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Abstract: Studies evaluating the structure and diversity of bacterial communities
in arid environments including the rhizosphere of local and adapted plant species
are important. Therefore, we used a sequencing of the 16S ribosomal RNA gene for
describing the structure and diversity of soil bacterial community in three zones:
Agreste, Transition and Sertao. The bacterial community was clustered in 9,838 OTUs
in Agreste, 8,388 OTUs in the transition, and 14,849 OTUs for Sertao. Among the most
abundant phyla, Proteobacteria and Acidobacteria were abundant in Agreste and Sertao,
respectively, while Actinobacteria were abundant in Transition and Sertao. Specific
taxa of Proteobacteria, in Agreste, and Actinobacteria, in Sertao, exhibited differences
according to biotic and abiotic conditions. Thus, the structure and diversity of bacterial
community were different in these areas and were influenced by environmental and soil

conditions.
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INTRODUCTION

Caatinga is an important biome in Brazil that
presents high temperature, intense contrasts
between seasons and differences in soil
conditions. Also, the rainfall distribution is
concentrated in three to four months per year
(De BM Trovao et al. 2007). These characteristics
associated with the improper use of the
Caatinga soils can contribute for desertification
(Kavamura et al. 2013, Silva et al. 2004).
Specifically, the caatinga region from
Pernambuco state presents two distinct
mesoregions known as Agreste and Sertao.
Agreste presents annual average temperatures
of 25°C and rainfall of 1,200 mm, while Sertao
presents lowest rainfall (400 mm per year) and

highest temperature (annual average of 42°C).
In these regions, the Prickly-Pear Cactus is a
plant species adapted to these adverse weather
conditions. Due to its photosynthetic process
known as crassulacean acid metabolism (CAM)
(Magalhaes & Ferri 1979). Also, this plant is
important as the main source of animal feed
during the dry period.

On the other hand, different environmental
conditions found in Agreste and Sertao found
in both regions could influence the microbial
community found in soils. The knowledge of
how microbial communities interact with this
plant is important for understanding of its
responses to environmental shifts. Specially,
bacterial community plays important roles in the
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soil ecosystem and is responsible for processes
such as organic matter decomposition, being
influenced by biotic and abiotic factors, such as
soil temperature and moisture. The relationship
between bacterial species may be influenced by
the plant species present in the soil (Klindworth
et al. 2013).

Plants are essential for soil microbial
function and structure (Bardgett 2005, Bais
et al. 2006, Horner-Devine et al. 2004) and
the rhizosphere characteristics influence the
composition of bacterial community in soil
(Philippot et al. 2013). Natural ecosystems such
as the Caatinga, plant species and their capacity
are influenced by the availability of nutrients in
the soil. Mechanisms that differentially affect the
responses of plants as well as the microbiome
of rhizosphere (Philippot et al. 2013). Thus, the
structure and diversity of microbial community
isimportant forindicating changes in soil quality
in many ecosystems, such as Caatinga. On the
other hand, the bacterial community associated
with Prickly-Pear Cactus in Caatinga biome has
not been studied yet. We hypothesized that there
may be differences in the structure and diversity
of bacterial community in rhizosphere of
Prickly-Pear Cactus found in Agreste and Sertao,
including the transition between regions, since
these regions present different environmental
conditions. Thus, this study assessed the
structure and diversity of bacterial community
in the rhizosphere of Prickly-Pear Cactus in three
different regions: Agreste, Transition, and Sertao.

MATERIALS AND METHODS

Soils were sampled in three different areas
with Prickly-Pear Cactus belonging to the
Agronomic Institute of Pernambuco and are
distributed throughout the state of Pernambuco:
Agreste (8°1418"S and 35°5520"W); Transition
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Agreste-Sertao (8°25'08”S and 37°03'00"W);
and Sertdo (7° 59'00”S and 38°19'16"W). The
Transition Area is located in the beginning of
Sertdo (an area well characterized as arid) and
the end of Agreste (a less arid region.). Each
area (400 m?) was divided in three transects
(replication) where soil samples were collected
at0-5cm depth around the rhizosphere (twenty
plants per transect where the soil adhered to
the roots were collected and mixed to form a
composite sample per transect). All soil samples
were immediately stored in sealed plastic bags
and transported in an icebox to the laboratory.
A portion of each soil sample was stored in
bags and kept at -80°C for DNA analysis and
another portion was air-dried, sieved through
a 2-mm screen, and homogenized for chemical
and Physical analyses. The soil samples were
conducted at the Laboratory of Soil of Agronomic
Institute of Pernambuco stored at -20 °C and
estimated according to Embrapa (1997), are
shown in Table I.

