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Carbon accumulation and aggregation are mediated by fungi in a subtropical soil under conservation agriculture
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No-tillage (NT) and legume cover crops generally improve the quality of tropical and subtropical soils, but the mechanisms underlying these effects are not well known. We performed a study to investigate the influence of NT and legume cover cropping on microbial cell-wall constituents [glucosamine (GlcN), taken as indicator of fungal cell-wall; muramic acid (MurN), taken as indicator of bacterial cell-wall], and on their relationships with soil aggregation and soil organic carbon (SOC) accumulation in different fractions (light fraction, and sand-, silt-and clay-sized fractions) of a subtropical Acrisol in Southern Brazil. The GlcN concentration ranged from 450.5 mg kg 1 in the 05 cm soil layer to 20.5 in the 75100 cm soil layer, approximately 10 times greater than MurN concentrations (53.1 to 2.7 mg kg 1 for the same soil layers). No-tillage and legume cover crops favoured the accumulation of fungal and bacterial cell-wall constituents in whole soil, especially in the top 5 cm, with a preferential enrichment in GlcN. Legume cover cropping and NT resulted in greater accumulation of C in the light fraction in surface soil, which favoured the fungal community that, in turn, mediated an improvement in soil aggregation.

Fungal-derived glucosamine also preferentially accumulated down to 100 cm depth, and more specifically in the clay-sized fraction of soil, suggesting a specific role of fungi in SOC accumulation at depth. Overall, our study provides field-based evidence that the accrual of fungal cell-wall constituents under NT and legume cover cropping is a key process leading to aggregation and SOC accumulation in subtropical soil profiles.

Introduction

Adoption of conservation practices is essential to maintain or improve soil fertility and the sustainability of agricultural systems. This is especially important in tropical and subtropical environments where soil organic carbon (SOC) plays a central role in soil functioning [START_REF] Lal | The Plow and Agricultural Sustainability[END_REF][START_REF] Powlson | Does conservation agriculture deliver climate change mitigation through soil carbon sequestration in tropical agro-ecosystems? Agriculture[END_REF], and where its decline has been observed following intensive cultivation [START_REF] Zanatta | Soil organic carbon accumulation and carbon costs related to tillage, cropping systems and nitrogen fertilization in a subtropical Acrisol[END_REF].

No-tillage (NT) is practiced on about half of the agricultural land in Brazil (FEBRAPDP, 2012) and generally favours SOC accumulation compared to conventional tillage (CT) systems [START_REF] Bayer | Carbon sequestration in two Brazilian Cerrado soils under no-till[END_REF]. The effect of NT on SOC is closely linked to soil macroaggregation through physical occlusion [START_REF] Veloso | Legume cover crops under no-tillage favor organomineral association in microaggregates and soil C accumulation[END_REF]. When coupled with NT, cover cropping with legumes has also been shown to favour SOC accumulation and soil aggregation under tropical/subtropical conditions [START_REF] Conceição | Combined role of no-tillage and cropping systems in soil carbon stocks and stabilization[END_REF].

Changes in soil microbial communities, including increases in bacterial and fungal biomass, have been observed after conversion from CT to NT in temperate environments [START_REF] Minoshima | Soil Food Webs and Carbon Dynamics in Response to Conservation Tillage in California[END_REF]. Soil microbes, especially fungi, have long been recognized as playing a significant role in the formation and stabilization of soil aggregates [START_REF] Tisdall | Organic matter and water-stable aggregates in soils[END_REF][START_REF] Chantigny | Soil aggregation and fungal and bacterial biomass under annual and perennial cropping systems[END_REF]. Moreover, fungi contribute more to the formation of water-stable aggregates in NT than CT soils [START_REF] Beare | Influences of mycelial fungi on soil aggregation and organic matter storage in conventional and no-tillage soils[END_REF][START_REF] Helgason | No-till soil management increases microbial biomass and alters community profiles in soil aggregates[END_REF]. Fungal hyphae increase the resistance of aggregates to mechanical breakdown due to the action of water [START_REF] Abiven | Dynamics of aggregate stability and biological binding agents during decomposition of organic materials[END_REF].

