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ABSTRACT

The paper aims to assess the importance of environmental and management factors
determining the weed species composition along a strong elevation gradient. 76 cereal fields
(39 low input and 37 intensively-managed) were sampled along an elevation gradient in
Central Italy. Explanatory variables were recorded for each field to elucidate the role of large-
scale spatial trends, site specific, abiotic environmental conditions and field management
characters. Redundancy analysis was used to assess the relative importance of each
environmental variable in explaining the variation in species composition. Our results indicate
that variation in weed species composition is strongly determined by altitude, mean annual
precipitation, mean annual temperature and also by different soil characteristics. However, the
level of intensification proved to be the most influential variable. There was a significant
difference in species richness and composition between low input and intensively managed
fields. Intensification leads to considerable species loss at both lower and higher elevations.
Low input fields had 296 species in total, while intensively-managed fields had only 196.
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Introduction

Agricultural intensification can reduce the diversity of arable weed communities
(Pinke et al. 2009; Storkey et al. 2012; Briitting et al. 2012), which provide not only
conservational and aesthetic value but also a wide variety of ecological services (Altieri 1999;
Marshall et al. 2003; Barberi et al. 2010). The increased use of fertilizers and herbicides and a
simplified crop-rotational scheme has become more and more common. This process leads to
landscape homogenization, resulting in decreased plant diversity and changes in species
composition (Burel et al. 1998; Tscharntke et al. 2005; José-Maria et al. 2010, 2011; Kovacs-
Hostyanszki et al. 2010).

Species composition and diversity of arable fields can be influenced by several factors;
disentangling the roles they play has been a major focus of weed research. Climatic factors
and management practices have been shown to determine the weed species composition both
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in the Czech Republic and Hungary (Lososova & Cimalova 2009; Pinke et al. 2009, 2010,
2011b, 2012). Kikvidze et al. (2011) found that species richness correlated positively with a
composite climate variable, which is the product of maximum temperature and precipitation.
Significant changes in weed species composition were associated with a complex gradient of
increasing altitude and precipitation and decreasing temperature and base status of the soils in
Central Europe (Lososova et al. 2004). Longitude and precipitation were the most important
environmental parameters for the weed vegetation of oilseed rape in Germany (Hanzlik &
Gerowitt 2011). Phytogeography, crop type, altitude and sowing season were also important
determinants of weed composition in the north-western Balkans (Silc et al. 2009). Soil
properties such as clay content, texture, pH, different nutrients and certain management
variables also influenced the occurrence of some weed species (Andreasen & Streibig 1991;
Fried et al. 2008).

Crop production systems in Central Italy are fairly heterogenous. Large, nearly weed-
free intensively-managed fields are prevailing, while many low-input agricultural systems can
also be found. There is also a large amount of variation in geographical and edaphic
characteristics, since arable fields are distributed from the sea level to the high mountain
ranges in different soil types (Anselmi 1975; Catorci 2007; Catorci & Gatti 2010). A
significant trend towards intensification and abandonment of small low input fields and
pastures in the mountain ranges has been observed in the last 50 years, (Pedrotti 1978; Marini
et al. 2011, Rippa et al. 2011) and there is very little ecological knowledge about the
consequences of these changes.

The objective of this study was to determine and rank the relative importance of field
management regime and certain environmental variables on weed species composition and
richness along a strong elevation gradient. To our knowledge, examining the weed species
composition in conjunction with assessing the importance of numerous environmental factors
has not been done before in Southern Europe. Similar studies have already been carried out in
several northern countries (Lososova et al. 2004; Pysek et al. 2005; Pinke et al. 2009; Silc et
al. 2009), and the present work allows us to assess whether the trends in the studied region are
similar to that of more temperate areas.

