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Abstract

Understanding the relative importance of spatathgoral variables, environmental conditions and
management practices as filters for weed assenblagssential to promote biodiversity in
agrosystems. In this study, we used a unique @atzosering 46 vineyard plots in France
(Champagne, Beaujolais and Languedoc winegrowiegswith 883 flora surveys performed
between 2006 and 2012. The three objectives gbtdsent study were: (1) to characterize weed
communities composition and structure (richnessanthdance) in vineyards from three traditional
winegrowing areas in France; (2) to evaluate tkedive importance of spatial, temporal variables,
environmental conditions and management practinese®d species composition and structure; (3) to
determine whether or not weed composition and stre@re affected by the same factors. The results
of the study revealed thagason (including timing of management practices) wasrtiwest important
filter for weed communities in vineyards, opposingach plot a spring community and a summer-
autumn community. Furthermore, spatial variatioesveen regions (latitude), soil types (pH) and
inter-annual variations (2006 to 2012) were alsmde have a strong effect on species turnover.
Farming practices explained an overall low variaiio composition of weed communities but some
species showed a high and consistent fit to caimigapractices. For example, herbicide applications
(mostly glyphosate) promoted some species subahs sylvestris andSorghum halepense whereas
tillage in inter-rows selected typical annual wesdsh asCerastium glomeratum andGalium

aparine. Farming practices had a much higher influencsp®ties richness and abundance with
equal effect of both herbicides and soil tillage dontrolling weed species richness and abundamce i
inter-rows, but stronger effects of herbicides wavserved on species abundance in the rows. Tillage
along the rows and a combination of mowing andd#l along the inter-rows were associated to the
highest level of weed richness and abundance. @dy suggests that grapevine growers have a
limited ability to influence species compositiondstly determined by abiotic factors) but their deoi

of management can modulate the level of weed reshaad abundance. Our results will contribute to

guide farmers towards more integrated managemantipes, ensuring both an optimal management
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of the spontaneous vegetation in vineyards anavaitpthis vegetation to provide various ecosystem

services.

Key words: weed community; French vineyards; pedoclimate; ioitbs; tillage; season.

1. Introduction

Promoting biodiversity in agrosystems, combinedhwitreduced dependence on pesticides has
become a key issue in agriculture over recent y@dtieri, 1999; Feledyn-Szewczd al., 2016).
Among taxa associated with cultivated land, weeztigs may play an important role in maintaining
biodiversity, as long as their adverse effectsrap production are limited (Marshal al., 2003;
Storkey, 2006). In order to achieve this goal,adhgh understanding of the relative importance of
biotic, abiotic and anthropogenic factors, actiedilers for species assemblages in weed
communities is needed (Belyea and Lancaster, 1S@cifically, improving the knowledge about
how environmental factors and management praditidlegence the variations of weed community
composition and structure is an essential firgesta developing alternative weed control
management practices at both the field and thestapk scales (Michez and Guillerm, 1984).
Vineyards are an ideal study model as flora managépractices have become more diversified in
recent years (Gaga al., 2007). Before the 1970s, vegetation in- and betvene rows was
traditionally managed by soil tillage (Barraditsal., 1983; Maillet, 1992). The generalized use of
chemical weed control then induced important chamgeomposition and richness of weed
communities between the 1970s and the 1990s (Baetal., 1983; Maillet, 1992; Monteiret al.,
2008). Herbicide application has causeédts in weed flora compositiaifue to the progressive
removal of herbicide sensitive species that hasdeuh overall reduced species richness and to the
progressive increase of some tolerant species igdhggally) or species able to escape (temporally)
the treatment@astgheib and Frampton, 2000; Baumgaratet., 2007; Gaget al., 2007;
Sanguankeet al., 2009) Besides the effect of herbicides per se, thentynaif theirapplication can
also shift the weed community, especially if apglehen weeds are less susceptible to chemical

control (Baumgartnegt al., 2007).Nowadaysherbicide treatments in vineyards are usually ictstt
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to the vine rows (which represents from 10 to 15%e total vineyard surface area), and can involve
pre-emergence and/or post-emergence herbicidesgfizdls and Frampton, 2000). Frequently tilled
rows and inter-rows represent highly disturbed ta&biwhich often harbour communities with a small
number of species but with a large variability presies abundance (Wilmanns, 1989, 1993; Kazakou
et al., 2016).More recently, weed control in vineyards is beingvded by establishing a cover crop
(Baumgartneet al., 2008). Besides their effect on weeds, cover-ciopineyards are primarily used
as leverage to confront various agronomic issuels as poor soil organic carbon levels, erosion and
fertility losses (Salome et al., 2016, Garcia et2018). Sometimes, spontaneous vegetation can be
preferred as it provides a low cost intercroppipgan and may offer interesting trade-offs between
ecosystem services (Kazakou et al., 2016). Whatbeecase (spontaneous vegetation or cover crop),
the vegetation is then mown. In conclusion, threénniveed management methods co-exist in
vineyards: soil tillage, herbicide applications andwing.In addition to farming practices, the weed
composition of vineyards can be affected by envirental factorsuch as soil or climate, related to
species ecological preferences. Weed flora isadlaoacterized by a seasonal dynamic, related to the
differences in species requirements for temperatndeprecipitation to germinate and complete their

life cycle.

A study of vineyards in Central Europe showed thahagement practices were the most important
factor affecting weed species composition in ayand, nevertheless, seasonal dynamics of the weed
community were also remarkable (Lososevdl., 2003). Most of the previous studies have idesdifi
management practices as the main factor affectegpvecommunity variation but it should be noted
that so far, data concerning vineyard weed commwaitiation exist only at local scales without
taking into account both spatial and temporal ¥emmes. In annual crops this kind of large-scale
analysis was realized by Frietal. (2008) using data from approximately 700 field&rance in
order to determine the respective importance oirenmnental factorsersus management practices on
weed species richness and composition. The aufinansl that major variations in species
composition were mainly associated with the curoeop type and the preceding crop type followed

by large-scale environmental gradients of soil pl einfall which explained more variations than
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soil tillage practices.

It is essential to develop similar large-scale gs®s in vineyards as selection of the most
appropriate soil management practices for eactyangemust consider factors like soil type, climatic
conditions and temporal complementarity betweeesisnd weeds for resource acquisition in order to
avoid potential competition (Celetteal., 2008; Ripochet al., 2010; Guerra and Steenwerth, 2011).
In the present study we used a unique data setdramge number of vineyards in France
(Champagne, Beaujolais and Languedoc) in ordematyae temporal (seasonal and inter-annual),

spatial (row and inter-row) and environmental véoias of weed richness and composition.