Recent models of SOC formation now consider microbial residues as a main source for stable soil organic matter [START_REF] Kögel-Knabner | The macromolecular organic composition of plant and microbial residues as inputs to soil organic matter[END_REF]. Moreover, SOC stabilization by mineralorganic association and soil aggregation would be favoured by labile C inputs [START_REF] Hatton | Litter type control on soil C and N stabilization dynamics in temperate forest[END_REF][START_REF] Cotrufo | Formation of soil organic matter via biochemical and physical pathways of litter mass loss[END_REF]. More field-based observations are needed to support these concepts.

Cell-wall constituents of fungi and bacteria in soil can provide a "fingerprint" for SOC formation [START_REF] Ding | Effects of tillage and crop rotation on soil microbial residues in a rainfed agroecosystem of northeast China[END_REF]. Contents of muramic acid (MurN) and glucosamine (GlcN) have been used to distinguish bacterial and fungal cell wall residues, respectively, mainly in temperate environments (e.g. [START_REF] Chantigny | Soil aggregation and fungal and bacterial biomass under annual and perennial cropping systems[END_REF][START_REF] Amelung | Combining biomarker with stable isotope analyses for assessing the transformation and turnover of soil organic matter[END_REF]. Few studies have been performed in subtropical or tropical soils. In these studies, greater amounts of total amino-sugars, with preferential enrichment in GlcN, was found in NT than in CT soils [START_REF] Ding | Effects of tillage and crop rotation on soil microbial residues in a rainfed agroecosystem of northeast China[END_REF], whereas a co-accumulation in MurN and GlcN was noticed with the use of legume cover crops [START_REF] Martins | Co-accumulation of microbial residues and particulate organic matter in the surface layer of a no-till Oxisol under different crops[END_REF].

Thus, the literature available on the influence of conservation practices on soil bacterial and fungal constituents, in relation to soil aggregation and SOC dynamics, is scant for subtropical and tropical conditions. We performed a study to investigate the influence of longterm NT and legume cover cropping on microbial cell wall constituents in a subtropical Acrisol in Southern Brazil, and examined the relationships with soil aggregation and accumulation of organic C in whole soil and SOC fractions. We hypothesize that the enrichment in GlcN under NT associated to legume cover crops favors soil aggregation and soil C accumulation.

Materials and methods

Description of the experiment

The study site is a 30-year old experiment located at the Agronomic Experimental Station of the Federal University of Rio Grande do Sul, in Eldorado do Sul, Brazil (30º06'S, 51º40'W; altitude 96 m asl). The climate is subtropical (Cfa according to the Köppen classification), with mean annual temperature and annual rainfall of 19.4 °C and 1440 mm, respectively. The soil is classified as sandy clay loam, granite-derived Acrisol (FAO, 2015). The clay content increases from 217 g kg 1 at 05 cm to 511 g kg 1 at 75100 cm depth. The main clay minerals are kaolinite (720 g kg 1 clay) and iron oxides (109 g kg 1 clay) [START_REF] Bayer | Changes in soil organic matter fractions under subtropical no-till cropping systems[END_REF].

Until 1969, the experimental site was under native grassland (mainly Paspalum and Andropogon). In the following 16 years, the soil was used for annual cropping with intensive plowing and disking operations, until the establishment of the experiment in 1985.

The experimental treatments comprised two tillage systems, CT and NT applied to main plots of 15 × 20 m, combined with three cropping systems applied to subplots of 5 × 20 m in size. The cropping systems were: black oats (Avena strigosa Schreb) / maize (Zea mays L.)

(O/M), vetch (Vicia sativa L.) / maize (V/M), and oats + vetch / maize + cowpea (Vigna unguiculata (L.) Walp) (OV/MC). Each of the nine tillage-cropping combinations was submitted to two fertilization levels: 0 and 180 kg urea-N ha 1 (0N and 180N), applied manually in bands in the maize crop, in sub-subplots of 5 × 10 m. The experimental treatments were arranged in a split-split plot design with three replicates. More details are provided in [START_REF] Bayer | Organic matter storage in a sandy clay loam Acrisol affected by tillage and cropping systems in southern Brazil[END_REF] and [START_REF] Zanatta | Soil organic carbon accumulation and carbon costs related to tillage, cropping systems and nitrogen fertilization in a subtropical Acrisol[END_REF].

