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Abstract

:

Soil microorganisms are an indispensable component of natural ecosystems and play an important role in agro-management ecosystems. However, the function of soil microbial communities is still a black box. The present study aimed to investigate the effect of organic and conventional agro-management practices in a vineyard on the soil’s bacterial community and its composition in three different soil aggregate sizes using functional profiles derived using 16S rDNA metagenomics analysis for elucidating the metabolic capabilities of soil microbial communities. Soil samples were compared in terms of community composition and functionality. A clear distinction was found between the two managements. The soil samples contained 12 phyla and 45 orders, where Proteobacteria was the most common phylum in all treatments. Twenty-three functional profiles were obtained for both treatments and three aggregate sizes, showing similarity in their function, suggesting that functionality is due to the community’s composition and environmental conditions. The results indicate that organic farming systems have a beneficial effect on microbial diversity and encourage ecosystem multifunctionality.
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1. Introduction


As part of the soil biota, soil microorganisms fulfill important roles (e.g., organic matter decomposition, regulation of nutrient availability, etc.), together composing an organized unit that constitutes one of the most important cooperative factors in soil formation. Together with anthropogenic and abiotic components, they are responsible for soil function over time [1]. The soil bacterial community is among the most dynamic components of soil biota and is affected by many biotic and abiotic parameters [2,3,4]. Due to its heterogeneous environment, the soil microbial community is strongly dependent on organic carbon, moisture, and temperature and is affected by their availability, as well as by soil physical and chemical components that control aggregate formation and stability [5,6,7]. Due to their involvement and activity in organic matter decomposition, microbial communities must share their space and compete for energy sources [8,9,10]. Nutritional resources are among the most important elements for which the microbial community competes. Bacteria can even inhabit soil aggregate pores with a diameter of less than 3 µm and form spider web networks that develop into “microbial villages”, as defined by Wilpiszeski et al. [11]. Approximately 90% of soil bacteria are associated with macroaggregates, while other communities colonize the exterior parts of the aggregates [12,13].



Thanks to recent developments in molecular methods, it has also become more feasible to predict bacterial functions, in addition to bacterial community composition and diversity [14,15]. Such developments allow us to learn about the functional capabilities of bacterial communities using the Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt)—a computational approach that predicts the functional composition of the metagenome. This is a key tool that enables the profiling of marker genes for studying functional capacities of the microbial community [16,17]. Relating the soil microbial community structure to its functionality is challenging and could enable great progress in structural community analysis [18,19]. The power of determining the bacterial diversity and functional capabilities in aggregate microsites that form unique niches in response to management will elucidate the specific interplay between niches and inhabitants [20,21]. In both cases, aggregates serve as a habitat, and the inhabitants of aggregates are always determined by soil food and moisture availability. According to Watt et al. [22], soil aggregate pores may retain enough moisture to allow biological activity to flourish for long periods. In many managed agroecosystems, the microbial communities in soil are structured on numerous spatial scales [23], where the aggregate size, structure, quality, origin, and amount of organic matter determine the microbial community assemblage [24].



In vineyards, as in other agroecosystems, soil microbial community diversity performs a variety of ecological services in promoting fertility, including nutrient cycling, aggregate formation, detoxification of noxious chemicals, acting as bioindicators for soil quality, and preventing soil erosion [25,26]. The bacterial and the fungal rhizosphere microbiomes associated with the grapevine are known for their roles in the carbon biogeochemical cycle and the production of secondary metabolites [27] that contribute to the above-ground biomass, yield production, and fruit qualities.



The present study examined the soil microbial community composition and structure for two vineyard agro-management practices: organic and conventional; in two sampling locations: between vineyard rows and in-rows; associated with three soil aggregate sizes: macro, meso, and micro. The main objective of the study was to understand the connection between aggregate size and bacterial community composition and function. Specifically, we attempted to answer the following questions: (1) How do agro-management practices, sampling locations, and aggregate sizes affect bacterial communities? (2) Is there a relationship between aggregate size and the diversity of the bacterial community’s composition? (3) Does agro-management determine microbial functions?



Based on the above, we hypothesized that the following:




	
Vineyard management and aggregate size will strongly affect soil bacterial diversity, and a significant change will occur in bacterial diversity (Shannon (H’) index) in soil samples near vine plants and in open spaces between vine plant rows.