The objectives of the present study are: (1) toadiarize weed communities composition and
structure (richness and abundance) in vineyards flwee traditional winegrowing areas in France;
(2) to evaluate the relative importance of differ@actors (spatial, temporal variables, environraknt
conditions and management practices) on weed speaiaposition and structure; (3) to analyze if
weed composition and structure are affected bgdmee environmental factors and farming practices,

despite the different profiles of winegrowing area.

2. Material and methods

2.1. Study regions

As part of the Biovigilance Flore national arableed survey conducted in France, mainly on annual
crops (see Fried al. (2008)), specific surveys were also performediireyards between 2006 and
2012. The vineyard vegetation surveys covered tim&ea wine production regions: i) Languedoc, ii)
Beaujolais and northern Rhéne valley and iii) Chagme, covering a diversity of pedo-climatic
conditions and management practices from the douitie north of France (Figure 1). Languedoc has
a Mediterranean climate with a mean annual temperatf 14.1°C, and 686 mm annual rainfall in the
surveyed plots, based on WorldClim database (Higstal., 2005). The Treatment Frequency Index
(TFI) for herbicides, i.e. the cumulative ratiotbé dose applied to the recommended dose, for all
treatments applied during the growing season (Hg/d€99), ranged between 0.4 in 2006 to 0.5 in

2013 (Pujol, 2017) with a mean of 0.48 in our syedkeplots. Permanent or temporary sown or
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spontaneous cover crops in the inter-rows are oloderved in 29% of the Languedoc vineyards
(Agreste, 2009) but in only 10.2% of our surveygatpin this region. Beaujolais and northern Rhone
valley have a semi-continental climate with temfeemafluences, with a mean annual temperature of
11.4°C and 776 mm annual rainfall in the surveyletspThe TFI for herbicides ranged between 1.1
in 2006 to 1.2 in 2010 (Pujol, 2017), with a me&i.88 in our surveyed plots. In this region, 4286 o
the vineyards display a cover crop in the inters@#greste, 2009) with 40.6% of the surveyed plots
with cover crops. Finally Champagne has a contalattimate with oceanic influences, with a mean
annual temperature of 10.1°C and 657 mm annudiathihe TFI for herbicides ranged between 1.2
in 2010 to 1.4 in 2013 (Pujol, 2017) with 1.24 ae tows of our surveyed plots. Only 26% of the
vineyards have cover crops in this region (Agrez®®9) but 62.5% in our surveyed plots. The
Biovigilance sampling represented the mean levéleobicide treatments well in each region,
however in terms of cover crops, Biovigilance walyoepresentative in Beaujolais and the northern
Rhone valley while cover crops were under-represeimt Languedoc (10.2% against 29%) and over-

represented in Champagne (62.5% against 26%).

2.2. Vegetation surveys

Forty-six vineyard plots were surveyed among wHiBIplots were located in Languedoc, 18 plots in
the Beaujolais and northern Rhone Valley and 1&pioChampagne (Table 1). In each of the 46
vineyard plots, from 1 to 36 surveys were perforetiveen 2006 and 2012 (Table 1). In each
vineyard plot, a quadrat of 2000 m2 was surveyeae different areas, rows (R) and inter-rows (IR),
were distinguished within the 2000 m2 quadrat dutaé usually different management practices
applied in these areas (Table 2). Each of thesaate@s was surveyed at two or three different gderio
of the year: in early winter, in spring, in sumnaed/or in autumn, in order to integrate the sedsona
variability of the flora (except for the first yeaf the survey where only autumnal surveys wereedon
see Table 1). In the present study, we used 88Blsaya out of 1060, including 449 samplings on the
grapevine row and 434 samplings on the grapeviree-now (Table 1), we discarded 16 samplings
without indication of sampling area (rows or intews) and 161 samplings in control plots with no

herbicide applications (only in the Champagne)area
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The abundance of each species was estimated igngbfundance classes as developed in
(Barralis, 1976). This method takes into accouatrthmber of individuals peryusing the following
scale intervals: ‘1’ less than 1 individuaf/frf2’ 12 individuals/m ; ‘3’ 3—20 individuals/m ; ‘4’

21-50 individuals/rh; ‘5’ more than 50 individuals/mAt the community-level, we calculated
species richness (S), the number of species imalsg unit, and total abundance that we defined as
the sum of the abundance of each species presargampling unit. For this purpose, we transformed
the abundance class into a quantitative scale tisenghedian of the range of density associated with
each abundance class (“1”: 0.5 ind/mz; “2: 1.5am%l/*3”; 11.5 ind/m?; “4”: 35.5 ind/m2 and “5": 75

ind/m2).
2.3. Explanatory variables

Explanatory variables can be grouped into four $ypespatial variables, ii) environmental condiiso

iii) management practices and iv) temporal varigble® account for the spatial component of
variability (see Borcaret al. (1992)), spatial variables were constructed bpgigngitudinal x and
latitudinal y coordinates of the studied vineyafisst (x, y), second ¢ y?) and third (%,y®) order

terms of the spatial coordinates were createdi®analyses, along with interaction terms’(xgy).
Second and third order terms were included in o@le@ccount for more complex, patchy spatial
patterns in community composition or diversity odetected (Legendre and Legendre, 1998).
Detailed soil analyses were only available for Iot(30% of the plots). Therefore, we retrieved 8
factors from the Soilgrids dataset at 250m resotuHenglet al., 2017) based on the coordinates of
the vineyard plots. There was a high correlatiomvben available soil parameters and those estimated
from the Soilgrids dataset (e.g. pH, r=0.86). Wdgened a principal component analysis (PCA) on
the 7 soil variables (which included : soil orgac&bon content, pH index measured in water
solution, bulk density (fine earth) in kg per cubieter, CEC (Cation Exchange Capacity of soil),
weight percentage of the sand particles (0.05-2,weight percentage of the silt particles (0.0002—
0.05 mm), weight percentage of the clay particts002 mm), volumetric percentage of coarse
fragments (>2 mm)) and extracted the three firssawhich represented 82% of total inertia and were