Trenches were opened with a backhoe and eight soil layers (05, 510, 1015, 1520, 2030, 3050, 5075 and 75100 cm) were sampled in September 2014, prior to soil tillage and maize planting. Four treatments were selected (CT O/M 0N, NT O/M 0N, NT OV/MC 0N and NT OV/MC 180N) for the present study. Soil samples were air dried and sieved to ≤2 mm. A subsample of ~2 g was further ground to ≤250 µm for determination of organic C via dry combustion (FlashEA 1112, Thermo Electron Corporation, Milan, Italy).

Annual C inputs in the cropping systems were calculated using a database compiling information since inception of the experiment in 1985 [START_REF] Zanatta | Soil organic carbon accumulation and carbon costs related to tillage, cropping systems and nitrogen fertilization in a subtropical Acrisol[END_REF], and updated until year 2014 (Table 1). Annual C input from roots was estimated to be 30% of C input of the shoot biomass of cover crops and maize [START_REF] Zanatta | Soil organic carbon accumulation and carbon costs related to tillage, cropping systems and nitrogen fertilization in a subtropical Acrisol[END_REF]. The C input in CT O/M 0N, NT O/M 0N, NT OV/MC 0N and NT OV/MC 180N was 4.8, 5.2, 9.2 and 10.2 Mg ha 1 y 1 .

Soil organic matter fractionation and carbon concentration

Twenty grams of air dried soil samples (< 2 mm) were placed in centrifuge tubes containing 70 mL of sodium polyntungstate solution (PTS) 2.0 g cm 3 . After slow and manual agitation to release the free light fraction, the suspension was subjected to ultrasonic vibration dispersion at the level of 240 J mL 1 in order to disperse the soil aggregates and release the light occluded fraction (Conceição et al., 2008), and the sum of these formed the light fraction (LF).

The level of energy for dispersion of the aggregates was previously defined in a specific test that proved sufficient to disperse microaggregates > 2 μm in order to obtain 99% of the total clay fraction (Inda Junior et al., 2007). After dispersion of the sample, the suspension was centrifuged at 2000 g for 90 minutes. The supernatant containing the LF was filtered under vacuum. To remove excess PTS, the LF was washed with distilled water and 0.01 mol L 1 calcium chloride solution (CaCl 2 ). The LF was oven dried at 50 °C, grounded in agate mortar, and analyzed for C content by dry combustion in an elemental analyzer.

The suspension was then passed through a 53-μm sieve to separate the sand fraction (>53 µm). The portion that passed through the sieve was transferred to a beaker where separation of the clay fraction (<0.002 mm) were performed, based on Stokes' Law, until its complete removal. The material remaining in the test tubes, corresponding to the silt fraction, was also separated according to Stokes' Law in coarse silt (0.05-0.02 mm) and fine silt (0.02-0.002 mm).

The silt and clay fractions were flocculated using 2 M CaCl 2 solution, oven dried at 50 °C, weighed and milled in agate mortar. The C concentration was determined by dry combustion in each heavy fraction (sand-C, coarse silt-C, fine silt-C and clay-C).

Amino-sugar determination

Amino-sugars were quantified in whole soil, and in the fine-silt and clay sized fractions, using the method of [START_REF] Chantigny | Carbohydrates, Soil Sampling and Methods of Analysis[END_REF], as modified from [START_REF] Zelles | The simultaneous determination of muramic acid and glucosamine in soil by High-Performance Liquid Chromatography with precolumn fluorescence derivatization[END_REF]. The analyses were performed on whole soil, fine-silt-C and clay-C because only these fractions were significantly affected by management systems [START_REF] Jilling | Rapid and distinct responses of particulate and mineral-associated organic nitrogen to conservation tillage and cover crops[END_REF] and accounted for the most part of the SOC. Briefly, 1 g of air-dried and finely ground (<250 µm) soil was transferred to 30-mL glass test tubes, and 20 mL of 6 mol L -1 HCl was added to the tubes and mixed thoroughly on a vortex. The mixture was bubbled with N 2 for 2 min to remove O 2 and minimize aminosugar oxidation. Tubes were sealed with screw caps, incubated for 6 h in an oven set at 105 ºC, then cooled on ice and centrifuged at 1500×g for 10 min. A 1-mL aliquot of the supernatant was transferred to a 25-mL boiling flask and evaporated to dryness with a rotary vacuum evaporator.

