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16S metabarcoding analysis reveals the influence of organic
and conventional farming practices on bacterial communities
from the rhizospheric of Coffea arabica L.
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Abstract

Coffea sp. is cultivated in many tropical countries. Brazil has always adopted intensive agricultural practices, but
organic coffee farming is an alternative system based on the non-use of agrochemicals and the rational management
of soils. Metabarcoding 16S analysis using next-generation sequencing has been developed to identify and compare
the diversity of the Coffea arabica L. rhizospheric bacterial community in two farming areas in Sdo Paulo, Brazil.
Dourado uses conventional farming, while Ribeirdo Corrente uses organic. We found broad taxonomic composition,
with sequences from 24 phyla, 55 classes, 61 orders, 146 families, and 337genus. The three most abundant phyla were
Proteobacteria (38.27%), Actinobacteria (15.56%), and Acidobacteria (16.10%). In organic farming, the top 3 were the
family Sphingomonadaceae, order Rhizobiales, genus Nocardioides, and Gp6. The genus Gp2 and the phylum Candidatus
Saccharibacteria were the most abundant OTUs exclusively present in conventional farming. In the organic farming
practice, Proteobacteria, Actinobacteria, and Acidobacteria were also present among the exclusive OTUs; we also found
OTUs belonging to Bacteroidetes, Firmicutes, and Verrucomicrobia. Our study indicates a positive effect of organic
farming on microbial communities. Fertilization may directly affect soil microbiota, suggesting that a large and active
microbial community low in functional diversity might not adapt to new climatic conditions. A diverse community
could provide better resilience to environmental changes, improving the productivity of this important crop.

Keywords: coffee, rhizospheric soil, microbiota, 16S rRNA, organic farming.

Resumo

Coffea sp. é cultivada em muitos paises tropicais. O Brasil sempre adotou praticas agricolas intensivas, mas a cafeicultura
organica é um sistema alternativo baseado na ndo utilizacdo de agrot6xicos e no manejo racional dos solos. A analise
Metabarcode 16S utilizando o sequenciamento de Gltima geragdo foi desenvolvida para identificar e comparar a
diversidade da comunidade bacteriana rizosférica de Coffea arabica L. em duas areas de cultivo em Sao Paulo, Brasil.
Dourado usa agricultura convencional, enquanto Ribeirdo Corrente usa agricultura organica. Encontramos ampla
composicdo taxondmica, com sequéncias de 24 filos, 55 classes, 61 ordens, 146 familias e 337 géneros. Os trés filos mais
abundantes foram Proteobacteria (38,27%), Actinobacteria (15,56%) e Acidobacteria (16,10%). Na agricultura organica,
os 3 primeiros foram a familia Sphingomonadaceae, ordem Rhizobiales, género Nocardioides e Gp6. O género Gp2 e o
filo Candidatus Saccaribacteria foram as OTUs mais abundantes exclusivamente presentes na agricultura convencional.
Na pratica da agricultura organica, Proteobacteria, Actinobacteria e Acidobacteria também estiveram presentes entre
as OTUs exclusivas; também encontramos OTUs pertencentes a Bacteroidetes, Firmicutes e Verrucomicrobia. Nosso
estudo indica um efeito positivo da agricultura organica nas comunidades microbianas. A fertilizacdo pode afetar
diretamente a microbiota do solo, sugerindo que uma grande e ativa comunidade microbiana com baixa diversidade
funcional pode ndo se adaptar as novas condig¢des climaticas. Uma comunidade microbiana diversificada poderia
proporcionar maior resiliéncia as mudangas ambientais, melhorando a produtividade desta importante cultura agricola.