associated to a gradient of soil pH on axis 1 argbil texture gradient on axis 2 and 3, opposing
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sandy soils to silty soils on axis 2 and clay stuilsandy soils on axis 3, respectively (see Append
S1 for the detail outputs of the PCA). Winegroweese asked about vegetation management along
the rows (R) and the inter-rows (IR) for the yeawgsered by the survey. Three main types of
management practices can be distinguished: mowmetu¢ling crushing), soil tillage and chemical
treatments with herbicides. The main types of talge implemented in our survey included “rasktte
(25%), rotary inter-vine hoes (15%) and mouldbgaaodigh (8%), with a typical working depth
between 5-15 cm. Glyphosate represented the maiicide used (61.2%) followed by aminotriazole
(13.3%) and glufosinate (8.5%). Table 2 summarizesnain trend in the management practices in
each region. Different management practices or coatibons are employed on the R and the IR and
management practices differ also on the same vidgyat over the years. Thus, to summarize
management practices of each year in each viney@dsed the number of mowings, of soil tillings
and of herbicide treatments per year. We alsondjstshed management practice types and the
different combinations of management practicesiagpb the rows and to the inter-rows: 1-
herbicides only (H), 2- soil tillage only (T), 3-xof herbicides and soil tillage (HT), 4- mix ofilo
tilage and mowing (TM). Temporal variations in gyard flora were assessed with two variables: the
date of the vegetation sampling (Julian Day) tleabant for seasonal variation in weed flora
(hereafter called ‘Season’) and the year whichdagkount for particular weather conditions. Table

gives the units and ranges of the raw variabled ursthe study.
2.4. Data analysis

Frequency of occurrence of species was comparegbatthe rows and the inter-rows using a fidelity

measurement, which reflects the concentration e€isg occurrence in different habitats (Chry

N.np-n.Ny
/n.Np.(N—n).(N—Np)

with N the total number of samples used (883),tNp,number of samples in the rows (449), n, the

al., 2002). We used the phi coefficient of associa@or

number of occurrences of the species in the whatasét and np the number of occurrences of the
species in the rows. This index ranged from -1dgseassociated to inter-rows) to +1 (species

associated to rows). For the three different regiore also computed species ranking based on their
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frequency of occurrence in the vineyard plotshis tatter case, for the sake of simplicity we dal
distinguish between rows and inter-rows (i.e., &c&s is considered to occur in a vineyard plot as
long as it is present in either the row or therimaav).

To analyze the relationship between explanatorialibes and vegetation composition, we
used a constrained ordination method that waseghgkparately on the two areas (rows and inter-
rows). Before analysis, species abundance datasgeise-rooted. An indirect model (Detrended
Correspondence Analysis, DCA) was first used tod#ewhether to use a linear or a unimodal
approximation (Ter Braak and Smilauer, 2002; Lap$ @milauer, 2003). These DCA revealed that
the rate of turnover of plant taxa across the sitethe first axis of variation was such that amodal
model assumption would be more appropriate thamead model assumption (DCA axis 1 length =
4.43 in the inter-rows, DCA axis 1 length = 4.43he rows). Therefore, Canonical Correspondence
Analysis (CCA) was undertaken between the vegetatisemblage data and the 16 explanatory
variables. Collinearity issues were checked wittadation inflation factor (VIF) with an initial C&
including all 16 explanatory variables. VIF valu#sl0 or higher are usually interpreted as revealin
severe multicollinearity issues (Hairal., 2006). At this step, three variables with VIFG-Were
removed (%, ¥, y°) for both row and inter-row datasets. Correlagomong the 13 remaining variables
can be visualized in Appendix S2. We further redute number of explanatory variables by
performing a backward and a forward selection glaxatory variables based Brvalue using
function ordistep of package vegan (Oksaetead., 2017).

We then compared the gross and net effects of @gualanatory variable, following the
methodology described in Lososaastéal. (2004). The gross effects represented the vaniatio
explained by a 'univariate’ CCA containing the gogdr of interest as the only explanatory variable.
The net effect of each particular variable aftetipaning out the effect shared with the other
explanatory variables (also called conditionals} vested with a partial CCA (pCCA). We extracted
the explained variance and the adjusted R-squaradddels of both gross and net effects of each
variable retained in the reduced models. In modfketet effects, model fit was also assessed b¥rthe
value for which a type | error rate was estimatsid@ 999 permutation tests of the constrained axis.

The importance of each explanatory variable wakadmising the values of the pCCA (i.e. net effect)



237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256

257

258
259
260
261
262
263

models. Subsequently, we identified the 10 spewittsthe highest fit for the best explanatory
variable of each group of variables (i.e., spat&hporal, soil and managemer8pecies fit on the
constrained ordination axes was calculated usiaggthodness’ function of the vegan package.

We first compared species richness and total amagdan the rows and on the inter-rows
according to the nature of the management practippked (1-herbicides only, 2- soil tillage onBy,
mix of herbicides and soil tillage, 4- mix of mowiand soil tillage) using Kruskal-Wallis tests and
dedicated post-hoc tests to determine pairwiserdiffces among treatments. Then, in order to achieve
a more general understanding of the variation amfpspecies richness and in the total abundance of
plant per plot, we developed linear mixed-modetsd€&al with the non-independence of the residuals
for each plot due to the repeated surveys on time §dots, we consider the identity of the plotaas
random effect on the intercept. All other variablese considered as fixed factors. All explanatory
variables were standardized before analysis. Wieimeed a backward elimination of non-significant
terms of linear mixed effects models using the fiomcstep of the ImerTest package (Kuznetsaiva
al., 2015). Residuals of the reduced models were @ukakth Shapiro-Wilk test and visually
inspected to detect trends that could bias estsn&jgecies richness was therefore square-rooted for
both the row and the inter-row datasets, while sedithe fourth and the sixth root of total abundanc
for inter-rows and rows, respectively. Collineaiggues were checked with VIF. Standardized effect
size were computed with function sjp.Imer of paekagplot (Liidecke, 2017). All statistical analyses

were performed using R 3.4.2 (R Development Coen1,&£017).

3. Results

Across the 883 surveys from 46 vineyard plots @thbrows and inter-rows), a total of 234 species
were recorded of which 56 were found in the thréeegrowing regions. The ten most frequent
species (based on the 883 samples) includedvolvulus arvensis (45.3%),Cirsium arvense (38.5%),
Senecio vulgaris (37.0%),Diplotaxis erucoides (30.4%),Geranium rotundifolium (27.7%) ,Erigeron
canadensis (25.4%),Taraxacum officinale (24.5%),Crepis sancta (24.5%),Lactuca serriola (21.3%)

andSonchus oleraceus (20.8%). Appendix S3 gives the 30 most frequeatigs with their detailed



264  frequency in the rows and the inter-rows, as wethair frequency and rank in the three regions and
265 their status (native/alien). Some species sucPoagolvulus arvensis, Senecio vulgaris, Cirsium

266  arvense andGeranium rotundifoliumwere widespread in all three regions while thertojked species
267 (based on frequency) in each regions differed somestmarkedly wittDiplotaxis erucoides and

268 Sonchusoleraceusin LanguedocErigeron canadensis andVeronica persica in the Rhone valley and
269  Taraxacum officinale andPoa annua in Champagne (Appendix S3). The vineyard flora e@sposed
270 of 85% native species, 6% archaeophytesdlien species introduced before 1500) and 8% ngeph
271 (i.e. alien species introduced after 1500). Thetrfteguent neophytes includé&digeron canadensis,
272 Crepissancta andVeronica persica while Papaver rhoeas was the most frequent archaeophyte. The
273 mean relative abundance of alien species (archgteph neophytes) at the 2000m2 quadrat scale
274  varied from 8% in Champagne to 24% in Rhone vadleg 14% in Languedoc.