Total DNA was extracted from 0.5 g (total
humid weight) of soil using the HiPurA Soil DNA
Purification Kit ™ (HIMEDIA), according to the
manufacturer’s instructions. The DNA Extraction
was performed in triplicate for each soil sample.
The quality and concentration of the extracted
DNA was determined using spectrophotometry
and measures in 260 and 280 nm. The
ration 260/280 was calculated according to
requirements of Macrogen Inc. (South Korea).
Roche GS- FLX amplicon sequencing of bacterial
diversity were characterized by high-throughput
sequencing (454 GS FLX amplicon sequencing)
(Binladen et al. 2007) by using the primer
27F/519R that targeted the variable region V1-V3
of 16S rRNA bacterial gene (Fagervold et al. 2014,
Kumar et al. 2011).

DNA samples were shipped to Macrogen
Inc, South Korea Macrogen. Available:_http://
dna.macrogen.com/eng. for high-throughput
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Table I. Chemical and Physical characteristics of the soil sampled by each mesoregion the state of Pernambuco.

AGRESTE
ZONE

TRANSITION

SOIL PROPERTIES ZONE

ZONE

Chemical characteristics

pH (H,0) 55 57 5.5

P (mg dm?) 228 178 42
Ca’*(cmol_dm=%) 6.90 5.60 3.35
Mg*(cmol_dm=%) 0.75 1.00 1.05
Na*(cmol,_ dm*%) 0.07 0.08 0.06
K'(cmolc dm?%) 0.25 019 0.25
AL**(cmol_dm*%) 010 0.05 0.0
H'(cmol_dm>%) 493 3.90 3.20
SB (cmol_dm?%) 8.0 6.9 4.7
T (cmol_dm™>%) 13.0 10.8 8.0

SERTAO

SOIL AGRESTE = TRANSITION = SERTAO
PROPERTIES ZONE ZONE ZONE
Physical characteristics

Course Sand
(%) 48 30 54
Thin Sand (%) 19 36 20
Silt (%) 22 26 18
11 8 8
Clay (%
ay (%) SL SL SL

Available water ~Inches of water/foot of soil

Field Capacity

in/hS 836 615 6.22

Oven Dry (in/ 112 0.95 0.90
ft)

Ds (Kg dm-3) 134 154 145

Dp (Kg dm -3) 256 256 256

T=Total Cation Exchange Capacity, SB- Sum of Bases, Ds-Soil Density, Dp- Particule Density; SL - sandy loam.

sequencing. GS FLX data processing was
performed using Roche GS FLX software (v
2.9) in two stages, image processing and
signal processing. Image processing involves
normalization of raw images and generation
of raw signals. In the signal processing
stage, correction, filtering, and raw signal
trimming were done prior to base calling with
corresponding quality score of reads. Sequence
reads from each sample were segregated
with in-house script (Macrogen) using the tag
(Barcode) sequences, and by matching the
initial and final bases of the reads to the known
tag sequences used in the preparation of the
libraries (Lee et al. 2010). The sequences were
processed using the Quantitative Insights Into
Microbial Ecology toolkit (QIIME) (Caporaso et al.
2009, 2010). Sequences with quality > Q20 and
homopolymers > 6 were aligned. Barcodes were
removed and the sequences of the expected size
(400 pb) were retained for further processing.

Chimeras were identified using ChimeraSlayer
and removed. Organelles and archaeal
contaminations were also excluded within QIIME
(Version 1.9.0) The sequences were grouped into
OTUs with 97% similarity using UCLUST (Edgar
2010). A representative sequence of each OTU
was aligned again in GreenGenes core set using
PyNAST (Caporaso et al. 2010), with sequences
classified in the database GreenGenes via
UCLUST (Edgar 2010). The profiles of alpha and
beta diversity were obtained according to the
Qiime’s 454 tutorial (http://qgiime.org/tutorials/
tutorial.html). The analyses PCoA (Principal
Coordinate Analyses) was used with QIIME The
transformations used taxonomic (Bray-Curtis
Distances) measures of the bacterial community
composition considered all dimensions
relevant between bacterial composition and
zones (Fierer et al. 2012). We have applied the
rarefaction procedure indicated in the giime
tutorial was applied (http://qgiime.org/scripts/
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core_diversity_analyses.html?highlight=core).
After rarefaction, the libraries covered from 75.7-
88.4% of the original sample based on Good’s
coverage.

