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Abstract

:

The present work was aimed at investigating the effects of a four bacterial strain consortium—Azospirillum brasilense, Gluconacetobacter diazotrophicus, Herbaspirillum seropedicae, and Burkholderia ambifaria—on Allium cepa L. and on soil health. The bacterial consortium was inoculated on seeds of two different onion varieties; inoculated and Control seeds (treated with autoclaved inoculum) were sown in an open-field and followed until harvest. Plant growth development parameters, as well as soil physico–chemical and molecular profiles (DNA extraction and 16S community sequencing on the Mi-Seq Illumina platform), were investigated. The results showed a positive influence of bacterial application on plant growth, with increased plant height (+18%), total chlorophylls (+42%), crop yields (+13%), and bulb dry matter (+3%) with respect to the Control. The differences between Control and treatments were also underlined in the bulb extracts in terms of total phenolic contents (+25%) and antioxidant activities (+20%). Soil fertility and microbial community structure and diversity were also positively affected by the bacterial inoculum. At harvest, the soil with the presence of the bacterial consortium showed an increase in total organic carbon, organic matter, and available phosphorus, as well as higher concentrations of nutrients than the Control. The ecological indexes calculated from the molecular profiles showed that community diversity was positively affected by the bacterial treatment. The present work showed the effective use of plant growth-promoting bacteria as a valid fertilization strategy to improve yield in productive landscapes whilst safeguarding soil biodiversity.
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1. Introduction


One of the current concerns in agriculture is to improve the sustainability of productive land and at the same time to achieve high production rates. To achieve this goal, one of the promising and sustainable innovations could be the use of natural plant biostimulants [1]. Plant biostimulants are substances or microorganisms applied to plants for the enhancement of nutrition, tolerance to abiotic stress, and improvement in crop quality traits [2]. Plant biostimulants can be classified into nine categories based on their non-microbial and microbial natures and origin [3]. Among them, plant growth-promoting bacteria (PGPB) are considered sustainable biostimulant agents, effective also in the presence of abiotic stress factors [1]. Several strains are associated with the PGPB group based on their plant growth-promoting (PGP) traits. Among them, key traits are nitrogen fixation, nutrient-solubilising capabilities, and the production of phytohormones [4,5]. PGPB can be applied on seeds or to soil through several formulation (e.g., encapsulated, inorganic, liquid, organic, polymeric), which can influence the biostimulant effectiveness [6]. However, seed inoculation is the most common method of application [6]. In this work, we investigated the biostimulating efficacy of seed inoculation with a bacterial consortium consisting of Azospirillum brasilense Cd, Burkholderia ambifaria PHP7, Gluconacetobacter diazotrophicus Pal5, and Herbaspirillum seropedicae Z67. A. brasilense belongs to one of the most studied PGPB genera [7] with good biofertilisation potential [8,9,10,11,12,13,14]. The mechanisms of action by which Azospirillum spp. improve plant growth involve the production of phytohormones, N2-fixation, the mobilization of minerals, the production of small molecules and enzymes, the proliferation of the root system, the improvement of membrane activity, and the uptake of water and minerals [7]. To Gluconacetobacter spp. are attributed N2-fixation, the production of siderophores and phytohormones, and the solubilization of inorganic forms of phosphorus and zinc [15]. In addition to phytohormones and siderophore production and N2-fixation, Herbaspirillum spp. and PGP Burkholderia species help plants to thrive thanks to the presence of 1-aminocyclopropane-1-carboxylate (ACC) deaminase, which reduces stressful ethylene levels [16,17,18]. In addition, direct and indirect biocontrol capabilities of bacterial and fungal phytopathogens have been reported for all these strains [7,15,16,18]. The production of bacterial consortia, with the combination of two or more strains with PGP characteristics, can increase the effectiveness of the inoculum [19,20]. The combination of A. brasilense, B. ambifaria, G. diazotrophicus, and H. seropedicae strains has already shown good biostimulation effects on Lycopersicon esculentum L. [21] Cannabis sativa L. [22] Artemisia eriantha Ten [23], and ancient Triticum genotypes [24]. In the present work, we hypothesised that this PGPB consortium could positively affect the growth, development, yield, and quality traits of Allium cepa L. crops. To demonstrate the validity of this hypothesis, two onion cultivars suitable for the experimental area were chosen, “Meranto” and “Moondance”. First, bacterial association on inoculated seeds and colonization of seedlings grown in vitro were evaluated by Scanning Electron Microscope (SEM). Then, two parallel one-year field experiments were carried out to evaluate the efficacy of the PGPB treatment on plants (i.e., chlorophyll, length, dry weight) and bulbs (i.e., dry weight, total phenolic content, antioxidant activity) of both onion varieties. To evaluate the influence of this treatment on soil microbial communities, soil samples were also analyzed in terms of physico–chemical and molecular profiles.