275 Most species (79%) are found in both rows and irdesrs with only 20 (9%) and 29 (12%)
276  species only present in the rows or in the intevsiaespectively. The fidelity index to the rows

277 ranged between 0.197 fBubia peregrina (the species most associated to the rows) an@0dat

278 Trifoliumrepens (the species most associated to the inter-rowsprg common specieBjplotaxis
279  erucoides (-0.129),Poa annua (-0.101),Plantago lanceolata (-0.076) andraraxacum officinale (-

280 0.073) were more frequent in the inter-rows wid@volvulus arvensis was more frequent in the

281 rows (0.080). Globally the range of values of figelo the rows (-0.160, 0.197) compared to maximal

282  potential values (-1, 1) showed that species arglynpresent in both areas.

283 3.1 Factorsaffecting weed community composition

284  For the grapevine inter-rows, the selection prooedemoved two variables: number of mowings and
285  x’%. The reduced model with 11 variables explaine@9% of total inertia against 17.32% for the full

286 model. The amount of variation in species compamsiéxplained by the net effects of particular

287 variables, as detected by partial CCAs (Table 4 highest for season and decreased first through

288 latitudinal (y) and longitudinal (x?) spatial vabias, second through soil pH and year, and wasdbwe

289 for management variables, with the number of diifigs explaining the highest variations among

290 management practices. The first two CCA axes enpthb.04% and 2.97% respectively. On CCA



291 axis 1, weed species composition was mainly disoated according to latitude (-0.977) and soil pH
292 (0.728) and secondly according to longitude (-0)pBferaction between longitude and latitude (xy?,
293 0.480), and the proportion of silt (-0.608, Fig@eg. Species negatively associated with axigldla
294  sylvestris, Calendula arvensis or Diplotaxis erucoides) were associated to the plots located in southern
295 France in the Languedoc vineyard, on basic cldg sdiile species characteristics of Champagne, on
296  more silty and neutral soils were positively asategd to CCA axis 1, e.§0a annua, Taraxacum

297 officinale, or Mercurialis annua (Figure 2a). The second axis was to a very lasggak dependent on
298 sampling date (-0.813, with early samplings ongbsitive loadings) and to a lesser extent to

299 longitude (0.316), soil pH (-0.297), percent of 6i0.293) and the number of soil tillings (-0.249)

300 Species with early life cycles, typical to earlyieg are on positive loading€(epis sancta,

301 Cardamine hirsuta, Capsdlla bursa pastoris) while summer therophytes are on positive loadings

302 (Digitaria sanguinalis, Heliotropium europaeum, Portulaca olearacea, Figure 2a).

303 For the grapevine rows, the selection proceduré &ép2 initial variables and 16.07% of the
304 total inertia was explained. As for the inter-rotf® amount of variation in species compaosition in
305 grapevine row vegetation which was explained bynttteeffects of particular variables is highest for
306 season and decreased first through latitude, seboodgh longitude and soil texture (sand versus
307 clay) and management variables, and is lowestdar {Table 4). The first two CCA axes showed
308 5.06% and 2.91% respectively. Similarly to the C&alysis for inter-row vegetation, the row

309 vegetation was discriminated on CCA axis 1 accgrdinthe spatial variables (latitude (-0.934),

310 longitude (-0.794) and their interactions) as waslisoil pH (0.817, Figure 3b). This first axis vadso
311 constrained by the number of herbicide treatmeft§31).Diplotaxis erucoides, Avena sterilis and
312  Sonchusoleraceus were associated to Languedoc region on basicsdidy with no or few herbicide
313 treatments on the rows, whiR®a annua, Lamium purpureum andAnisantha sterilis were associated
314  to more acidic, silt loam or sandy loam soils vathigher number of chemical treatments on the rows.
315 The second CCA axis opposed vineyard rows accotdisgmpling date (-0.876) and number of soil
316 tillings (-0.409).Arenaria serpyllifolia, Crepis sancta, Fumaria officinalis were associated to early

317 sampled rows with little soil tillage whil&onvolvulus arvensis, Amaranthus retrofl exus or Equisetum
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ramosissmum where associated with late sampled rows with sl tillings (Figure 3a). Species
ranks along the main gradients identified by pb@@A on the rows and the inter-rows are

summarized in Table 5a and 5b.

3.2. Factor s affecting weed communities structur e (richness and abundance)

The mean number of species per plot was 9.4+5.4<(Inimax=27) in the row and 10.1+5.5 in the
inter-row (min=1, max=28). Species richness diffieaecording to management practices in the inter-
rows (Kruskal-Wallis test?<0.001): there were no significant differencesp#@es richness between
inter-rows were herbicides were applied (7.55x4.if8¢r-rows that were tilled (9.00+5.84) or inter-
rows that were both treated with herbicides aeldi(8.80+6.28), while inter-rows that were mown
and tilled showed the highest level of richness4825.66, Figure 4a). Total abundance showed
similar variations between the management pracfi€esskal-Wallis testP<0.001) with highest
species density for mown/tilled inter-rows and Iet®r chemical and/or mechanical control methods

(Figure 4b).

The model selection procedure kept 5 variablexpiag the species richness in inter-rows
(see Appendix S4 for detailed output of the modEte marginal Rof the final model (for fixed
factors) was 0.248 and the condition&(iRcluding the fixed factors and the random effafoplot
identity) was 0.369 (against 0.264 and 0.378 ferfthl model). The standardized effect size was
highest for soil pH, followed by percentage of,siktar, number of herbicide treatments and number
of soil tillings (Figure 5a). These two managemenriables were only slightly negatively correlated
0.3) for the inter-rows, showing a tendency to aise or the other practice, even if winegrowers @¢oul
implement both practices in the same field the spoae.

To explain species abundance in inter-rows, theainselection procedure kept 5 variables
(see Appendix S5 for detailed output of the modEte marginal Rof the final model (for fixed
factors) was 0.194 and the conditiona(iRcluding the fixed factors and the random effafoplot
identity) was 0.377 (against 0.210 and 0.382 ferftl model). The standardized effect size was

highest for percentage of silt and year, followgdh®e number of herbicide treatments, season and th
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number of soil tillage (Figure 5b). In summary, @ps richness and abundance in the inter-rows
increased with the percentage of silt and decreagtbd/ear and the number of herbicide treatments
applied per year and to a lesser degree with thebeuof soil tillings implemented each year. Spgcie
richness also increased with decreasing pH anddaimoe decreased with growing season (higher in
spring, lower in autumn).

