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Abstract
Context Annually the Cerrado ecosystem alternates between dry periods and long rainy seasons. During
the dry season, severe forest �res occur, consuming a considerable part of the native vegetation, which
impacts directly on the soil of the microbiome

Objective Evaluate the adaptations of the soil microbiome to drought, rain and wild�re.

Methods It was realized sequencing of the 16S rRNA gene was carried out for three signi�cant conditions:
drought and forest �res (“Fire”), after the �rst recorded rains (“First_Rain”), and during the rainy season
(“Rainy”).

Results It has been shown that under the “Fire” condition, there was a predominance of Phylum
Actinobacteria, followed by Proteobacteria and Firmicutes. With the advent of the rainy season,
“First_Rain”, there was a change in the predominant taxonomic groups, with a higher prevalence of
members of Proteobacteria and Firmicutes. During the rainy season, Proteobacteria and Firmicutes
continued as the most prevalent groups. However, it was noted that in this period, there was an increase
in bacterial diversity when compared with other periods analyzed.

Conclusions These results show how environmental factors in�uence adaptations in microbial
communities. This allows for a better understanding of how to link the structure of the microbial
community to the performance of ecosystems, and assist in preventing the consequences of increased
frequency of wild�res, and long periods of drought.

Introduction
The savanna ecosystem is an important part of planetary land area, comprising about 22% of Earth’s
surface, and 40% of the forests present in tropical latitudes (Ramankutty and Foley 1999; Miles et al.
2006). This ecosystem is widely distributed across continents, being present in Australia, Africa, and
South America (Lehmann et al. 2014; Lehmann and Parr 2016). The savanna biome is characterized by
exhibiting two well-de�ned climatic seasons, with an intense rainy season, followed by a long dry season
(Powers et al. 2015). Savanna formations are among those that suffer most from the destruction of their
areas. The surprisingly high rate of loss of savanna forests makes this biome the most threatened in the
world, and it is predicted that about 80% of this area may be reduced, together with a fall in precipitation
of at least 50mm per year until 2055 (Bejarano et al. 2014). This is due to soil overexploitation -
especially deforestation for monoculture agricultural practices, pasture for livestock, and removal of
wood to serve as charcoal, which is still widely used in these regions (Lambin et al. 2003; Searchinger et
al. 2015). In addition, savannah ecosystems suffer annually from forest �res during the dry season,
between June and September especially. Although �res in the savanna is a natural event, and an integral
part of its annual cycle, many of these �res are of anthropogenic origin, and often uncontrolled (Archibald
et al. 2013). Deforestation and �res combined have profound consequences for vegetation and
macrofauna, especially for the microbiome present in the soil.
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The soil microbiome constitutes most of the planet's biodiversity, corresponding to one-third of the Earth's
biomass, participates as a key player in several biogeochemical cycles, and is closely related to soil
health (Fierer et al. 2012; Procópio 2020b). Changes in microbial pro�les following stress factors, such as
soil contamination, removal of vegetation cover, and farming and livestock activities show their
enormous adaptations, and genetic plasticity (Fierer and Jackson, 2006; Baldrian 2017). Other
environmental aspects, for example, rain seasonality, temperature, and vegetation type, combined with
soil properties, such as pH, organic matter content, and nutrients, also in�uence the structures of soil
microbial communities (Strickland et al. 2009; Pajares et al. 2016). In tropical savanna forests in
particular, wild�res are also a considerable component of in�uence over the soil microbiomes. Despite
�res in savanna biomes being a natural event, in recent years there has been an increase in the frequency
of �re in many areas, and the frequency and intensity of said �res are expected to increase further in the
next century (Westerling et al. 2006). Wild�res in�uence microbial structuring and changes in
underground communities, either by altering the inputs of organic matter driven by plants into the soil or
by directly affecting the microbial composition by heating the super�cial layers (Docherty et al. 2001; Hart
et al. 2005; Pérez-Valera et al. 2019). Studies have demonstrated annual wild�res in savanna forests
stimulate microbial growth by increasing ammonium (NH4

+) levels, and concentrations of dissolved
organic C by 20–52% in the soil (Poth et al. 1995; Andersson et al. 2004).