Materials and Methods
Study area

The study area, with size of approximately 223.200 ha, is located in Central Italy, in the
southern part of Marche region, between the provinces of Macerata, Fermo and Ascoli
Piceno, at about 43° 00” 11.2” N and 13° 34’ 48.6” W (Fig. 1a,b). The 76 sampling areas,
represented by arable fields (Fig. 1c), range in altitude from 22 m in the vicinity of the
Adriatic coast to 1150 m in the heart of Apennines (Fig. 1d). Consequently, the climatic
conditions are strongly heterogeneous, varying in mean annual temperature from 8 to 17 C°
and from 600 to 1300 mm in mean annual precipitation. Two macroclimatic regions can be
distinguished within the investigated area: a) Mediterranean, located in the southern part of
Monte Conero, only in the eastern sector near the coast, and b) Temperate, in the rest of the
region, with a transitional belt in the hilly landscape included between 400 and 600m (Biondi
& Baldoni 1991).

Survey method



Vegetation data from arable fields were recorded during May/June of 2008. The gradient is
included in a grid system of 20 UTM geographical quadrats (10 x 10 km). In each quadrat,
four arable fields were chosen (two low input and two intensively-managed fields); in four
quadrats where a large portion of the area was occupied by the sea or high mountains, only
two fields were selected. Thus we sampled plots from 39 low input and 37 intensively-
managed fields. According to Hofmeister (1992), the main features of low input cropping are:
high cereal proportion in the crop rotation, on-farm production of crop seed, low sowing
density, shallow tillage, limited fertiliser application and no pesticide usage, late stubble
ploughing and only occasional application of mechanical weed control. Based on our field
observations. such fields were usually smaller in size (1-2 ha or smaller), and there were no
signs of herbicide application. Larger fields (<2 ha) with perceived herbicide applications
(traces of spraying machinery and weed injuries were detected) represented intensive farming
system (Table 1).

Weed vegetation of the fields was assessed in 10 randomly selected 1 m? plots located in the
field edges inside the outermost seed drill line. In this way 760 one-square-meter plots were
sampled in total in which vascular plants were identified to species level, and their
frequencies were calculated for each field. Taxonomic nomenclature follows Tutin et al.
(1968-1980, 1993).

Explanatory variables were recorded for each field, reflecting: 1) large-scale spatial
trends (altitude, mean annual precipitation, mean annual temperature); 2) site specific, abiotic
environmental conditions (soil texture, pHkc;, humus, CaCOs;, KO, P,0s); and 3) field
management characteristics (management regime, i.e. low input or intensively-managed
field). The climatic data of each field follows Amici & Spina (2002) and Spina et al. (2007).
Soil samples were collected at a depth of 0—15 cm, and physical and chemical analyses were
performed on the 0-2mm air dried soil fraction. Texture, pH KCI, humus, P,0s, K,O and
CaCO3 were determined in a laboratory accredited by DAP (German Accreditation System
for Testing).

The study fields were cropped by the following winter cereals: wheat (Triticum
aestivum L., Triticum durum Desf.), barley (Hordeum vulgare L., Hordeum distichon L.),
triticale (xTriticosecale rimpaui Wittm.) and rye (Secale cereale L.).

Data analysis

In total, 76 plots were obtained and they were entered into a TURBOVEG database
(Hennekens & Schaminée 2001). Predictor variables were related to species compositional
data by redundancy analysis (RDA, Podani 1994). Before the RDA, species data were
transformed by Hellinger’s formula which makes them suitable for direct ordination if
responses are unimodal (Legendre & Gallagher 2001). Explanatory power of the full model
(comprising all predictor variables) was expressed by the proportion of explained and total
variance, and its significance was assessed by a permutation test. The set of predictor
variables was also evaluated by testing each predictor separately, according to the
methodology of Lososova et al. (2004). Due to collinearities among variables, the total
amount of variance explained by a single predictor includes a proportion that is also related to
other predictors, while the remaining proportion is independent from other predictors and can
be attributed only to the single one we examine. Thus, explanatory power of each predictor
can be expressed by its gross effect that includes variance shared with other predictors, and its
subset, the net effect, that is the variance explained only by the considered predictor. The
gross effect of each predictor was obtained from a redundancy analysis using that single
explanatory variable. Net effects were calculated similarly but with the inclusion of all the
other background factors as covariables. In order to characterize intensively-managed and low
input management types with species composition, plots were grouped according to



management, and fidelity values of species were calculated for these two clusters. The phi
coefficient was used as the measure of fidelity (Chytry et al. 2002) with adjustment for equal
group sizes (Tichy & Chytry 2006). All statistical analyses were performed in R software
environment (R Development Core Team 2010) using the vegan package (Oksanen et al.
2010).