Palavras-chave: café, solo rizosférico, microbiota, 16S rRNA, agricultura organica.
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1. Introduction

Coffee (Coffea sp.) is a perennial plant widely cultivated
in many tropical countries. It belongs to the family
Rubiaceae, which has about 500 genera and more than 6,000
species. It is the most important genus in economic terms,
mainly due to the species Coffea arabica L. (Martins, 2012;
Agler etal., 2016). Brazil has adopted intensive agricultural
practices to meet the demand for coffee consumption in
many countries; this practice includes heavy use of chemical
fertilizers, a variety of chemical treatments to fight pests,
and combined plants (herbicides), all with adverse effects
and impact on the environment (Fernandes et al., 2020;
Loftfield et al., 2018).

Organic agriculture is an alternative that can benefit
consumers, farmers, and the environment by eliminating
harmful chemicals (Ferdous et al., 2021). The legitimately
organic coffee production concept is based on agricultural
management similar to an organism’s life, respecting the
agricultural property’s productive potential (Craheix et al.,
2016; Fernandes et al., 2020).

Conventional and organic agricultural practices influence
the bacterial community, and their relationship with coffee
plantation soils has not been well elucidated (Caldwell et al.,
2015). Bacterial diversity benefits sustainable practices,
resistance to stress, disturbance, and changes in soil
conditions (Bhat et al., 2020; Cavalcante et al., 2020;
Fernandes et al., 2020; Parikh and James, 2012).

Most plant growth-promoting bacteria (PGPB)
have been characterized based on the culture method
(Bashan et al., 2014), including PGPB or associated with
the coffee rhizosphere. PGPB in the coffee rhizosphere
can increase agricultural production by acting as a plant
growth promoter or by supplying plants with nutrients
(Bhattacharyya and Jha, 2012; Emami et al., 2019; Guetal.,
2020; Liu et al., 2018); phosphate solubilizing bacteria
(Rawat et al., 2020; Benoit et al., 2021), and nitrogen-
fixing bacteria (Santoyo et al., 2016). Microbial community
assembly in the rhizosphere is also determined by abiotic
and biotic factors influencing both natural and agricultural
ecosystems (Fernandes et al., 2020; Philippot et al., 2013).
The complex soil microbiome responses before organic
and conventional management are determinants for
production and ecosystem maintenance (Bill et al., 2021).

Hence, the characterization of coffee-related bacterial
rhizospheric microbiota is of the utmost importance,
presenting agricultural and technological potential. The
rhizosphere is characterized by high microorganism activity,
and the produced enzymes are responsible for biogeochemical
cycling, consequently affecting plant growth, health, and
productivity (Cui et al., 2018). The interaction between plants
and rhizospheric bacteria allows plants to withstand abiotic
or biotic stress or disease (Taketani et al., 2015).

We investigated the microbiota associated with the
C. arabica L. rhizosphere in response to conventional
and organic farming practices. We sequenced 16S rRNA
V3-V4 regions of rhizospheric samples of conventional
and organic soils to account for bacterial diversity and
operational taxonomic units (OTUs) so that we could
identify differences and potential biomarkers related to
increased coffee production.

2/9

2. Material and Methods

2.1. Sample collection

Samples of rhizospheric coffee soil from the conventional
crop were obtained from Fazenda Monte Alto in Dourado,
State of Sdo Paulo; latitude 22°06’12.6”S longitude
48°15'49.6” and altitude of 546 m. This location has
sand-textured soil. Sands consists of quartz that confers
high susceptibility to erosion and excessive drainage,
leading to nutrient leaching, high porosity, low water
retention values, high permeability, and high infiltration
rate (EMBRAPA, 1999). The climate is humid and temperate,
with dry winters and hot summers (Cwa) (CEPAGRI, 2019).

Samples from organic cultivation were obtained from
the Sitio Nova Alianca in Ribeirdo Corrente, Sdo Paulo State,
Brazil; latitude 20°27°25.0” S, longitude 47°35'24.0”, and
altitude of 855 m. The soil is classified as Nitosol of red
and dark red (EMBRAPA, 1999). It presents clay and a very
clayey texture; it is structured in heavily developed blocks
derived from basic and ultrabasic rocks, with remarkable
horizon differentiation and high erosion risk. The climate
is the humid temperate type with temperate summers
(Cwa) (CEPAGRI, 2019).