On the grapevine rows, species richness and totaidance differed according to soil
management practices (Kruskal-Wallis teBts).001). Species richness and total abundance were
highest in tilled rows (10.42+4.79 species, 23.7543 ind./m2) and showed lowest values in rows
with herbicide treatments (8.92+5.67 species, H9%4 ind./m?), and in rows with a combination of
herbicide treatments and soil tillage (7.27+4.1&c#ps, 9.70+12.24 ind./m?, Figure 4c,d).

On the grapevine rows, the model selection proeethurrexplaining species richness kept six
variables (see Appendix S6 for detailed outpuhefrhodel). The marginal’Rfor fixed factors) was
0.215 and the conditionafRncluding the fixed factors and the random effafoplot identity) was
0.372 (against 0.247 and 0.380 for the full modEhe standardized effect size was highest for
latitude, followed by longitude square rooted termgnber of herbicide treatments, year, season and
number of soil tillings (Figure 6a). To explain sfEs abundance in rows, the model selection
procedure kept 5 variables (see Appendix S7 faildet output of the model). The margindl &t the
final model (for fixed factors) was 0.210 and tleditional R (including the fixed factors and the
random effect of plot identity) was 0.298 (agaibi@19 and 0.308 for the full model). The
standardized effect size was highest for yearowadld by x2, and then by the season, percentagh of s
and the number of herbicide treatments (Figure 6b).

In summary, species richness and abundance dedreékeyear, growing season and with
the number of herbicide treatments and increasttx®i Species richness increased with increasing
latitude and decreased with an increasing numbsoibfillings, while species abundance decreased
with percentage of silt. VIF was < 10 for all expddory variables of the full models, and < 2 in the

reduced models, indicating no serious collinearity.

4. Discussion
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With a total of 234 species recorded in our stwgl covered about 25% of the plant species diversity
found in French vineyards which is estimated at §@€cies (Maillet, 2006). Such coverage was
expected due to the extent of the survey limitetthtee regions and above all to the classical log-
normal distribution of plant species with a few ¢oon species and a lot of rare species with a narrow
distribution. However, our survey was represengati’the distribution and the responses of the main
weed species of the French vineyard including thepkcies considered as potentially noxious
(Maillet et al., 2001). The total explained variation in plant @asition is about 16-17%. This
percentage of explained variance is consistent pvigious studies on plant community in arable
fields (Friedet al., 2008) or field margins (Corde&tial., 2010). The proportion of explained

variation is a consequence of the large data 8& $8mples x 234 species), resulting in a high atou
of noise (Lososovét al., 2004). Although this represents a relatively Enwount of explanation, it
allowed us to measure the relative contributiomdividual variables that helped shaping the plant
community and to assess the relative effect of mament and environmental factors (Nagl .,

2018).

4.1 Contribution to plant assemblages of temporal and spatial char acteristics of the plots

Season was the strongest driver of the plant adagesin French vineyards. The succession of
different species assemblages during the growiagme with the succession of spring communities
(Cardamine hirsuta, Crepis sancta, Veronica spp.) followed by summer communitiéngaranthus
spp.,Chenopodium album, Setaria spp.) is well known in cultivated fields (Kropét al., 1971;
Lososovéet al., 2006; Silc and"arni, 2007). This is mainly a consequence of vianain species time
of emergence (Roberts and Feast, 1970) relateifféostht physiological requirements of temperature
and humidity for seed germination (Jauzein, 19B6yineyards, which are characterized by large
spaces between rows and most generally with nor@eps in the inter-rows, such seasonal
dynamics was expected to be higher compared toshsmps where the shade of crop canopy
prevents new germinations in the course of the gmgweason (Andradat al., 2017). In addition, in

our analysis the season not only covers the vaniatf weather over the year but probably also
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includes the differences of vegetation before dtet ananagement (mowing, herbicides, tillage), as
soil management practices are usually applied htwiee first census in spring and the following
censuses in summer/autumn. This could be imporérihe more that certain practices such as #llag
are known to stimulate new germination (Cordetzal., 2017a) and because tillage operations are

more spread over the season in vineyards thaminaherops (concentrated in fallow period).

Latitude was the second strongest driver of plamposition after partialling out its shared
effect with other variables (i.e. see gross eff€able 2). It represents mainly the differencesveen
the three regions based on their climatic condstiand the related specific species pool that forated
evolutionary temporal scale in Mediterranean versuginental regions. In the Languedoc, vineyard
weed communities includes typical (sub)Mediterrang@ecies such &suisetum ramosi ssimum or
Heliotropium europaeum while in Champagne, communities are often domahatemore
cosmopolitan weed species suchPaa annua or Mercurialis annua (Rhéne-Alpes vineyards being
intermediary). Soil parameters (pH and texture)ensso good descriptors of large-scale variations i
plant composition (i.e. see net effect, Table Bsitts were consistent with previous knowledge on
indicator species (Ellenberfjal., 1992) withDiplotaxis erucoides andCalendula arvensis being
indicative of basic soils (mainly in Languedoc wagds), whileCynodon dactylon andEpilobium
tetragonum were more associated with slightly acidic soilsyentoequent in the Rhone valley. Among
other dominant specieRumex crispus andElytrigia repens were associated with clay soils while

Erigeron sumatrensis andSorghum halepense were more abundant on sandy soils.

4.2 Contribution of management practices of the plots to plant assemblages

In our study, farming practices explained a lowiatéwn of plant composition. This is not in
accordance with previous studies in vineyards wlsrecies composition varied more by
management (i.e. 49.5%) than by seasonal change2%i6%) (Lososowé al., 2003). However, it is
important to mention that in the study of Lososetd. (2003), the observed plant composition shifts
where associated with the transition from intensiggcultural management with frequent tilling and

herbicide use, to a more environment- friendly ngamaent by mulching. This was not the case in our
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study, where farming practices were more homogenéuwerbicides were largely used, see Table 2)

and considered to be consistent over the 7 yedheisurveyed plot.