The precipitate was dissolved in 980 µL of O-phthaldehyde (5 g OPA L -1 dissolved in 0.5 mol L -1 potassium tetraborate solution), and 20 µL of 2-mercaptoethanol was added to the flask, starting the derivatization. The mixture was vortexed, transferred to a 1.5 mL Eppendorf tube, and centrifuged at 20,000×g for 3 min. Five minutes (±15 s) after 2-mercaptoethanol addition, a 25-µL aliquot of the supernatant was injected manually in a high-performance liquid chromatograph (Waters, Milford, MA, USA) equipped with a pump (model 515, Waters) and an analytical column (4 µm, 8×100 mm, Nova-Pak C18, Waters) maintained at 40ºC. The following eluents were used: solution A (0.05 mol L 1 sodium citrate/0.05 mol L 1 sodium acetate : methanol : tetrahydrofuran, in proportion 18:1.7:1) and solution B (65% methanol) at a total flow rate of 1.5 mL min -1 . The proportion of solution A (gradual change) was: 85%, 0 to 2.5 min; 70%, 2.5 to 17.5 min; 85% 17.5 to 30 min. Detection was performed by fluorescence (scanning fluorescence detector, model 474, Waters) with an emission wavelength of 425 nm and an excitation wavelength of 338 nm using a Xenon lamp. Amino-sugars from soil samples were identified and quantified by comparison to chromatograms of standard solutions containing mixed MurN and GlcN. Amounts of C in amino-sugars were calculated considering that MurN contains 43% C and GlcN contains 40% C [START_REF] Chantigny | Carbohydrates, Soil Sampling and Methods of Analysis[END_REF].

Total MurN-C in the soil was taken as a proxy for total bacterial cell-wall mass as bacterial cells are considered the exclusive source of MurN in soil [START_REF] Zelles | The simultaneous determination of muramic acid and glucosamine in soil by High-Performance Liquid Chromatography with precolumn fluorescence derivatization[END_REF][START_REF] Chantigny | Carbohydrates, Soil Sampling and Methods of Analysis[END_REF]. Bacteria cell walls also contain GlcN. On a C basis the GlcN-to-MurN ratio is 2:3. We therefore subtracted 0.67 times MurN-C from soil total GlcN-C to estimate fungalderived GlcN-C concentration [START_REF] Chantigny | Soil aggregation and fungal and bacterial biomass under annual and perennial cropping systems[END_REF].

Statistical analyses

The data distribution was tested for normality by the Kolmogorov-Smirnov test and for homogeneity of variance by the Levene test. The effects of treatments were submitted to an analysis of variance (ANOVA; SAS ® v.9.4, Statistical Analysis System Institute, Cary, North Carolina). The statistical model in the analysis of variance to analyze carbon amino-sugar concentration was: Y ij = μ + B i + T j + Error (ij) , where μ is the general average of the experiment, B is block i (1, 2, 3), T represents treatment j (1, 2, 3, 4), and Error represents the experimental error associated to block i and treatment j. Treatment effects were tested using Tukey's test.

When effects of treatment were significant, treatment means were compared by contrast analysis to determine the effect of ( Regression analyses were performed (SigmaPlot for Windows v. 13.0, Systat Software, Inc., San Jose, CA) to explore the relationships between GlcN, MurN, and the GlcN-to-MurN ratio with C concentrations in the different soil fractions, and with other previously published soil parameters such as the mean weight diameter of water-stable aggregates [START_REF] Veloso | Legume cover crops under no-tillage favor organomineral association in microaggregates and soil C accumulation[END_REF].

