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Abstract:

Aim Conservation agriculture is increasingly adopted to improve soil fertility and reduce the depressive effects of
intensive farming on soil functions and associated services. However, conservation agriculture systems may vary
greatly regarding time since conversion to this system and the quality and biomass production of cover crops. In
addition, the effects of these variables on soil fauna are still poorly known. Here, we aim to gain insight into the
impact of conservation agriculture on soil mesofauna and macrofauna communities at the cropping system level.
Method Collembola and earthworm communities were compared in seven neighbouring pairs of fields (same
topography, spring crop and soil type) being either under conventional systems or under conservation agriculture

systems with cover crops.
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Results Conservation agriculture systems influenced soil mesofauna and macrofauna communities compared to
conventional systems. The beneficial effects of conservation agriculture on earthworm communities may
predominantly be related to the lower soil physical disturbance (no-tillage) while Collembola may also be positively
affected by cover crops characteristics and time since conversion to conservation agriculture.

Conclusions The adoption of conservation agriculture systems may improve earthworm and Collembola abundance
and represents thus an innovative opportunity for sustainable crop production through the preservation of soil fauna.
Finally, we suggest the use of a trait-based approach to draw functional consequences of soil faunal community

changes operating in conservation agriculture.

Keywords: Collembola, earthworms, direct seeding, no-till, conventional agriculture.
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Introduction

Soil fauna communities play a key role in agroecosystem functioning (Bardgett and van der Putten 2014; Bender and
van der Heijden 2015). For instance, earthworms are well known to enhance soil structure (i.e., macroporosity), root
penetration and nutrient availability (Blouin et al. 2013). Collembola, a well-studied and dominant microarthropod
group in agrosystems (Hopkin 1997), contribute to organic matter decomposition by the regulation of microbial
population levels (Hopkin 1997; Coulibaly et al. 2019), as well as N mineralization and soil respiration (Filser 2002).
Both groups (earthworms and Collembola) while sharing the same environment, differ in size, mobility, life cycle,
trophic position and therefore functions, making them an interesting duet to study in the framework of agroecosystem
functioning (Coulibaly et al. 2022).

The impact of soil fauna on agroecosystem functioning may be strongly mediated by agricultural practices which act
as environmental filters selecting species and changing community structures (Ponge et al. 2013; Coudrain et al.
2016). In particular, the abundance and species composition of earthworm and Collembola communities depend on
land use intensification (Ponge et al. 2003; Smith et al. 2008; Postma-Blaauw et al. 2010). In tilled systems,
earthworms (van Capelle et al. 2012; Ponge et al. 2013; Pelosi et al. 2014) as well as Collembola (Brennan et al. 2006;
Coulibaly et al. 2017, 2022) abundance and diversity are usually negatively affected by tillage due to the physical
disruption of the soil. However, Collembola response differs depending on the Collembola life-strategy and soil
properties (van Capelle et al. 2012), making them more resistant in the short-term to tillage than earthworms
(Coulibaly et al. 2022). Besides tillage, other practices like residue restitution (from cover crops or crops) may
positively affect earthworms (Chan 2001; Eriksen-Hamel et al. 2009; Fraz&o et al. 2019) and Collembola (Culik et al.
2002; Gatiboni et al. 2011) communities by improving soil microclimatic conditions and resource availability.
However, divergent results have been found among studies (Brennan et al. 2006; Scheunemann et al. 2015; Coulibaly
et al. 2017) and were mainly attributed to differences in crop residue quantity and quality (Sauvadet et al. 2016). In
addition, beneficial effects of crop residue management may be overridden by tillage practices and therefore mainly
be observed under no-till systems (Denier et al. 2022).

Association of cover crops and no-tillage is more commonly called conservation agriculture. According to the Food
and Agriculture Organization of the United Nations (FAO), conservation agriculture correspond to cropping systems
that promote (1) no-tillage or minimum soil disturbance, (2) maintenance of a permanent mulch of crop residues, (3)

use of productive multispecies cover crops, and (4) use of diverse and long crop rotations (Corbeels et al. 2006; Hobbs
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2007; FAO 2022). Conservation agriculture is increasingly considered as an alternative management system that may
improve long-term soil fertility (Tsiafouli et al. 2015) and reduce the depressive effects of intensive farming on soil
functions and associated services (Holland 2004). Although the four aforementioned practices represent the pillars of
systems engaged in conservation agriculture, these systems may however greatly differ from each other by the
management of cover crops and the biomass and the quality of their residues, which may in turn impact soil fauna
communities and associated functions (Ghosh et al. 2019) and by the time since the system was set up.

