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ABSTRACT: Microbial biodiversity of an environment can contribute to plant growth and 
increase crop yield. Plant extracts from soybean (Glycine max (L.) Merrill) were investigated 
on soybean plants grown after inoculation with these extracts. Soil samples were collected 
from two important Brazilian soybean-growing regions to produce the extracts used in 
the experiments. The extracts were produced with material collected from aboveground 
biomass and rhizosphere of soybean plants cultivated in a controlled greenhouse (phase 
1). The extracts produced in phase 1 were applied in a sequential experiment (phase 2). 
Phase 2 was conducted to examine the plant microbiome after the microbial alteration 
process in the greenhouse through seed inoculation with the extracts produced previously. 
Samples of aboveground biomass were collected to determine root dry matter and crop 
yield. Bacterial 16S rRNA sequences were processed to determine the final microbial 
content of soybean. The inoculated treatments had lower species diversity; however, the 
phyla Firmicutes and Bacteroidetes were more abundant in the treatments than in the 
non-inoculated treatment. The soybean plant stem in the inoculated treatment also had 
a positive response to enrichment of the bacterial classes Betaproteobacteria, Bacilli 
and Flavobacteria. Inoculation affected the microbial composition of soybean plants. 
The alteration of microbiome changes revealed differences for crop yield between the 
inoculated and non-inoculated treatments, with up to 93.5 % higher crop yields per plant 
according to the extract applied.
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Introduction

The practices of sustainable agriculture can ensure food 
security for the next decades (Garnett and Godfray, 
2012). Plant-associated microbiomes have been of 
great interest for their potential to improve crop yield 
through the application of optimized environmental-
friendly microbial biofertilizers (Kour et al., 2020) and 
biopesticides (Pavela and Benelli, 2016). Therefore, 
integrating crop management and the environmental 
microbiome has become to increase crop yields.

The use of microbial inoculants for sustainable 
agriculture has grown in many regions worldwide 
(Hassen et al., 2016). Accordingly, the use of microbes 
as an agricultural input is able to replace several inputs 
of high environmental impact (Kour et al., 2020). 
Plant growth-promoting microbes play a significant 
role in the dynamics of various processes, such as OM 
decomposition (Pérez-Valera et al., 2020), availability 
of several nutrients (Babalola and Glick, 2012), and 
decrease in plant stress (May et al., 2019).

Inoculants with only one microorganism 
have difficulty to stablish, as it is not adapted to 
environmental conditions. Therefore, studies report 
on advantages in using the microbiome, that is, the 
indigenous (native) community, to improve plant 
resistance to biotic/abiotic stresses, demonstrating 
that these strains are adapted to the plant environment 
and can increase the chances of the inoculum survive, 

favoring plant growth (Marulanda et al., 2009; 
Banerjee et al., 2017; May et al., 2021).

Microorganisms colonize all plant parts, which 
leads to their constant interaction. However, regions 
closer to the root show greater variability of microbial 
species (Peiffer et al., 2013), with great competition 
in the rhizosphere and changes in the environmental 
conditions of selection, according to plant species 
(Haichar et al., 2008), genotype (Lundberg et al., 
2012), and pedological characteristics (Tkacz et al., 
2015). 

The plant microbiome can be beneficial or 
detrimental to its health, depending on its ecological 
niche. The manipulation of the plant microbiome 
allows inhibiting the occurrence of plant diseases 
(Andrews, 1992) and increase productivity (Bakker 
et al., 2012) by reducing the use of chemical inputs 
(Adesemoye et al., 2009).