	
Vineyard management, sampling location, and aggregate size will determine the soil bacterial functionality in soil samples near vine plants and in open spaces between vine plant rows.








Such screening information will improve our knowledge and understanding of the factors that may regulate soil microbial communities and their functions in vineyard agroecosystem management.




2. Materials and Methods


2.1. Study Site


The two sampling sites are long-term agricultural management vineyard sites, one organically managed and the other conventionally managed. Both sites are located near each other in the Binyamina agricultural region of Israel (32°32′12″ N 125 34°57′11″ E), with a mean multiannual rainfall of 585 mm between October and May and a mean annual temperature of 20.2 °C. The soil is a clay-rich (55%) (soil known as Vertisol (FAO)). Further information about the study site and different management practices can be found in our previous paper regarding the site [28].




2.2. Sampling Method


The soil samples at each site were collected randomly in the early morning from the upper 0 to 10 cm soil layer (as per [29]) from each of the long-term agricultural practices—organic management (Y) and conventional management (Ba)—between (B) the plant rows and in the vine rows (R) in the vicinity of the vine plant. Each of the three sample replicates (rep) was composed of three subsamples. At the field site, the soil samples were fractionated by progressively finer mesh for 1. macro-aggregate sizes of 9000–12,000 μm; 2. meso-aggregates of 250–2000 μm; and 3. micro-aggregates of <250 μm according to [30]. They were placed in individual plastic bags (1 L volume) according to the aggregate size and sampling location, and then placed in an insulated box for transport to the laboratory.



The samples were placed in the laboratory and kept at 4 °C until biological and chemical analysis. From each sample, 2 g of soil sample was placed in an Eppendorf tube and stored at −20 °C until used for DNA extraction. Subsamples of each sample were used for the evaluation of abiotic parameters, including soil moisture (SM), organic matter (OM), pH, and electrical conductivity (EC) [31,32].




2.3. Biota Analysis


The soil microbial community was determined by DNA extraction from 0.5 g of each soil aggregate size, using an Exgene soil SV kit from GeneAll (Songpa-gu, Korea), 550 µL SL buffer (extraction buffer), 50 µL RH buffer, 300 µL PD buffer, 900 µL TB buffer (tissue binding), 500 µL NW buffer (wash buffer N), and 50 µL elution buffer. Centrifugation was carried out between each extraction step on a 5810 R Eppendorf centrifuge (Eppendorf, Hamburg, Germany).



Soil DNA was extracted from 0.5 g of soil using an Exgene soil DNA mini kit from GeneAll (Seoul, Korea) and stored at −20 °C until use in PCR amplification, using a SimpliAmpTM thermal cycler (Thermo Fisher Scientific, Walham, MA, USA), by mixing 12.5 μL HS Taq Mix Red (PCR Biosystems, London, UK), 9.5 μL ultrapure water, 1.0 μL extracted DNA, 1 μL CS1-515F (ACACTGACGACATGGTTCTACAGTGCCAGCMGCCGCGGT), and 1 μL CS2-806R (TACGGTAGCAGAGACTTGGTCTGGACTACHVGGGTWTCT). The thermal cycling program was set to 95 °C for 3 min, 24 cycles of 98 °C for 10 s, 55 °C for 10 s, 72 °C for 20 s, and after the cycles, 72 °C for 1 min. The amplified DNA was stored at −20 °C until sequencing.



All final PCR products were run on an agarose gel to verify amplification specificity and quality, in parallel with a negative control. The final PCR products were conducted by Hylabs Inc. using the Fluidigm Access Array primers for Illumina to generate libraries compatible for sequencing on the Miseq. Samples were measured for concentration by Qubit and size by Tapestation and then sequenced on the Illumina Miseq using a Miseq V2 sequencing kit (500 cycles) to generate 2 × 250 paired end reads. The data were de-multiplexed using the Illumina base space cloud to generate two FASTQ files for each sample. The FASTQ files were imported into CLC-bio and analyzed as follows: Reads were trimmed for quality and adaptor sequences, merged, and then subjected to OTU picking to generate abundance tables. The database used for the OTU picking was Greengenes v13_5 at 97% sequence identity [33].



The raw sequence data were submitted to the NCBI Sequence Read Archive database with accession number: PRJNA843903.