Results

Overall 296 weed species were recorded in the dataset of which 241 were forbs, 45 grasses, 5
trees, 3 shrubs and 2 rushes. The species richness differed considerably between the two
management types. Low input fields had 296 species in total, while intensively-managed
fields had only 196. There were significant differences between the species number within the
two management types at the level of the fields and the plots as well (Fig. 2). There was a
significant trend towards higher species richness with increasing elevation within both
management types (Fig. 3). According to fidelity measures (based on phi-coefficient), low
input fields have 9 characteristic species, while intensively-managed fields have none (Table
2).

The RDA model explained 28.23% of the total variation (Table 3). Weed species
composition was strongly related to several factors; among these the management regime was
the most significant, with both gross and net effects equally high (p<0.005). Large scale
spatial trends (altitude, mean annual temperature, mean annual precipitation) were highly
important variables, all their gross effects were significant (p<0.005); however, the net effect
was highest for altitude. Numerous site specific, abiotic environmental conditions such as
certain soil characteristics, also explained a large part of the total variation.

Several environmental factors showed significant correlation with altitude (Fig. 4).
Mean annual temperature (r=-0.749), mean annual precipitation (r=0.741) and soil texture
(r=0.467) were highly significant (p<0.001), while CaCOj3 (r=—0.02885), K,O (r=—0.03151)
and P,0s (r=—0.2617) content of the soil did not show a strong correlation with changing
altitude. The relationship between the environmental variables and the weed species with the
highest fit are listed in Table 4.

In the RDA ordination diagram (Fig. 5), the first axis corresponded to altitude, mean
annual precipitation, mean annual temperature and different soil characteristics (soil texture,
humus, CaCOgs, P,0s, pH). The second axis correlated with management regime and K,O
content of the soil.

The first two axes of the RDA ordination show that most weeds preferred low input
fields. There were species (Fig. 6) (Anthemis arvensis, Bromus sterilis, Consolida regalis,
Myosotis arvensis, Ranunculus arvensis, Viola arvensis) that preferred higher altitude, higher
amount of mean annual precipitation, lower mean annual temperature, higher humus content
and heavier soils. In contrast, fields at lower altitudes, with higher mean annual temperature,
lower mean annual precipitation, looser soils and lower humus content, could be characterized
by the following weed species: Anagallis arvensis, Avena fatua, Chamomilla recutita,
Cynodon dactylon, Lolium multiflorum, Picris echioides, Polygonum aviculare.

Discussion

Species richness of the investigated fields

Management regime of the studied arable fields proved to be one of the most
important factors determining species richness in our study. Low input fields had significantly
more species than intensively-managed ones. José-Maria et al. (2010) also verified that
agricultural intensification affects plant assemblages in arable fields. Several studies have



indicated higher diversity and weed biomass from low input arable fields across Europe
(Glemnitz et al. 2006; Hyvonen & Salonen 2005; Pinke et al. 2009).

In our study, eight species can be named as characteristic elements of low input fields,
and there are 15 weeds that are most strongly associated with this management type. Many of
these species (e.g. Galium tricornutum, Legousia hybrida, Legousia speculum-veneris,
Scandix pecten-veneris, Sherardia arvensis) are listed as threatened or even extinct weed
species in Central Europe (Pinke et al. 2011a). It is also important to emphasize that weed
species are more sensitive and less vigorous under intensified agriculture at the limit of their
range in western and northern Europe (Holzner 1978). Our research indicated that those weed
species threatened in Central Europe can be much more frequent in the southern European
study area, which can be regarded as their original (core) area.