The study sites were selected since one presents
conventional and the other organic planting management.
Rhizospheric soil from 9 healthy plants was randomly
collected in the sampled area of conventional cultivation.
In organic cultivation, the rhizospheric soil of 15 healthy
plants was randomly collected. All soil samples were
collected at a depth of 30 cm and adhered at most 3 mm
from the roots. After collecting each plant, used tools were
washed in running water and disinfected with 70% ethyl
alcohol to avoid cross-contamination.

Samples were stored in sterilized plastic bags and
transported to the Laboratory of Microbiology and
Biomolecules - LaMiB, Department of Morphology and
Pathology, Center for Biological and Health Sciences,
Federal University of Sdo Carlos, Via Washington Luis km
235, PO BOX 676, Sao Carlos, SP, Brazil.

2.2. DNA Isolation and 16S Sequencing

Total DNA from each sample was extracted using the
PowerSoil DNA Isolation Kit (Catalog # 12888) according
to the manufacturer’s protocol (MoBio Laboratories, Inc.).
Approximately 0.25g of rhizospheric soil was used for the
extraction protocol.

The integrity of the extracted DNA was evaluated by
agarose gel electrophoresis gel (0.7% w/v) at (3 volts.cm™) in
1XTEB buffer and stained with GelRed ™, using a molecular
marker (1 kb DNA Ladder RTU - KASVI). Genomic DNA
from each sample was purified using QIAamp Fast DNA
Stool Mini Kit (QIAGEN, Hilden, Germany), following the
manufacturer’s protocol. DNA quantification and quality
were evaluated using the NanoVue Plus spectrophotometer
(GE Healthcare, Marlborough, USA). Samples were diluted
at 50 ng/uL and pooled using the same volume for each
one (three samples were used to form one pool, resulting
in four replicates from conventional management and six
replicates from organic management).
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Pooled samples were used to amplify approximately
460 bp of the 16S ribosomal RNA by PCR using specific
primers V3 and V4. The PCR products were used to build the
metagenomics library for sequencing using MiSeq Reagent
kit v3 (600 cycles) (Illumina Inc.). Sequencing of partial
16S ribosomal RNA was performed by next-generation
sequencing using the Illumina MiSeq platform that produced
thousands of 300 bp paired-end reads (2 x 300 bp) for
each library. The full-length primer sequences to follow
the protocol targeting this region were 16S Amplicon PCR
Forward Primer = 5" TCGTCGGCAGCGTCAGATGTGTATAA
GAGACAGCCTACGGGNGGCWGCAG and 16S Amplicon PCR
Reverse Primer =5’ GTCTCGTGGGCTCGGAGATGTGTATAAGA
GACAGGACTACHVGGGTATCTAATCC

2.3. Processing of the reads and data analyses

Sequencing data were analyzed on USEARCH (version
10.0.240) (Edgar, 2010). The paired-end reads from each
management were filtered to receive high-quality reads.
Phylogenetic analysis and taxonomic assignments of
the V3-V4 portion of the 16S rRNA gene were used for
constructing the Operational Taxonomic Units (OTUs) table
with 97% of identity. This table was used to investigate the
rarefaction curve, which evaluates whether the collected
data represented the whole sample diversity. The ecological
alpha diversity metrics (Richness, Chao 1, Shannon, Jost,
Jost 1) and evenness (Simpson, Dominance, Equitability,
Robbins, Berger Parker) were also evaluated. A Venn
diagram was made considering the OTUs presented in
all the samples by management (Lam et al., 2016). The
heatmap and the principal component analysis (PCA) were
done using ClustVis (Metsalu and Vilo, 2015). They were
constructed with OTUs appearing in at least 200 reads per
sample. The complete data sequence was registered at NCBI
BioProject with the number PRJINA526486 (NCBI, 2019).