PICRUSt (phylogenetic investigation of communities by reconstruction of unobserved states) functional profiling of microbial communities was predicted using the 16 S rRNA marker [15], which relies on operation taxonomic units (OTUs) for each sample.



We used the term “relative abundance” assessed as a percentage of the total abundance in order to provide a standardized comparison of the functional contribution of different features of the bacterial communities. In this sense, different proportions of functionality were established in the community, with genera’s dominance classified as submediant (>10%), dominant (5–10%), and subdominant (<5%).




2.4. Statistical Analysis


All data sets underwent statistical analysis (SAS). Analysis of variance (ANOVA) was performed to test for significance between the means of sampling location and treatment. The means for the individual treatments were compared at the 5% probability level with significant differences from the Duncan test.



The soil microbial community structure was analyzed by PERMANOVA (permutational multivariate analysis of variance) to determine the effect of treatment, site, and aggregate-size fraction of each abiotic factor on the microbial community.





3. Results


The sampling site as well as the location significantly (p < 0.001) affected soil moisture (Figure 1, Table 1). Significant differences in soil moisture were observed between the three aggregate sizes. Soil organic matter differed significantly (p < 0.001) between sites, but not between the sampling locations or aggregate sizes. Soil pH ranged from 7.6 to 7.8 without significant differences between sites, aggregate sizes, and sampling locations.



Analysis of variance (ANOVA) (Table 1) yielded a significant effect (between p < 0.0004 and 0.003) for site, sampling location, and the interaction between the two. A significant difference (p < 0.0002) was found for organic matter (OM) between the sampling sites. The pH was not affected by sampling site, location, or the interplay between them.



PERMANOVA showed that the vineyard agro-management method is one of the most significant (p < 0.0001) factors affecting the bacterial community, followed by aggregate size (p < 0.01). ANOVA showed significant site (p < 0.0004), sampling location (p < 0.0001), and site and location (p < 0.0033) effects for soil moisture. The organic matter was significantly (p < 0.0002) affected (Table 2).



A total of 12 phyla, followed by 45 orders, were present in the samples. Proteobacteria was the most widespread phylum in all treatments, with conventional treatments reaching over 99% in the conventional (Ba) B 1, 0.5 mm, and (Ba) R 1 mm aggregate sizes. Actinobacteria, Chloroflexi, Bacteroidetes, and Acidobacteria phyla were present in a relatively high abundance, ranging from 17 to 30%, 6 to 15%, 4 to 9%, and 8%, respectively, in organic treatments and were significantly higher compared to the conventional treatment (Figure 2). A significant (p < 0.001) increase in the number of phyla in the 1.0 mm aggregate size was obtained in the organic management (Y) both between (B) and within rows (R) compared to conventional (B) management (Figure 2).



From a total of 45 orders of bacteria, the Pseudomonadales order was the most abundant in both sampling sites, followed by Rhizobiales and Burkholderiales. Organic sites had significantly higher numbers of Actinomycetales, [Saprospirales], SBR1031, and c__Ellin6529 than conventional sampling sites (Figure 3). As with the Phyla, the number of orders increased significantly in the smaller aggregate size, e.g., 1.0 and 0.5 mm, in the organic management versus the conventional management.



From the total of forty-five orders of bacteria, only twenty-four were significantly correlated with sampling sites, four with sampling locations, one with site and location, fourteen with aggregate size, eight orders with aggregate size and sampling sites, and one with sampling location and aggregate size. No significant differences were found between any of the orders when using a three-way ANOVA of treatment * location * aggregate size (Table 1).



The Shannon Index (order level) showed a significant difference between the treatments in site (p < 0.0001), aggregate (p < 0.01), and site*aggregate (p < 0.03), with higher values in the organic management (Table 1) and no significant difference between the sampling locations (B and R) (Figure 4).



The profiling method of bacterial communities based on gene sequences yielded a list of 24 functional groups (Figure 5) fulfilling 97% of all functions. All 23 functions were present as potential functions, with no significant differences between managements. The bacterial metabolism function included twelve functions, of which amino acid and carbohydrate metabolism fulfilled the major functions and were observed as performing ten ecologically relevant functions. These functions included various cycles, which were classified as functions related to the following: (1) cellular processes, (2) folding, (3) genetic information processing, (4) membrane processes, (5) metabolism functions, (6) functions defined as not well-characterized (unknown functions), (7) replication, (8) signal transduction, (9) translation, and (10) xenobiotic functions (Table 3). Based on their contribution, these bacterial community functions (Table 3) were divided into three groups: (a) Subdominant, (b) Dominant, and (c) Eudominant. These three functions are potentially different in their contribution—the subdominant group is mainly associated with intercellular processes, whereas the dominant group determines cell maintenance, and the eudominant group contributes to the communication interface between the cell and the environment. Although changes in bacterial community composition were obtained due to treatment and sampling location, no significant differences in microbial functions were obtained.