Our results demonstrated that species number in arable fields in Central Italy
significantly increased with increasing elevation, similarly to the findings from Central
Europe (Lososova et al. 2004). Interestingly however, PySek (1993) confirmed that species
number is negatively correlated with elevation in urban areas. According to Siniscalco et al.
(2011) the number of non-native plant species decreased strongly with increasing elevation.
Suzart de Albuquerque et al. (2010) found that plant species richness can be well predicted by
water availability. In our study area, mean annual precipitation was correlated with elevation,
thus higher species richness can also be related to higher amount of available water.

Species composition of the investigated fields

The present research was carried out along a relatively strong elevation gradient,
resulting in a wide range of climatic conditions within the study area. Therefore, altitude,
mean annual temperature and mean annual precipitation were important factors determining
species composition, although their net effects were moderate. However, these factors are
strongly correlated and, in the case of net effect analysis, including two of them as co-
variables could mask the individual importance of the third. This connection is also
interpreted in the research of Hiigin (1999). Therefore there are weed species which
correspond to higher altitude and a higher amount of mean annual precipitation, but
negatively associated to temperature. Such species are: Viola arvensis, Consolida regalis,
Bromus sterilis, Eranthis hyemalis. At the same time, there are such species which are
associated with lower altitudes, lower amount of mean annual precipitation and a higher mean
annual temperature; e.g. Chamomilla recutita, Lolium multiflorum, Cynodon dactylon,
Polygonum aviculare, Bromus madritensis, Chenopodium album, Conyza canadensis, Picris
echioides and Desmazeria rigida showed a strong correlation with lower mean annual
precipitation and higher mean annual temperature, but we found no significant preference in
altitude.

Soil texture was also a highly important variable. Soils in higher elevation were
generally more compacted. Alopecurus bulbosus, Eranthis hyemalis, Centaurea cyanus,
Neslia paniculata and Bunium bulbocastanum are some species that prefer more compacted
soils. In contrast, Chamomilla recutita, Lolium multiflorum, Polygonum aviculare, Capsella
bursa-pastoris and Bromus madritensis were associated with less compacted soils. Fried et al.
(2008) found soil texture as a significant factor in determining species composition in France.
For segetal weeds, soil pH is one of the most important factors explaining species
assemblages (Fried et al. 2008; Climanova & Lososova 2009; Pinke et al. 2010). Our results
indicate that soil pH was not a highly significant factor in the studied area. Although its gross
effect was significant, the net effect did not confirm this. This is probably due to the low pH
range (pHkci 7.06-7.58) of the investigated area. There were nonetheless a few species that
were associated with lower or higher pH values (Table 3). Humus content of the soil was also
an important soil property that defined species composition. The species associated most with
higher humus content were Viola arvensis, Centaurea cyanus, Medicago lupulina and Bunium



bulbocastanum. Bretzel et al. (2009) found that Chamomilla recutita as native weed in the
Mediterranean prefers phosphorus rich soils for its emergence and for a larger biomass. This
is consistent with our results, as this weed was associated with high P,Os content. Tarmi et al.
(2009) found that species diversity negatively related with the amount of phosphorus. Our
results did not confirm this, but the trend was similar. CaCOj3 content of the soil positively
affected the occurrence of the following species: Alopecurus myosuroides, Ranunculus
arvensis, Veronica hederifolia, Consolida regalis, Symphytum tuberosum, but was negatively
associated with the presence of Lolium multiflorum, Capsella bursa-pastoris, Clematis
vitalba, Poa pratensis and Arabidopsis thaliana. Among these, Ranunculus arvensis and
Consolida regalis are classified as Caucalion species that are basiphilous weeds and most of
their members are threatened in northern Europe (Pinke 2004).