2. Materials and Methods


2.1. Bacterial Strains and Growth Conditions


Meranto (Bejo Italia Srl, Ravenna, Italy) and Moondance F1 (Vilmorin, Paris, France) onion cultivars were utilized in the present study. Bacteria were grown in T4 medium [21] with constant shaking at 30 °C for 24 h. The cell density of each strain was determined spectrophotometrically, by comparing optical densities at 600 nm with calibration curves. The four strains were mixed to obtain an equal number of cells for each strain and a working inoculum with a final density of 1010 cells mL−1. Seeds were treated with the inoculum by immersion for 20 min. Then, the seeds were removed from the inoculum and dried overnight at 30 °C. The final bacterial density on seeds was 106 cells g−1 (determined by a plate count on T4). The Control consisted of seeds inoculated with the same procedure, but with autoclaved inoculum.




2.2. Bacterial Adhesion on Seed Surfaces Investigated by Scanning Electron Microscopy


Seeds were sterilized following the procedure previously described [24]. Sterilized seeds were inoculated with the 1010 mL−1 bacterial suspension for 20 min and allowed us to dry overnight at 30 °C. Control seeds were treated with the same procedures but with a bacterial suspension autoclaved for 15 min at 120 °C. Surfaces and sections (obtained with a sterile lancet) of Control and inoculated seeds were analyzed the day of inoculation and 30 days later. Samples were directly positioned on metal sample holders by double-sided adhesive carbon tape in thermal contact with a Peltier cooling stage maintained at −1 °C. Samples were then analyzed by a Gemini500 scanning electron microscope (SEM—Zeiss, Oberkochen, Germany) operating in wet mode conditions (working distance 6.5–8 mm, variable pressure, accelerating voltage 10 kV, relative humidity 80%, back-scatter electron detector).




2.3. Experimental Design and Experimental Conditions


Two parallel field experiments were carried out during the growing season, February–August 2019, at the Agricola Scipioni fields (Avezzano, Italy, 650 m above sea level), characterised by a relatively continental climate, with an average annual rainfall range of 650–800 mm. The onion seeds were sown in February 2019 with a pneumatic seeder (Serie SNT, Agricola Italiana SNC, Massanzago, PD, Italy), 250 seeds m2, with five rows of tandem plants spaced 5 cm apart. The previous crop was potato (Solanum tuberosum L.), harvested in mid-October 2018. The fields were previously fallow, plowed, and harrowed twice before sowing. Two experimental conditions were compared: seeds treated with the bacterial consortium (PGPB) and seeds treated with the autoclaved consortium (Control). The experimental design consisted of a split plot design with five replications, where onion cultivars (Meranto and Moondance) represented the main plots and seed treatment (PGPB and Control) the sub-plots. Each experimental unit covered an area of 5.0 m × 6.0 m (30 m2).




2.4. Crop Monitoring and Sampling


From 15 days after sowing (DAS) up to 150 DAS, plant height was monitored and aerial part samples were collected randomly within each experimental unit. The aerial parts were taken to the laboratory and analyzed for dry weight (80 °C to constant weight) and chlorophyll content [25]. At harvest (180 DAS), bulbs were collected and yields (t ha−1) estimated. Bulb samples were randomly collected within each experimental unit, taken to the laboratory, and processed for further investigations as described in Section 2.5.