4. Discussion


The analysis of soil variables showed a clear distinction between the two field managements. Although they were located at a homogeneous site, local climate, and hydrology, the differences in soil physical and chemical properties were found to be similar to Wei et al.’s results [34,35]. Soil moisture and organic matter increased the soil’s OM content compared to the conventional fields, consistent with previous studies [36]. The pH values were similar, without any significant differences between treatments and sampling locations. These results clearly differentiate between the two sampling locations, without distinguishing between aggregate sizes.



The number and size of phyla in organic management were higher in all aggregate sizes compared to conventional management. The increase in the Verrucomicrobia’s phylum abundance is related to different environmental aspects such as soil chemical factors [37,38] and impact on the nitrogen availability [39,40]. An additional phylum found to increase in abundance in the organic amendments management compared to the conventional management was the Chloroflexi phylum, which is known to be a diverse group of bacteria that, according to Speirs et al. [41], play an important role in carbohydrate degradation and soil nitrogen and phosphorous processes. Actinobacteria comprised one of the phyla that were found in all organic management samples, contrary to conventional management, which according to Bundy et al. [42] is described as “the good, the bad and the ugly”, playing an important role in biochemical cycling and soil development [43]. The Proteobacteria phylum was the dominant phylum and contained five classes, and Alphaproteobacteria, Betaproteobacteria, and Gammaproteobacteria were the most abundant in soil samples amongst the five classes, without any effects of treatment and sampling location, as supported by previous studies by Spain et al. [44].



Long-term land use causes minimum disturbance and tends to maximize a long-term new balance that may lead to a new soil health paradigm elucidated by the soil microbial community. As the study’s goal was to determine the effects of the two managements and three aggregate sizes, the higher bacterial taxa organization level increases our hope for a better understanding and differentiation between the managements. There was a 10-fold increase in the number of orders found in the 1 and 0.5 mm size aggregates, while a 25% increase in the number of orders was observed in the 8 mm aggregate size. The increase in phylogenetic richness, diversity, and heterogeneity in the organically managed system is in a similar direction to that obtained by Lupatini et al. [45] and Lori et al. [46]. These results indicate that organic farming has a beneficial effect on microbial diversity and encourages ecosystem multifunctionality.



Microorganisms play an important role and function in terrestrial natural and manmade ecosystems. Therefore, interest in their functional profiles has been extended, similarly to aquaculture systems [47]. The uniqueness of the Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt) developed by Langille et al. [16] is that it allows the prediction of the functional profile based on microbial metagenomic data. Based on this new tool, our data could be used to interpret the functional profiles of the two managements. The 23 main functional profiles generated for both treatments and aggregate sizes showed similar pathways, without any significant differences triggered by management. The two primary metabolic functions were the amino acid and the carbohydrate metabolisms, followed by 10 additional metabolic functional components. Amino acid metabolism plays an important role in supporting the growth and survival of bacteria by regulating energy and protein homeostasis, while carbohydrate metabolism is known as a fundamental process in supplying continuous energy for cell function [48,49]. These two functions ensure nutrient supplies that enable the rapid adaptation of bacterial metabolic capabilities in changing habitats [50].



Based on this assumption, we can assume that management in this case will strongly affect the soil microbial community composition, density, and diversity, in which the basic functional units of the microbial population will preserve their functionality. More studies are required on this issue to provide adequate predictions regarding the functionality of microbial communities in response to agricultural activities and climate change.