With the increasing adoption of conservation agriculture practices, even in temperate areas (Houben et al. 2018), a
thorough understanding of the effect of the wide range of agricultural practices on soil fauna communities is essential
to evaluate and design innovative and sustainable cropping systems. Although many results are available at the
specific practice level (tillage, crop residue management, etc.), a systemic approach is needed to consider all practices
as a whole at the cropping system level (Henneron et al. 2015; Denier et al. 2022).

In the present study, we tested the effect of two contrasting agricultural systems (conventional vs. conservation
agriculture) on soil mesofauna (Collembola) and macrofauna (earthworms). To this end we characterized the structure
of soil fauna communities in plots across a real-life on-farm variability of conservation agriculture contexts and
practices (time since conversion, cover crops management strategies), in comparison with conventional practices,
under the same climate, soil context and agricultural landscape in Northern France. Overall, this study builds towards
a better understanding of the effects of agricultural practices on soil fauna. We hypothesized (i) that the abundance
and diversity of both earthworm and Collembola communities are promoted under conservation agriculture but with a
more contrasted response from earthworms and (ii) that soil fauna communities are structured by agricultural practices
and present contrasted compositions driven by the characteristics of cover crops. Especially, high biomass production
and quality of cover crops residues would be more favourable to fauna communities with their effects becoming more

visible over time.
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Methods

Site description

The study was carried out in May 2016 at 14 locations within an area of 44 km? around Beauvais (Oise, France)
(49°25°49°N, 2°04°51°E). The region is characterised by an oceanic/temperate climate, marked by mild winters (6.5
°C on average), cool summers (14.9°C on average) and moderate rainfall (655 mm.year on average) (Météo France
2016). The topography is characteristic of a plateau region: vast limestone areas, overlaid by a clay layer of variable
thickness, at an altitude between 15 and 300 meters above sea level. Soils may also contain high proportions of silt.
The landscape of this region is homogeneous and mainly characterized by large areas of cropland managed under
conventional farming with four year-rotations focused on wheat (Triticum gstivum L.), barley (Hordeum vulgare L.),
rapeseed (Brassica napus L.) and pea (Pisum sativum L.). There are few natural elements, mainly small forests or

meadows close to villages.

Sampling design and characterisation of practices variables

Sites were chosen in pairs thanks to a network of farmers. After finding seven fields under conservation agriculture
systems (without tillage and with diversified cover crops - hereafter “CA system”), seven adjacent fields under
conventional cropping system (with tillage and simplified or no cover crops — hereafter “Conventional system”) were
selected. Conventional fields were chosen such that they had the same topography, spring crop and soil type as their
paired field under CA system (Table 1). All soils were loess-derived Haplic Luvisol. CA systems showed variability
in the time since conversion (ranging from 2 to 9 years) and the characteristics of the cover crops (biomass, species
richness and diversity) (Table 1). Within each site, in an homogeneous and representative part of the field, 40 meters
away from any border, four plots were set up along a transect, 20 meters distance from each other, for a total number
of 56 samples (4 plots x 7 fields x 2 farm types).

For each site under conservation agriculture, the time since conversion was obtained from the farmer. When they were
present, cover crops were characterized within four 1-mz2 plots by determining total biomass after 48h of drying at
60°C, total species richness and Simpson diversity index (D =Y Ni(Ni-1)/N(N-1), where D is Simpson diversity
index, Ni is the number of individuals of species i and N is the total number of individuals) (Simpson 1949). Simpson
index was used to characterize cover crops diversity because this kind of cultivated communities does not contain any

low-abundance species, as sowing density is designed by the farmer.
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Soil chemical properties

In each plot, approximately 1 000 g of top soil (0 — 10 cm) were collected by composite sampling to confirm that each
field pair presented the same soil type. Soil samples were dried at room temperature and sieved (2 mm). pH in water
(NF 1SO 10390), organic carbon (C), total nitrogen (N) content (NF ISO 10694 and NF 1SO 13878, respectively) and
texture (NF X 31-107) were then determined (1SO 1995, 1998, 2003). Available calcium (Ca), potassium (K),
magnesium (Mg) and phosphorus (P) concentrations were determined using the ammonium acetate-EDTA soil test

(Houben et al. 2011).

