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Land management aiming to sustain ecosystem services is an important issue, especially in biodiversity
hot spots such as found in Mediterranean areas. In Mediterranean areas, viticulture is an important land
use. Vineyards are frequently found on inherently poor soils and are submitted to intensive management
practices, which threaten soil functioning and associated ecosystem services. To encourage winegrowers
and stakeholders to be reflective and adapt their vineyard practices, we evaluated the effects of three soil
management practices (inter row plant cover duration, weeding and fertilization strategies) on soil func-

g}l/g:gzis soil tioning in 146 commercial plots distributed in Southern France, by a complementary set of biological and
Vine physico-chemical indicators. We used the concept of soil dynamic quality to evaluate some soil manage-
Soil health ment practices on soil functioning. The influence of inherent soil properties derived from pedogenesis on
Cover crop soil dynamic indicator response was accounted for by considering the response of soil indicators for three
Agronomy soil groups differing in their stoniness and Ca carbonate content. The three soil management practices
Weeds systematically influenced some nematode-based indicators, whereas other indicators were ascribable

to a specific soil type or practice. We demonstrated that the potential of soil management practices to
enhance soil functioning is restricted by soil type. In particular for calcareous soils, the soil functioning is
very stable limiting effects of soil management practices. The presence of a cover crop, even temporary, in
the inter row, is the only practice which benefits soil functioning whatever the soil type whereas organic
fertilization and chemical weeding exhibit contrasting results on soil functioning.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Viticulture is an important economic activity and a cultural
legacy in many Mediterranean regions around the world (Jones
et al., 2005). Ecosystem services provided by Mediterranean vine-
yards are particularly threatened, because soil functions are often
impaired by yearly-repeated intensive agricultural practices for
vine vigour control or weed and pest management. Soil erosion, soil
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organic matter (SOM) depletion, compaction, pollution, and loss of
biodiversity are regularly cited in the literature (Chaignon et al.,
2003; Chopin et al., 2008; Coulouma et al., 2006; Komarek et al.,
2010; Le Bissonnais et al., 2007; Martinez-Casasnovas et al., 2009;
Raclot et al., 2009, Polge de Combret-Champart et al., 2013). More-
over, the Mediterranean climate is characterized by severe summer
drought with violent storms promoting soil degradation (Gonzalez-
Hidalgo et al., 2007; Ruiz-Colmenero et al., 2011), erosion and
run-off to surface waters. The boom of organic viticulture (Stolz
and Schmid, 2007; Schmid et al., 2011) and more generally the
increased demand for wine products with a smaller environmen-
tal footprint (e.g. reduced loss of nutrients, lower net greenhouse
gas emissions, less energy use and pollution), underscore the need
to enhance soil organic matter (SOM) content and consequently
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ecosystem services. The concept of soil quality, defined by Doran
and Parkin (1994) as “the ability of a soil to function within
ecosystem boundaries to sustain biological productivity, maintain
environmental quality, and promote plant and animal health”, is
central in the notion of ecological intensification to achieve sus-
tainable yields (Cassman, 1999). It is nowadays commonly used
in response to concerns about the contribution of soil functioning
to ecosystem services (Bispo et al., 2011). Two different aspects of
soil quality are distinguished (Karlen et al., 1997; Wienhold et al.,
2004): (i) inherent (or use-invariant) soil quality and (ii) dynamic
soil quality. The former is intimately linked to pedogenetic pro-
cesses and associated soil types and climates, whereas the latter
refers to agricultural practices affecting soil functioning and applies
to the surface layer (the first 0-30 cm of soil (Karlen et al., 2003)).
Both aspects can be estimated by measurable physico-chemical and
biological indicators (Salome et al., 2014).

Vineyard management includes diverse agricultural practices,
which all affect soil functioning. Mechanical weeding, for instance,
can decrease the soil organic carbon (SOC) content (Mazzoncini
etal,2011;Sixetal., 1999), induce physical degradation of vineyard
soils (Coulouma et al., 2006), or modify soil biological communities
at different trophic levels (Sanchez-Moreno et al., 2006; Schreck
et al., 2012). Conversely, soil amendment or organic fertilization
improves soil structure and SOM content (Pérés et al., 1998; Navel
and Martins, 2014), with contrasting results depending on both
quantity, and quality of the organic matter applied (Navel and
Martins, 2014). Plant cover in vineyards contributes to essential
services such as water infiltration, carbon sequestration, nutrient
supply and retention, and reduction of soil erosion (Mazzoncini
et al., 2011; Peregrina et al., 2010; Ruiz-Colmenero et al., 2013;
Smith et al., 2008; Steenwerth and Belina, 2008b). Wine growers
in Mediterranean regions are nevertheless reluctant to use cover
crops, due to concerns about water competition between cover
crops and grapevines (Celette et al., 2009; Celette and Gary, 2013;
Tesic et al., 2007) even if in the last years the use of intercrop-
ping has increased in Mediterranean vineyards (Mercenaro et al.,
2014). Trade-offs between competition for resources and services
provided by cover crops have to be reduced (Ruiz-Colmenero et al.,
2011) through adapted cover crop management. Dynamic soil qual-
ity monitoring, using responsive indicators adapted to the local
soil type and climate, could help to fine-tune management prac-
tices aiming to optimize soil functioning. Soil quality monitoring
is a promising component of innovative and flexible soil manage-
ment strategies that would respond to the complexity of vineyard
soils and practices combined with climatic constraints (Ripoche
et al., 2010). Recent developments in soil biology and ecology con-
tribute to the evaluation of soil quality, as they offer new and
complementary dynamic indicators to the classical, chemical indi-
cators of soil functioning (Coll et al., 2011; Probst et al., 2008;
Steenwerth and Belina, 2008a; Virto et al., 2012; Salome et al.,
2014).

While land management is reasoned at the landscape or farm
level (Herrick, 2000), most soil quality evaluations are point-based,
which reduces their usefulness for land management. Winegrow-
ers have the additional concern of tailoring their land management
to the specificities of their Terroir (Van Leeuwen et al., 2004), which
are partly based on inherent soil quality derived from pedogenesis.

The objective of our study was to evaluate the influence of
soil management practices on soil quality in Languedoc-Roussillon
vineyards of Southern France, in order to encourage winegrowers to
be reflective and adapt their own practices to achieve environmen-
tal, social and economic sustainability. The soil quality concept is a
useful framework to discuss soil management practices in the con-
text of agroecological paradigms. In a previous study in the same
region, Salome et al. (2014) measured the values of 23 soil indi-
cators on a large number of vineyard plots, in order to produce

a precise and comprehensive reference dataset of soil dynamic
quality. The mean value and range of these indicators were pre-
sented for the different soil groups found in the studied region.
In the present study, we focused on the effects of farming prac-
tices according to soil groups. We selected the three practices
that were most commonly cited by surveyed winegrowers, and for
which strongly contrasting strategies were observed: (i) inter-row
plant cover, which could be inexistent, temporary or permanent;
(ii) weeding, which could be chemical, mechanical or replaced by
mowing; and (iii) fertilization, which could be based on organic or
mineral compounds. We thereafter considered these strategies as
different proxies of soil perturbation intensity like in Cluzeau et al.
(2012). Finally, we analyzed the response of 23 physical, chemical
and biological indicators of dynamic soil quality to these manage-
ment options, in 146 vineyard soils clustered into three soil groups
according to their inherent soil quality.