Results

Soil organic carbon concentration and distribution among fractions

The SOC concentration ranged from 10.6 to 25.9 g kg 1 in the 05 cm soil layer and was greater under NT, legume and N fertilization compared to CT, without legume and without N, respectively (Table 1). In the 2030 cm soil layer, the SOC concentration was lower (9.1 to 10.6 g kg 1 ) than at the surface and significantly influenced by tillage, with greater values under NT than CT. The SOC concentration ranged from 5.4 to 6.7 g kg 1 in the 75100 cm soil layer and was again greater under NT than CT.

The LF-C concentration ranged from 1.5 to 9.2 g kg 1 in the 05 cm soil layer depending on management system (Table 1). In this surface soil layer, LF-C was two times greater under NT than under CT. In NT systems, LF-C was two times greater with than without legume cover cropping, and three times greater with than without N fertilization. The concentration of LF-C accounted for 14% of SOC under the CT-cereal system, 21% in NT-cereal system, 29% in NTcereal-legume system, and 35% in NT-cereal-legume-N system. In deeper soil layers, LF-C represented less than 3.2% of SOC, and was not influenced by the management practices.

The contents of sand-C and coarse silt-C represented a small proportion of whole-soil SOC (<8%) and were not influenced by management practices at any soil depths (Table 1). The fine silt-C concentration ranged from 1.6 to 4.6 g kg 1 in the surface layer and was twice as high under NT as under CT, and was also increased by the inclusion of legumes in the crop rotation.

The fine-silt-C fraction accounted for 14 (CT-cereal system) to 22% (NT-cereal system) of SOC.

Fine silt-C concentration was not influenced by management practices in deeper soil layers.

The clay-C concentration was affected by management practices in different soil layers.

In the surface layer, clay-C was not influenced by tillage, but increased from 7.1 g kg 1 to 9.6 g kg 1 on average with the inclusion of legumes in cropping system (Table 1). In the 2030 and 75100 cm soil layers, clay-C was mainly affected by tillage (p<0.01), with greater concentration in NT compared to CT (Table 1). The clay-C fraction always accounted for the greatest portion of total SOC, especially in deeper soil layers (85% on average in the 2030 and 75100 cm layers). This was also true for the surface soil layer, but values differed among management systems with 63% in CT-cereal system, 47% in NT-cereal system, 44% in NT-cereal-legume system, and 39% in NT-cereal-legume-N system.

Amino-sugars

The MurN concentration ranged from 3 to 20 mg kg 1 in the whole soil, and from 7 to 53 and 3 to 40 mg kg 1 in the clay and fine-silt fractions, respectively (Table 2). The greatest differences among treatments were recorded in the 05 cm soil layer. In whole soil, MurN concentration was 1.74 times greater in NT than in CT soils, 1.46 times greater with than without legume cover cropping, and 1.14 times greater with than without N fertilization. The greatest effect of tillage was observed in the fine-silt fraction, where MurN concentration in NT soils was more than twice that measured in CT. The MurN concentration in the clay fraction was also 1.15 times greater with than without legume cover crops. In the 2030 cm layer, the positive effect of NT was also observed in the whole soil, whereas a positive effect of legume cover cropping and a depressive effect of N fertilization were found in the fine-silt fraction. Treatments did not influence MurN concentration in the 75100 cm soil layer.

Fungal-derived GlcN concentration ranged from 37 to 287 mg kg 1 in the whole soil, and from 63 to 451 and 21 to 597 mg kg 1 in the clay and fine-silt fractions, respectively (Table 2).

Fungal-derived GlcN concentration generally showed trends similar to MurN, but with greater treatment effects in deeper soil layers, as compared to MurN. In the whole soil (05 cm layer), fungal GlcN was 2.11 times greater in NT than CT, 1.41 times greater with than without legume cover crops, and 1.23 times greater with than without N fertilization. In the fine-silt fraction of the top soil layer, GlcN concentration was more than twice greater in NT than CT; in the clay fraction, GlcN concentration was 1.64 times greater in NT than in CT, and 1.30 times greater with than without legumes cover crops. The positive effect of NT and legume cover crops was also observed in the whole soil in the 2030 cm layer. Nitrogen fertilization had no significant effect on GlcN at the 2030 cm soil layer. Positive effects of tillage and N fertilization were found in the clay fraction of the 75100 cm soil layer.