Soil biological properties

Cover crops were destroyed in winter and earthworms and Collembola were sampled in each plot in the next spring
(May 2016). Earthworms were collected by chemical extraction with formalin on 0.5 m? quadrats (ISO 23611-1) (ISO
2018). Collembola were collected in soil samples obtained by soil corers (diameter 5 cm) that included the organic
layer (if present) and the top 5 cm of the organo-mineral horizon, without disturbing the soil profile. In the laboratory,
Collembola were extracted during 7 days using the Berlese-Tullgren device (Tullgren 1918). All individuals were
preserved in 70% ethanol and identified to the species following different identification keys (Gisin 1960; Bouché

1972; Sims and Gerard 1985; Hopkin 1997). Only adults earthworms were identified.

Statistical analyses

Shannon-Weaver index (H = Y pi In pi, where H is Shannon-Weaver index and pi is the proportional abundance of
species i) was used as a species diversity index of soil fauna (Shannon and Weaver 1949), instead of the Simpson
diversity index for its better sensitivity to less abundant species. All recorded data were analyzed using descriptive
statistics (mean + standard error as SE = SD/\(n), where SE is standard error, SD is standard deviation and n is the
number of replicates) and normality was assessed using the Shapiro-Wilk test. Paired t-tests and paired Wilcoxon tests
were used for comparisons of quantitative variables (soil parameters, cover crops characteristics, fauna abundances,
species richness and diversity indices) between conventional and CA systems. Univariate statistical analyses were
performed on the seven pairs of sites (n=7), averaging the four plots per site, with the R software (R Core Team

2013).
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The null-hypothesis of no difference in assemblage composition between practices was tested using one-way
ANOSIM based on the Bray-Curtis dissimilarity distance configuration (Clarke et al. 2006). SIMPER analysis based
on the Bray-Curtis dissimilarity distance was run to determine the species that contributed most in differentiating the
two groups tested by ANOSIM. These analyses were performed with the free PAST 4.03 software. In order to
visualize the pattern of species composition and explore similarities and dissimilarities between both practices, non-
metric multi-dimensional scaling (NMDS) was used (Anderson 1971), on a data table including the top 9 and top 5
most abundant (>20 ind. per sample) species for earthworms and Collembola, respectively, and the 56 and 37 plots
with at least one individual for earthworms and Collembola, respectively. We used the vegan R-package with the
function ‘meta-MDS’ for species ordination by NMDS and the function ‘envfit’ to calculate correlations between
ordination axes and quantitative environmental variables (cover crops characteristics and time since conversion to

CA), where significance is based on 999 random permutations of the data table (Oksanen et al. 2013).

Table 1: characteristics of the 14 fields of the study being under four-year rotation. Conv. : conventional, CA:

conservation agriculture system. CC: cover crops. Mech: mechanical, chem: chemical.

cc cc  cc  Mmesince Years  Depth of
. . . . conversion - CcC
Pair System biomass  Simpson species Crop  between tillage .
- . to CA - destruction
9) index  richness tillage (cm)
(years)
1 Conv 36 0 1 0 Pea 4 25 Mech
CA 141 1.54 6.25 5 Pea 0 0 Mech + chem
5 Conv 0 0 0 0 Pea 3 25 0
CA 247 1.83 7.25 9 Pea 0 0 Mech
3 Conv 0 0 0 0 Cormn 3 25 0
CA 334 1.58 55 7 Corn O 0 Mech
4 Conv 54 1.47 55 0 Barley 3 25 Mech + chem
CA 268 1.55 55 2 Barley 0 0 Mech + chem
5 Conv 47 0.67 2 0 Barley 2 20 Mech + chem
CA 239 1.18 3.75 5 Barley 0 0 Mech
6 Conv 115 0 1 0 Barley 4 25 Mech + chem
CA 222 1.75 75 6 Barley 0 0 Mech
7 Conv 0 0 0 0 Pea 4 20 0
CA 297 1.54 6.75 6 Pea 0 0 Mech + chem
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Results

Soil chemical parameters and plant cover characteristics in conventional and conservation agriculture (CA)
systems

Soil chemical properties did not differ between conventional and CA systems, indicating that pairs of sites presented
the same soil characteristics (Table 2). By contrast, plant cover characteristics differed within each pair as CA systems
showed on average 7 times higher plant biomass, 4.5 times higher plant species richness, and higher plant diversity than

conventional systems (Table 3).

