median than grassland topsoils (16.2 mg·kg−1) (Fig.7). No significant
difference in median is observed between orchard and vineyard
(63.6 mg·kg−1), garden (38.5 mg·kg−1) and SUITMAs
(43.3 mg·kg−1) topsoils. For the first three land uses, the median in-
creased by 1.2 to 1.8 times from land use to land use, while there was
a difference of 4.5 fold between cultivated agricultural soils and orchard
and vineyards soils.
Fig. 3. Distribution of total nitrogen in French topsoils according to land use: forest (n =
582), grassland (n = 623), cultivated (n = 820), orchard and vineyard (n = 48), urban
vegetable garden (n = 104) and SUITMA (n = 219). Band inside the box represent the
median. Bottom and top of the box are the first and third quartiles. The whiskers indicate
the lowest datum within 1.5 interquartile range of the lower quartile, and the highest
datumwithin 1.5 interquartile range of the upper quartile. Lower case letters indicate sig-
nificant differences between land use.



Fig. 4.Distribution of pH in French topsoils according to land use: forest (n= 582), grass-
land (n = 623), cultivated (n = 820), orchard and vineyard (n = 48), urban vegetable
garden (n=104) and SUITMA (n= 249). Band inside the box represent themedian. Bot-
tom and top of the box are the first and third quartiles. The whiskers indicate the lowest
datumwithin 1.5 interquartile range of the lower quartile, and the highest datumwithin
1.5 interquartile range of the upper quartile. Lower case letters indicate significant differ-
ences between land use.

Fig. 6. Distribution of total cadmium in French topsoils according to land use: forest (n=
582), grassland (n = 623), cultivated (n = 820), orchards and vineyard (n = 48), urban
vegetable garden (n = 104) and SUITMA (n = 261). Band inside the box represent the
median. Bottom and top of the box are the first and third quartiles. The whiskers indicate
the lowest datum within 1.5 interquartile range of the lower quartile, and the highest
datumwithin 1.5 interquartile range of the upper quartile. Lower case letters indicate sig-
nificant differences between land use.
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SUITMA topsoils showed the highest median of total Ni content
(22.6 mg·kg−1), with no significant differences except for cultivated
(19.4 mg·kg−1) and forest (15.5 mg·kg−1) topsoils (Fig.8). Differences
between land uses were slight, with a maximum increase of 1.4 fold.

Medians of total Pb concentrations were lower in forest
(28.5 mg·kg−1), grassland (30.6 mg·kg−1), cultivated
(25.4 mg·kg−1) and orchard and vineyard (26.9 mg·kg−1) topsoils,
with no significant difference except for agricultural cultivated soils
(Fig.9). Significant differences are observed between these soils, gar-
dens (74.6 mg·kg−1) and SUITMAs (415.1 mg·kg−1), which present
significantly highermedians. In addition, SUITMAs presentedmore pro-
nounced differences to other soils as medians are respectively 5.6 and
15 times lower in garden and orchard and vineyards, while the differ-
ence between these two soils is only 2.8 fold. Moreover, SUITMAs pre-
sented the widest distribution of values and 5% of total Pb
concentrations were higher than 39,825 mg·kg−1.
Fig. 5.Distribution of available phosphorus (Olsenmethod) in French topsoils according to
land use: forest (n = 582), grassland (n = 623), cultivated (n= 820), orchard and vine-
yard (n= 48), urban vegetable garden (n= 104) and SUITMA (n= 173). Band inside the
box represent the median. Bottom and top of the box are the first and third quartiles. The
whiskers indicate the lowest datum within 1.5 interquartile range of the lower quartile,
and the highest datumwithin 1.5 interquartile range of the upper quartile. Lower case let-
ters indicate significant differences between land use.
Total Zn concentrations (median) significantly increased along the
land use gradient, except for cultivated soils (60.0 mg·kg−1), which
present lower median than grassland soils (73.4 mg·kg−1) (Fig.10).
Median concentrations for orchard and vineyard (55.2 mg·kg−1) soils
were not significantly different from the first three land uses. SUITMAs
presented 5.9 times higher Pb values compared to orchards and
vineyards, while the Pb median in gardens was only 2.4 times higher
than orchards and vineyards. SUITMAs again presented the widest dis-
tribution of values with 5% of total Zn concentration were higher than
35,590 mg·kg−1.
Fig. 7. Distribution of total copper in French topsoils according to land use: forest (n =
582), grassland (n = 623), cultivated (n = 820), orchard and vineyard (n = 48), urban
vegetable garden (n = 104) and SUITMA (n = 238). Band inside the box represent the
median. Bottom and top of the box are the first and third quartiles. The whiskers indicate
the lowest datum within 1.5 interquartile range of the lower quartile, and the highest
datumwithin 1.5 interquartile range of the upper quartile. Lower case letters indicate sig-
nificant differences between land use.