Soil microorganisms are the main agents responsible for long-term soil health and are considered one of
the main drivers of the recovery of the �re ecosystem (Neary et al. 1999; Nannipieri et al. 2003). Microbes
respond quickly to disturbances imposed on the soil, through changes in biomass, metabolic activity, and
in the structures of microbial communities (Certini 2005). In the last years the high-throughput
sequencing technologies emerged, and more recently improved it was possible to identify
microorganisms from environmental samples. This allowed us to characterize microbial communities in
different conditions, and, and establish correlations between diversity and abundance with
biogeochemical processes (Daniel 2005). For example, assess microbes in different land uses,
comparing pristine and contaminated environments, and monitoring changes in community structures
over a period of time (Procópio 2020a). Nevertheless, the huge amount of information of 16S/18S rRNA
gene sequences has brought another challenge to the taxonomy of microorganisms. How accurate is the
identi�cation of microbial species in environmental samples? Since we know that many of the
biochemical processes differ at the level of strain, establishing an ecological relationship between
taxonomic levels below gender and their role in the ecological niche may be inaccurate (Gutleben et al.
2018).

Brazilian savannas, also known as Cerrado, constitute the second largest morpho-�oristic domain in
Brazil, covering about 2 million km2 (Forzza et al. 2010). The vegetation of the Cerrado is composed of a
complex mosaic of different forest formations described as: "clean �elds" and "dirty �elds", i.e. pastures
with low shrubs and scattered trees; “Cerrado stricto sensu” or typical savanna; and “Cerradão” or
“Cerrado denso”, which is to say, seasonal deciduous and gallery forests (Oliveira-Filho and Ratter 2001;
Ribeiro and Walter 2008). Cerrado soils are acidic, usually poor in nutrients, with high levels of aluminum,
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leading this soil to be classi�ed as an oxisol (Bustamante et al. 2012). The rainfall regime is
characterized by a period of relatively high rainfall (1500 mm), followed by a prolonged dry season of 4
months, from June to September. This marked rain seasonality contributes to a high weathering of the
soil, which also contributes to the low availability of nutrients, mainly carbon (C), nitrogen (N), and
Phosphate (P) (Haridasan 2001). The �re regime in the Brazilian Cerrado biome occurs annually during
the dry season. The �res in the Cerrado are historically described as natural events, initiated by
spontaneous causes, such as lightning striking dry vegetation during the long drought period (Ramos-
Neto and Pivello 2000). However, in recent decades, more intentional �res have also been common in this
period, as a common practice of clearing "clean �elds" to be used as pastures and mono-areas (Myers et
al. 2000; Eloy et al. 2019).

The climatic conditions imposed on the Cerrado biome have a direct effect on the soil microbiome.
Annual cyclical events such as the entry of organic matter during the period of leaf fall, wild�res, and
intense rains in�uence soil microbial communities, especially in the upper layer, between 5 to 10 cm deep.
With the intense and rapid degradation of the Cerrado biome, the soil microbiota will also be lost, causing
devastation to the genetic resources available in this ecosystem. A better understanding of the resilience
and reshaping of bacterial communities inhabiting this dynamic environment will help in future
approaches to biome recovery. The objective of this study was to evaluate, through the sequencing
analysis of the 16S rRNA gene, the bacterial communities present in the Cerrado soil after a wild�re in the
vegetation during the long drought period, after the �rst rain recorded at the site of this study, and during
the rainy season.