RESULTS AND DISCUSSION

A total of 137,291 reads were obtained from soil
samples and were clustered in 9,838 OTUs in
Agreste, 8,388 OTUs in the Transition zone, and
14,849 OTUs for Sertdo (Figure 1a). Although
sertao zone has shown highest number of OTUs,
the Shannon'’s diversity index was lowest in this
area as compared with Agreste and Transition
(Figure 1b). The PCoA of OTUs stands for
significant differences between areas according
to their bacterial community (Figure 2). The soils
have a texture class of sandy loam, however,
have differences in their physical and chemical
characteristics, where the soils of the transition
zone behave in a very characteristic way of a
changing zone. The transition zone has a field
capacity very similar to the Sertao region and

16000 a
14000
12000
10000

8000

6000

Observed OTUs

4000

2000

0

Agreste Zone TransitionZone Sertdo Zone

STRUCTURE AND DIVERSITY IN FORAGE CACTUS

35% smaller than the Agreste zone. The results
showed that soil microbial communities in the
transition zone have fewer OTUs than in the
Agreste and Sertao zones. It is known that biotic
and abiotic factors may be responsible for the
composition and structures of communities,
but a rhizospheric effect of soil microorganisms
may increase or decrease the occurrence of
OTUs. What we can infer is that the composition
and structures of these communities in the
transition zone may not be in equilibrium and
therefore present a lower OTU value or present
no similarities between collection points and
periods. Andrew et al. (2012), studying abiotic
factors in desert soil, observed that genetic
diversity can be influenced by abiotic factors
such as extreme temperature fluctuation, high
UV radiation, low nutrient content and low soil
moisture.

The results of OTUs richness found in this
study contrast with those Shange et al. (2012)
who observed increased richness in native and
cultivated soil. However, the regions studied
here were all cultivated with Prickly-Pear Cactus,

b

Shannon's diversity index

1 b

0 [ 1

Agreste Zone Transition Zone Sertdo Zone

Figure 1. Observed OTUs (a) and Shannon’s diversity index (b) in the mesoregions of the State of Pernambuco.
Different lowercase letters refer to significant differences between treatments based on Tukey's HSD test (P <

0.05).
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which would not explain the observed variation.
However, according to Barros (2007), for the
richness estimated in tropical regions, curve
stabilization is very difficult to attain because
more rare species appear, and increased
sampling efforts are needed. Thus, although the
number of samples for the areas is the same
for each region, local samples may be subject
to different influences because species richness
and diversity depend on factors beyond the
natural community of nature and the sampling
effort. On the other hand, Agreste presented
highest diversity of bacterial communities than
Transition and Sertao. The species richness and
diversity of different species exhibit variations
due to the biotic and abiotic factors that
influence the distribution and species selection
(Magurran 1988). In the Sertdao Zone, we observed
an increased value of richness and reduced
diversity, where a reduced Shannon index value
can be attributed to the reduced richness of the
high dominance taxonomic groups.

Eight most abundant phyla (Proteobacteria,
Actinobacteria, Acidobacteria, Chloroflexi,
Firmicutes, Bacteroidetes, Planctomycetes, and

rtao Zond
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the candidatus phyla TM7), with percentages of
OTUs above 1%, represented more than 90% of
the total OTUs (Figure 3). Three most abundant
phyla were Proteobacteria, Actinobacteria, and
Acidobacteria found in all areas. Proteobacteria
and Acidobacteria were abundant in Agreste
and Sertao, respectively, while Actinobacteria
were abundant in Transition and Sertao.
Proteobacteriaarethemostabundantphylum
in the soil bacterial community and exhibited a
greater dominance of 70% in dry environmental
samples (Xu et al. 2014, Taketani et al. 2015,
Kavamura et al. 2013, Lanconi et al. 2013). The
results showed that Agreste presented highest
abundance of Proteobacteria, while Sertao
presented highest abundance of Acidobacteria.
These findings suggest that differences in soil
conditions could regulate the abundance of
these groups. Indeed, Sertao presents highest
temperature and lowest soil moisture and
fertility, and these conditions contributes for
increasing the abundance of Acidobacteria
which are adapted to poor soils and extreme
environment (Rousk et al. 2010). On the other
hand, Agreste zone presents better soil fertility