Soil fauna in conventional and conservation agriculture (CA) systems

Earthworms total abundance was significantly higher (4.8 times) in CA systems and Collembola total abundance was
2.5 times higher in CA systems. The latter difference remains however a trend (0.05<p<0.1). The same increase pattern
was observed for all earthworm species (Table 4) and was significantly different for the three most abundant species
(Lumbricus terrestris, Aporrectodea rosea and A. caliginosa) which represented 59% and 65% of the total earthworm
abundance in the conventional and the CA system respectively.

Only the abundance of the second dominant Collembola species (Proisotoma minuta) in conventional system
significantly increased in CA system (Table 4). This results in a shift of the dominant Collembola species from the
conventional system (Folsomia brevicauda, with a share of 28.8% of the community) to the CA system (P. minuta
making 62.3% of the total abundance; Table 4). Only the most abundant species of Collembola are shown in Table 4,
see Table S1 in supplementary data for the whole dataset including rarer species.

Fauna species richness and diversity indices did not differ between agricultural systems, even if earthworm species

richness tended to be higher in CA systems (0.05<p<0.1) (Table 4).
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conservation agriculture system.

Conventional CA
Available P (mg kgl) 51.4 +13.3 75.6 £24.1 ns
Available K (mg kg™ 150.2 +12.0 163.3+17.4 ns
Available Mg (mg kg™?) 124.0+27.1 92.2+9.8 ns
Available Ca (mg kg?) 11398.9 + 4559.9 4787.8 +1047.8 ns
Organic C (%) 1492+£1.91 13.13£0.87 ns
Total N (%) 0.16 £ 0.02 0.15+0.01 ns
CIN 9.50+0.28 9.10+£0.29 ns
pH 7.63+0.23 7.67+0.15 ns
Clay (%) 2241 +2.03 21.66 £ 2.54 ns
Silt (%) 65.20 £ 2.44 64.81+2.72 ns
Sand (%) 12.38+1.29 13.53+1.39 ns

p<0.001, “*”: 0.01<p<0.05). CA: conservation agriculture system.

Table 2: soil chemical parameters in two agricultural systems. n=7. Mean values are indicated with (£) standard error.

“ns” indicates non significant differences in systems based on paired t-tests or Wilcoxon tests (0=0.05%). CA:

Table 3: cover crops (CC) characteristics in two agricultural systems. n=7. Mean values are indicated with (+)

standard error. Asterisks indicate significant differences in systems based on paired t-tests or Wilcoxon tests (“***”*:

Conventional CA
CC biomass (g) 36 +£16 250 £ 23 ***
CC Simpson index 0.31+£0.22 157+0.08 *
CC species richness 1.36 +£0.75 6.07+£0.49 *
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Table 4: soil biological properties in two agricultural systems. n=7, only the top 9 and top 5 most abundant (>20 ind.)

species (for earthworms and Collembola , respectively) are shown, see Table S1 for the whole dataset including rarer

species of Collembola. Mean values are indicated with (x) standard error. Asterisks indicate significant differences in

systems in t-tests or Wilcoxon tests (“***”: p<0.001, “*”: 0.01<p<0.05, “.”: 0.05<p<0.1, “ns”: non significant). CA:

conservation agriculture system. Ecological categories are from (Bottinelli et al. 2020) and (Gisin 1943)for

earthworms and Collembola respectively.