Our results indicate that many environmental factors along the investigated gradient
are associated with the variation in weed species composition. However, the level of
intensification, independent of other environmental factors, was the most influential both in
higher and lower elevations. In our study, management regime was the only factor where
gross and net effects were equally high. Several studies have supported the findings that
management regime is one of the most important variable influencing the species composition
of weed vegetation (Fried et al. 2008; Pinke et al. 2009), but our work emphasizes its
importance even when accounting for other environmental factors.

Conclusions

Intensive management regime was the strongest factor influencing weed communities
along the investigated gradient. It eliminates those species that are indicators of other factors.
Large scale environmental variables and site-specific conditions also impacted species
assemblages significantly. Our findings support the view that agricultural intensification
negatively affects species diversity and has a large effect on species composition in southern
Europe as well.

Low input cereal fields in higher elevation were the most species-rich, however, these
fields are most likely to be abandoned in the future as they are usually owned by older
farmers, and after the decline of this traditional peasant culture, there will be no younger
generation continuing this kind of lifestyle. On the other hand, low input fields are also
largely intensified, but in the mountain range this is not very profitable. Degradation of
traditional landscape in Central Italy is not just a local problem as it was stated in the research
of Agnoletti (2007) and Rippa (2011). As a consequence, more and more arable weeds will
become threatened, and species diversity of the cereal fields could dramatically decrease in
Southern Europe, similarly to which was already described from Central Europe (Pinke et al.
2009).

Low intensity arable farming systems of a high ecological quality are rare and
confined to southern and eastern Europe (Stoate et al. 2009). It is important to emphasize that
such low input arable habitats merit a high priority for biodiversity conservation. Kleijn et al.
(2009) also suggested that conservation initiatives are most effective if they are preferentially
implemented in extensively farmed areas that still support high levels of biodiversity. The
study of Armengot et al. (2011) revealed that landscape complexity had a limited role in
affecting weed flora of inner fields. Accordingly, strategies for weed flora conservation within
arable fields in a Mediterranean context should focus on promoting low-intensity agricultural
practices rather than on the surrounding landscape.
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LEGENDS (Tables)

Table 1 Characterization of the differently managed fields (76 fields evenly distributed 39
low input and 37 intensively managed farm). Averages of the factors, ranges in parenthesis.

P-value was calculated by Mann-Whitney test

Low input Intensive p
Field size (ha) 1.3 (0.2-5) 2 (0.3-5) 0.001
Crop cover (%) 33.4 (5-90) 50 (15-90) 0.001
Weed cover (%) 32 (6-100) 7.3 (1-40) 0.001
Number of weeds (total) 296 196 -
Number of weeds (per field) 18.6 (7-36) 8.9 (2-20) 0.001
Preceding crop annual 39/5 37/15 -
Herbicide use no yes -
pH KCI 7.27 (7.06-7.54) 7.32 (7.12-7.54) n.s
Soil humus content 2.35(0.84-8.22) 2.09 (1.01-5.82) n.s
Soil CaCOj3content 29.35 (5.7-64.9) 33.25 (2.7-65.4) n.s
Soil K,O content 276.66 (64.4-645) 279.04 (48.2-811) n.s
Soil P,0Os content 68.95 (12.5-271) 73.12 (10.7-317) n.s

Soil texture

medium sand-clay

medium sand-clay

Table 2 Characteristic species with the highest fidelity values (based on phi-coefficient)

Low input Intensive

Vicia sativa 0.6077005
Legousia speculum-

veneris 0.6061515
Arenaria serpyllifolia 0.5935589
Myosotis arvensis 0.5591980
Cerastium glomeratum 0.5210985
Lactuca serriola 0.5058994
Veronica arvensis 0.4213387
Scandix pecten-veneris 0.4208331
Anthemis tinctoria 0.3909115
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Table 3 Effects of explanatory variables on weed species composition, identified using the
Monte Carlo tests in redundancy analysis (RDA)