Despite a low explanatory power, our results camiogrthe number of herbicide treatments or
the number of soil tillings are consistent with kmowledge of species biology and behaviour.
Sorghum halepense andMalva sylvestris seems to be associated with fields where rowsweddigh
amounts of herbicide. This is in accordance withfttt that glyphosate (the most frequently used
herbicide in the survey) was reported to show redwefficacy against these species, e.g. in Greece
(Travlioset al., 2014).Malva spp. are considered to be naturally tolerantyptgbsate (Michaedt al.,
2009), while the extensive underground rhizom&awghum halepense make it difficult to control
even with such systemic herbicides. At the oppasie of the herbicide intensity gradient, rowd tha
received no or very few herbicide treatments harlspecies such &3alendula arvensis or Muscari
comosum that were typically considered as decreasing dimeéarge adoption of systemic herbicides
in vineyards (Barralist al., 1983). Inter-rows that are poorly or not tille@ associated with higher
abundance of perennial species suchréslium repens, Lepidium draba or Rumex pulcher, while
regular soil tillage typically favours annual sgecsuch a€erastium glomeratum or Galium aparine
subspaparine. Globally our results are consistent with the ithest herbicide and tillage are strong
filters of plant communities favouring mostly thphytes, or some perennials with high vegetative
reproduction capacity through cuttings (tillagey. €onvolvulus arvensis) or deep and extensive root
systems (herbicide e.§orghum halepense). Whereas mowing appears to be a weaker management
filter that allows the presence of a greater dityed species (Kazakou et al., 2016).

The fact that season better explained communityposition than the number of management
operations per year suggests that rather thanuimber of treatments, their timing of application
might determine species composition more imponygi@brdeatet al., 2017b). In rotated annual crop
fields, timing of tillage (in relation to the plaphenology and seed production for example) was
identified as a strong assembly “filter” that cédtfner constrain or advance the membership of specie

within the subsequent weed community (Smith, 2@@@deauet al., 2017b).

4.3. Importance of environmental and management practicefilters
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One important finding of our study is that in Frengneyards, seasonal and environmental factors
shape plant assemblages while farming practicestadpecies richness and abundance. This result
can be replaced in a conceptual framework commaseyl in community assembly theory which
assumes that local assemblages are shaped byaechieal series of environmental and
anthropogenic filters (Ackerly and Cornwell, 200Fpr French vineyards, our results suggest that
there are different regional species pools (latitaldeffect), each of which is further differengdt
according to soil conditions (acidic sandy soilssus basic clay soils). For a given species
composition determined by these large-scale abjgp#idients, local management practices will then
poorly modify the composition, but the number af 8hings or herbicide treatments will limit the
number of species or individuals of a given potrdssemblage. In this respect, the importanckeof t
effect of management practices on species richretsgeen row and inter-row was quite different,
particularly regarding the chemical or mechanicaéd control strategies. Indeed, according to our
results, a large number of chemical weed contrdillage methods reduced richness with a stronger
effect on the rows than on the inter-rows, while ttumber of mowings has no effect on the richness
in the row spacing. This latter result is not cadictory with the literature since it is reportéatthe
height of mowing matters more than the number ofvings for filtering spontaneous flotAbu-

Dieyeh and Watson, 2005

4.4. Management implications

Species richness has been recently proposed asldrgbcator of diversified and sustainable
cropping systems less prone to dominance by higtifpted resistant weed species (Storkey and
Neve, 2018). In this regard, our study showed lleabicides were the less sustainable management
practices with lower species richness and a stdeegease with increasing number of treatments.
Whereas mechanical control (in rows) and combinatiomowing and soil tillage (in the inter-rows,
i.e. usually this corresponds to a temporary spmaas cover) showed the highest species richness.
As already reported by Storkey and Neve (2018)ptbes with the higher number of herbicide

treatments are also those with the most troubleseesels such &orghum halepense or Malva
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sylvestris. Finally, managing rows and inter-rows with di#fat tactics may create different habitats at
the field level and select species with differeegponse traits, enhancing the overall weed species

richness at the vineyard plot scale.

One limitation of this survey is the absence ofdat grape yield in order to try to relate it to
weed abundance and diversity (Sanguargkeb., 2009). Depending on the objectives of the
grapevine growers, different levels of weed abundatan be tolerated. Herbicides showed the
highest level of control of weed abundance buttitaje appeared as an effective alternativeasdtle
for the inter-rows where a similar level of contt®bbtained with this method. Maybe due to less
intense tillage on the rows in order to limit pbésiunintended effects on the vines, weed abundance
remained higher in tilled rows compared to rowsgpd with herbicides and the number of soil
tillings did not reduce weed abundance on the rélesvever, the lowest abundance was observed in
rows that combined herbicides and soil tillage sT¥tiows that, in vineyards using only chemical
control, the number of herbicide treatments capdientially reduced and, depending on seasonal soil
moisture conditions, some herbicide treatmentsctbalreplaced by soil tillage without increased

weed abundance.

Combinations of mowing and tillage appear as treteggy which leads to the highest level of
species richness and abundance in comparison eibicide use (Steenweréhal., 2016). These
practices usually imply the development and theagament of a spontaneous cover in the inter-rows
with possible provision of ecosystem services &abrosystem (Garcetal., 2018), such as runoff
control and erosion mitigation during winter fora@xple (Novarat al., 2011). Moreover, temporary
spontaneous cover is often seen as less compeditiveasier to manage than sown cover crops
because it may provide ecosystem services to tlusygiem and allows the grapevine grower to
control the weeds mechanically or chemically ifaest depending on the climatic conditions of the
year (Ripochet al., 2010), without dedicating time and money to s@aarcover crop. This practice
seems all the more relevant in wine-growing regiusject to high water stress risks (Languedoc-
Roussillon for example, Delpuech and Metay (2008)pr which the valuation per hectare of grape

production is high (Pujol, 2017).
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4.5. Conclusions

Large-scale surveys are useful for understandiagttes governing the assembly of weed
communities. Our results suggest that weed speomposition vary more during a season than
between different regions and soil types, althatingise factors are the second and third most
important, respectively. Management practices leng a weak effect on species composition
whereas they control more importantly species gssrand abundance, and have more effect on the
rows than on the inter-rows. Combination of sdliigie and mowing appear as the more
environmental-friendly practice with higher spediesiness and abundance. Our study is a first step
permitting to identify the factors to take into aoat in order to ensure an optimal managementeof th
spontaneous vegetation in vineyards while allowing vegetation to provide various ecosystem

services to the agrosystems.
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Figure captions

Figure 1. Distribution of the 46 vineyard plots across fe@and at the scale of the three vine
production regions. The black lines representithé bf the department, a French

administrative unit dividing metropolitan Francéoi®5 units.

Figure 2. Ordination diagrams of the reduced CCA model @oimign a) the species (names

coded with EPPO codéitps://gd.eppo.iny/and b) the 11 significant explanatory variables.

Only the species with the highest fit on the firedb CCA axes are presented.

Figure 3. Ordination diagrams of the reduced CCA model @oimign a) the species (names
coded with EPPO codétps://gd.eppo.iny/and b) the 11 significant explanatory variables.

Only the species with the highest fit on the fivedb CCA axes are presented.