Material And Methods

Study area
The microbial communities investigated in this study were obtained from soil samples from the savanna
ecosystem of the Chapada do Guimarães National Park (CGNP), which is located in the Center-South
region of the Midwest of Brazil. The CGNP is a protected area of the Cerrado with 326.30km2, with typical
Brazilian savanna formation, well-de�ned rainy seasons, between October and March, and a long period
of drought, from April to September. The locations determined for soil collections correspond to
environments of native and pristine vegetation, without anthropogenic interference on �ora or soil. The
�rst collection occurred during the dry season, after a period of �re, in August 2019, and the samples for
this period were described as “Fire”. The second collection was carried out after the �rst recorded rains in
the locations chosen for soil sampling, which occurred in October 2019, and these samples were labelled
“First_Rain”. A third and �nal soil collection was carried out in February 2020, which corresponds to the
�nal rainy season, which extends approximately from October to March, and the samples were labelled
“Rainy”. Approximately 500 gr of bulk soil were collected from each point at a depth of 10cm, and stored
in a thermal box, and immediately transported to the laboratory, where they were preserved at a
temperature of -20ºC, until further analysis.
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Analysis of soil parameters
About 100 g of each sample referring to the three conditions studied were sent immediately for analysis
of the physical-chemical parameters. The percentage of moisture, pH, total organic carbon (TOC),
nitrogen (N) and phosphate (P) were evaluated. The pH was determined through the activity of hydrogen
ions by potentiometric measurement using a standard hydrogen electrode and a reference electrode. After
preparing the soil, the hydrogen potential is measured using an electrode immersed in liquid soil
suspension. The determination of TOC was carried out dryly through the loss of mass by ignition. The
total organic carbon content was quanti�ed by the difference between the mass of the kiln-dried soil and
the mass of the residue obtained after mu�e incineration. Phosphate levels were determined by direct
reading of the sample, without a preliminary step of acid hydrolysis or oxidative digestion, and measured
in a spectrophotometer at 880nm. The total nitrogen method was carried out in three stages: a wet
digestion of the sample to convert organic nitrogen to ammonium ion, distillation of the ammonia with
steam entrainment for later quanti�cation of the ammonia by the colorimetric indophenol method.
Ammonia reacted with sodium hypochlorite in a slightly alkaline solution forming monochloramine,
which, in the presence of phenol and excess of sodium hypochlorite, formed the indophenol blue. The
reaction was catalyzed by Sodium Nitroprusside and the color intensity developed proportional to the
amount of ammoniacal nitrogen in the sample was measured in a spectrophotometer at 640 nm.

Microbial community analysis
Soil samples from the three studied conditions were used to analyze the present microbiome. Each
condition, “Fire”, “First Rain”, and “Rainy” was evaluated in replicate. For this, 0.25 gr of each sample was
used for DNA extraction using the commercial kit DNeasy PowerSoil Kit (Qiagen), following the
conditions suggested by the manufacturer. After extraction, the total DNA was analyzed for integrity and
then quanti�ed using the Qubit system. The next step consisted of in the preparation of the sequencing
library. For this, the 16S rRNA V3/V4 region (Wang and Qian 2009) was ampli�ed using primers 341F (5´-
CCTACGGGRSGCAGCAG-3´) and 806R (5´-GGACTACHVGGGTWTCTAAT-3´), with Illumina adapters,
necessary for the sequencing, previously prepared. Ampli�cation was performed in 35 cycles at 50ºC of
annealing temperature, which was tripled for each sample. The sequencing was performed by Illumina
MiSeq using V2 kits, with 300nt single-ended runs. To increase the reliability of the reading, excluding the
possible diversity generated by chimeric amplicons or erroneous nucleotides incorporated in the PCR,
only groups of 100% identical readings were considered (Bolyen et al. 2019). In addition, clusters
represented by less than 5 readings were discarded, and not considered in further analysis. The �nal
sequencing products were used for downstream analysis. Initially, the primer and adapter sequences were
trimmed from the reads and only sequences with 275nt or more were used in subsequent analysis. In
turn, all reads with one or more indeterminate “N” bases and truncated sequences with two or more
consecutive bases with quality scores below Q20 were eliminated. Reads processing in OTUs was
performed following the clustering-based method described by the Brazilian Microbiome Project (Pylro et
al. 2014), using the QIIME 2 software (Bolyen et al. 2019). Then, OTU Picking was performed using
BLASTN 2.2.28 against the GreenGenes 13.8 database. To attribute taxonomy, only sequences with 99%
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of identity hits in an alignment covering over 99% were considered. The OTUs sequences are available in
the NCBI Sequence Read Archive (SRA) database under accession no. PRJNA670130.

Data analysis
The alpha-diversity measures of the sequenced samples were evaluated using the abundance and
richness indices, using the phyloseq package available for the R software (R Core Team 2017). Chao and
ACE measures were used to de�ne the abundance parameters, while Shannon and Simpson indices were
used to assess richness. For Betadiversity measurements, data from the OTUs table were used. The
relationships between the different communities were determined using the Non Metric Multidimensional
Scaling (NMDS) using Bray-Curtis distances. The interactions between the physical-chemical parameters
were determined using Canonical Correspondence Analysis (CCA) using Bray-Curtis similarity. Both
graphics, NMDS, and CCA, were built using Past4 software. Stacked bar, boxplot graphs and Sectors
diagrams were performed in an R environment. A heatmap graph was made using the heatmap2 package
available for R. Co-occurrence patterns were explored and visualized through a network analysis using
the phyloseq package, available for software R. A valid co-occurrence event was considered a robust
correlation if the Spearman correlation coe�cient (ρ) was > 0.6 and highly statistically signi�cant (P < 
0.001) (Junker and Schreiber 2008).