2.5. Bulb Analyses


Bulbs were investigated for their dry weight, total phenolic contents, and antioxidant activity. Dry weight was obtained by heat treatment of bulb slices at 80 °C to constant weight. For total phenolic content and antioxidant activity, bulb slices were immediately frozen at −80 °C and freeze-dried completely (15 h). Lyophilized samples were then hermetically packed in high-barrier plastic bags and kept at −80 °C until analysis. Five replicates per each sample were extracted by 1 min microwave extraction (350 W) with a 50:50 (v/v) ethanol–water solution and a sample–solution ratio of 1:25. The total phenolic content assay was carried out utilizing Folin–Ciocâlteu reagent and the Singleton and Rossi procedure [26]. Gallic acid was used as a reference standard, and results were expressed as mg GAE (gallic acid equivalents) g−1 DW (dry weight). Antioxidant activity was estimated using the DPPH (2,2′-diphenyl-1-picrylhydrazyl) radical, following the procedure described by Brand-Williams et al. [27]. Results were expressed as IC50 (mg mL−1 extract concentration able to inhibit 50% of DPPH). All standard and reagents were purchased from Merc (Darmstadt, Germany).




2.6. Soil Analyses


Before sowing and at harvest (development stage 49), five soil samples for each experimental unit were randomly collected at 0–10 cm depth. The five samples were thoroughly mixed to obtain a global soil sample, which was sieved (<2 mm) to remove plant roots, fauna, and debris before analysis. Soil chemical analyses were carried out according to the methods described in “DM 13/09/1999 GU N°248 21/10/1999”. Genomic DNA was extracted from three global soil sample replications utilizing the NucleoSpin® Soil kit (Macherey Nagel, Germany), following the manufacturer’s protocol. DNA quantification of the samples was performed using the Qubit dsDNA HS (High Sensitivity) Assay Kit and a Qubit Fluorometer (ThermoFisher Scientific, Waltham, MA, USA). Replications of each sample were pooled in equimolar mixtures, and samples were sent for 16S rRNA sequencing to Bio-Fab Research Srl (Rome, Italy) as previously described [28].




2.7. Data Handling and Statistical Analysis


With respect to the results of the field experiments, a t-test was applied to test the differences (α = 0.001) between Control and treated samples by cultivar (XLSTAT 2016—Addinsoft, Paris, France).



16S rRNA sequencing classifications were obtained utilizing the SILVA 132 database (https://www.arb-silva.de/, accessed on 27 February 2021) and the amplicon sequence variants (ASVs) method. Results were processed by QIIME2 [29], and diversity indices were calculated using the R (R Foundation for Statistical Computing, Vienna, Austria) statistical package vegan v. 2.5-7 [30].





3. Results


To evaluate the bacterial adhesion on seed surfaces, SEM observations of Control and inoculated seeds were carried out. Control seeds showed clear surfaces, while high bacterial adhesion was observed under the PGPB condition (Figure 1A). The bacteria were able to adhere to the seed surfaces and establish aggregation structures that allowed them to persist for up to 30 days (Figure 1B). We also tested inoculum persistence on seeds kept in the dark at room temperature. After 30 days, the number of bacteria present on the seeds remained unchanged. After 60 days, the number of bacteria decreased by 0.5 Log CFU g−1.



During growth, heights, dry weight, and chlorophylls of the aerial parts were monitored. Figure 2 shows the recorded height dynamics for Meranto and Moondance crops from 15 to 150 DAS. The height of the aerial part was significantly affected (p < 0.05) by the bacterial treatment. Throughout the entire growth period, the PGPB condition recorded higher values than the Control, reaching a final average increase of 18% at 150 DAS. Similar trends were also shown by dry weight dynamics (Figure 3); the PGPB condition recorded a final average increase of 23% over the Control. The improvement induced by the bacterial treatment of the seeds was also emphasized by the chlorophyll content. As shown in Figure 4, the treated plants (PGPB) recorded significant increases in chlorophyll content compared to the Control until late maturation (150 DAS), at which an average increase of 43% was recorded.