2. Materials and methods
2.1. Localization and sampling

In a previous study, Salome et al. (2014) described 164 vine-
yard plots representative of the heterogeneity of landscapes and
management practices in the Languedoc Roussillon region (France),
which were sampled between March and May 2009. We encour-
age readers to refer to Salome et al. (2014, Fig. 1) for a map with
details of studied areas. We ensured from winegrowers that all
plots were conducted with the same management during the 5
years preceding the sampling year. None of the selected plots were
irrigated. The initial dataset of Salome et al. (2014) is reduced
to 146 plots for the present study. Indeed, the 18 plots from
the Aigues Mortes zone (43°36'27"N, 2°46'14”E, Arenosols, WRB
soil classification) included in the dataset of Salome et al. (2014)
were not selected in the present study because management prac-
tices were specifically adapted to this particular soil type (with
saline, alkaline and sandy soils) and therefore insufficiently con-
trasted in terms of practices. In the present study, the 146 selected
vineyard plots are located around the towns of Jonquiére Saint Vin-
cent (43°49'38"N, 4°33'48”E, mainly Red Grenache and Syrah with
double Royat cordon trellising, and Rhodic Luvisol), Montagnac
(43°28'50”N, 3°29'02"E, a variety of cultivars, dominated by White
Picpoul and Red Syrah with double Royat cordon vine training,
Calcisols), Faugéres (43°33’57”N, 3°11’19”E, mainly Red Grenache,
Syrah and Carignan with Gobelet and double Royat cordon, Cam-
bisols), Lesquerde (42°48'01”N, 2°31’47”E, mainly Red Syrah and
Carignan with a dominance of Gobelet, double Royat cordon and
simple Guyot, Arenosols), Saint-Hippolyte-du-Fort (43°57'56”N,
3°51'28”E, mainly Red Grenache conducted with double Royat
cordon, Calcisols), Saint-Victor-la-Coste (44°03'38”N, 4°38'29"E,
mainly Red Syrah, Carignan and Cinsault with exclusively double
Royat cordon, Calcisols), Terrats (42°36'27"N, 2°46'14”E, a variety
of cultivars with a dominance of White Muscat and exclusively Gob-
elet and double Royat cordon, Luvisols and Cambisols) and Vergéze
(43°44’37"N, 4°13'14”E, mainly Red Cabernet Sauvignon and to a
lesser extent Merlot with a majority of double Royat cordon, Cam-
bisols). The 146 plots were assigned to 3 main soil groups (A, B,
C), defined on the basis of their Ca carbonate and stone contents,
in order to take into account the influence of the most determin-
ing inherent soil properties on soil dynamic indicators, identified
in Salome et al. (2014) i.e. Ca carbonate content, stoniness and tex-
ture. Group A includes all non-stony calcareous soils in the fine
or medium FAO textural class (sub-classified according to texture
as groups 2 and 3 in Salome et al., 2014); Group B corresponds to
non-stony and non-calcareous soils characterized by the medium
or coarse FAO textural class (sub-classified as groups 4 and 5 in
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Fig. 1. Effect of plant cover duration on (a) Soil Organic Carbon SOC (g Ckg~'soil) and (b) Microbial Biomass Carbon MBC (mg Ckg'soil) for each of the three soil groups.
Different letters indicate significant differences between plant cover durations (p < 0.05). Null, Temp and Perm correspond to respectively Null (NPC), Temporary (TPC) and
Permanent Plant (PPC) Cover duration. Numbers of plots per group and practices are indicated in Table 1. Box plots represent dispersion of the data with the median (thick
line), first and fourth quartile (thin lines), whiskers extend to the most extreme data point which is no more 1.5 times the interquartile range from the box), outliers being

represented by circles.

Salome et al., 2014); and Group C corresponds to stony (more than
50% of particles larger than 1 cm diameter) and non-calcareous soils
(i.e.group 6in Salome et al., 2014). In this way, each of the three soil
groups contained plots with contrasting management strategies,
and was therefore adapted for further statistical analysis, which
would not have been possible with the finer initial classification of
Salome et al. (2014).

Per plot, ten subsamples were taken in the inter-row of the
vineyard from the 0-15 cm topsoil using a gouge auger and care-
fully homogenized to form a soil composite. Any plant residues or
roots were carefully removed before analysis. The 0-15 cm layer
was selected according to other studies on soil quality in vineyards
(Reeve et al., 2005; Reuter and Kubiak, 2003). Each soil compos-
ite was then analyzed to determine the soil physical, chemical and
biological indicators as fully described in Salome et al. (2014) and
summarized in part 2.2. Furthermore 3 samples per plot were taken
in the 0-15 cm layer using a cylinder (15 cm in height and 8 cm in
diameter) for bulk density measurements.

The classification of vineyard plots according to soil type and
strategy for three main practices: (i) type of fertilization, (ii) inter
row weeding, and (iii) plant cover in the inter row, is presented
in Table 1. After extraction of qualitative data on these practices
from the questionnaire answers, plots were categorized into strate-
gies given as proxies of perturbation intensity, in a similar way as
Cluzeau et al. (2012). Fertilization practices were separated into
two main options: organic (or organo-mineral) inputs versus min-
eral fertilization. Inter row weeding was categorized as mechanical,
chemical, or inexistent (i.e. replaced by mowing). Finally, plant
cover in the inter row was categorized into three types accord-
ing to its duration: null plant cover or NPC (0-4 months per year,
corresponding to winter-time plant cover), Temporary Plant Cover
or TPC (4-7 months per year), and permanent plant cover or PPC
(more than 8 months per year).

2.2. Soil indicators

Table 2 gives the list of the 23 measured or calculated indi-
cators of dynamic soil quality. We encourage readers to refer to
Salome et al. (2014) for a full description of the corresponding
methods (section 2.2, pp. 84 and 85). The composite soil sam-
ples were sieved using a 1cm mesh before biological analyses
and sieved at 2 mm before physical and chemical analyses. The
physical indicators are water content at field capacity (WFC) and
bulk density (BD). The chemical indicators are soil organic car-
bon (SOC) and total nitrogen (Ngt) contents, cobaltihexamine

cation exchange capacity or effective CEC at soil pH as deter-
mined with cobalthexamine extraction (CEC), available phosphorus
(P), potassium (K) and copper (Cu) contents, based on water
extraction. Microbial biomass carbon (MBC), Total abundance of
Nematodes (TotNem) and abundance of nematodes in five trophic
groups - obligate plant-feeders (OPF), facultative plant-feeders
(FPF), bacterial-feeders (Ba), fungal-feeders (Fu) and omnivores
and predators (Om-Pr) are the biological indicators of this study.
In addition, five nematode ecological indices were calculated,
as further explained in Table 2: Maturity Index (MI), Plant
Parasitic Index (PPI) (Bongers, 1990; Bongers et al., 1997), Enrich-
ment Index (EI), Structure Index (SI) (Ferris et al., 2001) and
Nematode Channel Ratio (NCR) (Yeates, 2003). The calculation
of these indices is based on the cp-value (colonizer-persister
scale) of nematode genera. Finally, the MBC/SOC ratio was calcu-
lated to indicate the availability of substrate to microorganisms
(Anderson and Domsch, 1989). For obvious practical reasons,
bulk density (BD) was not measured in the stony soils (soils in
group C).

2.3. Statistical analysis

We first conducted a variance partitioning analysis of our
dataset, using a series of partial Redundancy Analyses (RDA), to
display variability of the patterns constrained by factors of interest
(plant cover duration, fertilization, and weeding). The significance
of the full model and partial RDA models was tested with the Monte
Carlo permutation test. We used the Vegan package with R software
(R Core Team, 2012) to conduct this analysis. After this preliminary
study, we performed a three way ANOVA to test the effect of plant
cover duration, weeding, and fertilization for each of the indica-
tors listed in Table 1. To take into account the unbalanced design of
our data set we chose to use the “Car” package with ANOVA type Il
(Langsrud, 2003) and we repeated ANOVAs by changing the order of
the factors in the models. Square root or log transformation of vari-
ables was in some cases necessary to achieve conditions of ANOVA
application. These statistical analyses were carried out for the three
soil groups separately. The interactions between the three factors
were not tested, as the design did not allow it. In the present study,
we considered the alternative hypothesis as true only if all combi-
nation of models were significant, with a threshold p-value <0.05.
Tukey post hoc tests were afterwards performed. Box plots were
performed by the default R method.
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Fraction (%) of plots managed according to different weeding techniques, plant cover and fertilization strategies for each soil group. Non org F refers to mineral fertilization
only, whereas Org F stands for farmers applying at least some organic fertilizers. NA =not available.