In this study, we hypothesized that the use of 
inoculum with microbiological content from extract of 
plants of the same species can change crop yield, based 
on the concept debated by May et al. (2021). Therefore, 
we evaluated the response of soybean (Glycine max (L.) 
Merrill) to seed inoculation with extracts made from 
soybean grown in the previous season. The specific 
objective was to investigate whether seed inoculation 
can change plant microbial diversity and if the use 
of plant extract from aboveground biomass applied to 
soybean seeds increases crop yield.
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Materials and Methods 

Phase 1: Building the clonal garden 
Soil was collected from Itapetininga (S-IT), state of 

São Paulo (SP) (23º35’30’’ S, 48º03’11’’W, altitude of 670 
m), and Castro (S-CA), state of Paraná (PR) (24º47’28’’ 
S, 50º00’43’’W, altitude of 999 m), Brazil, after the 
harvest of soybean to build a clonal garden to cultivate 
soybean plants (Table 1). Soybean plants are defined 
here as plants cultivated with environmental control in 
pots with no incidence of diseases or pests during the 
developmental cycle. The aim was to produce fresh mass 
from these plants to be used in phase 2 of the study. In 
each soil collection, the fields were selected according to 
their soybean yield history by choosing the site with the 
highest crop yield (> 4.5 Mg ha–1) of each farm. 

According to previous crop management reports, 
the areas were free of phytosanitary problems. The S-IT 
soil was collected from a no-tillage area established 17 
years before, in a soybean-maize (G. max L.- Zea mays L.) 
succession system, whereas S-CA was collected from a 
farm that adopted no-tillage for more than 40 years, with 
various species in crop rotation (e.g., soybean, maize, 
wheat, and oats - G. max L., Z. mays L., Triticum spp. 
L., Avena sativa L.) and annual application of organic 
wastes, such as pig manure.

In total, 35 soil samples were collected in a zigzag 
pattern from a 10-ha site, in both S-IT and S-CA. Each 
sample corresponded to approximately 3 kg of soil from 
the 0 – 0.20 m soil layer. Before collection, the mulch 
above the soil layer was discarded. The samples of 
each soil were then mixed to obtain homogeneous soil 
to fill plastic pots (0.20 m high × 0.16 m wide) with 
approximately 5 kg of soil per pot for building the clonal 
garden in Jaguariúna, SP, Brazil (22º43’06’’ S, 47º01’09’’ 
W, altitude of 570 m). For soil collection, we used 
agricultural tools, such as a hoe and a shovel, sanitized 
in running water at each new sampling point.

In phase 1, the soybean was cultivated in pots 
for maximum environmental control of each plant 
individually for each soil type collected from the 
production areas. The pots were used to sow soybean in 
two phases: (I) production of extracts; and (II) inoculation 

of soybean seeds using the extract produced in (I). The 
procedures are detailed in the subsequent sections. The 
irrigation management consisted of frequent irrigation 
with a drip system to meet water requirements of the 
crop.

Phase 1: Production of extracts 

Soybean cultivar M5917 IPRO (G. max L.) was sown 
on 7 July 2018 using three seeds per pot, which were 
inoculated with Bradyrhizobium japonicum (109 viable 
cells kg of seed–1) in a clonal garden in Jaguariúna, SP, 
Brazil. The experiment was conducted in pots filled 
with both soil types (S-IT and S-CA) in a completely 
randomized design. The greenhouse was controlled 
with the temperature set at 28 °C (day) and 19 °C (night) 
and a 12-h photoperiod until the beginning of flowering 
(R1 stage), when the soybean plants were collected to 
make the extracts. The extracts were produced with 
material collected from the aboveground biomass (I-1) 
and rhizosphere (I-2) of soybean.

To produce I-1, the collected materials were cleaned 
by immersion in a solution of 2 % sodium hypochlorite, 
0.1 % polyethylene glycol sorbitan monolaurate, and in 
sterile water. In each solution, the plants were shaken 
for about 10 s. The materials collected were then ground 
in a knife mill to obtain particles of 0.5 cm in length. 
Subsequently, a 1 % PVP stabilizing solution was applied 
to the ground mass. The materials were then pressed in 
a hydraulic press at a pressure of 15 t cm–2 and the fluid 
resulting from pressing was centrifuged at 7,000 rpm for 
10 min to collect the microbial precipitate. For I-2, the 
material was washed with potassium phosphate buffer 
(pH 7). 