The GlcN-to-MurN ratio ranged from 11.1 to 15.2 in the whole soil, and generally showed narrower values in the clay and fine-silt fractions, except for the fine-silt fraction in the 05 cm soil layer (Table 1). The GlcN-to-MurN ratio was affected by management practices in the whole soil of the 05 cm soil layer, where it was greater under NT than CT. In that same soil layer, the GlcN-to-MurN ratio was greater under NT than CT in the fine-silt fraction, and greater with than without legumes in the clay fraction. Nitrogen fertilization had no effect on the GlcN/MurN ratio, and there were no treatment effects at the other soil depths. In the clay fraction, the GlcN-to-MurN ratio was greater at the 75100 cm depth (10.7) than at shallower depths (7.57.9), whereas the ratio gradually declined with depth (from 13.9 to 7.8) in the finesilt fraction.

Significant relationships were found between amino-sugar concentrations and soil properties in the 05 cm soil layer only. The concentration of both amino-sugars was positively related to whole soil LF-C (Fig. 1 a,b), and to the mean-weight diameter of water-stable soil aggregates (Fig. 2 a,b). Besides, strong and positive relationships were found between the GlcNto-MurN ratio and LF-C (Fig. 1c), and mean-weight diameter of aggregates (Fig. 2c). In addition, the GlcN-to-MurN ratio was positively related to C concentration in the fine-silt and clay fractions (Fig. 3).

Discussion

Our previous report at this site showed that implementing NT and legumes cover cropping significantly increased SOC storage in Southern Brazil [START_REF] Veloso | High carbon sequestration in a previously degraded subtropical soil under no-tillage with legume cover crops[END_REF]. After 30 y, this effect was visible in the whole soil profile (100 cm) with SOC stock being 20 (NT alone) to 35 (NT + legumes) Mg ha -1 greater than in the CT system.

When considering the different SOC fractions, one key feature was the great sensitivity of the LF fraction in the surface soil layer. The greater residue input with NT + legumes systems resulted in greater LF-C concentration than the CT system. The sensitivity of the LF fraction to varying land use and management practices is well known [START_REF] Andruschkewitsch | Effects of tillage on contents of organic carbon, nitrogen, water-stable aggregates and light fraction for four different long-term trials[END_REF][START_REF] Cates | Long-term tillage, rotation and perennialization effects on particulate and aggregate soil organic matter[END_REF][START_REF] Veloso | Legume cover crops under no-tillage favor organomineral association in microaggregates and soil C accumulation[END_REF] and was corroborated in our study.

The MurN and GlcN concentrations measured in this soil were similar to those reported by [START_REF] Martins | Co-accumulation of microbial residues and particulate organic matter in the surface layer of a no-till Oxisol under different crops[END_REF] under similar soil and climatic conditions. No-tillage, legume cover cropping and N fertilization all favoured the co-accumulation of bacterial and fungal cell wall constituents in the whole soil, but the effects were mainly found in the top 5 cm of soil and, to a lower extent, in the 2030 cm layer for NT and legume cover cropping. This co-accumulation likely occurred because more substrates (e.g., greater C inputs through crop residues, and greater LF-C concentration) were available for microorganisms in surface soil under NT, with legume cover crops, and with N fertilization. This is consistent with the fact that microbial growth is generally limited by the availability of labile C [START_REF] Reinertsen | Role of available carbon and nitrogen in determining the rate of wheat straw decomposition[END_REF][START_REF] Bremer | Seasonal Microbial Biomass Dynamics after Addition of Lentil and Wheat Residues[END_REF].