Group A: non-stony, calcareous soils Null plant cover Temporary plant cover Permanent plant cover Total by weeding type
Number of plots=77
Non org F Org F Non org F Org F Non org F Org F
Chemical weeding 3% 5% 13% 4% 4% 1% 30%
Mechanical weeding 5% 17% 4% 27% - 3% 56%
Mowing - - - - 8% 6% 14%
Total by plant cover duration 30% 48% 22% 100%
Group B: non-stony, non-calcareous soils Null grass cover Temporary grass cover Permanent grass cover Total by weeding type
Number of plots=50
Non org F Org F Non org F Org F Non org F Org F
Chemical weeding 10% 2% 4% NA - - 16%
Mechanical weeding 12% 18% 16% 34% - - 80%
Mowing - - - - - 4% 4%
Total by plant cover duration 42% 54% 4% 100%
Group C: stony, non-calcareous soils Null grass cover Temporary grass cover Permanent grass cover Total by weeding type
Number of plots=19
Non org F Org F Non org F Org F Non org F Org F
Chemical weeding 16% - 21% 5% - - 42%
Mechanical Weeding - - 21% 21% - - 42%
Mowing - - - - 11% 5% 16%
Total by plant cover duration 16% 68% 16% 100%
Table 2
List of the dynamic 23 soil quality indicators and associated soil functions.
Abbreviation Units Meaning as indicators of soil quality
Physical indicators
Bulk density BD gem—3 Compaction
Water content at field capacity WEC % (wlw) Water retention
Chemical indicators
pH without unit
Total soil organic carbon content SOC gCkg1soil
Total soil nitrogen content Niot gN kg~ soil
C/N Soil resources
Available P content P mgkg!
Available K content K mgkg!
Effective cation exchange capacity CEC cmol* kg1
Available Cu content Cu mgkg! Soil contamination
Biological indicators
Total nematode abundance TotNem ind. 100g"" dry soil Micro food web
Obligate plant-feeding nematodes OPF ind. 100g~" dry soil
Facultative plant-feeding nematodes FPF ind.100g! dry soil
Bacterial-feeding nematodes Ba ind. 100g~" dry soil
Fungal-feeding nematodes Fu ind.100g~" dry soil
Omnivores + predatory nematodes Om_Pr ind.100g1 dry soil
Microbial biomass carbon MBC mgCkg 1 soil Soil biological activity
Contribution of microbial biomass to soil organic carbon MBC/Corg without unit Provides information on the availability of
substrate for microorganisms
Nematode ecological indicators Indicators of the structure of nematode
communities
Maturity Index (MI) MI Without unit Provides information on environmental
perturbation and contamination. Scored
between 1 and 5, Ml increases with
environmental stability.
Plant Parasitic Index (PPI) PPI Without unit A maturity index taking into account only plant
feeding nematodes. Scored between 2 and 5.
Enrichment Index (EI) El Without unit Provides information on the availability of
resources. Scored between 0 et 100, EI
increases with the availability of resources.
Structure Index (SI) SI Without unit Provides information on environmental
stability and the length of the micro-foodweb.
Scored between 0 and 100, SI increases with
environmental stability
Nematode Channel Ratio (NCR) NCR Without unit Expresses the decomposition pathways. When

the ratio is close to 1, bacterial-feeders
dominate; when the ratio is close to 0,
fungal-feeders dominate.
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Table 3

Results of ANOVASs testing the effect of the 3 management practices on the 23 indicators (list in Table 1) and for 3 different soil groups.

respectively p<0.05, and p<0.01; ns=non-significant; ND = not determined.

C. Salomé et al. / Ecological Indicators 61 (2016) 456-465

HE KRk

stand for p value significance,

Soil indicators

BD WFC Cog Nt C/N pH P K Cu CEC

MBC

TotNem OPF FPF Fu OmPr MBC/Corg PPI EI SI NCR

Group A: non stony, calcareous soils
Plant cover duration ns ns
Weeding management *** ns
Fertilization ns

*k

ns

ns
ok

ns

*k

ns
ns
ns

ns
ns
ns

ns

Fkk

ns
ns
ns

ns
ns

ns

ns ns ns ns
Group B: non stony, non-calcareous soils
Plant Cover Duration ns ns .

Weeding management ns ***

Fertilization .

ns
ns

Fkk

ns
ns

ns
skok

ns
ns
ns

ns
ns
ns

ns
ns

%

ns
EEEY

ns

*kk Fkk

ns

Group C: stony, non-calcareous soils

Plant cover duration ND ns A ns ns ns ** ns ** ns
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Fertilization ND ns ns ns ** ns ** ns ** ns
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3. Results and discussion

3.1. Variance partitioning and interpretation of agricultural
practices per soil group

Agricultural practices were not equally distributed within and
between soil groups in our database (Table 1). For all soil groups,
more than half of the studied vineyards were managed with a tem-
porary plant cover (TPC) (respectively 48%, 54% and 68% of plots
in groups A, B and C). Permanent plant cover (PPC) was a marginal
practice in our sampled vineyards, as it represented 22%, 4% and
16% of plots sampled respectively in groups A, B and C. Null plant
cover (NPC) was found in 30%, 42% and 16% of cases respectively in
groups A, B and C. Concerning weed management, most vineyard
inter rows were managed mechanically (56%, 80% and 42% respec-
tively in groups A, B and C). Organic and mineral fertilization were
recorded in all soil groups, but were not equally distributed among
the different plant cover duration and weeding management com-
binations. In group C, management with NPC was recorded in 16%
of vineyards, and weeds were systematically destroyed by chemi-
cal weeding together with mineral fertilization. In groups B and C,
PPC (cover observed more than 8 months a year) was only managed
by mowing. In soils from group A, PPC was managed by chemical or
mechanical weeding. One should note here that mowing and PPC
in groups B and C can be considered as co-variables and in the fol-
lowing sections we will consider plant cover duration as the main
effect.

Different indicators of soil status are likely to covary and, given
their associated financial costs, this raises the crucial question of
the selection of the most relevant indicators sufficient to evalu-
ate soil quality (de la Paz et al., 2002). However, in the present
study, all indicators except K availability were impacted by a given
practice in at least one soil group, highlighting the complementar-
ity of these indicators (Table 3). Variance partitioning performed
on the three soil groups showed that the three studied practices
explained respectively for groups A, B and C, 13%, 19% and 37%
of the total variance of the 23 soil indicators (p<0.001, data not
shown). Given the diversity of winegrower practices, and of soil
types within a soil group of the commercial vineyards, the part of
explained variance is acceptable. One should note that a part of
the explained variance was split between the three studied prac-
tices due to the collinearity of the factors of interest caused by the
unbalanced design. Nevertheless, we found between 3% and 4% of

variance significantly ascribable only to weeding management for
each soil group (data not shown). Fertilization type explained a
significant part of the variance for groups B and C (around 9%), and
plant cover duration alone explained 8% of indicator variance for
group C.

Table 3 summarizes the results of the ANOVAs testing the effect
of practices on the 23 soil indicators, for each soil group sepa-
rately and also without distinguishing by soil group. When soil
groups were not considered separately in the statistical analy-
sis, plant cover duration influenced the responses of 12 indicators
whereas weeding and fertilization strategies only influenced 4 and
8 soilindicators, respectively. Most indicators were only affected by
one specific practice or within one specific soil group. Only nema-
tode indicators (TotNem, Ba and Fu indicators) showed a response
in all soil groups. We expected a more generalized response of
MBC and C/N because according to Wardle et al. (1999), micro-
bial biomass responds to tillage practices, but also to fertilization,
organic residues, and plant cover species through litter character-
istics.

We were also interested by the comparison of the number of
indicators affected by practices in each soil group, as an indication
of the influence of inherent soil quality on dynamic soil quality. The
number of indicators that were sensitive to management practices
was lower for soil group A (11 indicators) than for groups B and
C (14 indicators, see columns per soil groups) (Table 3). For group
B and C, we found 19-25 significant differences, which suggests
that the same indicators responded to different management prac-
tices (lines of the Table 3) within a soil group. We suggest a more
stable soil functioning in calcareous soils than in non-calcareous
soils due to the buffering of nutrient availability and pH by Ca
carbonate (Hinsinger, 2001; Zavarzin, 2002) or their greater aggre-
gate stability (Bronick and Lal, 2005). The respective importance
of the 3 management practices also depended on the soil group.
In soil groups A and B, weeding management affected more than
5 soil indicators whereas plant cover duration only affected 3. In
soil group C however, plant cover duration had more weight as
it affected 13 indicators whereas weeding management and fer-
tilization only influenced 4 and 8 indicators respectively. In soil
group C plant cover duration modified almost all nematode ecolog-
ical indicators, but also the availability of P and Cu and MBC. These
differences between soil groups can be explained by the effect of
inherent soil properties on the sensitivity of different facets of soil
functioning to soil management.
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Table 4

Mean values of the indicators that were significantly affected by fertilization (p value < 0.05). Letters a, b within a column indicate significant differences between the organic

and mineral fertilization for each soil group (A, B or C).