Afterward, the material was filtered in a 100-
mesh sieve for the separation and disposal of the solid 
phase. The fluid resulting from the filtering process 
was centrifuged at 5,000 rpm for 10 min to collect the 
microbial precipitate. Both microbial precipitates were 
stored in a cryoprotectant solution (20 % glycerol) 
at –80 °C for further use. After these processes, the 
produced and frozen extracts were lyophilized for later 
use.

Table 1 – Description of the sites where the soils were collected in Itapetininga, SP, and Castro, PR, Brazil.
Site Soil collection date Location Soil class Texture Climate Average temperature and precipitation

Itapetininga (S-IT) 2019 23°30’ S 48°02’ 
W 670 m a.s.l. Oxisol Clayey Cfa

18.9 °C

1175 mm

Castro (S-CA) 2019 22°43’ S 47°38’ 
W 988 m a.s.l. Inceptisol Clayey Cfb

16.8 °C
1553 mm

Chemical analysis (0 – 20 cm)
Soil OM P K Ca Mg H + Al S.B. C.T.C. V% B Cu Fe Mn Zn pH

g dm–3 mg dm–3 -------------------------------- mmolc dm–3 -------------------------------- % ---------------------------- mg dm–3---------------------------- 
1 69 162 5 132 63 18 200 218 92 0.3 2 22 30 3 6.8
2 86 102 5 48 18 77 71 148 48 0.3 8 80 20 16 5.4
Soil 1 = IT soil for inoculant production in phase 1 and soil for phase 2 experiment; Soil 2 = C soil for inoculant production in phase 1; OM = organic matter; C.T.C. 
= Cationic Exchange Capability; V% = base saturation; S.B. = Sum of bases.
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Phase 2: Extract application, growth conditions of 
potted plants and assessment 

In the second phase of this experiment, soybean cultivar 
M5917 IPRO was sown on 19 Oct 2018 using three 
seeds per pot, which were inoculated in a greenhouse 
located in Jaguariúna, SP, Brazil. Each pot (0.2 m high 
× 0.16 m wide) was filled with approximately 5 kg of 
soil content from S-IT. The experiment was conducted 
to measure the enrichment of the microbiome after the 
microbial alteration process in the greenhouse through 
seed inoculation. The following five treatments were 
evaluated: T1 – extract inoculant I-1, using S-IT soil in 
phase 1; T2 – extract inoculant I-1, using S-CA soil in 
phase 1; T3 – extract inoculant I-2, using S-IT soil in 
phase 1; T4 – extract inoculant I-2, using S-CA soil in 
phase 1, and T5 – no inoculation. Each treatment was 
replicated seven times, totaling 35 experimental plots, in 
a completely randomized block design.

The extracts were applied before sowing, using 10 
mL kg–1 of seeds for I-1 and I-2. The experiment was 
conducted without any stress or factors that hinder 
plant development. Samples of aboveground biomass 
were collected, and the root dry matter was determined 
between stages R5 and R6 (Fehr and Caviness, 1977). 
Then, the material was oven-dried to constant weight 
at 40 oC and weighed. Crop yield was determined in 
the final season, when the seeds reached 21 % water. 
Enzymatic and metataxonomic analyses were carried 
out to evaluate the final microbial content of soybean.

Fluorescein diacetate, β-glycosidase, acid 
phosphatase, arylsulfatase and urease were measured 
enzymatically. To determine the activity of these 
enzymes, soil samples from all treatments were collected 
near the rhizosphere of the plants, approximately 1 cm 
around the roots, at the R1 stage (Fehr and Caviness, 
1977). The same procedure was followed for peroxidase 
by collecting leaves from the plants analyzed.