5. Conclusions


Overall, conventional and organic management in vineyard agroecosystems both support a variety of ecological services. The bacterial-based ecological diversity parameters were more reliable at describing land management, albeit organically managed plots had a higher number of phyla in all aggregate sizes in comparison to conventional management. The number of phyla abundance has been found to be related to different aspects of soil abiotic components. It plays an important role in carbohydrate degradation, and soil nitrogen and phosphorus cycle. Using the new PICRUSt Phylogenetic tool for the two managements and aggregate size, we discovered that amino acids and carbohydrate metabolism are the main fundamental processes that supply continuous energy that are ultimately the criteria for a successful survival model. Thus, the best assessment of management indicates that organic farming has a beneficial effect and encourages ecosystem multifunctionality.
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Figure 1. Changes in mean values of abiotic parameters: (a) soil moisture, (b) pH, and (c) soil organic matter at different agro-management: organic (Y) and conventional (Ba); at different sampling locations: between (B) the plant rows and in the vine rows (R); and with different aggregate sizes (0.5, 1, and 8 mm). The horizontal line in the box plot indicates the median, and the box indicates the upper and lower quartiles, with vertical lines representing the minimum and maximum values. 
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Figure 2. Relative abundance of bacterial phyla at different agro-management: organic (Y) and conventional (Ba); at different sampling locations: between (B) the plant rows and in vine rows (R) with different aggregate sizes (0.5, 1, and 8 mm). 
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Figure 3. Relative abundance of bacterial orders at different agro-management: organic (Y) and conventional (Ba); at different sampling location: between (B) the plant rows and in the vine rows (R) with different aggregate size (0.5, 1, and 8 mm). 
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Figure 4. Box plots illustrating the alpha diversity index (Shannon diversity) in bacterial microbiomes from different agro-management: organic (Y) and conventional (Ba); and at different sampling locations: between (B) the plant rows and in the vine rows (R). The horizontal line in the box plot indicates the median, and the box indicates the upper and lower quartiles, with the vertical lines representing the minimum and maximum values. 
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Figure 5. Functional predictions of all samples from different agro-management: organic (Y) and conventional (Ba); and at different sampling locations: between (B) the plant rows and in the vine rows (R) using PICRUSt. 
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Table 1. Univariate analysis of variance (ANOVA) for soil properties and soil bacterial orders from different sampling sites, locations, aggregate size, and the interactions between them. Site indicates treatment, location indicates sampling location (between or within rows), and agg indicates aggregate size.
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Site

	
Loc

	
Agg

	
Site * Loc

	
Site * Agg

	
Loc * Agg

	
Site * Loc * Agg




	

	
Pr > F

	
Pr > F

	
Pr > F

	
Pr > F

	
Pr > F

	
Pr > F

	
Pr > F






	
Soil moisture

	
0.0004

	
<0.0001

	
NS

	
0.0033

	
NS

	
NS

	
NS




	
Organic matter

	
0.0002

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
pH

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
Shannon Index

	
<0.0001

	
NS

	
0.0095

	
NS

	
0.0214

	
NS

	
NS




	
iii1-15

	
0.0011

	
NS

	
0.0004

	
NS

	
NS

	
NS

	
NS




	
Sva0725

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
RB41

	
<0.0001

	
0.0348

	
NS

	
NS

	
NS

	
NS

	
NS




	
Acidimicrobiales

	
0.0078

	
NS

	
0.0238

	
NS

	
0.0237

	
NS

	
NS




	
Actinomycetales

	
<0.0001

	
NS

	
NS

	
NS

	
0.0129

	
NS

	
NS




	
Micrococcales

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
0319-7L14

	
NS

	
NS

	
0.0002

	
NS

	
NS

	
NS

	
NS




	
Rubrobacterales

	
NS

	
NS

	
0.0026

	
NS

	
NS

	
NS

	
NS




	
Gaiellales

	
NS

	
NS

	
0.0003

	
NS

	
NS

	
NS

	
NS




	
Solirubrobacterales

	
0.0234

	
0.0127

	
0.0033

	
NS

	
0.0372

	
NS

	
NS




	
Cytophagales

	
<0.0001

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
Flavobacteriales

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
Sphingobacteriales

	
0.0454

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
[Saprospirales]