Fig. 8. Distribution of total nickel in French topsoils according to land use: forest (n =
582), grassland (n = 623), cultivated (n = 820), orchard and vineyard (n = 48), urban
vegetable garden (n = 104) and SUITMA (n = 261). Band inside the box represent the
median. Bottom and top of the box are the first and third quartiles. The whiskers indicate
the lowest datum within 1.5 interquartile range of the lower quartile, and the highest
datumwithin 1.5 interquartile range of the upper quartile. Lower case letters indicate sig-
nificant differences between land use.

Fig. 10.Distribution of total zinc in French topsoils according to land use: forest (n=582),
grassland (n= 623), cultivated (n= 820), orchard and vineyard (n= 48), urban vegeta-
ble garden (n = 104) and SUITMA (n = 262). Band inside the box represent the median.
Bottom and top of the box are the first and third quartiles. The whiskers indicate the low-
est datum within 1.5 interquartile range of the lower quartile, and the highest datum
within 1.5 interquartile range of the upper quartile. Lower case letters indicate significant
differences between land use.
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4. Discussion

To our knowledge, no systematic national inventory has explored
the extent towhich soils under different and contrasting land uses pres-
ent significantly different chemical characteristics. The results confirm
the gradient introduced by Saby et al. (2011, 2008) for forest and vari-
ous agricultural land uses in the RMQS network. The complementary
approachwe propose, using two additional databases, allows the detec-
tion of soil fertility and contamination differences across a wider range
of land uses, including urban and industrial sites, which are not repre-
sented in the RMQS data because of the systematic 16 km2 grid. The
concept of an anthropisation gradient is thus demonstrated and
Fig. 9.Distribution of total lead in French topsoils according to land use: forest (n= 582),
grassland (n= 623), cultivated (n= 820), orchard and vineyard (n= 48), urban vegeta-
ble garden (n = 104) and SUITMA (n= 221). Band inside the box represent the median.
Bottom and top of the box are the first and third quartiles. The whiskers indicate the low-
est datum within 1.5 interquartile range of the lower quartile, and the highest datum
within 1.5 interquartile range of the upper quartile. Lower case letters indicate significant
differences between land use.
quantified through a comparison of all the topsoil characteristics. The
results highlight the main characteristics of topsoils relating to the
major land uses occurring in France. Soil characteristics are mainly sig-
nificantly different from one land use to the other inside a continuum
of soil fertility and contaminant parameters over the national soil
mantle.