2.4. Statistical analysis

TDdata were analyzed using RStudio (version 3). Alpha
diversity data was submitted to Wilcoxon-Mann-Whitney
nonparametric test of significance level = 0.05. Based on the
Shapiro-Wilk normality test, Phylum and OTUs frequency
were analyzed by T-test or Wilcoxon-Mann-Whitney.
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Heatmap clusters were tested with pvclust (version 2.2-0)
(Suzuki and Shimodaira, 2006), considering 1000
interactions.

3. Results

3.1. Evaluation and analysis of operational taxonomic units (OTUs)

The metagenomic analysis of microbiota from the coffee
rhizosphere revealed 843,854 high-quality reads after filtering
and 695,722 reads mapped with OTUs. For each management,
266,533 reads were revealed for conventional and 429,189
reads for organic. Based on 97% species similarity, 12,803
OTUs were obtained in conventional and organic.

Rarefaction curves suggested that enough sequence
reads were collected per sample in each treatment, showing
that sequenced samples were enough to uncover most
OTUs (Figure 1A).

In the principal component analysis (PCA), values
were grouped according to management type, i.e., organic
and conventional (Figure 1B). Beta diversity analysis was
performed by evaluating sample clustering, confirming
the PCA analysis that separated conventional from organic
coffee samples. None of the eleven alpha diversity metrics
showed a significant difference (p-value < 0.05) in the
Wilcoxon-Mann-Whitney test (Table 1).

3.2. Taxonomic diversity of microbial communities in different
coffee management

We identified sequences from 24 phyla and 337 genera at
the broad taxonomic level. We disregarded the unassigned
taxa in this count, which accounted for 8.55% of the sequences.

Both types of management presented similar patterns
at the phylum level. The three most abundant were
Proteobacteria (38.27%), Actinobacteria (15.56%), and
Acidobacteria (16.10%) (Figure 2). Other identified phyla
were Planctomycetes, Bacteroidetes, Firmicutes, Candidatus,
Saccharibacteria, Verrucomicrobia, Candidate division
WPS-, Parcubacteria, Gemmatimonadetes, Chloroflexi, and
Nitrospirae (Figure 3). There were significant differences
in three phyla between managements Acidobacteria,
Gemmatimonadetes, and Candidate division WPS.

Management
® Conventional
® Organic

PC2 (17.2%)
o

20 -10 0 10
PC1 (57%)

Figure 1. Rarefaction curve and Principal Component Analysis (PCA) of the rhizospheric bacteria associated with Coffea arabica from
conventional and organic farming practices. (A) Rarefaction curve of rhizospheric bacteria of coffee from conventional (C) and organic
(0) samples determined by the number of reads and OTUs. (B) PCA is based on the 50 most prevalent OTUs.
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Table 1. Alpha diversity metrics value and statistical analysis by management.

Management Conventional Conventional Conventional Organic Organic Organic Organic Organic Wilcoxon Mann Whitney
Sample c1 (w) c 01 02 03 04 05 p-value
Berger_Parker 0.023 0.019 0.020 0.025 0.017 0.017 0.016 0.016 0.250
Buzas_Gibson 0.010 0.013 0.016 0.013 0.014 0.013 0.014 0.012 1.000
Chaol 4947100 4747200 4723200 4255300 5084.100 4238200 4058.200 4598.200 0.250
Dominance 0.997 0.998 0.997 0.997 0.998 0.998 0.998 0.998 0.290
Equitability 0.817 0.835 0.835 0.832 0.841 0.838 0.840 0.832 0.365
Jost 541.600 635.800 601.500 566400 726,700  632.600 619.500  644.500 0393
Richness 4947.000 4747.000 4723.000  4255.000 5084.000 4238.000 4058.000 4598.000 0.250
Robbins 0.110 0.113 0.131 0.139 0.100 0.131 0.120 0.109 1.000
Simpson 0.003 0.002 0.003 0.003 0.002 0.002 0.002 0.002 0.143
Shannon 6.950 7.070 7.060 6.950 7.180 7.000 6.980 7.020 0.881
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Figure 2. Relative abundance of operational taxonomic units (OTUs) for the 16S rRNA gene of rhizospheric bacteria associated with
Coffea arabica. Heatmap showing the 50 most abundant OTUs in conventional (C) and organic (O) samples and their respective taxonomy
identified following the RDP classifier. The taxonomy description corresponds to domain “d”, phylum “p”, class “c”, order “0”, family
“f”, and genus “g”. The cluster was made to Euclidean distance and complete method in Clustvis. Cluster dendrogram support analysis
was performed in pvclust (Suzuki and Shimodaira 2006).
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Using the 50 most abundant OTUs of each sample, we
could observe the clustering of each treatment with several
differences that further reinforce differences between
management (Figure 3).