Results
Physical-chemical parameters of the study area

The comparison of the physical-chemical parameters of the soil samples is shown in Fig. 1. The results
indicate that throughout the analyzed period there were differences in the characteristics of the samples.
The dry season had the highest percentage of solid mass, in contrast to the lowest value in moisture.
Under these conditions, the pH value was slightly above 4.5 (± 0.96). The TOC level was above 2.2 (± 
0.35) mg/kg, while the amount of N and P showed the highest values among all the conditions analyzed
in this study, with 8.3 (± 0.23) mg/kg and 8.77 (± 0.45) mg/kg, respectively. After the �rst rainfall, the
results of the soil analysis showed changes in its parameters. Despite the values of solid mass and
humidity maintaining percentages similar to during the dry season, a sharp drop in the pH value was
noted (3.86 ± 0.46). However, there was a small increase in the percentage of TOC, to just above of 2.5 (± 
0.32) mg/kg. The values of N (5.3 ± 0.22 mg/kg) and P (11.59 ± 0.99 mg/kg) under this condition also
showed a marked decrease in their measurements (Fig. 1). The analyses of samples during the rainy
season indicated falls in the values of measured parameters. A decrease in the percentage of solid mass
was accompanied by an increase in humidity values, which reached about 25%. The pH under this
condition of intense rains showed a considerable increase when compared to the condition "First Rain",
near 6.4 ± 0.39, but still remaining below the pH measured during the dry season, "Fire". The percentage of
TOC (0.84 ± 0.08 mg/kg) was the lowest among all analyses. This decrease was accompanied by the
parameters of N, which was measured at 4.5 ± 0.17 mg/kg, and P had an abrupt decrease in its value,
presenting only 0.3 ± 0.13 mg/kg (Fig. 1).
Community structures
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The bacterial communities presented different pro�les of richness estimation, Chao1 and ACE, and
diversity indices, Shannon and Simpson. The results obtained from samples referring to the "Fire"
condition presented the highest measures of richness Chao1 and ACE, followed just below by the values
obtained from soil samples of the "First Rain" condition. The samples referring to the “Rainy” condition
presented considerably smaller values of richness estimation when compared with the previous samples
(Fig. 2). When analyzing the diversity indices of the samples of the “Fire” condition, it was observed that
this sampling also presented the highest values in Shannon in relation to the other conditions. However,
when assessed by Simpson, this condition was below the communities obtained under the “First Rain”
condition. Further, the communities present in the “Rainy” samples continued to show the lowest values
for both, Shannon and Simpson indices (Fig. 2).

The results presented in NMDS graph describe the groups "First Rain" and "Rainy" apart from each other,
resulting in three distinct groups (Fig. 3a). To check the effects of environmental factors, humidity, pH,
TOC, N and P, on the bacterial communities present in the samples, a CCA plot was used. The results
showed that the bacterial communities identi�ed in the "Fire" condition were signi�cantly correlated with
the parameters N, P and soil pH, and in lesser association with TOC. On the other hand, "Rainy" showed
robust a�nities with the humidity parameter (Fig. 3b).

Composition of microbial communities
The structures of the microbial communities analyzed described a remodeling to different environmental
conditions. However, despite changes in the composition of different taxonomic levels between different
climatic situations, there was a predominance of members of the phyla Actinobacteria, Proteobacteria,
and Acidobacteria in all analysis (Fig. 4). During the dry season, the �rst sampling occurred during the
vegetation burning period. In this condition, the phylum Actinobacteria dominated, which comprised
about 55% of all identi�ed OTUs (Fig. 4a). The second most present group was Proteobacteria (27%),
followed by Firmicutes (18%). After the �rst rains on the study site, there was a change in the
predominance of bacterial groups. Proteobacteria became the most representative group, with 55% of
OTUs, followed by Firmicutes (27%), and Actinobacteria became the third most abundant Phylum (13%)
(Fig. 4b). For the �rst time in this study, members of the Phylum Acidobacteria were identi�ed, which was
represented in 4% of the OTUs (Fig. 4b). During the period of intense rains, the general pro�le of the
distribution of OTUs among the different phyla proved to be close to the taxonomic structure described in
Fig. 4b. In “Rainy” the Proteobacteria Phylum remained the most prevalent (65%), followed by Firmicutes
(19%), and Actinobacteria (11%), while Acidobacteria continued to appear in this analysis with about 5%
representativeness (Fig. 4c).