Ecologi(_:al Conventional CA
categories
Aporrectodea longa Epi-anecic 6.6+1.8 18.4+57 ns
Lumbricus terrestris Epi-anecic 6.1+2.2 26467 *
o Aporrectodea caliginosa Endoge?c 56+2.2 326+100 *
= ‘E Aporrectodea rosea Endogeic 55+15 324+141 *
g S Aporrectodea limicola U“k“_OV‘{” 31+13 3614 ns
= Lumbricus castaneus Epigeic 21+0.9 17.2+128 .
Allolobophora chlorotica ~ EPi-endo-anecic 0.4+0.3 45+25 ns
Aporrectodea icterica Endogeic 0.0+0.0 3.6+3.3 ns
Lumbricus rubellus Epigeic 0.0+0.0 26+15 ns
Total earthworm abundance (Ind.m2) 294144 1414+ 26.1 *
Earthworm species richness 34+03 50+0.7 .
Earthworm Shannon diversity index 0.36 +0.01 0.37+0.01 ns
Folsomia brevicauda Hemiedaphic  1248.0+561.6 2215.2 +2100.8 ns
g Proisotoma minuta Hemiedaphic  1014.0+327.6 6879.6+2095.6 *
SE Parisotoma notabilis Hemiedaphic  769.6+2184  369.2+223.6 ns
_§ 2 Lepidocyrtus lanuginosus Epedaphic 655.2 + 301.6 400.4 + 156.0 ns
<™ Sphaeridia pumilis Euedaphic 260+260  462.8+1716 .
Total Collembola abundance (Ind.m) 4331.6 £1014.0 11044.8 £ 3250.0 .
Collembola species richness 43+04 41+05 ns
Collembola Shannon diversity index 0.16 + 0.02 0.22+0.02 ns

Structure of faunal communities in conventional and conservation agriculture systems

NMDS ordination of eathworm communities revealed a strong differentiation between the two agricultural systems

(56 plots, 9 species, stress = 0.181, figure 1a), even if 4 plots of CA treatments were separated from all the other CA

plots. The visual differenciation was confirmed by the ANOSIM analysis which showed a significant difference in

10
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species composition (P = 0.0001, R=0.31) and the SIMPER analysis which showed 67.46% of dissimilarity; A.
caliginosa, L. terrestris and A. rosea mostly contributing to discriminate conventional and CA systems. In the same
way, NMDS ordination of Collembola communities revealed the same differentiation between systems (37 plots, 5
species, stress = 0.164, figure 1b). The significant difference in species composition (ANOSIM, P = 0.0001, R=0.20;
SIMPER, 62.96% of dissimilarity) showed that P. minuta and F. brevicauda mostly contributed to discriminate

between the two agricultural systems.

a) Earthworm communities b) Collembola communities

1.5
5

e 4 Apoict e 4 CC.richness
.
LumrubAlichl e L4 CC.diversity
0 | . . ) M .
= Adbcae b o
P Oﬁﬁ.)gﬂ L] Apolim S
8 o . . 3 o Parnot CC biom
S 24 . Lumcas g2 3 Promie Age
= Lu fon e £ cg o e
.
0 n . [ ]
ol S 1 e o
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. Folbre

-1.0
0

° oConv o Conv
5 e CA T *« CA

T T T T T T T T T T T T T T T T

-15

NMDS1 NMDS1

Figure 1: non-metric multidimensional scaling (NMDS) plots based on Bray-Curtis dissimilarity for a) earthworms
(top 9 most abundant species (>20 ind.) in 56 plots) and b) Collembola (top 5 species in 37 plots) in 7 pairs of sites
with contrasted agricultural systems (Conv: conventional system, grey squares; CA: conservation agriculture system,
black dots). Only significant quantitative environmental variables are shown. Time: time since conversion to CA, CC
richness : Cover Crops total species richness, CC diversity : Cover Crops Simpson diversity index, CC biom : Cover
Crops total biomass. Earthworms species: Allchl: Allolobophora chlorotica, Apocal: Aporrectodea caliginosa,
Apoict: Aporrectodea icterica, Apolim: Aporrectodea limicola, Apolon : Aporrectodea longa, Aporos: Aporrectodea
rosea, Lumcas: Lumbricus castaneus, Lumrub: Lumbricus rubellus, Lumter: Lumbricus terrestris. Collembola
species: Promin: Proisotoma minuta, Folbre: Folsomia brevicauda, Parnot: Parisotoma notabilis, Sphpum:

Sphaeridia pumilis, Leplan: Lepidocyrtus lanuginosus.

The ordination of earthworm communities was not influenced by any cover crops variable (biomass, diversity or

11
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richness) whereas Collembola communities were significantly influenced by these variables as well as the time since

conversion to CA (Table S2), which was highly correlated with cover crops biomass (Figure 1b).