Figure 4. Mean species richness (S) and mean density of ardegylots in the inter- rows and
the rows according to the main management practigles herbicides only, HT =
combination of herbicides and soil tillage, T =ldiliage only, TM = combination of soil
tillage and mowing (management practices or thainlmination that were represented in less
than 20 surveys were discarded). Error bars reptesenfidence intervals. Different letters

indicate significant differences according to Duest.

Figure5. Standardized effects of the fixed variables efrdduced model explaining a)

species richness and b) species abundance omitie inter-rows

Figure 6. Standardized effects of the fixed variables efréxduced model explaining a)

species richness and b) species abundance omitie kows



Figure 1. Distribution of the 46 vineyard plots across e&and at the scale of the three vine productigions. The black lines represent the

limit of the department, a French administrativé dividing metropolitan France into 95 units.
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Figure 2. Ordination diagrams of the reduced CCA model @inimig a) the species (names coded with EPPO dutfes//gd.eppo.iny/and b) the 11

significant explanatory variables. Only the speei@h the highest fit on the first two CCA axes aresented.
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Figure 3. Ordination diagrams of the reduced CCA model a@inimig a) the species (names coded with EPPO dutfes//gd.eppo.iny/and b) the 11

significant explanatory variables. Only the speei@h the highest fit on the first two CCA axes aresented.
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Figure 4. Mean species richness (S) and total abundancaeyard plots in the inter- rows
and the rows according to the main managementipeactH = herbicides only, HT =
combination of herbicides and soil tillage, T =ldiliage only, TM = combination of soil
tillage and mowing (management practices or thainlmination that were represented in less
than 20 surveys were discarded). Error bars reptesenfidence intervals. Different letters

indicate significant differences according to Duest.
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Figure 5. Standardized effects of the fixed variables efrdduced model explaining a) species richnes®paapecies abundance on the vine’s

inter-rows
a) Species richness on vine’s inter-rows b) Species abundance on vine’s inter-rows
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Figure 6. Standardized effects of the fixed variables efrdduced model explaining a) species richnes®paapecies abundance on the vine’s

rows
a) Species richness on vine’s rows b) Species abundance on vine’s rows
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Table 1.Number of surveyed plots (#Plot) and floristicvay (#Surv.) by region and year. Season of
floristic samples included late winter (W), sprig®p), summer (Su) and autumn (A). Presence of a

control plot (Cont.) without herbicide treatmergsridicated.

Region Champagne Languedoc Rhdne Valley Total

Year #Plot Seas. Cont. #Surv. #Plot Seas. Cont. #SurPlot# Seas. Cont. #Surv. #Surv.

2006 0 - - 0 10 A No 20 14 A No 21 41
2007 0 - - 0 10  Sp/A  No 40 15 Spl/A  No 52 92
2008 0 - - 0 18 W/Sp/A No 108 15 Sp/A No 52 160
2009 0 - - 0 18 W/Sp/A No 105 15 Sp/A  No 50 155

2010 10  Sp/Su/(A) Yes 116 18  Sp/Su/A  No 106 14  Sp/Su/Ao N 77 299

2011 10 Sp/Su Yes 114 18  W/Su/A  No 105 0 - - 0 219

2012 10  Sp/Sul(A) Yes 94 0 - - 0 0 - - 0 94

Total 10 - - 324 18 - - 484 18 - - 252 1060




Table 2 Main trends in management practices in the thegmns and the two sampling area (rows
and inter-rows). a) The first section gives thecpatage of vineyard plots that received at leasépn
one of the three management practices (e.g. rows mever mowed, and in Champagne, the rows of
all plots were at least once treated by herbicid8syhe second section gives the mean number of
treatment per year for each management practit@heclast section displays the proportion of

surveys (plot x year) with a given management praar a combination of management practices.

Champagne Languedoc Rhone valley

(a) % of field with this Management Practices during the survey period

R IR R IR R IR
Mowing 0.0 80.0 0.0 111 0.0 66.7
Soil tillage 60.0 90.0 55.6 94.4 38.9 100
Herbicide 100 60.0 83.3 61.1 97.4 47.1

(b) Mean number of mowing, soil tillage or herbicides treatments per year®

R IR R IR R IR
Number of mowing 0 2 0 0.29 0 1.01
Number of soil tillings 143 239 121 178 0.15 1.32

Number of herbicide treatments  1.36 0.57 1.03 0.85 1.23 0.39

(c) % of surveys (plot x year) with this (combination of) management practices”

R IR R IR R IR
Mowing (M) 0.00 896 000 0.00 0.00 0.00
Soil tillage (T) 18.4 17.91 29.48 4590 6.98 8.96
Herbicide (H) 50.2 22.39 54.91 27.32 84.88 16.42
Soil tillage + Mowing (TM) 0.00 41.79 0.00 10.93 0.00 67.16
Herbicide + Soil tillage (HT) 223 896 1561 1585 8.14 7.46

'Bold value are the highest of one line (e.qg., tigldst number of treatments are observed in Chanepfoy all
three practices). Underlined figures represenhtpkest value between rows (R) and inter-rows {tReach
region (e.g., herbicides are rather used on the vl tillage and mowing on the inter-rows). Figureitalic
represents the highest of one column, i.e. thedsigtalue for the rows or the inter-rows for eaafion.
*Proportions are calculated for each area (R, IR¥agh region (i.e., by column).



Table 3.Units and ranges of raw variables recorded on sacleyed vineyard plots. Abbreviations

are given between brackets. Soil pH and soil textatues are derived from Soilgrids 250m (Heatgl

al., 2017).

Variable

Unit

Ranges

Spatial variables

Latitude (y)

Longitude (x)

N, WGS84  43.2593249.13523

E, WGS84

3.051124.861643

Temporal variables

Date of sampling (Season)

Julian Day 32 (Februkby,

— 319 (November, 15

Year of sampling (Year) Year 2006-2012
Soil variables

Soil pH - 6.286-7.671
Soil texture, proportion of clay (% Clay) % 20.532-:000
Soil texture, proportion of silt (% Silt) % 32.00811.429
Soil texture, proportion of sand (% Sand) % 24. 286571
Management variables

Management intensity

Number of soil tillings per year (N. Soil Till.) -8

Number of herbicide treatments per year (N. Herbal) 0-5

Number of mowing per year (N. Mowing) 0-8
Management type

Herbicide (H) - yes-no

Soil tillage (T) - yes-no
Mowing (M) - yes-no
Herbicide + Soil tillage (HT) - yes-no

Soil tillage + Mowing (TM)

yes-no




Table 4. Gross and net effects of the explanatory vargbfethe vineyard species composition identifigdgi§partial) CCA analyses with
single explanatory variables. Bold figures corregpto the variable with highest % of explained atoin for gross and net effects.