Gross effect Net effect

Variable var F P var F P
Altitude 0.048 6.525 0.005 0.014 2.113 0.005
Mean annual

temperature 0.046 6.251 0.005 0.007 1.048 0.350
Mean annual

precipitation 0.045 6.061 0.005 0.007 1.059 0.420
Soil texture 0.020 2.598 0.005 0.011 1.619 0.005
pH KCI 0.016 2.087 0.005 0.009 1.312 0.036
Soil humus content 0.026 3.423 0.005 0.014 2.212 0.005
Soil CaCOscontent 0.010 1.299 0.120 0.009 1.324 0.038
Soil K,O content 0.013 1.654 0.005 0.010 1.605 0.015
Soil P,Os content 0.019 2.411 0.005 0.008 1.293 0.050

Management regime 0.032 4.246 0.005 0.027 4.199 0.005
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Table 4 Fit and score values of the 20 species with the highest fit along the first axis in the
partial RDA models of the significant explaining variables

Management regime Altitude

(+ intensive; - extensive) Axis 1score  Fit (+ high; - low) Axis 1score  Fit
Convolvulus arvensis 0.153 0.182 Viola arvensis 0.155 0.326
Elymus repens 0.150 0.132 Consolida regalis 0.134 0.303
Polygonum aviculare 0.111 0.145 Bromus sterilis 0.134 0.177
Anagallis arvensis 0.097 0.128 Centaurea cyanus 0.081 0.241
Veronica persica 0.095 0.156 Eranthis hyemalis 0.056 0.170
Crepis sancta -0.026 0.095 Lamium amplexicaule 0.052 0.256
Trifolium campestre -0.041 0.115 Alyssum alyssoides 0.050 0.251
Sherardia arvensis -0.059 0.108 Lathyrus sphaericus 0.049 0.316
Galium tricornutum -0.072 0.093 Vicia tenuifolia 0.040 0.178
Lactuca serriola -0.072 0.213 Veronica polita 0.037 0.253
Cerastium glomeratum -0.077 0.167 Conyza canadensis -0.064 0.184
Aphanes arvensis -0.078 0.123 Papaver hybridum -0.065 0.198
Anthemis tinctoria -0.079 0.142 Sonchus oleraceus -0.074 0.169
Legousia hybrida -0.092 0.124 Chenopodium album -0.088 0.186
Scandix pecten-veneris -0.100 0.161 Bromus madritensis -0.098 0.172
Arenaria serpyllifolia -0.115 0.267 Anagallis arvensis -0.120 0.195
Myosotis arvensis -0.115 0.254 Polygonum aviculare -0.121 0.171
Papaver rhoeas -0.177 0.321 Cynodon dactylon -0.132 0.261
Legousia speculum-veneris -0.180 0.333 Lolium multiflorum -0.164 0.196
Vicia sativa -0.180 0.361 Matricaria chamomilla -0.178 0.259
Mean annual precipitation Mean annual temperature

(+ high; - low) Axis 1score  Fit (+ high; - low) Axis 1 score Fit
Bromus sterilis 0.168 0.280 Lolium multiflorum 0.181 0.240
Consolida regalis 0.145 0.355 Matricaria chamomilla 0.173 0.246
Viola arvensis 0.142 0.273 Helminthia echioides 0.143 0.191
Mentha longifolia 0.133 0.201 Bromus madritensis 0.119 0.251
Silene vulgaris 0.083 0.197 Catapodium rigidum 0.117 0.185
Potentilla reptans 0.081 0.174 Polygonum aviculare 0.113 0.151
Centaurea cyanus 0.068 0.170 Cynodon dactylon 0.112 0.189
Eranthis hyemalis 0.065 0.227 Chenopodium album 0.082 0.162
Bunium bulbocastanum 0.051 0.171 Conyza canadensis 0.074 0.243
Adonis flammea 0.043 0.161 Papaver hybridum 0.066 0.204
Dasypyrum villosum 0.041 0.174 Calendula arvensis 0.045 0.149
Conyza canadensis -0.062 0.169 Adonis flammea -0.042 0.154
Chenopodium album -0.083 0.167 Odontites rubra -0.054 0.153
Bromus madritensis -0.108 0.207 Eranthis hyemalis -0.055 0.159
Cynodon dactylon -0.111 0.183 Taraxacum officinale -0.071 0.165
Polygonum aviculare -0.119 0.167 Knautia integrifolia -0.075 0.165
Catapodium rigidum -0.124 0.207 Viola arvensis -0.133 0.240
Helminthia echioides -0.136 0.173 Mentha longifolia -0.136 0.208
Matricaria chamomilla -0.141 0.163 Consolida regalis -0.148 0.368
Lolium multiflorum -0.163 0.195 Bromus sterilis -0.162 0.260
Soil humus content Soil K,0O content