Group A:non  C/N

stony,

calcareous

soils

Non organic 13.6b

fertilization

Organic 122a

fertilization

GroupB:non  C/N Cu BD WEFC (% Corg Niot CEC MBC MBC/Corg OPF FPF
stony, non- (mgkg1) (gem~3)  w/w) (gkg! (gkg1soil) (cmol*k~"'soil)  (mgCkg'soil) (%) (ind.100g~') (ind.100g™ ")
calcareous soil)

soils

Non organic 11.8b 0.17 a 1.52b 13.60 a 6.92a 0.66 a 4.74 a 2337a 0.34a 11.2a 40.2 a
fertilization

Organic 9.8a 0.25b 1.39a 21.60b 11.03b  1.14b 831b 49.46 b 045b 48.1b 101.7b
fertilization

Group C: C/N Cu P TotNem Ba(ind.  Fu(ind. MI SI

stony, non- (mgkg ! (mgkg' (ind. 100g-') 100g')

calcareous soil) soil) 100g")

soils

Non organic 14b 0.76 b 7.9b 860.6 b 309.5b 2613 b 23a 48.7 a

fertilization

Organic 12.2a 0.51a 5.7a 616.0 a 1859a 119.2 a 24b 61.9b

fertilization

3.2. Contrasting effects of organic fertilization

Soils receiving organic rather than mineral fertilization had
1.2-2 unit-lower soil C/N ratios, in all soil groups (Table 4).
In group B, organically-fertilized soils had lower bulk den-
sity, and higher WFC, SOC, N, CEC, MBC and MBC/SOC.
These trends were expected, as they are consistent with results
reported by other authors about vineyard soil responses to
organic fertilization (e.g. Bustamante et al., 2011; Coll et al,,
2011; Morlat and Chaussod, 2008). Copper availability showed
inconsistent trends: it was higher in organically fertilized soils
in group B, thus corroborating results reported in Beni and
Rossi (2009) and Navel and Martins (2014), but lower in
group C.

In both groups B and C, organic fertilization affected the soil
food web, as evidenced by nematode indicators, but with unex-
pected and different responses in these two soil groups. Other
authors have reported that organic fertilization generally stimu-
lates nematode density, with a positive impact on all ecological
groups (Treonis et al., 2010; Villenave et al., 2010; Bulluck et al.,
2002; Okada and Harada, 2007). In our dataset, while in group
B phytophageous nematode populations were indeed higher in
organically fertilized soils, in group C total nematode, bacterivore
and fungivore populations were depressed in organically fertil-
ized soils (Table 4). As a consequence, the nematodes indices are
also significantly affected in soil group C. Possibly as a result of
relatively lower bacterivorous and fungivorous nematode densi-
ties, the maturity and structure indices showed a slight increase,
which was not clearly visible in the above-cited studies. These
unexpected results for soil group C could be largely explained
by other differences in fertilization practices, such as quantity,
quality and timing of fertilizer application, but also interactions
with tillage practices, that could not be taken into account in our
study based on farmers’ plots. A possible indication of such con-
founding effects can be found in P availability, which was lower
in plots receiving organic fertilization, thus conceivably limiting
soil organism population development (Li et al., 2010; Zhao et al.,
2014).

3.3. Positive effects of a plant cover, whether temporary or
permanent

Vineyards with permanent plant cover (PPC) had significantly
higher SOC content and microbial biomass carbon (MBC) compared
to vineyards with Null or temporary plant cover in groups A and C
(Fig. 1). One should note that in soil group B, PPC is represented in
only 4% of the plots, which suggests that statistical tests could not
discriminate a significant effect in this case. Significant differences
were found between Null and temporary plant cover for SOC and
MBC in group B soils, and to a lesser extent in group C soils, while
no improvement was observed in group A. Due to the Ca carbon-
ate content of soil group A, we did not expect a strong response of
MBC, because the presence of CaZ* can contribute to stabilize the
OM derived from plantresidues providing protection against degra-
dation by microbes (Griinewald et al., 2006). This latter hypothesis
isreinforced by the strong effect of a temporary plant cover on MBC
in stony and non-calcareous soils from group C.

Specifically in soil group C, a higher MBC/SOC ratio (interpreted
as microorganisms’ accessibility to resources) was observed with
longer plant cover duration, as well as a strong increase in nema-
tode densities (Table 5). The MI, SI and NCR indices were lower
in TPC than in NPC or PPC (Table 5). Furthermore PPC exhibited
higher values for P and Cu availability compared to the two other
plant cover durations in group C. Our Tables and Figures only
report differences for a p-value <0.05. Note however that increas-
ing plant cover duration tended to improve other physical and
chemical properties such as CEC, K and WFC (0.05<p<0.1, data
not shown). The fact that temporary plant cover improved the soil
organic status in group B suggests that TPC may be an interesting
alternative to null or permanent plant cover, because it provides
potential services during winter (soil protection, water soil profile
refilling (Gaudin et al., 2010)) and at the same time, avoids the risk
of water and nitrogen competition with the grapevine during dry
years (Monteiro and Lopes, 2007; Celette et al., 2008, 2009; Giese
et al., 2014). Moreover, our results showed in group B that TPC dis-
played the lowest stress when the Plant Parasitic nematode Index
(PPI) was considered (data not shown).
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Mean values of the indicators that responded significantly (p <0.05) to plant cover duration in soil group C. Letters a, b and c within a column indicate significant differences

between the three durations of plant cover.

Group C: stony, TotNem OPF Ba Fu Om_Pr MBC/Corg  MI SI NCR P Cu
non-calcareous (ind.100g~') (ind.100g~') (ind.100g~') (ind.100g-') (ind.100g"') (%) (mgkg~'soil) (mgkg! soil)
soils

Null plant 351a 40a 178 a 67 a 46 a 03a 2.7b 723b 0.7b 6.6a 0.61a
cover (NPC)

Temporary 747 b 76 a 224 a 225b 60 ab 0.6b 22a 46.7a 05a 6.5a 0.61a
plant cover

(TPC)

Permanent 1371c 188 b 564 b 330b 145b 0.7b 23ab 603ab 0.6ab 11.1b 1.04b
plant cover

(PPC)

The positive effect of a plant cover on MBC/SOC and on nematode
populations could be explained by the dissolved organic carbon
originating from plant cover roots. We hypothesized that this
energy supply stimulates microbial populations and increases their
accessibility to substrate, leading in turn to an adjustment of the
food web to higher microbial biomass through bottom-up control.
The observed increase in MBC/SOC and in total nematode density
with increasing plant cover duration in soil group C corroborates
this hypothesis. According to Bongers (1990) and Ferris et al. (2001)
the higher Ml and Sl indices found in vineyards without plant cover,
or with permanent plant cover, would indicate a more stable envi-
ronment with less perturbation than in vineyards with temporary
plant cover. We suggest that microbial communities favoured by
root exudates of fast-growing temporary plant cover benefit oppor-
tunist microbivore nematodes, leading to a decrease in MI and SI
indices. Chemical changes brought about by PPC may also impact
soil organism communities, with opposite effects expected from
the observed higher P and Cu availability. Copper may accumu-
late more in vineyards with PPC because of Cu-treated leaf litterfall
retention by the plant cover and/or lesser losses of Cu through ero-
sion of topsoil particles. While Cu is known to have a toxic effect
on soil biota (Komarek et al., 2010) involved in SOM turnover, the
likely toxic effect of Cu could be largely compensated by the higher
resource supply provided by the plant cover.

3.4. The influence of weeding management is barely interpretable

Wardle et al. (1999) hypothesized that weed management
selects above ground plant composition and then the nature of
organic matter returns to the soil, which in turn modify soil
biological activity. However, unlike in Wardle et al. (1999), no indi-
cator systematically differentiated the three weeding management
strategies in all soil groups (Figs. 2-4 for soil groups A, B and C
respectively).