Discussion

We studied the abundance, diversity and community structure of the soil mesofauna (Collembola) and macrofauna
(earthworms) in pairs of plots with contrasting agricultural systems (conventional vs. conservation agriculture (CA))
and practices. The two main contrasts between the conventional and CA fields were the use of tillage and the
management of cover crops, representing an interesting model to examine the relationship between these practices and
the soil fauna communities structure, along with the effect of time since conversion to CA systems on these

communities.

Conservation agriculture positively influences abundance of soil fauna

Our results supported our first hypothesis (H1) as CA systems promoted the abundance of earthworm and Collembola
communities. A clear positive effect of CA systems was indeed observed on the total abundance of earthworms, as
well as on the abundance of the most abundant earthworm species, which is in line with previous studies (Henneron
et al. 2015; Briones and Schmidt 2017). It would have been preferable to supplement formalin earthworms extraction
with a sampling by digging and handsorting since some species may be more affected than others by formalin
extraction (Smith et al. 2008; Lagerlof et al. 2012). However, as the extraction method was the same in both
modalities studied (conventional vs. CA), we assume that the comparison between these modalities remains relevant.
Collembola abundance tended to respond positively to conservation agriculture. As larger organisms, earthworms
appear to be generally more sensitive to tillage operations than smaller organisms such as Collembola, due to the
physical disruption of the soil, the incorporation of crop residue and the resulting changes in soil water and
temperature (Wardle 1995; Kladivko 2001). CA systems in this study were also characterized by a higher cover crop
residue biomass which, by providing more food to soil fauna communities, may also contribute to increase their
population (Gatiboni et al. 2011; Sauvadet et al. 2016). The lack of significant difference between most of Collembola
species abundance in CA and conventional systems could be associated with the high diversity of agricultural

practices included in the “conservation agriculture” term, especially the management of cover crops and its

12
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consequence for residues quantity and quality (Hobbs 2007). This was partly confirmed by the NMDS graphical
representation with 4 CA plots clearly differentiated from the other CA plots. On the other hand, this higher
variability of fauna abundance may be due to a higher variability in the response of faunal groups, especially
Collembola, which may be positively or negatively impacted by CA systems due to the contrasted effects of crop
residue on Collembola abundance already noticed in the litterature (Brennan et al. 2006; Scheunemann et al. 2015;
Sauvadet et al. 2016). Indeed, before benefitting Collembola, cover crops residues may require time to induce higher
abundance of saprotrophic microorganisms (Scheunemann et al. 2015). Furthermore, while providing a favorable
shelter for Collembola against microclimatic fluctuations, cover crop residues may also favour the presence of their
predators, thereby increasing top-down regulation (Brennan et al. 2006). Therefore, earthworms and Collembola
communities constitute relevant indicators of sustainable cropping systems, as they positively respond to CA systems,
in particular Collembola to cover crops management (biomass productivity, species diversity...).

Unlike abundance, earthworm and Collembola species richness and diversity was not improved by CA systems, which
partially contradicts our first hypothesis and, to a lesser extent, the general idea that CA promotes soil fauna diversity
notably due to higher aboveground plant diversity leading to higher quality litter (van Capelle et al. 2012; Sauvadet et
al. 2016; Coulibaly et al. 2017). It has been demonstrated that plant diversity stabilizes the belowground diversity of
microbial and faunal species (Milcu et al. 2010), even if addition of crop residues may have contrasted effects on
Collembola species diversity (Brennan et al. 2006; Scheunemann et al. 2015). After a conversion from conventional to
CA systems, it may take several years for new species to recolonize the site (Coulibaly et al. 2017), especially within

a vast agricultural area probably impoverished in soil fauna (Tsiafouli et al. 2015).

Effect of cover crops management, tillage and time since conversion to CA on soil fauna communities structure
As assumed in our second hypothesis, both earthworms and Collembola communities presented a clear differentiation
in agricultural practices. The strong effect of the practice on the abundance of the predominant species of earthworms
(L. terrestris, A. rosea and A. caliginosa) and Collembola (P. minuta) was responsible for differentiation of the
communities. Species living in the intermediate soil layers (as L. terrestris, P. minuta and F. brevicauda in this study)
are generally promoted by CA systems (van Capelle et al. 2012; Henneron et al. 2015; Briones and Schmidt 2017;
Coulibaly et al. 2017), as the reduction of physical disturbances in the intermediate soil layers reduces the stress and

environmental filter on those species and allows their population to grow over time (Coulibaly et al. 2017).
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Earthworms could be more affected by tillage than by the presence of a cover crop (Kladivko 2001), but Collembola,
being mainly bottom-up regulated, may also benefit from a more stable resource supply (fungal mycelium) in those

systems with a lower mechanical disturbance (Coulibaly et al. 2017).