At harvest, the total yields (t ha−1) were estimated. For the Moondance cultivar, the PGPB condition recorded an average increase of 14%, while for Meranto, the average was 12%. These increases were related to the greater biomass developed by the bulbs in response to bacterial inoculation, which is also easily understandable from Figure 5.



For both Meranto and Moondance varieties, greater dry weights of bulbs were recorded (p < 0.001), with an average increase of 3% (Table 1).



The bulbs were also analyzed for total phenolic contents and antioxidant activity (Table 1). The bacterial treatment was able to induce an increase in phenols in both Meranto and Moondance bulbs (p < 0.05), stimulating the production and accumulation of secondary metabolites. The presence of a larger amount of phenols and possibly other bioactive molecules also induced an increase in antioxidant activity (p < 0.01).



To evaluate the inoculum effects on soil fertility status, pre-sowing and post-harvest soil samples were subjected to physico–chemical characterization and DNA extraction and 16S rRNA analysis. Soil physico–chemical changes recorded for Meranto and Moondance experimental conditions were similar (Table 2). Regarding the pre-sowing soil, PGPB samples recorded increases in total organic C and organic matter. Conversely, the Controls recorded decreases in the same parameters. The presence of the inoculum also induced a decrease in Na+ and electrical conductivity and a change in the composition of soil nutrients. Compared to the soil collected at pre-sowing, the contents of Ca++, Mg++, and K+ decreased in the Control samples but not in those inoculated with PGPB, while for the available phosphorus, there was an increase in the PGPB samples and a decrease in those of the Control.



16S rRNA gene analysis allowed us to obtain the characterization of the soil microbial community of archaea and bacteria. At the ecological level, compared to the Control soil, the microbial community was positively influenced in terms of diversity and richness. The number of individuals and the Shannon-Wiener H’ and Chao-1 diversity indexes were higher than those of the Control (Table 3).



The microbial community recorded changes in terms of composition. As shown in Figure 6, the ASVs (amplicon sequence variants) association at the genus level allowed us to establish how the microbial community was changed by bacterial presence. In general, the PGPB treatment recorded increases in the richness of most genera compared to the Control (including the unknown group), with an increase in the Lysobacter genus in both Meranto and Moondance PGPB samples. This indicates a cultivar-dependent community and PGPB-dependent enrichment. The ASVs of all samples were mainly associated with unknown Bacteria (30% on average) and Chloroflexi and Proteobacteria phyla.