35

ab b
ab b

1.6
08

30

14
06

1.2
25

BD (g.cm?)
Cu (mg. kg soil)
04
Mi

1.0
02
20

Chem Mech Mowing Chem Mech Mowing Chem Mech Mowing

According to our statistical methodology, the preliminary statis-
tical analysis described in Section 3.1 reveals colinearity between
“mowing” and “permanent plant cover” factors for soil groups B
and C. Thus we estimated that mowing could not be compared to
the two other weeding management techniques, noted “chemical”
and “mechanical”, although it is presented for soil groups B (Fig. 3)
and C (Fig. 4) for reader’s information. In soil group A, mechanical
weeding significantly decreased bulk density despite a high vari-
ability (see Fig. 2). In the same way, when focusing on nematode
communities, we observed that the three soil groups were differ-
ently impacted. Results mainly showed an effect on the structure of
nematode communities in soil group A for the three different weed
management techniques, whereas abundances of some nematode
trophic groups were affected by mechanical or chemical weed man-
agement in soil groups B and C. Concerning nematode ecological
indices in soil group A, our data corroborate results reported by
Lenz and Eisenbeis (2000), Okada and Harada (2007) and Treonis
et al. (2010) and, at a broader scale van Capelle et al. (2012) and
Villenave et al. (2013), who pointed out tillage as a significant per-
turbation promoting opportunist nematodes relatively to others
and therefore, lowering SI and MI, while increasing EI. Tillage pro-
motes a higher short-term accessibility to resources, as it releases
soil organic matter previously protected in soil aggregates (Six et al.,
1999) and allows incorporation of weed residues. Interestingly, in
soil group A, the mowing treatment displayed similar ecological
index values to the mechanical weeding treatment, with lower MI
and SI and higher EI than in the chemical treatment. We suggest
that repeated herbicide applications may benefit omnivorous per-
sistent nematodes and therefore MI and SI, as found by Zhao et al.
(2013). Alternatively, mowing could alter root exudation patterns
(Antonsen and Olsson, 2005), modifying the changes in the micro
food web structure (Bardgett et al., 1998; Binet et al., 2013; Guitian
and Bardgett, 2000; Shahzad et al., 2012). Finally, we observed sig-
nificant differences in the Nematode Channel Ratio (NCR) in soil
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Fig. 2. Effect of weeding management in soil group A on (a) bulk density (BD), (b) available Cu content (Cu) and nematode indices ((c) Maturity Index (MI), (d) Enrichment
Index (EI), (e) Stability Index (SI) and (f) Nematode Channel Ratio (NCR)), for three weeding management options: Chemical Weeding (Chem), Mechanical Weeding (Mech)
and Mowing (Mowing). Different letters indicate significant differences between treatments (p <0.05). Box plots represent dispersion of the data with the median (thick
line), first and fourth quartile (thin lines), whiskers extend to the most extreme data point which is no more 1.5 times the interquartile range from the box), outliers being
represented by circles. Numbers of plots for each practice are indicated in Table 1.
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Fig. 3. Effect of weeding management in soil group B on (a) Water Holding Capacity (WFC), (b) pH, (c) Cation Exchange Capacity (CEC), and abundance of some nematode
populations: (d) Facultative Plant Feeders (FPF) and (e) Omnivores and Predators (Om_Pr) for three weeding management options: Chemical Weeding (Chem), Mechanical
Weeding (Mech) and Mowing (Mowing). Box plots represent dispersion of the data with the median (thick line), first and fourth quartile (thin lines), whiskers extend to the
most extreme data point which is no more 1.5 times the interquartile range from the box, outliers being represented by circles. Mowing was not tested as the data set was
not suited for these statistical analyses, but the results are nonetheless presented for information. Numbers of plots for each practice are indicated in Table 1.

group A, indicating that the decomposition pathway was more
dominated by bacteria than by fungi in the case of chemical weed-
ing.

In soil group C, chemically-treated plots exhibited the lowest
nematode abundance in many trophic groups, fungivores in partic-
ular. Herbicides were pointed out by Wilkinson and Lucas (1969) to
interfere with fungal growth. As symbiotic fungi can benefit vines,
providing better water or nutrient deficiency tolerance (Schreiner,
2007) especially for calcareous soils, decreases in the density of
fungivorous nematodes should be a cause of concern.

In soil group B, characterized by a coarser texture and an
absence of Ca carbonates, mechanical weeding improved soil water
holding capacity, bulk density and pH. According to our farm
practice survey, a majority of winegrowers practicing mechani-
cal weed management mentioned lime application, which could
explain the greater pH and CEC. A more neutral pH favours nema-
tode abundance (Mulder et al., 2005; Salome et al., 2014), and
more particularly that of omnivorous and predatorcious nema-
todes as we observed in soil group B (Korthals et al., 1996). We
suggest that lime application is a stronger driver of soil orga-
nisms and soil chemical properties than weeding management in
those particular soils. Nevertheless, due to inherent water lim-
itations of Mediterranean vineyards, we suggest that the effect
of mechanical weed management on water holding capacity is
of particular importance, and further studies would be useful to
understand related soil processes. For all three soil groups, we
did not find any decrease in SOC in mechanically-managed plots,
contrary to results reported by Mazzoncini et al. (2011) for field
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crops in Mediterranean soils. Many winegrowers in the Langue-
doc Roussillon practice chiselling, which was shown by Melero
et al. (2011) to cause no depletion in SOC, contrary to mouldboard
ploughing.

3.5. Adaptation of practices to soil types is possible for vulnerable
Mediterranean vineyards

The benefit of a combination of mowing and permanent grass
cover was evident on many indicators for soil group C. Although
these soils were not characterized by particularly low resources
(i.e. SOC content), they seemed to be more vulnerable to soil man-
agement than the two other soil groups, because many indicators
were simultaneously affected by practices and because we noticed
the highest percentage of variance explained in the RDA model
in this group. In contrast, in soil group A, few indicators were
affected by management practices, probably because of the buffer-
ing effect of Ca carbonates. Permanent plant cover is typically
used to control vine vigour, and therefore to limit fungal diseases
and the need for fungicides (Mercenaro et al., 2014; Guerra and
Steenwerth, 2012). We suggest that the fungi-oriented decomposi-
tion pathway (lower NCR) noted in calcareous soils with permanent
plant cover, is probably ascribable to lower fungicide and herbi-
cide applications when PPC is implemented. Calcareous soils are
more resilient to modifications by practices (Thorsen et al., 2010).
However, a permanent plant cover or chemical weeding can mod-
ify soil functioning, whereas organic fertilization is not influent. In
calcareous soils, Chaignon et al. (2003) attributed Cu retention in
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Fig. 4. Effect of weeding management in soil group C on nematode abundances: (a) total nematodes (TotNem), (b) Bacterivorous nematodes (Ba), (c) Fungivorous nematodes
(Fu), and (d) Omnivorous and predator nematodes (Om_Pr) for three weeding management options: Chemical weeding (Chem), Mechanical weeding (Mech) and Mowing
(Mowing). Box plots represent dispersion of the data with the median (thick line), first and fourth quartile (thin lines), whiskers extend to the most extreme data point which
is no more 1.5 times the interquartile range from the box, outliers being represented by circles. Mowing was not tested as the data set was not suited for these statistical
analyses, but the results are nonetheless presented for information. Numbers of plots for each practice are indicated in Table 1.
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soils to SOM that increases its availability. For non-calcareous soils,
mechanical weed management with a chisel and mineral fertiliza-
tion, associated in some cases with plant cover, can be profitable.
Under Mediterranean conditions, adoption by winegrowers of a
permanent plant cover is unlikely because of water and nutrient
competition with vines. Nevertheless, we agree with Wardle et al.
(1999)who state that weeds can be beneficial for cultivated plants if
they are not repeatedly selected by intensive herbicide application,
because they can provide a high biomass and easily decomposable
litter, which can in turn enhance soil biological activity. Other stud-
ies have shown that remnant vegetation, adapted to pedoclimatic
situations, can also contribute to the biological control of pests
(Nicholls et al., 2000). Benefits of plant cover biodiversity should
be better evaluated for its contribution to vineyard functioning, as
it could contribute to adapting vineyard practices to current and
future agri-environmental issues.