Our results highlighted that the enhancement of Collembola by CA systems may be accentuated by the time since
conversion to CA (i.e. the number of years since the conversion of conventionnal system to CA system), possibly due
to a better management of cover crops by the more experienced farmers (as evidenced by the high correlation between
the time since conversion to CA and cover crop biomass). Although this was previously reported for soil
microorganisms (Houben et al. 2018) these findings constitute an important new insight for Collembola which has
been rarely highlighted (Coulibaly et al. 2017). Temporal continuity of the habitat would also play a positive role on
diversity of Collembola community and could constitute an important parameter to consider in order to manage soil
fauna and their associated services (Heiniger et al. 2014). Our study may not have highlighted any effect of the time
since conversion to CA on earthworm community because the system change was introduced too recently. Indeed,
earthworm population sizes tended to show a greater response to reduced tillage over time, with a greater effect of
practices in place for at least 10-20 years compared to studies with cultivation duration of less than 10 years (Briones

and Schmidt 2017).

Cover crops variables (biomass, Simpson index and species richness) did not seem to influence earthworms
community structure, while they had a strong significant effect on Collembola community structure. This supports the
idea of a strong relationship between plants and Collembola as found in different ecosystems: b in forests and
grasslands both, several studies reported an important link between vegetation and soil Collembola (Sabais et al.
2011; Henneron et al. 2017; Forey et al. 2018). Different hypotheses may explain this link but our results (i.e. the
strong positive effect of cover crops diversity) support the mass-ratio hypothesis suggesting that plant community
identity and composition would drive Collembola assemblages by controlling dominant plants traits (e.g. Wardle

1995) or perhaps more precisely by controlling plant residuals traits after harvest.

Conclusion

Our study shows rather positive effects of alternative agricultural practices such as CA on soil mesofauna
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(Collembola), and an even more visible effect on macrofauna (earthworms), maybe due to less physical disturbance of
the soil (no-tillage), and the presence of cover crops that favours soil organism abundance by serving as shelter and
supplying food when destroyed. The composition of these communities is clearly structured by agricultural practices.
In particular, species living or burrowing at intermediate soil depth were predominantly promoted under CA systems
and could therefore be used as indicators for agri-environmental management at the cropping system level. However,
cover crop management in conservation agriculture may be dependent on the use of herbicides, and their detrimental
effect on soil fauna communities needs to be more deeply investigated (Renaud et al. 2004; Garcia-Pérez et al. 2014).
Further research should also be carried out to understand the relationships between cover crops management and
fauna assemblages by examining functional traits and functional diversity of above- and belowground crop residues

and fauna communities.

Table S1: abundance of the rare Collembola species. Mean values are indicated with (z) standard error. CA:

conservation agriculture system. Ecological categories are from (Gisin 1943).

Ecological categories  Conventional CA
© Lepidocyrtus cyaneus Hemiedaphic 0.31+0.24 0.11 +0.07
§ Pseudosinella alba Hemiedaphic 0.36 +0.28 0.07 £ 0.07
% Sminthurus viridis Euedaphic 0.05+0.05 0.32+0.25
;‘é Isotomurus antennalis Euedaphic 0.19+0.19 0.52+0.22
2 Stenaphorura quadrispina  Epedaphic 0.38 +0.38 0.17+0.11

Isotomiella minor Hemiedaphic 0.26 £0.14 0.25+0.21

Table S2: correlation values between earthworm and Collembola NMDS axes and environmental variables
(agricultural practices). CA: conservation agriculture system. Asterisks indicate significant correlations (“***”:

p<0.001, “.”: 0.05<p<0.1, “ns”: non significant).

Correlation with earthworm Correlation with Collembola
NMDS axes NMDS axes

Cover crops biomass (g) ns il

Cover crops Simpson index ns il

Cover crops species richness . il

Time since conversion to CA ns il
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