(+ high; - low) Axis 1score  Fit (+ high; - low) Axis 1score  Fit
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Viola arvensis 0.095 0.123 Phalaris canariensis 0.099 0.229
Centaurea cyanus 0.090 0.298 Avena fatua 0.084 0.059
Medicago lupulina 0.085 0.155 Galium tricornutum 0.066 0.077
Bunium bulbocastanum 0.085 0.477 Centaurea cyanus 0.037 0.049
Potentilla reptans 0.067 0.117 Neslia paniculata 0.035 0.087
Adonis flammea 0.062 0.330 Bunium bulbocastanum 0.032 0.065
Lamium amplexicaule 0.061 0.352 Sanguisorba minor 0.031 0.086
Lathyrus sphaericus 0.057 0.437 Adonis flammea 0.027 0.062
Valerianella coronata 0.052 0.183 Lamium amplexicaule 0.024 0.056
Sanguisorba minor 0.050 0.229 Minuartia hybrida -0.025 0.057
Dasypyrum villosum 0.048 0.240 Cerastium fontanum -0.026 0.051
Eranthis hyemalis 0.047 0.116 Clematis vitalba -0.039 0.068
Neslia paniculata 0.046 0.155 Arabidopsis thaliana -0.041 0.143
Alyssum alyssoides 0.046 0.216 Poa pratensis -0.046 0.070
Carduus pycnocephalus 0.042 0.132 Capsella bursa-pastoris -0.060 0.070
Vicia tenuifolia 0.039 0.168 Daucus carota -0.061 0.066
Veronica polita 0.030 0.163 Aphanes arvensis -0.061 0.076
Polygonum aviculare -0.106 0.132 Artemisia vulgaris -0.075 0.077
Lolium multiflorum -0.130 0.123 Veronica persica -0.077 0.103
Anagallis arvensis -0.130 0.230 Mentha longifolia -0.107 0.128
Soil texture Soil pH (KCI)

(+ heavy; - loose) Axis 1score  Fit (+ alkaline; - acidic) Axis 1 score Fit
Alopecurus bulbosus 0.075 0.149 Polygonum aviculare 0.116 0.159
Eranthis hyemalis 0.051 0.140 Poa annua 0.100 0.109
Centaurea cyanus 0.050 0.094 Cynodon dactylon 0.077 0.090
Neslia paniculata 0.050 0.182 Ranunculus sardous 0.064 0.066
Bunium bulbocastanum 0.047 0.147 Veronica polita -0.018 0.061
Lamium amplexicaule 0.038 0.140 Cerastium brachypetalum -0.022 0.102
Adonis flammea 0.038 0.124 Lathyrus sphaericus -0.023 0.069
Lathyrus sphaericus 0.034 0.150 Adonis flammea -0.027 0.062
Sanguisorba minor 0.034 0.101 Cruciata pedemontana -0.029 0.078
Cruciata pedemontana 0.033 0.103 Neslia paniculata -0.030 0.067
Vicia tenuifolia 0.029 0.096 Dasypyrum villosum -0.031 0.100
Arabidopsis thaliana -0.034 0.099 Rumex crispus -0.034 0.083
Aphanes arvensis -0.069 0.096 Centaurea cyanus -0.044 0.072
Chenopodium album -0.079 0.152 Taraxacum officinale -0.048 0.077
Poa annua -0.097 0.102 Rubus caesius -0.063 0.093
Bromus madritensis -0.097 0.167 Galium aparine -0.071 0.069
Capsella bursa-pastoris -0.106 0.221 Medicago sativa -0.072 0.074
Polygonum aviculare -0.108 0.136 Vicia sativa -0.076 0.064
Lolium multiflorum -0.119 0.103 Viola arvensis -0.077 0.079
Matricaria chamomilla -0.122 0.122 Bromus sterilis -0.098 0.096
Soil CaCO; content Soil P,Os content