4. Conclusions

Our study highlights the importance of adapting vineyard soil
monitoring to the various pedological situations encountered at
the regional scale, in order to select best management strate-
gies according to their impact on soil processes. Vineyard soils
responded to the three soil management practices tested in this
study, but the intensity of the response and the indicators impacted
varied between the soil groups we defined. Even if soil quality stud-
ies are sometimes a source of debate regarding the multiple and
concurrent soil functions under consideration, we warmly recom-
mend an assessment of practices through different soil indicators
without any scoring or weighting to identify which soil functions
or soil processes are affected. We think such an approach can rea-
sonably be used by winegrowers to preserve their soil functioning
and adapt their practices to their specific Terroirs, which are also
our common legacy.

Acknowledgments

Authors gratefully thank the Centre Mondial pour I'lnnovation,
ADEME (Agence De I'Environnement et de la Matitrise de 'Energie)
and Montpellier SupAgro for the financial support of this research.
We also are deeply grateful to the 95 winegrowers, directors of
cooperative wineries and managers of large wine-growing estates
without whom the study would have never been possible. We are
also grateful to the three anonymous reviewers who contributed
by their comments to improve the clarity of the manuscript.

References

Anderson, T.H., Domsch, K.H., 1989. Ratios of microbial biomass carbon to total
organic carbon in arable soils. Soil Biol. Biochem. 21, 471-479.

Antonsen, H., Olsson, P.A., 2005. Relative importance of burning, mowing and species
translocation in the restoration of a former boreal hayfield: responses of plant
diversity and the microbial community. ]. Appl. Ecol. 42 (2), 337-347.

Bardgett, R.D., Wardle, D.A., Yeates, G.W., 1998. Linking above-ground and below-
ground interactions: how plant responses to foliar herbivory influence soil
organisms. Soil Biol. Biochem., 1867-1878.

Beni, C., Rossi, G., 2009. Conventional and organic farming: estimation of some
effects on soil, copper accumulation and wine in a Central Italy vineyard.
Agrochimica 53, 145-159.

Binet, M.N,, Sage, L., Malan, C,, Clement, ].C., Redecker, D., Wipf, D., Geremia, R.A.,
Lavorel, S., Mouhamadou, B., 2013. Effects of mowing on fungal endophytes and
arbuscular mycorrhizal fungi in subalpine grasslands. Fungal Ecol. 6, 248-255.

Bispo, A., Blanchart, E., Delmas, A.B., Laval, K., 2011. Indicateurs de la qualité des sols.
In: Girard, M.C.,, Walter, C., Rémy, ].C., Berthelin, J., Morel, ].L. (Eds.), Sols et Envi-
ronnement. , 2e édition. Dunod, Paris, ISBN 978-2-10-054900-9, pp. 509-527
(Chapitre 21).

Bongers, T., 1990. The Maturity Index - an ecological measure of environmental
disturbance based on nematode species composition. Oecologia 83, 14-19.
Bongers, T., van der Meulen, H., Korthlas, G., 1997. Inverse relationship between
the nematode maturity index and plant-parasite index under enriched nutrient

conditions. Appl. Soil Ecol. 6, 195-1999.

Bronick, CJ., Lal, R., 2005. Soil structure and management: a review. Geoderma 124,
3-22.

Bulluck I1I, L.R., Barker, K.R., Ristaino, J.B., 2002. Influences of organic and synthetic
soil fertility amendments on nematode trophic groups and community dynam-
ics under tomatoes. Appl. Soil Ecol. 21, 233-250.

Bustamante, M.A., Said-Pullicino, D., Agullé, E., Andreu, ]., Paredes, C., Moral, R.,
2011. Application of winery and distillery waste composts to a Jumilla (SE Spain)
vineyard: Effects on the characteristics of a calcareous sandy-loam soil. Agric.
Ecosyst. Environ. 140, 80-87.

Cassman, K.G., 1999. Ecological intensification of cereal production systems: yield
potential, soil quality and precision agriculture. Proc. Natl. Acad. Sci. U.S.A. 96
(11), 5952-5959.

Celette, F., Gaudin, R., Gary, C., 2008. Spatial and temporal changes to the water
regime of a Mediterranean vineyard dye to the adoption of cover cropping. Eur.
J. Agron. 29, 153-162.

Celette, F., Findeling, A., Gary, C., 2009. Competition for nitrogen in an unfertilized
intercropping system: the case of an association of grapevine and grass cover in
a Mediterranean climate. Eur. J. Agron. 30, 41-51.

Celette, F., Gary, C.,2013. Dynamics of water and nitrogen stress along the grapevine
cycle as affected by cover cropping. Eur. J. Agron. 45, 142-152.

Chaignon, V., Sanchez-Neira, I., Herrmann, P., Jaillard, B., Hinsinger, P., 2003. Copper
bioavailability and extractability as related to chemical properties of contami-
nated soils from a vine-growing area. Environ. Pollut. 123, 229-238.

Chopin, E.LB., Marin, B., Mkoungafoko, R., Rigaux, A., Hopgood, M.J., Delannoy, E.,
Canceés, B., Laurain, M., 2008. Factors affecting distribution and mobility of trace
elements (Cu, Pb, Zn) in a perennial grapevine (Vitis vinifera L.) in the Champagne
region of France. Environ. Pollut. 156 (3), 1092-1098.

Cluzeau, D., Guernion, M., Chaussod, R., Martin-Laurent, F., Villenave, C., Cortet,
J., Ruiz-Camacho, N., Pernin, C., Mateille, T., Philippot, L., Bellido, A., Rouge, L.,
Arrouays, D., Bispo, A., Peres, G., 2012. Integration of biodiversity in soil qual-
ity monitoring: Baselines for microbial and soil fauna parameters for different
land-use types. Eur. J. Soil Biol. 49, 63-72.

Coll, P., Le Cadre, E., Blanchart, E., Hinsinger, P., Villenave, C., 2011. Organic viticul-
ture and soil quality: a long-term study in Southern France. Appl. Soil Ecol. 50,
37-44.

Coulouma, G., Boizard, H., Trotoux, G., Lagacherie, P., Richard, G., 2006. Effect of deep
tillage for vineyard establishment on soil structure: a case study in Southern
France. Soil Till. Res. 88, 132-143.

de la Paz Jimenez, M., et al., 2002. Soil quality: a new index based on microbiological
and biochemical parameters. Biol. Fert. Soils 35 (4), 302-306.

Doran, J.W., Parkin, T.B., 1994. Defining and Assessing Soil Quality. SSSA Spec. Publ.
No. 35. Soil Sci. Soc. Am., Inc. and Am. Soc. Agron., Inc., Madison, WI.

Ferris, H., Bongers, T., de Goede, R.G.M., 2001. A framework for soil food web diag-
nostics: extension of the nematode faunal analysis concept. Appl. Soil Ecol. 18,
13-29.

Gaudin, R,, Celette, F., Gary, C., 2010. Contribution of runoff to incomplete off sea-
son soil water refilling in a Mediterranean vineyard. Agric. Water Manag. 97,
1534-1540.

Giese, G., Velasco-Cruz, C., Roberts, L., Heitman, ., Wolf, T.K., 2014. Complete vine-
yard floor cover crops favorably limit grapevine vegetative growth. Sci. Hortic.
170, 256-266.

Gonzalez-Hidalgo, J.C., Pefia-Monné, J.L., de Luis, M., 2007. A review of daily soil
erosion in Western Mediterranean areas. Catena 71, 193-199.

Griinewald, G., Kaiser, K., Reinhold, J., Guggenberger, G., 2006. Organic matter
stabilization in young calcareous soils as revealed by density fraction-
ation and analysis of lignin-derived constituents. Org. Geochem. 37 (11),
1573-1589.

Guitian, R., Bardgett, R.D., 2000. Plant and soil microbial responses to defoliation in
temperate semi-natural grassland. Plant Soil 220, 271-277.

Guerra, B., Steenwerth, K., 2012. Influence of floor management technique on
grapevine growth, disease pressure, and juice and wine composition: a review.
Am. J. Enol. Vitic. 63, 149-164.