The β-glicosidase (Black et al., 1965; Eivazi 
and Tabatabai, 1988), acid phosphatase (Tabatabai 
and Bremner, 1969; Eivazi and Tabatabai, 1977), and 
arylsulfatase (Tabatabai and Bremner, 1970) activities 
were determined after 1 h of incubation at 37 oC with the 
specific substrates p-nitrophenyl-β-D-glucopyranoside, 
p- nitrophenol-phosphate and p-nitrophenyl sulfate. A 
standard curve was prepared using the p-nitrophenol 
reagent and results were expressed in nitrophenol g 
soil–1 h–1. The dosage of fluorescein diacetate (FDA) was 
determined by the hydrolysis method, following Ghini 
et al. (1998). 

After developing a standard curve of hydrolyzed 
FDA at 100 ºC, the activities were determined in μg 
hydrolyzed FDA mL extract–1 g dry soil–1 min–1. Urease 
was determined by the approach proposed by Tabatabai 
and Bremner (1995), which is based on determining the 
ammonium released after incubating the soil with urea 
for 2 h at 37 oC. The amount of ammonia produced was 
determined by distillation and titration, and the activity 

was described in μg ammonia g dry soil–1 h–1 (Tedesco et 
al., 1985).

The extract used for the analysis of the peroxidase 
enzyme activity was prepared by crushing a 1-g sample of 
soybean leaf in a mortar with liquid nitrogen. Afterward, 
7 mL of 50 mM sodium phosphate buffer solution (pH 
6.5) with 1 % (w v–1) polyvinylpyrrolidone (PVP) and 1 
mM phenylmethylsulfonyl fluoride (PMSF) were added. 
The solution was then centrifuged at 3500 rpm at 4 ºC 
for 20 min and the supernatants were collected and 
stored in a freezer (–80 ºC) until the analysis.

Peroxidase activity was determined by the reaction 
of 10 μL extract, 70 μL 0.01 mol sodium phosphate buffer 
L–1 (pH 6.5), 70 μL hydrogen peroxide, 3 mmol L–1 and 
70 μL guaiacol 15 mmol L–1, with absorbance reading 
at 470 nm using the Magellan software in 20 cycles of 
30 s at 30 ºC (Hammerschmidt et al.,1982). The results 
were expressed in units of peroxidase mg–1 leaf tissue 
min–1, and one unit was defined as a 0.01 increase in 
absorbance per min of reaction per milligram of tissue 
(Halfeld-Vieira et al., 2006).

The analysis of variance (ANOVA) was performed 
and the means were compared by the Tukey test at 
5 % significance for the data set (ground biomass, root 
dry matter, crop yield, and soil enzymes), using the R 
software (version 1.2.5001, 2007).

Phase 2: DNA extraction and 16S rRNA 
sequencing

Total DNA was extracted from the stems of the 
recipient plants. The DNeasy Power Lyzer PowerSoil 
DNA Isolation Kit was used for rhizospheric soil and 
the DNeasy Mini Plant kit for stem DNA extraction, 
following the manufacturer’s instructions. DNA quality 
and quantity were assessed using Quibit NanoDrop 1000 
spectrophotometry and 1 % sodium boric acid agarose 
gel electrophoresis (Brody and Kern, 2004).

For the taxonomic profiling, amplicon-sequencing 
was performed targeting the V3-V4 (Fehr and Caviness, 
1977) region of the 16S rRNA gene of bacteria. The DNA 
sample libraries (under the five treatments for the shoots, 
in three replicates) were prepared using Miseq Reagent 
Kit v3, following the manufacturer’s instructions for 
Illumina MiSeq platform (2 × 250 bp paired-end).