(+ high; - low) Axis 1score  Fit (+ high; - low) Axis 1score  Fit
Alopecurus myosuroides 0.110 0.080 Matricaria chamomilla 0.156 0.201
Ranunculus arvensis 0.077 0.069 Poa annua 0.133 0.191
Veronica hederifolia 0.058 0.036 Lolium multiflorum 0.131 0.125
Consolida regalis 0.056 0.052 Capsella bursa-pastoris 0.111 0.240
Symphytum tuberosum 0.048 0.049 Polygonum aviculare 0.091 0.097
Ranunculus repens 0.039 0.063 Stellaria media 0.075 0.060
Ranunculus ficaria 0.038 0.088 Chenopodium album 0.075 0.134

13



Setaria viridis
Gladiolus italicus
Lamium purpureum
Achillea collina
Trifolium campestre
Medicago polymorpha
Cerastium fontanum
Dasypyrum villosum
Arabidopsis thaliana
Poa pratensis
Clematis vitalba
Capsella bursa-pastoris
Lolium multiflorum

0.026
0.023
-0.024
-0.024
-0.024
-0.024
-0.027
-0.027
-0.033
-0.034
-0.038
-0.060
-0.101

0.042
0.056
0.050
0.052
0.040
0.075
0.055
0.077
0.091
0.037
0.063
0.071
0.074

Papaver hybridum
Arabidopsis thaliana
Calendula arvensis
Crepis sancta
Euphorbia exigua
Lotus corniculatus
Taraxacum officinale
Pastinaca sativa
Trifolium repens
Myosotis arvensis
Consolida regalis
Anthemis arvensis
Ranunculus arvensis

0.044
0.031
0.028
0.022
-0.021
-0.028
-0.042
-0.044
-0.045
-0.053
-0.083
-0.093
-0.117

0.092
0.083
0.061
0.069
0.052
0.052
0.059
0.058
0.062
0.053
0.117
0.067
0.159
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Fig. 1 The location of the study area in the Central Apennines, Italy, southern Marches
mountain range, between the provinces of Macerata, Fermo and Ascoli Piceno, outlined in A)
and B). Filled dots indicate the position of the 76 sampling areas, illustrated with respect to
the distribution of the arable fields C) and with respect to the topography D)
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Fig. 2 Differences in the total number of species per field between the two management types:
low input (n=39), high input (n=37). The differences are significant at p<0.001 (Welch test)
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Fig. 4 Correlation between altitude and 8 environmental factors
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Fig. 5 RDA ordination diagram of environmental variables. o:
intensively-managed fields. Eigenvalues of RDA axes are supplied as percentages of the sum

of all eigenvalues.
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Fig. 6 RDA ordination diagram of the species with the highest fit. o: low input fields, e:

intensively-managed fields. Species codes: Anagarv =

Anagallis arvensis, Anatharv =

Anthemis arvensis, Avenfat = Avena fatua, Bromste = Bromus sterilis, Consreg = Consolida

regalis, Cynodac =

Cynodon dactylon, Picrech = Picris echioides, Lolimul =

Lolium

multiflorum, Chamrec = Chamomilla recutita, Myosarv = Myosotis arvensis, Paparho =
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Papaver rhoeas, Polyavi = Polygonum aviculare, Ranuarv = Ranunculus arvensis, Vicisat =
Vicia sativa, Violarv = Viola arvensis. Eigenvalues of RDA axes are supplied as percentages
of the sum of all eigenvalues.
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