Herrick, J.E., 2000. Soil quality: an indicator of sustainable land management? Appl.
Soil Ecol. 15 (1), 75-83.

Hinsinger, P., 2001. Bioavailability of soil inorganic P in the rhizosphere as affected
by root-induced chemical changes: a review. Plant Soil 237, 173-195.

Jones, G.V., White, M.A., Owen, R.CC., Storchmann, K., 2005. Climate change and
global wine quality. Clim. Change 73, 319-343.

Karlen, D.L., Ditzler, C.A., Andrews, S.S., 2003. Soil quality: why and how? Geoderma
114, 145-156.

Karlen, D.L., Mausbach, M.J., Doran, J.W., Cline, R.G., Harris, R.F., Schuman, G.E., 1997.
Soil quality: a concept, definition, and framework for evaluation. Soil Sci. Soc.
Am.]. 61, 4-10.

Komarek, M., Cadkova, E., Chrastny, V., Bordas, F., Bollinger, ].C.,2010. Contamination
of vineyard soils with fungicides: a review of environmental and toxicological
aspects. Environ. Int. 36, 138-151.

Korthals, G.W., Bongers, T., Kammenga, J.E., Alexiev, A.D., Lexmond, T.M., 1996. Long-
term effects of copper and pH on the nematode community in an agroecosystem.
Environ. Toxicol. Chem. 15, 979-985.

Langsrud, @., 2003. ANOVA for unbalanced data: use type Il instead of type Il sums
of square. Stat. Comput. 13, 163-167.

Le Bissonnais, Y., Blavet, D., De Noni, G., Laurent, ].Y., Asseline, ]J., Chenu, C., 2007.
Erodibility of Mediterranean vineyard soils: relevant aggregate stability meth-
ods and significant soil variables. Eur. ]. Soil Sci. 58, 188-195.

Lenz, R, Eisenbeis, G., 2000. Short-term effects of different tillage in a sustainable
farming system on nematode community structure. Biol. Fert. Soils 31, 237-244.


http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0005
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0010
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0015
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0020
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0025
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0440
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0035
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0040
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0045
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0045
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0045
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0045
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0045
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0045
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0045
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0045
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0045
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0045
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0045
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0050
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0055
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0060
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0065
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0070
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0075
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0080
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0085
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0090
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0095
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0100
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0105
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0445
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0115
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0120
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0125
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0130
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0130
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0130
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0130
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0130
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0130
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0130
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0130
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0130
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0130
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0130
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0130
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0130
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0130
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0130
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0135
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0140
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0145
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0150
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0155
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0160
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0160
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0160
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0160
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0160
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0160
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0160
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0160
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0160
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0160
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0160
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0160
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0165
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0165
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0165
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0165
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0165
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0165
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0165
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0165
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0165
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0165
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0170
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0175
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0180
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0185
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0190
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0195

C. Salomé et al. / Ecological Indicators 61 (2016) 456-465 465

Li, Q, Jiang, Y., Loy, Y., Zhang, E., Liang, C., 2010. Long-term effect of fertility
management on the soil nematode community in vegetable production under
greenhouse conditions. Appl. Soil Ecol. 46 (1), 111-118.

Martinez-Casasnovas, J.A., Ramos, M.C., Garcia-Hernandez, D., 2009. Effects of land-
use changes in vegetation cover and sidewall erosion in a gully head of the
Penedes region (northeast Spain). Earth Surf. Process. Land 34, 1927-1937.

Mazzoncini, M., Sapkota, T.B., Barberi, P., Antichi, D., Risaliti, R,, 2011. Long-term
effect of tillage, nitrogen fertilization and cover crops on soil organic carbon and
total nitrogen content. Soil Till. Res. 114, 165-174.

Melero, S., Panettieri, M., Madejon, E., Macpherson, H.G., Moreno, F., Murillo, J.M.,
2011. Implementation of chiselling and mouldboard ploughing in soil after 8
years of no-till management in SW, Spain: effect on soil quality. Soil Till. Res.
112,107-113.

Mercenaro, L., Nieddu, G., Pulina, P., Porqueddu, C., 2014. Sustainable management of
an intercropped Mediterranean vineyard. Agric. Ecosyst. Environ. 192, 95-104.

Monteiro, A., Lopes, C.M., 2007. Influence of cover crop on water use and per-
formance of vineyard in Mediterranean Portugal. Agric. Ecosyst. Environ. 121,
336-342.

Morlat, R., Chaussod, R., 2008. Long-term additions of organic amendments in a Loire
Valley vineyard. I. Effects on properties of a calcareous sandy soil. Am. ]. Enol.
Vitic. 59, 353-363.

Mulder, C., van wijnen, H.J., van Wezel, A.P., 2005. Numerical abundance and biodi-
versity of below-ground taxocenes along a pH gradient across the Netherlands.
J. Biogeogr. 32, 1775-1790.

Navel, A., Martins, J.M.F., 2014. Effect of long term organic amendments and vege-
tation of vineyard soils on the microscale distribution and biogeochemistry of
copper. Sci. Tot. Environ. 466, 681-689.

Nicholls, C.I., Parella, M.P., Altieri, M.A., 2000. Reducing the abundance of leafhoppers
and thrips in a northern California organic vineyard through maintenance of full
season floral diversity with summer cover crops. Agric. For. Entomol. 2,107-113.

Okada, H., Harada, H., 2007. Effects of tillage and fertilizer on nematode communities
in a Japanese soybean field. Appl. Soil Ecol. 35, 582-598.

Peregrina, F., Larrieta, C., Ibafiez, S., Garcia-Escudero, E., 2010. Labile organic matter,
aggregates, and stratification ratios in a semiarid vineyard with cover crops. Soil
Sci. Soc. Am. J. 74, 2120-2130.

Péres, G., Cluzeau, D., Curmi, P., Hallaire, V., 1998. Earthworm activity and soil struc-
ture changes due to organic enrichments in vineyard systems. Biol. Fert. Soils
27 (4),417-424.

Polge de Combret-Champart, L., Guilpart, N., Mérot, A., Capillon, A., Gary, C., 2013.
Determinants of the degradation of soil structure in vineyards with a view to
conversion to organic farming. Soil Use Manag. 29 (4), 557-566.

Probst, B., Schuler, C., Joergensen, R.G., 2008. Vineyard soils under organic and
conventional management — microbial biomass and activity indices and their
relation to soil chemical properties. Biol. Fert. Soils 44, 443-450.

Raclot, D., Le Bissonnais, Y., Louchart, X., Andrieux, P., Moussa, R., Voltz, M., 2009. Soil
tillage and scale effects on erosion from fields to catchment in a Mediterranean
vineyard area. Agric. Ecosyst. Environ. 134, 201-210.

R Core Team, 2012. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria.

Reeve, J.R., Carpenter-Boggs, L., Reganold, J.P., York, A.L., McGourty, G., Mc Closkey,
L.P., 2005. Soil and winegrape quality in biodynamically and organically man-
aged vineyards. Am. J. Enol. Vitic. 56, 3-14.

Reuter, S., Kubiak, R., 2003. Soil management systems to support soil microbial
biomassin vineyards. In: Conservation Agriculture: Environment, Farmers Expe-
riences, Innovations, Socio-Economy, Policy. Springer, Dordrecht, pp. 401-405.

Ripoche, A,, Celette, F., Cinna, J.-P., Gary, C., 2010. Design of intercrop management
plans to fulfil production and environmental objectives in vineyards. Eur. J.
Agron. 32, 30-39.

Ruiz-Colmenero, M., Bienes, R., Eldridge, D.J., Marques, M.J., 2013. Vegetation cover
reduces erosion and enhances soil organic carbon in a vineyard in the central
Spain. Catena 104, 153-160.

Ruiz-Colmenero, M., Bienes, R., Marques, M.J., 2011. Soil and water conservation
dilemmas associated with the use of green cover in steep vineyards. Soil Till.
Res. 117,211-223.

Salome, C., Coll, P., Lardo, E., Villenave, C., Blanchart, E., Hinsinger, P., Marsden, C., Le
Cadre, E., 2014. Relevance of use-invariant soil properties to assess soil quality
of vulnerable ecosystems: the case of Mediterranean vineyards. Ecol. Indic. 43,
83-93.