In Class level analyses, differences between taxonomic levels were also evident. The �rst condition, "Fire",
showed a predominance of Actinobacteria, which comprised more than 55% of the OTUs (Fig. 5). Then,
the most abundant Class was Alphaproteobacteria, which had 22.6% representation, followed by Bacilli,
with 17.5%, and Betaproteobacteria with 2.8% (Fig. 5). The results after the �rst rain showed a
considerable decrease in the abundance of Class Actinobacteria (12.5%), with a concomitant increase in
the representativeness of Betaproteobacteria (34.3%), followed by Bacilli (27%), and Alphaproteobacteria
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(20%) (Fig. 5). Class Acidobacteria was represented with 4.3% of OTUs, while other classes showed
relative abundance below 1%. In the rainy season, there was an increase in the abundance of members of
Class Alphaproteobacteria (36.8%), and a consistent presence of members of Bacilli (18%),
Betaproteobacteria (16.8%), and Acidobacteria (5%) (Fig. 5). In this analysis, there was a modest increase
in the abundance of Gammaproteobacteria (12%).

During the dry season, when �res were constant in the sampling area, there was a predominance of
members of the orders Streptomycetales (36.2%), Bacillales (17.5%), and Rhizobiales (13.5%) (Fig. 6).
Among Streptomycetales, the Streptomyces genus constituted almost the totality of OTUs of this Order,
representing 35%. Bacillus was also the main genus of the Bacillales, making up 15.3% of OTUs. Among
the genera belonging to Order Rhizobiales, Bradyrhizobium (4.9%), Microvirga (2.4%), Chelatococcus
(1.3%), Ensifer (1.7%), and Mesorhizobium (1.1%) emerged. After the �rst rain, there was a clear
rede�nition of the taxonomic structure, both at the level of the Order, as well as its members at the level of
Genus. Under this environmental condition, Order Burkholderiales was the most abundant, making up
about 34.3% of OTUs (Fig. 6). The main genera of Burkholderiales were Burkholderia (22.2%), Cupriavidus
(9.3%), and Massilia (1.7%). The second most abundant Order was Bacillales with 27% of total OTUs
under this condition (Fig. 6). Once again, the Bacillus was dominant in the Order to which it belongs,
alone constituting 24.2% of the detected OTUs. Rhizobiales (11.2%) remained among the most numerous
groups in the “First Rain” sample (Fig. 6). The Bradyrhizobium genus was the most present among the
detected OTUs, with 8.9% representativeness. For the �rst time, Order Caulobacterales was considerably
detected in this study, with about 6.5% of OTUs, and having the Phenylobacterium genus as its only
representative (Figs. 6 and 7). The Order Streptomycetales was also described in this analysis, although,
relative to the number of OTUs, well below that described in “Fire”, with only 5.9% (Fig. 6). Streptomyces
was the most present genus (3.1%), followed by Streptacidiphilus (1.9%). For the �rst time, members of
the Acidobacteriales (4.3%) were identi�ed in this study, which was represented by the only genus
Edaphobacter. The last condition evaluated was during the rainy season, which continued to show
changes in the pro�les of the microbiological structures analyzed. The most abundant order was
Rhizobiales (32.9%), which had the Bradyrhizobium genus (32.8%) as dominant. Bacillales (18.7%) was
the most numbered Order, and Bacillus (13.3%) was the most present in this group, followed by
Lysinibacillus (2%), and Tumebacillus (1%). A unique genus of the Burkholderiales was detected,
Burkholderia, which was present with 16.2% of OTUs (Figure 6 and 6). Among the members of
Xanthomonadales (11.2%), two genera were identi�ed, the predominant Dyella (10.9%), and
Stenotrophomonas (0.3%). The Acidobacteriales Order was again detected in the “Rainy” condition, in a
slightly higher abundance than in “First Rain” (Fig. 6). In this analysis, the Edaphobacter genus was more
prevalent (4.8%), and two more new genera Acidicapsa (0.1%) and Acidipila (0.15%) were detected for the
�rst time, although in much smaller numbers of OTUs.