The V3-V4 region of the bacterial 16S rRNA gene 
was amplified with region-specific primers (515F/806R) 
(Caporaso et al., 2010). Each 25-μL PCR reaction 
contained 12.25 μL nuclease-free water, 5.0 μL of buffer 
solution 5 × (2 Mm MgCl2), 0.75 μL of dNTP solution 
(10 mM), 0.75 μL of each primer (515 YF 40 μM and 
806 R 10 μM), 1.0 unit of Platinum Taq polymerase 
High Fidelity at a concentration of 0.5 μL and 2.0 μL 
of template DNA. In addition, a control reaction was 
performed by adding water rather than DNA. The PCR 
reaction conditions were as follows: 95 °C for 3 min, 35 
cycles at 98 °C for 20 s, 55 °C for 20 s, 72 °C for 30 s, 
and a final extension of 3 min at 72 °C.
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After indexing, the Polimerase Chain Reaction 
(PCR) products were cleaned using Agencourt 
AMPure XP – PCR purification beads, according to the 
manufacturer’s manual and quantified using the dsDNA 
BR assay kit on a Qubit 2.0 fluorometer. Once quantified, 
equimolar concentrations of each library were pooled 
into a single tube. After quantification, the molarity of 
the pool was determined and diluted to 2 nM, denatured 
and then diluted to a final concentration of 8.0 pM with 
a 20 % PhiX spike for loading into the Illumina MiSeq 
sequencing machine.

Phase 2: Data processing and analysis

The bacterial 16S rRNA sequences were processed using 
QIIME 2 (version 2017.11). First, the sequences were 
demultiplexed and the quality control was carried out 
in DADA2 (Callahan et al., 2016), using the consensus 
method to remove any remaining chimeric and low-quality 
sequences. Afterward, singletons, doubletons, chloroplast 
and mitochondria sequences were removed for further 
analyses. The taxonomic affiliation was performed at 99 
% similarity using SILVA database (version 132) (Quast et 
al., 2013) and the matrices generated were used for the 
statistical analyses. 

To compare the bacterial community structure 
between treatments, the Principal Component Analysis 
(PCA) was performed using Canoco 4.5 software, as 
described by Ter Braak and Smilauer (2002). Then, 
bacterial structures were clustered into operational 
taxonomic units (OTUs) by species biodiversity. To 
compare the differential abundance of bacteria between 
treatments, the OTU table was used as input in STAMP 

software (Parks and Beiko, 2010). The diversity indices 
for each sample were calculated using the Shannon’s 
diversity index based on the OTU table using PAST 
(Paleontological Statistics Software, version 3) (Hammer 
et al., 2001) and compared using the Tukey HSD test. 
P-values were calculated based on two-sided Welch’s 
t-test and corrected using the Benjamini-Hochberg FDR 
procedure.

To compare the bacterial community in stem and 
rhizosphere, the OTU data were transformed into relative 
proportions, and significant differences in the bacterial 
community structure were assessed by the Permutational 
Analysis of Variance (PERMANOVA), following the 
methodology described by Anderson, 2017, using PAST 
(Paleontological Statistics Software, version 3) (Hammer 
et al., 2001).

Results

Crop yield differed between the inoculated and non-
inoculated treatments. The soybean crop yield means 
differed between the non-inoculated treatments and 
inoculated treatments T1, T3, and T4. There was 
no difference between the studied treatments for 
aboveground biomass or root dry matter (Table 2). 
The bacterial consortia application could increase the 
abundance of beneficial microorganisms, with a positive 
effect on plant development, according to May et al. 
(2021).

Urease was higher in treatment T4 than in the 
control (T5) (Table 3). Peroxidase was higher in the control 
than in the other treatments. 

Although the PERMANOVA analysis did not reveal 
differences for the bacterial community in the stem (p = 
0.7192) (Figure 1) and rhizosphere (p = 0.1466) (Figure 
2), unsupervised clustering using principal coordinate 
analysis of distance matrices indicated that seed 
inoculation explains the variation in our data set, with a 
48 % differentiation of the plants inoculated with I-1 and 
I-2 in both soil treatments S-IT and S-CA, in relation to the 
control (Figure 1A). 

There were changes in the microbial community 
composition of the soybean stem (Figure 1B), with the 
inoculated treatments showing lower OTUs than the non-
inoculated treatment. The inoculated soybean treatments 

Table 2 – Mean values of above-ground biomass, root and grain dry 
matter under treatments.