4. Discussion


The use of biostimulants in agriculture is steadily increasing around the world due to the effectiveness and sustainability of this fertilization approach. The growing use of these innovative products, together with the growing global food demand and the worsening of environmental problems, requires the formulation of new biostimulants. Nevertheless, although plant biostimulants prove to be a valid alternative to synthetic fertilizers, it is necessary to create a valid scientific background that can help the diffusion of these products and sustainable agriculture. Among plant biostimulants, microbial formulations have been investigated since the late 1970s for their plant growth-promoting characteristics. In the last decades, different indirect and direct plant-promotion mechanisms have been ascribed to numerous PGPB strains and their application on seeds/plants by several approaches tested [31]. In this study, we selected one of the simplest application methods, seed inoculation, demonstrating the attachment and survival of microorganism for up to 30 days. This approach has already been proven to be valid a strategy for the improvement of various open field cultivations, both in research and in pre-commercial trials [32]. The ability of bacteria to produce these aggregation structures, known as biofilms, is a fundamental characteristic generally attributed to strains belonging to PGPB and is a key element for their association with plants [4]. Seed soaking with inoculants allows for a good long-term survival of microorganisms, transporting them directly to the plant’s rhizosphere [32], where they can increase plant growth through numerous mechanisms [33]. Biometric results obtained from onion crops (i.e., height, chlorophylls, and dry matter) and bulbs (i.e., yield, dry weight, total phenolic content, and antioxidant activity) showed that seed bacterial treatment improved plant growth and development. Our results are consistent with many previous studies on different crops which recorded similar inoculation effects on soil fertility status [34,35] and on crops. Among those related to onion crops, seed treatment with inoculation of Azotobacter chroococcum MF135558 and adhesive agents, in the presence of a 75% dose of NK, improved the growth and yield of plants in a field experiment [36]. Samayoa et al. [37] reported effective isolation and reinoculation of Leifsonia sp., Bacillus megaterium, and Pantoea sp. on onions in combination with a half-dose of chemical fertiliser, recording an improvement in growth during the vegetative stage under pot cultivation. Tinna et al. [38] reported that the integrated use of an Azotobacter sp., Sphingobacterium sp., and Burkholderia sp. consortium as a root dip of seedlings along with mineral fertilizers resulted in improved onion plant growth, bulb yield, and bulb quality parameters. These positive results are usually linked to the production of a certain amount plant growth-promoting (PGP) substances such as indole-3-acetic acid, which promotes the development of root length, volume, and cell division [39] as well as chlorophyll synthesis [40]. N2-fixation is another PGP strategy that improves N uptake by plants [41] and the synthesis of siderophores, enzymes, hormones, and essential elements [42], resulting in an increase in plant dry matter [43]. The improved uptake of nutrients mediated by bacteria affects not only nitrogen but also other macro- and micronutrients. The chemical analyses conducted on the soil showed how seed inoculation promoted the release of available phosphorus and the increase in total organic carbon and organic matter. The increase in available phosphorus, without changing the soil composition, is related to the ability of bacteria (PSB) to mobilize insoluble forms of phosphorus, converting them into forms accessible to the plant, and has been described for many genera (Rhizobium, Pseudomonas, Azotobacter, and Bacillus) [44]. Microbial inoculation is one of the tools used to modify the characteristics of the soil in productive landscapes. Maintaining good organic carbon levels can be achieved by carbon-sequestering microbial inoculants with the ability to promote carbon sequestration and soil storage [45]. Several PGPB have been shown to have the ability to increase soil carbon levels. However, organic carbon arises from interactions between roots and the rhizospheric microbial community and is influenced by many environmental factors (e.g., nutrient availability, pH, moisture, climatic conditions, atmospheric CO2) [46]. The presence of bacterial inoculum also promotes positive changes in the richness and composition of the soil microbial community. How PGPB induce this modification has not yet been clarified [47]. However, it must always be taken into account that also soil composition and plant cultivar influence microbial community structure [48,49]. The abundance and distribution of microorganisms within a community can be modified by the PGPB application [50]. Therefore, to try to establish how and to what extent PGPB can affect the soil microbial community, a multidisciplinary study with the evaluation of all these variables should be carried out.




5. Conclusions


The present study allowed us to estimate the effects of seed inoculation on productive onion landscapes. The bacterial consortium of the four selected strains Azospirillum brasilense, Burkholderia ambifaria, Gluconacetobacter diazotrophicus, and Herbaspirillum seropedicae was tested in open field experiments on onion. Evaluation of biometrical parameters on plant and bulbs, as well as soil physico–chemical and molecular characterization, revealed that seed treatment improved plant growth and development, crop yield and quality, and the soil fertility status. These results, together with other previously published and unpublished research, confirm the suitability of this consortium as a biostimulating agent in sustainable agriculture. The optimization of large-scale inoculum production procedures as well as the stability of the formulation should be investigated. Furthermore, future studies should be directed towards the creation of scientific evidence on the suitability of this inoculant application on other plant species and the elucidation of the mechanisms of plant-growth improvement and fertility status and changes in the microbial community. Our results suggest that seed inoculation with this consortium could be used in productive onion landscapes as a biostimulating agent in place of chemical fertilizers.
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Figure 1. Scanning electron microscope (SEM) micrographs obtained for (a) Control (CNT) and inoculated (PGPB) Allium cepa seeds the same day of the inoculation (a–d) and after 30 days (e–g). Magnitudes: 5000× (a,c,e,g) and 10,000× (b,d,f,h). Scale bars 2 µm. 
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Figure 2. Height dynamics recorded for Meranto (A) and Moondance (B). In the figure: CNT = Control; PGPB = treated seed; DAS = days after sowing; * = p < 0.001. 
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Figure 3. Dry weight dynamics recorded for Meranto (A) and Moondance (B). In the figure: CNT = Control; PGPB = treated seed; DAS = days after sowing; * = p < 0.001. 