Discussion
The present study evaluated how cyclical environmental factors act on the structures of bacterial
communities present in the soil of a savanna biome. Throughout the main climatic changes that occur in
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this ecosystem, it was possible to describe the prevalent taxonomic groups during each period. In
addition, physical-chemical analysis of the soil described the relationships among major microbial
groups. In this analysis, soil pH varied considerably, with values close to 4.5 during the dry season and
after the �rst rains, and close 6.5 during the rainy season. These results are similar to previous studies,
which describe the Cerrado soil as acid, especially during the dry season, but with its values close to
neutrality in the rainy season (Pinheiro et al. 2010; Rocha et al. 2019). Moisture was the physical-
chemical factor that most in�uenced the microbial communities analyzed in our analysis. This con�rms
what has been described in a study on the edaphic characteristics of a hyper-seasonal cerrado that
points to humidity as the main factor of in�uence on soil microbial activity (Amorim and Batalha 2006).
This is mainly because, in water-saturated soils the oxygen supply is su�cient only for microbial activity
in the �rst millimeters of the soil surface, while at greater depths, oxygen decreases after several days to
a week following saturation by rains (Brinkman and Diepen 1990; Amorim and Batalha 2006; Eaton and
Chassot 2012). Levels of TOC, N, and P also changed due to seasonality, with higher values during the
dry season, followed by a sharp drop during the rainy season. The highest levels of TOC, N, and P during
the dry (Fire) period occur due to the greater entry of organic material by way of plant litter (Nardoto et al.
2006; Rocha et al. 2019). Studies suggest that these differences in nutrient availability contribute to
shaping the different microbial structures and diversity that inhabit the Cerrado soil (Araújo et al. 2018;
Rocha et al. 2019).

The microbial changes in the soil described in this study suggest that environmental factors had a
substantial in�uence on abundance and taxonomic diversity. In this study, the predominance of bacterial
groups under different environmental conditions was described. For example, during the dry season,
when �res constantly occur, there was a dominance of Actinobacteria, followed by Proteobacteria, and
Firmicutes, in contrast to a high abundance of Proteobacteria under the two other conditions, "First Rain"
and "Rainy". The increase in representation of members of the group of gram-positive bacteria, especially
Actinobacteria and Firmicutes, has been related to environments prone to �re (Smith et al. 2008; Xiang et
al. 2014). In these environments, where vegetation is adapted to events of violent �res, rhizospheric
communities play an important role in the nitrogen cycle (Cobo-Díaz et al. 2015). Furthermore, members
of spore-formers and actinobacteria groups are commonly characterized by the capacity to survive under
extreme environments, and unfavorable conditions (Nicholson et al. 2000; Flärdh and Buttner 2009;
Procópio et al. 2013; Prendergast-Miller et al. 2017). Our analyses showed the genera Streptomyces and
Bacillus as the genera most present in the soil of the "Fire" sampling. Although both genera showed less
representation in other conditions, with higher soil moisture, Streptomyces and Bacillus are described as
common inhabitants throughout the Cerrado ecosystem (Suela-Silva et al. 2013; Araújo et al. 2017 and
2018; Sáenz de Miera et al. 2020). Another genus that was found in the analyses was Arthrobacter, which
is also widely found in the Cerrado soil under different environmental conditions. Its metabolic diversity,
with the ability to secrete different proteases, and resistance to heavy metals, enables species of this
genus to inhabit different environments (Bafana et al. 2010; Suela-Silva et al. 2013). The Paenibacillus
genus was detected in greater abundance under the "Fire" condition compared to the other two samples.
In a study on immediate �re-induced changes in soil microbial community, Paenibacillus was also
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described as more abundant when compared to the control system, without burning (Lucas-Borja et al.
2019; Sáenz de Miera et al. 2020).