The groups were statistically different in conventional phyla
Proteobacteria, including class Alphaproteobacteria (OTU91),
order Rhizobiales (OTUs 161 and 49), family Sphingomonadaceae
(0TU89), genus Reyranella (OTU187), and genus Dokdonella
(OTU39). Another phylum that was prevalent in conventional
coffee was Actinobacteria, including class Actinobacteria
(OTUs 682 and 162), order Actinomycetales (OTUS8), order
Solirubrobacterales (OTU314), genus Nocardioides (OTU240).
One bacterium classified in the phylum Acidobacteria, genus
Gp3 (0TU97), was also prevalent in conventional.

Phylum

100%

75%

50%

Relative aundance

25%

0%
Cc1 C2 C3 o1 02

Samples
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The groups from organic management that had statistical
differences when compared to conventional included the
phylum Proteobacteria, class Gammaproteobacteria (OTU30),
class Betaproteobacteria (0TU177), family Rhodospirillaceae
(OTU13), and genus Pedomicrobium (OTU24). Another two
phyla that were significantly different in abundance were
Acidobacteria, including genus Gp6 (OTUs 223,102 and 41),
and Bacteroidetes, including family Chitinophagaceae
(0TU64).

3.3. Exclusive OTUs to each management and taxonomic analyses
We selected the ten most abundant OTUs in all

management samples from the Venn diagram, with at
least two OTUs present in each specific sample (Figure 4).

B Unknown

W Others

W Nitrospirae

W Chloroflexi

B Gemmatimonadetes

|| candidate_division_WPS-1
| Parcubacteria

W Verrucomicrobia

W Candidatus_Saccharibacteria
W Firmicutes

B Bacteroidetes

|| Planctomycetes

[ Acidobacteria

I Actinobacteria

B Proteobacteria

03 04 05

Figure 3. Microbial taxonomic composition of the coffee rhizosphere. Relative abundance at phylum levels in conventional (C) and

organic (O) farming practices.

Convention

Organic

Figure 4. Shared and exclusive OTUs in rhizosphere samples associated with Coffea arabica. Venn diagrams the OTUs in all samples
analyzed, shared, and exclusives conventional and organic farming. The maximum taxonomic level (domain “d”, phylum “p”, class “c”,
order “0”, family “f”, and genus “g”) identified to each ten most abundant OTUs were described to the respective farming practices.
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Several of the taxonomic levels identified were shown in
the most abundant OTUs selected to make the heatmap. At
the phylum level, five Proteobacteria, three Acidobacteria,
and one Candidatus saccharibacteria were identified in
conventional, while two Proteobacteria, Acidobacteria,
and Actinobacteria, one Bacteroidetes, Firmicutes, and
Verrucomicrobia classified in organic farming.

4. Discussions

Agriculture intensification considerably impacts the
diversity of plants, animals, and microbial communities
(Gabriel and Al, 2006; Jonason et al., 2011). The complexity
and technical constraints limit our understanding of the
relationship between soil microbiota and agricultural
management. Differences in the microbiota relationship
between conventional and organic management can
be better understood using high-throughput analysis
(Lupatini et al., 2017).