Figure 3. Dry weight dynamics recorded for Meranto (A) and Moondance (B). In the figure: CNT = Control; PGPB = treated seed; DAS = days after sowing; * = p < 0.001.



[image: Microorganisms 09 00639 g003]







[image: Microorganisms 09 00639 g004 550] 





Figure 4. Dynamics of the total chlorophyll content (mg 100g−1 FW) recorded for Meranto (A) and Moondance (B). In the figure: CNT = Control; PGPB = treated seed; DAS = days after sowing; * = p < 0.001; ** = p < 0.01. 
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Figure 5. Bulbs harvested from the Control (CNT) and treated (PGPB) experimental units of Meranto and Moondance crops. 
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Figure 6. Heat-map and clustering of the soil microbial community composition of the Control (CNT) and treated (PGPB) experimental conditions of Meranto (Mer) and Moondance (Moon) crops. The color changes in the panel show the percentage occupied by the genus inside each sample (color scale at the top). Taxonomy is indicated by the color keys on the right. 
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Table 1. Dry weight, total phenolic content, and antioxidant activity of bulbs of Meranto and Moondance cultivars.
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Index

	
Dry Weight

(%)

	
Total Phenolic Content

(mg GAE g-1 DW)

	
Antioxidant Activity

(IC50)






	
Moondance

	
Control

	
14.28

	
4.76

	
150.92




	
PGPB

	
14.73

	
5.96

	
12.71




	

	
t-test

	
*

	
***

	
**




	
Meranto

	
Control

	
14.21

	
3.97

	
93.32




	
PGPB

	
14.70

	
4.97

	
75.10




	

	
t-test

	
*

	
***

	
*








t-test: * = p < 0.001; ** = p < 0.01; *** = p < 0.05.
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Table 2. Soil chemical analysis for Meranto and Moondance experimental conditions.
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Parameter

	
Moondance

	
Meranto




	
Pre-Sowing

	
Control

	
PGPB

	
Pre-Sowing

	
Control

	
PGPB






	
pH

	
7.6

	
7.7

	
7.6

	
7.7

	
7.7

	
7.5




	
Total N (g Kg−1)

	
2.2

	
2.1

	
2.2

	
2.0

	
1.9

	
2.0




	
Total Organic Carbon (g Kg−1)

	
16.8

	
15.6

	
18.5

	
16.5

	
16.3

	
18.0




	
Organic Matter (g Kg−1)

	
29.0

	
27.0

	
32.0

	
28.4

	
28.0

	
31.0




	
Electric Conductivity (μS cm−1)

	
0.45

	
0.42

	
0.32

	
0.40

	
0.40

	
0.33




	
Na+ (mg Kg−1)

	
33.0

	
38.0

	
15.0

	
31.0

	
28.0

	
18.5




	
Ca++ (mg Kg−1)

	
3022.0

	
2895.5

	
3023.2

	
3132.5

	
2998.0

	
3108.5




	
Mg++ (mg Kg−1)

	
148.5

	
130.5

	
153.0

	
145.0

	
123.2

	
126.5




	
K+ (mg Kg−1)

	
489.0

	
383.0

	
413.5

	
164.5

	
138.0

	
182.2




	
Available P (mg P2O5 Kg−1)

	
323.0

	
172.0

	
460.5

	
282.0

	
144.2

	
227.0
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Table 3. Ecological indexes calculated from Illumina sequencing results.