Sanchez-Moreno, S., Minoshima, H., Ferris, H., Jackson, L.E., 2006. Linking soil prop-
erties and nematode community composition: effects of soil management on
soil food webs. Nematology 8, 703-715.

Schreck, E., Gontier, L., Dumat, C., Geret, F., 2012. Ecological and physiological effects
of soil management practices on earthworm communities in French vineyards.
Eur. J. Soil Biol. 52, 8-15.

Schreiner, P.R., 2007. Effects of native and nonnative arbuscular mycorrhizal fungi
on growth and nutrient uptake of ‘Pinot noir’ (Vitis vinifera L.) in two soils with
contrasting levels of phosphorus. Appl. Soil Ecol. 36 (2-3), 205-215.

Schmid, F.,, Moser, G., Miiller, H., Berg, G., 2011. Functional and structural micro-
bial diversity in organic and conventional viticulture: organic farming benefits
natural biocontrol agents. Appl. Environ. Microbiol. 77,2188-2191.

Shahzad, T., Chenu, C., Repingay, C., Mougin, C., Ollier, ].-L., Fontaine, S., 2012. Plant
clipping decelerates the mineralization of recalcitrant soil organic matter under
multiple grassland species. Soil Biol. Biochem. 51, 73-80.

Six, J., Elliott, E.T., Paustian, K., 1999. Aggregate and soil organic matter dynam-
ics under conventional and no-tillage systems. Soil Sci. Soc. Am. ]. 63,
1350-1358.

Smith, R., Bettiga, L., Cahn, M., Baumgartner, K., Jackson, L., Bensen, T., 2008. Vineyard
floor management affects soil, plant nutrition, and grape yield and quality. Calif.
Agric. 62, 187-190.

Steenwerth, K., Belina, K.M., 2008a. Cover crops and cultivation: impacts on soil
N dynamics and microbiological function in a Mediterranean vineyard agroe-
cosystem. Appl. Soil Ecol. 40, 370-380.

Steenwerth, K., Belina, K.M., 2008b. Cover crops enhance soil organic matter, carbon
dynamics and microbiological function in a vineyard agroecosystem. Appl. Soil
Ecol. 40, 359-369.

Stolz, H., Schmid, O., 2007. Organic viticulture and wine-making: development
of environment and consumer friendly technologies for organic wine quality
improvement and scientifically based legislative framework. In: D 2.7 Public
report about first round qualitative consumer research and market needs. http://
cordis.europa.eu/documents/documentlibrary/123869711ENG.

Tesic, D., Keller, M., Hutton, R.J., 2007. Influence of vineyard floor management prac-
tices on grapevine vegetative growth, yield, and fruit composition. Am. J. Enol.
Vitic. 58, 1-11.

Thorsen, M.K,, et al., 2010. Resilience of microorganisms and aggregation of a sandy
calcareous soil to amendment with organic and synthetic fertilizer. Soil Use
Manag. 26 (2), 149-157.

Treonis, A.M., Austin, E.E., Buyer, ].S., Maul, ].E., Spicer, L., Zasada, .A., 2010. Effects of
organic amendment and tillage on soil microorganisms and microfauna. Appl.
Soil Ecol. 46, 103-110.

van Capelle, C., Schrader, S., Brunotte, J., 2012. Tillage-induced changes in the func-
tional diversity of soil biota - a review with a focus on German data. Eur. J. Soil
Biol. 50, 165-181.

Van Leeuwen, C., Friant, P., Chone, X., Tregoat, O., Koundouras, S., Dubourdieu, D.,
2004. Influence of climate, soil, and cultivar on terroir. Am. J. Enol. Vitic. 55,
207-217.

Villenave, C., Jimenez, A., Guernion, M., Péres, G., Cluzeau, D., Mateille, T., Martiny,
B., Fargette, M., Tavoillot, J., 2013. Nematodes for soil quality monitoring: results
from the RMQS BioDiv Programme. Open ]. Soil Sci. 3, 30-45.

Villenave, C., Saj, S., Pablo, A.L, Sall, S., Djigal, D., Chotte, ].L., Bonzi, M., 2010.
Influence of long-term organic and mineral fertilization on soil nemato-
fauna when growing Sorghum bicolor in Burkina Faso. Biol. Fert. Soils 46,
659-670.

Virto, L., Imaz, M.]., Fernandez-Ugalde, O., Urrutia, 1., Enrique, A., Bescansa, P., 2012.
Soil quality evaluation following the implementation of permanent cover crops
in semi-arid vineyards, organic matter, physical and biological soil properties.
Spanish J. Agric. Res. 10, 1121-1132.

Wardle, D.A,, et al., 1999. Response of soil microbial biomass dynamics, activity
and plant litter decomposition to agricultural intensification over a seven-year
period. Soil Biol. Biochem. 31 (12), 1707-1720.

Wienhold, B.J., Andrews, S.S., Karlen, D.L., 2004. Soil quality: a review of the science
and experiences in the USA. Environ. Geochem. Health 26, 89-95.

Wilkinson, V., Lucas, R.L., 1969. Effect of herbicides on the growth of soil fungi. New
Phytol. 68 (3), 709-719.

Yeates, G.W.,2003. Nematodes as soil indicators: functional and biodiversity aspects.
Biol. Fert. Soils 37, 199-210.

Zavarzin, G.A., 2002. Microbial geochemical calcium cycle. Microbiology 71 (1),
1-17.

Zhao,].,Neher, D.A., Fu, S.L., Li, Z.A.,, Wang, K.L., 2013. Non-target effects of herbicides
on soil nematode assemblages. Pest Manag. Sci. 69, 679-684.

Zhao, J., Wang, F., Li, ]., Zou, B., Wang, X,, Li, Z., Fu, S., 2014. Effects of experimen-
tal nitrogen and/or phosphorus additions on soil nematode communities in a
secondary tropical forest. Soil Biol. Biochem. 75 (0), 1-10.


http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0200
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0205
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0210
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0215
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0220
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0220
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0220
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0220
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0220
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0220
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0220
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0220
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0220
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0220
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0220
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0220
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0220
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0220
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0225
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0230
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0235
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0240
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0245
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0250
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0255
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0260
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0265
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0270
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0275
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0280
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0280
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0280
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0280
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0280
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0280
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0280
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0280
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0280
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0280
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0280
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0280
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0280
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0280
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0280
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0285
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0450
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0295
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0300
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0305
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0310
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0315
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0320
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0325
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0330
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0335
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0340
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0345
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0350
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0355
http://cordis.europa.eu/documents/documentlibrary/123869711EN6
http://cordis.europa.eu/documents/documentlibrary/123869711EN6
http://cordis.europa.eu/documents/documentlibrary/123869711EN6
http://cordis.europa.eu/documents/documentlibrary/123869711EN6
http://cordis.europa.eu/documents/documentlibrary/123869711EN6
http://cordis.europa.eu/documents/documentlibrary/123869711EN6
http://cordis.europa.eu/documents/documentlibrary/123869711EN6
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0365
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0370
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0375
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0380
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0385
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0390
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0395
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0400
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0405
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0410
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0415
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0420
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0420
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0420
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0420
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0420
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0420
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0420
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0420
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0420
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0420
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0420
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0420
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0420
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0420
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0420
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0425
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0425
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0425
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0425
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0425
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0425
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0425
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0425
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0425
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0425
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0430
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0430
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0430
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0430
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0430
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0430
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0430
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0430
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0430
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0430
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0430
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0430
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0430
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0430
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0430
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435
http://refhub.elsevier.com/S1470-160X(15)00533-6/sbref0435

	The soil quality concept as a framework to assess management practices in vulnerable agroecosystems: A case study in Medit...
	1 Introduction
	2 Materials and methods
	2.1 Localization and sampling
	2.2 Soil indicators
	2.3 Statistical analysis

	3 Results and discussion
	3.1 Variance partitioning and interpretation of agricultural practices per soil group
	3.2 Contrasting effects of organic fertilization
	3.3 Positive effects of a plant cover, whether temporary or permanent
	3.4 The influence of weeding management is barely interpretable
	3.5 Adaptation of practices to soil types is possible for vulnerable Mediterranean vineyards

	4 Conclusions
	Acknowledgments
	References