The GlcN-to-MurN ratio ranged from 6.8 to 15.2, consistent with values measured in top layers of a Brazilian Oxisol [START_REF] Martins | Co-accumulation of microbial residues and particulate organic matter in the surface layer of a no-till Oxisol under different crops[END_REF]. The greater ratio found under NT than CT indicates preferential enrichment in fungal cell wall constituents under NT, in agreement with [START_REF] Frey | Bacterial and fungal abundance and biomass in conventional and no-tillage agroecosystems along two climatic gradients[END_REF]. This preferential enrichment in fungal cell walls was likely due to greater C inputs from crop residues in the top 5 cm of soil, which resulted in a marked accumulation of LF-C. Accumulation of crop residues at or near the soil surface represents an energy source for microorganisms, and a favourable environment for hyphal network development [START_REF] Holland | Litter Placement Effects on Microbial and Organic Matter Dynamics in an Agroecosystem[END_REF][START_REF] Baumert | Root Exudates induce soil macroaggregation facilitated by fungi in subsoil[END_REF], as opposed to bacteria which are less efficient than fungi at decomposing plant tissues at the soil surface [START_REF] Griffiths | Soil microbial community structure: Effects of substrate loading rates[END_REF][START_REF] De Boer | Living in a fungal world: impact of fungi on soil bacterial niche development⋆[END_REF].

The GlcN-to-MurN ratio was also significantly greater with the inclusion of legumes in the cropping system, most likely because C inputs and LF-C accumulation were increased by legume cover cropping. In addition, living roots of legumes show greater root colonization by fungi than grasses [START_REF] Scheublin | Nonlegumes, legumes, and root nodules harbor different arbuscular mycorrhizal fungal communities[END_REF]. However, the effect of legumes on GlcN enrichment may possibly vary as a function of crop species. For instance, perennial legume (Medicago sativa) induced lower accumulation of amino sugars than perennial grasses (Phleum pratense; Bromus inermis; Phalaris arundinacea), whereas annual legume (Vicia faba) induced similar to greater accumulation than annual grass species (Triticum aestivum) [START_REF] Chantigny | Soil aggregation and fungal and bacterial biomass under annual and perennial cropping systems[END_REF].

Nitrogen fertilization increased LF-C and amino sugar concentrations in the top 5 cm of soil (whole soil only). However, there was no effect of N fertilization on the GlcN-to-MurN ratio, indicating no preferential accumulation of either fungi or bacteria cell walls due to fertilization. Le [START_REF] Guillou | Linking microbial community to soil water-stable aggregation during crop residue decomposition[END_REF] also reported that N fertilization increased MurN and GlcN to similar extent in temperate agricultural soils.

The strong positive relationships found between the GlucN-to-MurN ratio, the meanweight diameter of soil aggregates, and LF-C concentration in the top 5 cm of soil suggest that the absence of mechanical soil disturbance under NT favoured the physical protection of LF in water-stable aggregates [START_REF] Martins | Co-accumulation of microbial residues and particulate organic matter in the surface layer of a no-till Oxisol under different crops[END_REF][START_REF] Conceição | Combined role of no-tillage and cropping systems in soil carbon stocks and stabilization[END_REF]. Furthermore, soil aggregation around legume residues likely created an environment favourable to the colonization of LF by soil microbes, and our results indicate that this environment was more favourable to the accumulation of fungal than bacterial cell wall constituents, as previously hypothesized by [START_REF] Martins | Co-accumulation of microbial residues and particulate organic matter in the surface layer of a no-till Oxisol under different crops[END_REF]. That the relationship between GlcN-to-MurN ratio and soil aggregate stability was limited to the top 5 cm of soil suggests that preferential accumulation of fungal components may be favored by variations in soil moisture conditions, which are greater at the soil surface. It is recognized that fungi have better capacity than bacteria to cope with soil drying by crossing air-filled zones with their hyphae to access water and nutrients [START_REF] Gordon | Drying and rewetting effects on soil microbial community composition and nutrient leaching[END_REF][START_REF] De Vries | Land use alters the resistance and resilience of soil food webs to drought[END_REF]Barnard et al., 2013). Greater soil fungal population under NT than CT has been documented previously, and was associated with greater soil aggregation [START_REF] Beare | Influences of mycelial fungi on soil aggregation and organic matter storage in conventional and no-tillage soils[END_REF][START_REF] Chantigny | Soil aggregation and fungal and bacterial biomass under annual and perennial cropping systems[END_REF][START_REF] Al-Maliki | Interactions between earthworms and residues of differing quality affecting aggregate stability and microbial dynamics[END_REF], and more specifically with soil macroaggregation [START_REF] Helgason | No-till soil management increases microbial biomass and alters community profiles in soil aggregates[END_REF][START_REF] Baumert | Root Exudates induce soil macroaggregation facilitated by fungi in subsoil[END_REF]. In turn, fungal hyphae increase aggregate resistance to mechanical breakdown and slaking [START_REF] Abiven | The effects of organic inputs over time on soil aggregate stability -A literature analysis[END_REF], and likely improved aggregate persistence over time in our long-term trial.