Table 3. Ecological indexes calculated from Illumina sequencing results.





	
Index

	
Individuals

	
Shannon-Wiener H’

	
Chao-1






	
Moondance

	
Control

	
7431

	
6.15

	
628




	
PGPB

	
9627

	
6.33

	
753




	
Meranto

	
Control

	
4046

	
5.66

	
363




	
PGPB

	
5209

	
5.79

	
429

















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
s PGPB

m CNT

100

(u) YSIH

30 45 60 90 120 150

15

30 45 60 20 120 150

15

DAS





nav.xhtml


  microorganisms-09-00639


  
    		
      microorganisms-09-00639
    


  




  





media/file2.png
CONTROL






media/file5.jpg
“CNT 4PGPB

& .

™

™

DAS





media/file3.jpg
= CNT 4 PGPB

=

.o
N e |
gszrReRsRASS

() wBop

i

15

0

»

DAS





media/file1.jpg





media/file7.jpg
:

™

™

0

w





media/file10.png
Meranto Moondance

PGPB CNT PGPB CNT





media/file12.png
Bacillus
Uncultured
Haliangium
MND1

RB41
Sphingomonas
Bryobacter
Nitrospira
Lysobacter
Unknown
Termmonas
AKYG587
Pseudarthrobacter
Elin6067
Polycyclovorans
Marmornicola
Blastococcus
Gaiella
Solirubrobacter
Gallionella
CL500-29
Crenothrix
Flavobacterium

Aquabactenum

Leptolyngbya

gdod el
IND |y
gd9d Uoop

1IND Uuoop

15

0.5

-0.5

Family
Anaemnolineaceae
Bacillaceae
B ukholderiaceae
Chitinophagaceae
Havobacteriaceae
Gaiellaceae
Gallionellaceae
Geodematophilaceae
Haliangiaceae
llumatobacteraceae
Methylomonaceae
Micrococcaceae
Nitosomonadaceae
Nitrospiraceae
Nocardioidaceae
P hycisphaeraceae
P yinomonadaceae

Solibacteraceae (S ubgroup 3)
Solimonadaceae
Solirubrobacteraceae

S phingomonadaceae
Unknown

Unknown Family
Xanthomonadaceae

Order
Anaerolineales
Bacillales
B etaproteobactenales
Chitinophagales
Havobacteriales
Frankiales
Gaiellales
Methylococcales
Micrococcales
Microtrichales
Myxococcales

Nitrospirales

Oxyphotobacteria Incertae Sedis

P hycisphaerales

P ropionibacteriales
P ynnomonadales
Salinisphaerales
Solibacterales
Solirubrobacterales
S phingomonadales
Unknown

X anthomonadales

Class

Acidimicrobiia
Acidobacternia
Actinobactena
Alphaproteobacteria
Anaeplineae

Bacilli

Bacteroidia
Blastocatellia (Subgroup 4)
Deltaproteobacteria
Gammaproteobacteria
Nitrospira
Oxyphotobacteria
Phycisphaerae
Themmoleophilia
Unknown

P hylum
Acidobactena
Actinobactena
Bacteroidetes
Chilorofiexi
Cyanobactena
Amicutes
Nitrospirae
Planctomycetes
Proteobacteria
Unknown





media/file9.jpg
Meranto Moondance

¥ 3

CNT






media/file0.png





media/file8.png
Chl tot (mg 100g! FW)

30

25

20

15

10

%

b

15

30 45





media/file11.jpg
friy






media/file6.png
+ PGPB

- CNT

<

b
* 14 b
* b
*
*
M
> I
* 4 I
* b
* L
* W |

Sy 00N N0 WD SN e O

(%) WS1em L1q

30 45 60 90 120 150

15

30 45 60 90 120 150

15

DAS