Figure 2. PCoA plots in the
mesoregions of the State
of Pernambuco.
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than Sertao and it contributed for increasing
the abundance of Proteobacteria. According
to studies from Fierer et al. (2007) and Singh
et al. (2010) Proteobacteria have a copiotroph
(require high nutrients concentrations) lifestyle,
whereas Acidobacteria are oligotrophic (require
very low nutrients concentrations). This finding
is interesting because in the case of the Prickly-
Pear cactus crops, which underwent intensive
farming, copiotroph bacteria should already
be present. Actinobacteria were detected with
higher abundance in Transition and Sertao
zones. These bacteria play important role in the
organic matter decomposition in soil (Kopecky et
al. 2011) and, therefore, are important for these
areas since they presented low soil fertility.
Bacteria from the group of o and
y-Proteobacteria were predominant in
Agreste (37% and 13%, respectively) and the
percentages were reduced in the Transition and
Sertao zones. In Transition and Sertao zones,
the largest predominance of Actinobacteria
included Thermoleophilia (13 and 18%,
respectively) and Actinobacteria (24 and 15%,

SERTAO ZONE

TRANSITION
ZONE

AGRESTE ZONE

m Unassigned Other
p__Bacteroidetes
p__Planctomycetes

m p__Acidobacteria
m p__Chloroflexi
p__Proteobacteria
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respectively) at the class level. Considering
percentages of OTUs above 5%, we found the
family Gaiellales with presence in the most
arid region (Sertdo). In contrast, the families
Rhizobiales and Rhodospirillales exhibited
an increased incidence in the Transition and
Agreste zones. As the temperature decreases
and the rainfall increases, the predominance of
the orders Rhizobiales and Rhodospirillales is
observed. Families with abundance above 5%
included Caulobacteraceae, Bradyrhizobiaceae
and Hyphomicrobiaceae, Acetobacteraceae and
Rhodospirillaceae (Figure 4). The remaining
families have a prevalence lower than 5%.

The results of this study clearly demonstrate
that the different zones of Agreste, Transitions,
and Sertao have distinct bacterial communities
and it is influenced by environmental and soil
conditions. Since that each zone presents the
same plant species, the difference in bacterial
community is associated with the environment
which also influence the plant responses. Our
study also demonstrate that semi-arid soils
are environments where natural selection has

30% 1

31% 2

m p__Actinobacteria

m p__Firmicutes
p__TM7

Figure 3. Relative abundance of the major taxonomic groups observed in the mesoregions of the State of

Pernambuco.
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5% 3%

mf_

mf__Caulobacteraceae
uf__Acetobacteraceae
=f__Burkholderiaceae

Figure 4. Taxonomic distribution of the microbial community of the soil at the level of family observed in

mesoregions the state of Pernambuco.
resulted in the selection of organisms that
resist extreme variation of climatic factors, such
as the incidence of rain and high temperatures
(Collins et al. 2008). Prickly-Pear Cactus are in
the Cactaceae family, which is highly adapted to
the semi-arid region. In the rhizosphere of these
plants, it is possible that microbial communities
interact with the Prickly-Pear Cactus roots.
Finally, in the Pernambuco semiarid region,
the Caatinga is poorly studied, specifically on
the structure of microbial communities and
their roles in the environment. Thus, further
studies are important understanding the role
of these microorganisms and their adaptation
to local plant species, such as the Prickly-Pear
Cactus, which is important for this region.

CONCLUSIONS

This study showed the establishment of distinct
bacterialcommunitiesinsoils of differentregions
of Caatinga biome, i.e. Agreste, Transition, and
Sertao. Therefore, the structure and diversity

of bacterial community were different in these
areas and were influenced by environmental
and soil conditions. In addition, the Prickly-
Pear Cactus, as a highly adapted to semi-arid
plant, can significantly modify the diversity of
these micro-organisms. Future studies should
be conducted to elucidate and validate the
discrepancies identified in some taxa.
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