In addition to the strong effect on LF-C observed in the surface soil layer, conservation management practices also favoured, to a lesser degree, C accumulation in the other size fractions. In the NT alone system, C inputs from crop residues were only slightly greater than in the CT system suggesting that a mechanism other than the mere C input from crops was involved in SOC accumulation. It is suggested that, compared to CT, NT favored occlusion of LF within soil aggregates [START_REF] Conceição | Combined role of no-tillage and cropping systems in soil carbon stocks and stabilization[END_REF][START_REF] Veloso | Legume cover crops under no-tillage favor organomineral association in microaggregates and soil C accumulation[END_REF] where it became integrated to siltsized mineral organic complexes. Soil aggregates under NT are envisaged as microsites where decomposing organic residues lead to SOC accumulation and stabilization through the formation of mineral organic complexes [START_REF] Conceição | Combined role of no-tillage and cropping systems in soil carbon stocks and stabilization[END_REF]. This is supported by the positive effect of NT and legume cover cropping on fine-silt-C in the surface soil layer, and clay-C at all soil depths.

The highest amino-sugar concentrations were found in the clay fraction, which agrees with [START_REF] Simpson | Preferential Accumulation of Microbial Carbon in Aggregate Structures of No-Tillage Soils[END_REF]. In addition, we observed a significant positive effect of NT and legume cover cropping on the accumulation of fungal glucosamine in the clay fraction at all soil depths, consistent with total C accumulation in this fraction. Whether accumulation of GlcN at depth was caused by downward migration of fungal cell-wall components, or by in situ fungal growth (e.g., colonization of deep roots by fungi such as shown by [START_REF] Clemmensen | Roots and Associated Fungi Drive Long-Term Carbon Sequestration in Boreal Forest[END_REF], remains to be ascertained. Compared to bacteria, fungi have a lower energy requirement and higher efficiency in transforming C substrates into microbial components [START_REF] Cotrufo | The Microbial Efficiency-Matrix Stabilization (MEMS) framework integrates plant litter decomposition with soil organic matter stabilization: do labile plant inputs form stable soil organic matter?[END_REF][START_REF] Kallenbach | Direct evidence for microbial-derived soil organic matter formation and its ecophysiological controls[END_REF], two factors likely to favour accumulation of GlcN in SOC. Thus, the relative abundance of bacterial and fungal communities is likely to influence soil C accumulation and stabilization over time (e.g., Fig. 3). That the preferential accumulation of fungal-derived amino-sugars at depth was specifically found in the clay fraction suggests that these components are likely included in stable mineral-organic complexes.

Conclusions

Tillage and cropping systems are key factors influencing the C cycle, and associated properties such as aggregation, of subtropical Acrisols. We emphasized that no tillage and legume cover cropping favoured the co-accumulation of bacteria-and fungi-derived cell wall constituents in whole soil and in clay-and fine-silt-sized fractions, with a preferential enrichment in fungal-derived glucosamine. This co-accumulation was however limited to the top 5 cm of soil, whereas fungal-derived glucosamine also accumulated down to 100 cm depth, more specifically in the clay-sized fraction of soil. Based on these findings, we conclude that (i) fungal growth is favoured by no tillage and legume cover cropping and contributes to the stabilization of surface soil structure, and that (ii) the accrual of fungal cell-wall residues is an important 

  i) tillage systems (CT O/M 0N vs. NT O/M 0N), (ii) Legume cover cropping (NT O/M 0N vs. NT OV/MC 0N and NT OV/MC 180N), and (iii) N fertilization (NT OV/MC 0N vs. NT OV/MC 180N).
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