Inter-row Row

Gross effects Net effects Gross effects Net effect

explained  RZ%; explained  RZ%; F P explained RZ,j explained  RZ%y F P

variation variation variation variation
Spatial variables
X 3.49¢ 0.03: 0.65¢ 0.00¢  3.32¢ 0.001  3.74f 0.03¢ 0.68¢ 0.00t  3.53¢ 0.001
X2 1.852 0.016 1.011 0.008 5.110 0.001  1.585 0.013 9540. 0.007  4.915 0.001
y 5.864 0.056 1.119 0.009  5.655 0.001 4.668 0.044 1.156 0.009  5.953 0.001
xy? 2.022 0.017 0.735 0.005 3.714 0.001  2.190 0.019 51%0. 0.003  2.652 0.001
X2y - - - - - - 3.39¢ 0.031 0.352 0.001 1.81( 0.01¢«
Temporal variables
Season 2.723 0.024 2.380 0.022 12.031 0.001 2.708 0.024 2.139 0.019 11.014 0.001
Year 1.949 0.017 0.765 0.005 3.869 0.001 1.129 90.00 0.438 0.002 2.257 0.003
Soil variables
Soil pH 4.170 0.039 0.746 0.005 3.772 0.001 3.903 .03® 0.687 0.005 3.538 0.001
Soil texture (silt, sand) 3.312 0.030 0.618 0.004 .118 0.001 2.216 0.019 0.777 0.006 4.002 0.001
Soil texture (sand, cla 0.66¢ 0.00¢ 0.471 0.00z  2.37: 0.001 0.88:Z 0.00¢ 0.96¢ 0.007  4.98¢ 0.001
Management variables
N. Sail Till. 1.158 0.009 0.491 0.003  2.476 0.001 .25% 0.010 0.664 0.004  3.420 0.001
N. Herb. Treat. 0.412 0.001 0.329 0.001 1.659 0.049 2.064 0.018 0.456 0.002  2.346 0.001




Table 5.Names, score values and fit of the ten specieagiVie highest fit along the first constrained axighe partial CCA models of the

significant variables specified in Table 3 for mier-rows and b) rows.

a) inter-rows

Season(+spring, Axis1  Fit Latitude Axis1 Fit Soil pH Axis 1 Fit N. Soil Axis1  Fit
- summer) Score (-high, +low) Score Score Till. Score
(-low, +high)

Heliotropiumeuropaeum  -1.29¢ 0.057 Poa annua -0.76¢ 0.12¢  Calendula arvensis -0.55¢ 0.02¢ Lepidium draba -0.55¢ 0.011
Digitaria sanguinalis -1.18¢ 0.07¢ Sonchus arvensis -0.62:  0.02:  Malva sylvestris -0.46¢ 0.027 Rumex pulcher -0.307  0.012
Portulaca oleracea -1.17: 0.05¢ Mercurialis annua -0.59: 0.02¢  Sonchus oleraceus -0.27¢ 0.017 Trifoliumrepens -0.17& 0.022
Chenopodium album -0.897 0.09¢ Amaranthusretroflexus  -0.587 0.02: Diplotaxiserucoides  -0.23: 0.01¢ Torilisarvensis -0.10& 0.00¢
Convolwvulus arvensis -0.53¢ 0.08( Galiumaparine -0.56¢ 0.02(  Erigeron canadensis  0.301 0.017 Crepis sancta 0.00C 0.011
Erodium cicutarium 0.46: 0.04¢ Cardamine hirsuta -0.38¢ 0.01¢  Taraxacumofficinale 0.31Z 0.02¢ Lactuca serriola 0.03C 0.01&
Cerastium glomeratum 0.667 0.05:2 Diplotaxis erucoides 0.22¢ 0.01f  Erodiumcicutarium 0.40(¢ 0.03: Convolvulus arvensis 0.04¢ 0.01t
Crepis sancta 0.68¢ 0.13: Erodium cicutarium 0.36( 0.02¢  Geraniummolle 0.54¢ 0.021 Calendula arvensis 0.16¢ 0.00¢
Cardamine hirsuta 0.79¢ 0.07¢ Daucus carota 0.48¢ 0.017  Portulaca oleracea 0.721 0.02: Galiumaparine 0.364 0.011
Capsella bursa-pastoris 0.83¢ 0.05¢ Euphorbia helioscopia 0.507 0.017 Viciasativa 0.871 0.05: Cerastium glomeratum  0.471 0.014




Table 5 coninued
b) rows

Season(+spring, Axis1 Fit Latitude Axis1 Fit Soil texture Axis1  Fit N. Herb. Treat. Axis1  Fit

- summer) Score (-high, +low) Score (+clay,-sand) Score (-low, +high) Score

Setaria pumila -1.024 0.064  Cirsiumwvulgare -1.15¢  0.06C  Polygonum aviculare -0.61¢ 0.02:  Muscari comosum -0.512 0.037
Digitaria sanguinalis ~ -0.98< 0.05z  Sonchus arvensis -1.02C  0.04C  Erigeron sumatrensis -0.511 0.01f  Calendulaarvensis -0.45¢ 0.01¢
Chenopodium album -0.874 0.06z2  Mercurialisannua -1.00¢  0.07Z Daucus carota -0.46¢ 0.027  Mercurialisannua -0.41C 0.01t
Solanum nigrum -0.76€ 0.054  Geranium columbinum -0.55€  0.02¢  Galiumaparine -0.45C 0.021  Polygonumaviculare -0.381 0.01€
Convolwulus arvensis ~ -0.494 0.094 Poaannua -0.547 0.03¢  Cerastiumglomeratum -0.43Z 0.022  Setaria pumila -0.362 0.01t
Fumaria officinalis 0.651 0.064  Anisantha sterilis -0.50C 0.02€ Plantago lanceolata 0.467 0.037 Lactucaserriola 0.207 0.01t
Lolium multiflorum 0.654 0.04C  Seneciovulgaris -0.287 0.03%  Avenafatua 0.63< 0.03:  Malva sylvestris 0.284 0.017
Crepis sancta 0.664 0.09¢  Helminthotheca echioides ~ 0.467 0.025  Equisetumramosissmum  0.70% 0.04:  Torilisarvensis 0.51¢ 0.024
Lamium pur pureum 0.67¢ 0.05C  Rumex crispus 0.594 0.027  Lepidiumdraba 1.10¢ 0.091  Sonchusarvensis 0.591 0.032
Cardamine hirsuta 0.84¢ 0.08z  Equisetum ramosissimum 0.69¢ 0.043  Rumex crispus 1.16€ 0.10€  Sorghum halepense 0.71¢ 0.03€