	
<0.0001

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
H39

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
SBR1031

	
<0.0001

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
c:Ellin6529

	
<0.0001

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
c:Gitt-GS-136

	
0.0001

	
0.0158

	
NS

	
0.0158

	
NS

	
NS

	
NS




	
AKYG885

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
JG30-KF-CM45

	
0.0437

	
NS

	
0.01

	
NS

	
NS

	
NS

	
NS




	
Streptophyta

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
Bacillales

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
c:Gemm-1

	
NS

	
0.0393

	
NS

	
NS

	
NS

	
NS

	
NS




	
Nitrospirales

	
NS

	
NS

	
0.0437

	
NS

	
NS

	
0.0437

	
NS




	
WD2101

	
0.0104

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
Gemmatales

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
with

	
0.0001

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
Planctomycetales

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
Caulobacterales

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
Rhizobiales

	
0.0043

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
Rhodobacterales

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
Rhodospirillales

	
0.0014

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
Sphingomonadales

	
<0.0001

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
c:Betaproteobacteria

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
Burkholderiales

	
<0.0001

	
NS

	
0.0149

	
NS

	
NS

	
NS

	
NS




	
Ellin6067

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
MND1

	
0.0027

	
NS

	
0.0177

	
NS

	
NS

	
NS

	
NS




	
Myxococcales

	
<0.0001

	
NS

	
NS

	
NS

	
0.0102

	
NS

	
NS




	
Enterobacteriales

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
Pseudomonadales

	
<0.0001

	
NS

	
0.0352

	
NS

	
0.0282

	
NS

	
NS




	
Xanthomonadales

	
<0.0001

	
NS

	
NS

	
NS

	
0.0413

	
NS

	
NS




	
c:TM7-3

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
Opitutales

	
0.0029

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS




	
[edosphaerales]

	
0.0002

	
NS

	
0.0227

	
NS

	
NS

	
NS

	
NS




	
[Chthoniobacterales]

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS








Multiple factors separated by an * indicate a two- or three-way ANOVA of said factors.
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Table 2. Permutational multivariate analysis of variance (PERMANOVA) table showing the significant effect of vineyard agro-management and aggregate size in comparison with other abiotic factors on soil microbiota. The number of permutations = 999. Terms are added sequentially (from first to last).
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	Df
	Sums of Sqs
	Mean Sqs
	F.Model
	R2
	Pr (>F)
	





	Vineyard
	1
	1.2355
	1.23548
	24.32
	0.372
	0.001
	**



	Treatment
	1
	0.0977
	0.09772
	1.924
	0.029
	0.153
	



	Size
	2
	0.4258
	0.21291
	4.191
	0.128
	0.031
	*



	Replicate
	1
	0.0635
	0.0635
	1.25
	0.019
	0.265
	



	SM
	1
	0.0315
	0.03151
	0.62
	0.01
	0.471
	



	SOM
	1
	0.0387
	0.03871
	0.762
	0.012
	0.419
	



	pH
	1
	0.0092
	0.00915
	0.18
	0.003
	0.737
	



	EC
	1
	0.0397
	0.03967
	0.781
	0.012
	0.406
	



	MWD
	1
	0.1565
	0.15651
	3.081
	0.047
	0.095
	



	Residuals
	24
	1.2193
	0.0508
	
	0.368
	
	



	Total
	34
	3.3173
	
	
	1
	
	







**—p ≤ 0.001, *—p ≤ 0.05.
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Table 3. Table describing the bacterial community functions divided into three groups: a. Subdominant, b. Dominant, and c. Submediant.
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Subdominant

	
Cell

	
Cell Motility




	
Folding

	
Folding, Sorting and Degradation




	
Genetic

	
Genetic Information Processing




	
Metabolism

	
Metabolism—Enzyme Families




	
Metabolism

	
Biosynthesis of Other Scondary Metabolites




	
Metabolism

	
Glycan Biosynthesis and Metabolism




	
Metabolism

	
Metabolism




	
Metabolism

	
Metabolism of Other Amino Acids




	
Metabolism

	
Metabolism of Terpenoids and Polyketides




	
Signal

	
Signal Transduction




	
Transcription

	
Transcription




	
Translation

	
Translation




	
Dominant

	
Cell

	
Cellular Processes and Signalling




	
Metabolism

	
Energy Metabolism




	
Metabolism

	
Lipid Metabolism




	
Metabolism

	
Metabolism of Cofactors and Vitamins




	
Nucleotide

	
Nucleotide Metabolism




	
Poorly

	
Poorly Characterized




	
Xenobiotics

	
Xenobiotics Biodegradation and Metabolism




	
Replication

	
Replication and Repair




	
Submediant

	
Membrane

	
Membrane Transport




	
Metabolism

	
Amino Acid Metabolism




	
Metabolism

	
Carbohydrate Metabolism
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