Another important taxonomic group under the dry and �re conditions was the phylum Proteobacteria. In
fact, this phylum is widely described in microbial studies in Cerrado soil (de Castro et al. 2016; Souza et
al. 2016; Araujo et al. 2017; Araujo et al. 2018; Vieira et al. 2018). A study on the in�uence of wild�res in
soil microbial communities also reported the high abundance and diversity of this phylum in soils (Smith
et al. 2008; Xiang et al. 2014; Pajares et al. 2016; Yang et al. 2020). The immediate responses of
microbial communities to �res con�rmed an increase of Proteobacteria and Firmicutes, with a
concomitant decrease in the Acidobacteria and Bacteroidetes phyla (de Castro et al. 2013; Rodrigues et
al. 2013; Lucas-Borja et al. 2019). The Alphaproteobacteria Class was prevalent in the "Fire" sample,
constituting the second most abundant taxonomic group, followed by Betaproteobacteria. In contrast,
most studies on the impacts of wild�res on soil microbiota describe a decrease in the abundance of
Alphaproteobacteria, followed by an increase in the levels of representation of Betaproteobacteria (Smith
et al. 2008; Xiang et al. 2014; Sáenz de Miera et al. 2020). A possible reason for the high level of
Alphaproteobacteria during the dry season also, and in the rainy months, may be due to the fact that
members of this class are classi�ed as copiotrophic. High carbon input through plant litter allows more
nutrient input during the dry season, or deciduous period (Fierer et al. 2012).

With the beginning of the rainy season, the microbial structures present in the soil showed changes in
both diversity and abundance. Under "First Rain" and "Rainy", the soil became moist, which directly
in�uenced the microbial structures analyzed. In “First Rain” there was a predominance of the
Betaproteobacteria Class, followed by Bacilli and Alphaproteobacteria. Interestingly, other studies show
that during wetter seasons there are higher levels of representatives of the Alphaproteobacteria and
Gammaproteobacteria classes (Fierer and Jackson 2006; de Castro et al. 2016). Another striking feature
described under the “Rainy” condition was a consistent representation of different taxonomic groups,
which were not described in the previous settings. Members of the Gammaproteobacteria and
Acidobacteria Class have been described at higher relative levels of OTUs. The low representativeness of
members of Acidobacteria was an intriguing consideration in our analyses, since other studies
demonstrate the high presence of these groups in Cerrado soil (Catão et al. 2014). Probably, during the
rainy season, bacterial species that were dormant, due to adverse environmental factors, �nd more
favorable conditions (Lennon and Jones, 2011). An example would be the bacteria of the Acidobacteria
Phylum, which are known to tolerate environmental �uctuations, especially soil moisture (Ward et al.
2009; Placella et al. 2012; Bouskill et al. 2013).

Conclusions
This study highlighted how annual natural and anthropogenic events affect the soil microbiota of a
savanna ecosystem. Our �ndings showed that after a long period of drought and forest �res, there was a
predominance of taxonomic groups of the Actinobacteria, which possess adaptations for enduring severe
stress. The beginning of the rainy season marked a change in taxonomic levels, with a predominance of
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members of the Proteobacteria. With the extension of the rainy season, new representatives of different
taxonomic levels were described. The results presented here describe how environmental factors
contribute to changes in the diversity pro�les of abundant microbial communities. These �ndings are
essential for a better understanding of resilience and microbial adaptations, as well as for predicting the
consequences of environmental factors and stress conditions.
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Figures

Figure 1

Boxplot showing the main physical-chemical parameters of the soil measured in the three conditions
studied. Orange boxplots refer to "Fire" condition samples, green boxplots are "First_Rain", and blues are
"Rainy".
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Figure 2

Alpha diversity of the soil bacterial community according to the Chao1, ACE, Shannon, and Simpson
indices as affected by the environmental conditions analyzed.

Figure 3

(a) Non Metric Multidimensional Scaling (NMDS) of bacterial communities in relation to the three
environmental conditions evaluated in this study. Environmental variables, Fire, First Rain, and Rainy are
just projected in the graph. (b) Canonical correspondence analysis (CCA) biplot of microbial communities
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and environmental variables signi�cantly related to microbial community variations: moisture, pH, N, P
and TOC.

Figure 4

Sector graphs showing the number of OTUs and relative abundance of the phyla described under
different environmental conditions: (a) "Fire", (b) "First Rain", and (c) "Rainy".
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Figure 5

Distribution of microbial classes among the six samples with reference to the three conditions evaluated.
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Figure 6

Heatmap of soil microbial community abundance pro�les at the Order level, with related phyla shown on
the right.