Treatment Above-ground Root Grain 
-------------------------------- g per plant -------------------------------- 

T1 (I-1, S-IT) 9.53 a 0.93 a 8.3 a
T2 (I-1, S-CA) 11.27 a 1.05 a 6.5 ab
T3 (I-2, S-IT) 9.37 a 0.62 a 8.9 a
T4 (I-2, S-CA) 10.08 a 0.99 a 7.8 a
T5 (non-inoculated) 9.68 a 0.85 a 4.6 b
Lowercase letters compare treatments by Tukey’s test (p < 0.05).

Table 3 – Soil and leaf enzymatic activity using extracts produced with material collected from the above-ground biomass (I-1) and rhizosphere 
of soybean (I-2) combined with soil collected from Itapetininga (S-IT) and Castro (S-CA): T1 – I-1 with S-IT; T2 – I-1 with S-CA; T3 – I-2 with S-IT; 
T4 – I-2 with S-CA, and T5 – no inoculation.

Variable T1 T2 T3 T4 T5
FDA (μg FDA hydrolyzate mL extract –1 g dry soil–1 min–1) 2.2 a 2.2 a 2.1 a 2.1 a 2.4 a
β-glicosidase (μg p-nitrophenol g dry soil–1 h–1) 84.2 a 91.6 a 80.3 a 84.7 a 94.6 a
Phosphatase (μg p-nitrophenol g dry soil–1 h–1) 484.0 a 444.2 ab 395.7 b 409.4 ab 416.2 ab
Arylsulfatase (μg p-nitrophenol g dry soil–1 h–1) 116.8 a 103.6 a 110.5 a 120.4 a 121.7 a
Urease (μg ammonia g dry soil–1 h–1) 38.9 b 37.6 b 37.7 b 47.4 a 35.8 b
Peroxidase (mg–1 leaf tissue min–1) 5.8 b 4.9 b 4.6 b 5.4 b 13.1 a
Means followed by different letters in the row differ significantly according to Tukey’s test at 5 % probability.
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exhibited a substantial decrease in microbial diversity 
when compared with the non-inoculated treatment. 
Inoculation with I-1 reduced microbial diversity in S-IT, 
whereas the plants inoculated with I-2 had reduced 
microbial diversity in S-CA when compared to the non-
inoculated treatment.

The first two principal components (PCs) explained 
71.16 % of the variance. Overall, the treatments 
with inoculation of the aboveground biomass from 
Itapetininga and Castro were grouped together. Likewise, 
the treatments with inoculation of soil rhizosphere from 
Itapetininga and Castro were also grouped together. 
Root samples tended to cluster with shoots (Figure 2A). 
Changes occurred in the composition of the microbial 

community of the soybean stem (Figure 2B), and 
treatments inoculated with shoot extracts from soybean 
plants had lower OTUs than treatments inoculated with 
rhizosphere extracts from soybean plants.

The inoculated treatments showed decreased 
OTUs and species diversity, the results provided 
compelling evidence that inoculation affected the 
microbial composition of the soybean plants. The 
microbiome of the soybean plants was changed through 
seed inoculation with I-1 and I-2, with an increase in 
abundance of certain classes and phyla (Figure 3A). Our 
findings showed 20 phyla across treatments, with only 
five phyla reaching a relative frequency greater than 1 %, 
namely Actinobacteria, Proteobacteria, Cyanobacteria, 

Figure 1 – Principal coordinate analysis of unweighted distances for the microbial community composition of soybean stem using extracts 
produced with material collected from the aboveground biomass (I-1) and rhizosphere (I-2) of soybean combined with soil collected from 
Itapetininga (S-IT) and Castro (S-CA). PC = principal coordinate (A); number of observed OTUs on the soybean stem in all treatments (B). 
Boxplots; the horizontal lines composing the box from top to bottom represent the 3rd quartile, the median, and the 1st quartile, respectively.