The results showed six different distribution patterns of soil charac-
teristics as a function of land use. (1) Higher pH levels are found in
anthropised soils than in forests soils. Soils cultivated for food produc-
tion (cultivated, orchards and vineyards, garden soils) exhibit neutral
or alkaline pH as a result of human input (e.g. lime). In urban and
industrialised areas, alkalinisation is mainly induced by waste input
and dust deposits (e.g. gravel, rubble, concrete) (Morel et al., 2005a,b;
Rokia et al., 2014). (2) The addition of pesticides and fertilisers to soils
(Belon et al., 2012; Saby et al., 2011) and atmospheric fallout from traffic
induce metal contamination (El Khalil et al., 2008; Wong et al., 2006),
which contributes to the gradual increase from forest land use to
more anthropised land uses. Total Cd, Pb and Zn concentration increases
exponentially especially from (peri)urban contexts with differences be-
tween urban gardens and SUITMAs. This inorganic contamination is re-
lated to human activities like mining, the spreading of liquid and solid
wastes, or building and road construction, which dramatically affect
the composition of anthropogenic soils (Scharenbroch et al., 2005).
(3) Two groups of land uses showed a contrasting total Cu concentra-
tion in topsoils: i) forest and agricultural soils, and ii) the soils of or-
chards, vineyards, gardens, and urban and industrial areas. For the
latter, significantly higher concentrations of Cu in topsoils can be ex-
plained (i) by intensive plant health practices (orchards, vineyards, gar-
den soils), and (ii) by the addition of contaminated wastes or by-
products to soils (urban and industrial areas); (4) available P increased
along the anthropisation gradient (except for orchards and vineyards)
and was highest in garden soils as a result of high inputs of fertilisers
in vegetable gardens (Wivstad et al., 2005); (5) Total C and N in topsoils
were the highest at both ends of the anthropisation gradient (forest =
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grassland N cultivated N orchard and vineyard b garden= SUITMA). Ex-
cept for SUITMAs, C and N concentrations are related to the incorpora-
tion of organic matter (forest litter or organic amendments in
agriculture) and mineral fertilisers (agriculture, gardens). Enhanced C
and N concentrations in SUITMAs result from the incorporation of
wastes and by-products from human activity (e.g. composts, green
wastes, sludge); (6) the last distribution pattern is specific to Ni,
whose concentration is not discriminated along the land use gradient.
In previous studies, the relationship between total Fe and trace metals
has allowed local variations in the natural pedo-geochemical back-
ground content to be detected and thus permitted the anthropogenic
contamination to be estimated (Baize and Sterckeman, 2001). This
ratio is constant in the environment andhas frequently highlighted con-
taminations in Cd, Cu, Pb and Zn. In contrast, generally speaking, Ni is
correlated to the geochemical background (Bourennane et al., 2010;
Sterckeman et al., 2006). Also, total Ni contaminations are very confined
and are not detectable on a national scale (Gis Sol, 2011). In order to as-
sess Ni contaminations, extractible Ni would provide more useful data.
Probable contaminations have been reported in some areas of France
(e.g. in the North), where values in extractible Ni are enhanced (Gis
Sol, 2011).

The effect of anthropisation on soil quality generally increased nutri-
ent concentrations (especially P) and soil contamination with metals
(e.g. Pb). Cu contamination even occurred in soils dedicated to food pro-
duction (in orchards, vineyards and gardens). If anthropogenic soils are
contaminated with trace metals, sometimes showing extreme anoma-
lies, these topsoils are mainly the most alkaline ones and present high
organic matter concentrations, limiting the mobility and availability of
metals. A study previously conducted in allotments and vegetable gar-
dens has shown that food grown in urban areas presented minimal
risk except for highly exposed individuals, especially infants (Hough
et al., 2004). In contrast, some anthropogenic soils included in SUITMAs
have a very acidic pH with high heavy metal content, which could in-
volve risk for the human health.

A better knowledge of topsoil quality and its dependence on current
land use must therefore help in the management and preservation of
the soil mantle. For this purpose, Cu, Pb or Zn, POlsen concentrations
and pH levels could be selected as indicators. More than C or N, the
main difference between topsoils in forests and grasslands is induced
by pH, which is more acidic in forests (mostly b5) than in grasslands
(50% of topsoils have a pH between 5 and 6). Cultivated soils present
an overfertilisation in P and a neutral pH. Topsoils in orchards and
vineyards are characterised by a high content in Cu, a neutral pH and
low content in POlsen. In garden soils, all parameters are discriminant
due to their high values. A subfertilisation in phosphorus is very charac-
teristic of garden topsoils. Finally, SUITMA topsoils are mostly
characterised by high contents in total Cu, Pb and Zn. Others parameters
are not very discriminant due to the huge variability among SUITMAs. In
fact, for SUITMAs, the presence of extreme values, which are usually
considered as outliers, can be considered as an indicator.

Among SUITMAs, there seems to be distinct influences of
anthropisation on urban soil characteristics, induced by the type of
urban land use. As well as urban vegetable gardens, whichwere studied
separately from SUITMAs, a future study would be needed to discrimi-
nate the different industrial and urban land uses included in this group.

5. Conclusion

Our results show a gradient of soil anthropisation from forest,
agriculture-grassland, agriculture-cultivated, orchards and vineyards,
urban vegetable gardens to urban, industrial, traffic,mining andmilitary
areas with an increase of metal contamination in Cd, Cu, Pb and Zn, in
pH and available P. In contrast, land use has no effect on topsoil Ni con-
centration. For C and N, changes are mostly induced by cultivation. An
increase in C is observed in garden soilswhich are intensively cultivated,
and a decrease is observed in cultivated, vineyard and orchard soils. Cu,
Pb, POlsen concentrations and pH levels could be selected as indicators of
the anthropisation gradient.

Our study illustrates the value of aggregate databases concerning
soil geochemical characteristics -even with distinct distributions
approaches- in furthering our knowledge of soil quality.
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