Figure 2 – Principal coordinate analysis of unweighted distances for the microbial community composition of soybean rhizosphere using extracts 
produced with material collected from the aboveground biomass (I-1) and rhizosphere (I-2) of soybean combined with soil collected from 
Itapetininga (S-IT) and Castro (S-CA). PC = principal coordinate (A); number of observed OTUs on the soybean stem in all treatments (B). 
Boxplots; the horizontal lines composing the box from top to bottom represent the 3rd quartile, the median, and the 1st quartile, respectively.
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Firmicutes, and Bacteroides. For all treatments, the 
phylum Actinobacteria had the highest relative abundance 
(50 to 70 %), followed by Proteobacteria (10 – 20 %).

The phyla Firmicutes and Bacteroidetes were 
more abundant in the inoculated than in the non-
inoculated treatment, which may indicate an alteration 
of the microbiome despite inoculation procedures. There 
was an indirect effect of the extract on the phylum 
Cyanobacteria. Although more abundant in the inoculated 
soybean treatment, this phylum was not detected in I-1 or 
I-2 (Figure 3B) and the substances in the extracts possibly 
stimulate the development of these bacteria.

Actinobacteria dominated the collection of isolates 
from soybean stems, comprising a relative abundance of 
50 to 70 % of the total isolates (Figure 4A). There was an 
enrichment of the bacterial classes Betaproteobacteria, 
Bacilli, and Flavobacteria on the soybean stems in T1, 
T2, T3, and T4 compared to the non-inoculated treatment 
(T5). These three bacterial classes were present in I-1 
and I-2 (Figure 4B), showing evidence of microbiome 
modification by seed inoculation.

Discussion

Crop yield was greatly affected by the use of inoculants 
compared to the control with an increase of 71.2 % on 
average of yield of the inoculated treatments in relation 
to the non-inoculated control and 93.5 % of production 
increase of treatment 3 related to the control (Table 2).

Peroxidase is an enzyme made by the plant that has an 
antioxidant effect, which contributes to reducing oxygen-
reactive pathogenic microorganisms (Pheomphun et al., 
2019). The reduction in peroxidase in the soybean leaves 

treated with the extracts (Table 3) may be attributed to the 
reduction of biotic or abiotic stress (Nechet et al., 2017) 
in response to the presence of beneficial microorganisms 
in the extracts applied to the seeds, possibly affecting the 
productive expression of plants.

Actinobacteria was the most abundant phylum in 
the soybean rhizosphere. This group produces secondary 
antimicrobial metabolites, which are responsible for 
the decomposition of organic materials, that is, organic 
matter rotation and the carbon cycle (Ventura et al., 
2007). The soybean rhizosphere harbors several phylum 
of Proteobacteria, which are responsible for promoting 
plant growth. One of them is Gammaproteobacteria 
(García-Salamanca et al., 2013), which survive for long 
periods and colonize the shoots of different plant species 
due to their ability to adapt to stress conditions (Mechaly 
et al., 2018). Gammaproteobacteria contribute to plant 
growth and suppression of plant tissue colonization/
infection by pathogens, such as the genera Pseudomonas, 
Xanthomonas and Enterobacter, which can also produce 
indole-3-acetic acid (IAA) (Rasche et al., 2006). 

The class Alphaproteobacteria showed significant 
enrichment in the soybean rhizosphere over five years 
(Mendes et al., 2015). Mendes et al. (2015) suggest that 
soybean plants selects a specific microbial community 
that is capable of bringing benefits to the plant, such as 
growth promotion and nutrition. Soybean plants treated 
with the different extracts had microbial communities 
distinct from the plants that did not receive extracts. The 
most abundant phyla in the inoculated treatments were 
Firmicutes and Bacteroidetes.

Figure 3 – Analysis of the phylogenetic distribution of bacteria. 
Relative abundance for each phylum under treatments (A); relative 
abundance (RA %) in extracts produced with material collected 
from the aboveground biomass (I-1) and rhizosphere (I-2) of 
soybean in both soil conditions from Itapetininga, SP (S-IT), and 
Castro, PR (S-CA) (B).

Figure 4 – Analysis of the distribution of bacterial classes. Relative 
abundance for each class under treatments (A); relative abundance 
(RA %) of the extracts produced with material collected from the 
aboveground biomass (I-1) and rhizosphere (I-2) of soybean in both 
soil conditions from Itapetininga, SP (S-IT), and Castro, PR (S-CA) (B).
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Bacteroidetes are particularly found in natural 
polymer biodegradation processes in soils (Pinhassi et 
al., 2004). In a study with soybean crop remnants, Lian 
et al. (2019) found that the presence of soybean residues 
increased the abundance of the phyla Bacteroidetes, 
Actinobacteria and Firmicutes. In the study of Mendes et 
al. (2015), in soils cultivated with soybean, the phylum 
Bacteroidetes was found at large amounts. Interestingly, 
this phylum includes plant growth-promoting bacteria 
(Soltani et al., 2010). The phylum Bacteroidetes is also 
known to promote plant growth through the production 
of auxins (Wolińska et al., 2017). Bacteroidetes have 
gram-negative bacteria, which compose several 
microorganisms relevant to the soil during the cycling of 
nutrients, such as C, N, and S (Shi et al., 2011).

The higher incidence of Bacteroidetes in extract 
I-2 from S-CA (T4) (Figure 3) may have influenced N 
release into the soil due to the greater urease activity 
(Table 3). In studies on rhizospheric soil enzymes, Yi et 
al. (2018) observed that a higher rate of urease allowed N 
increase in the plant, which correlated with the protein 
content of the grain. Thus, the phylum Bacteroidetes 
may have increased crop yield in the treatments with 
the extracts, since these bacteria can improve plant 
growth by providing or triggering the organization of 
growth-regulating substances by the plant itself and 
ultimately producing or changing the absorption of 
essential nutrients (Ahmad et al., 2008).

In the treatments that received the extracts, the 
phylum Firmicutes also occurred at a higher frequency. 
This phylum usually inhabits the rhizosphere, stems, 
and leaves of soybean (Ikeda et al., 2011) and are thus 
important for the control of plant pathogens (Bulgari et 
al., 2011).

The soybean plants inoculated in our study 
had a greater expression of the classes Bacilli and 
Flavobacteria, which belong to the phyla Firmicutes and 
Bacteroidetes, respectively. These phyla were possibly 
transferred from the extracts applied to the soybean 
seeds, increasing crop yield, since the aforementioned 
classes are known to have genera of plant growth-
promoting bacteria.

Endophytic bacteria of the genus Bacillus 
belonging to the class Bacilli enhanced the development 
of sugarcane (Saccharum officinarum L.) seedlings 
(Silva et al., 2015), reduced phytopathogenic genera in 
soybean (Bezerra et al., 2013), and increased shoot dry 
matter in soybean (Chagas et al., 2017). In addition, 
there was an enrichment of the phylum Cyanobacteria 
in the treatments with seed inoculation. This phylum 
can be found in soils, in fresh and salt water, or even 
in areas with extremely high temperatures and/or very 
arid. Most species of this phylum have great nitrogen-
fixing and photosynthetic abilities through changes in 
plant metabolism (Bocchi and Malgioglio, 2010) thus 
influencing crop yield, as observed in our results.

Sustainable management techniques that use seed 
inoculation methods containing the microbiome can 

contribute to the development of a less environmentally 
impactful agriculture, while ensuring high crop yield. 
To this end, further research should elucidate whether 
the species of microorganisms in the soybean extracts 
are specific for soybean genome to allow generating 
inoculants containing a specific microbial community 
for each associated plant genomic group.

Conclusions

The plant extract from the aboveground biomass of 
soybean plants can be applied to seeds of the same 
species. The use of soybean plant extract from the 
aboveground biomass applied to soybean seeds increased 
crop yield and changed the peroxidase enzyme tendency 
of the plants. The application of soybean plant extracts 
at sowing changed the soybean plant microbiome.
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