Alpha diversity metrics did not show statistical
differences in the rhizosphere microbiome, indicating
similarity (Table 1), as Pershina et al. (2015) observed.
Although not significantly different, some differences
between management were more evident when samples
clustered in the PCA according to the agricultural
management and when the most frequent OTUs
were analyzed. This method allows a more in-depth
study of the relationship between the microbiota and
management type.

Regarding the relative abundance of bacteria, the most
prevalent phyla were Proteobacteria, Actinobacteria, and
Acidobacteria, as previously observed (Zheng et al., 2019).
Proteobacteria include plant growth promoter genera
and can replace chemicals in agriculture, horticulture,
silviculture, and environmental clean-up (Malisorn et al.,
2020). A study comparing the prokaryotic diversity of
the rhizosphere of intensive, transitional, and organic
coffee farms showed that Actinobacteria was among the
most abundant, five times more abundant in organic
farms (Caldwell et al., 2015). This phylum is commonly
identified in the Cerrado biome of eastern Brazil
(Dini-Andreote et al., 2010) and on Brazilian soils with
sugarcane crops (Rampelotto et al., 2013), suggesting it
may play an important role in diverse soils of Brazilian
crops. Acidobacteria was the third most prevalent group in
rhizosphere coffee. This group is important for its ability to
use nitrite as a nitrogen source and respond to soil macro,
micronutrients, and soil acidity, among other abilities
(Kielak et al., 2016). Lupatini et al. (2017) reported that
conventional and organic farming systems had a higher
influence on soil microbial composition, with Acidobacteria
among the most predominant phyla in the conventional
rhizosphere, corroborating our results.

Bacteroidetes abundance was significantly different
between managements. Bacteroidetes are dominant members
of plant/soil (rhizosphere, endosphere, and phyllosphere)
(Lidbury et al., 2021; Thomas et al., 2011). Rhizosphere
soil acid phosphatase activity significantly increases with
higher lead (Pb) concentration, and it has been positively
correlated with Bacteroidetes abundance (Hou et al., 2021).
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A study found that plant-associated Bacteroidetes expressed
many previously characterized proteins targeting
organic phosphorus in response to phosphate depletion
(Lidbury et al,, 2021), indicating that these traits may enable
their success in the rhizosphere. Thus, characteristics
related to the niche of the phylum Bacteroidetes may explain
its greater abundance in the rhizosphere of organic coffee.

When comparing areas by bacterial group, the family
Sphingomonadaceae (OTU89), order Rhizobiales (OTU161),and
genus Nocardioides (OTU240) were within the statistically
different OTU between managements. The Sphingomonadaceae
family can use many carbon sources, including recalcitrant
xenobiotic molecules (Pinyakong et al., 2003). A comparative
metagenomic analysis of the rhizosphere microbial
community composition of the Rehmannia glutinosa crop
showed significantly increased relative abundances of
Sphingomonadaceae (Wu et al., 2018), corroborating our data.
This family also presented the highest relative abundance
of Brassica napus in the rhizosphere by adding N-fertilizer
(Monreal et al., 2018). The abundance of bacteria in this group
in conventional coffee farming compared to conventional
farming may also be favored using N-fertilizer.

Rhizobiales include associations with plant nodules, such
as Bradyrhizobium, Agrobacterium, and Methylobacterium
(Wangetal,, 2020). Most bacterial species within Rhizobiales
are consistently enriched in the roots and leaves of leguminous
and non-legume plant species (Garrido-Oter et al., 2018).
Unlike our results, a previous study found a significant
increase in Rhizobiales abundance in organic farming
compared to conventional farming when investigating the
response of bacteria communities of different crops (rice,
tea, and vegetable) (Wang et al., 2016). A greater abundance
of Rhizobiales was also found in organic farming when
comparing the soil microbiota of three Brazilian coffee farms
with different managements (Caldwell et al., 2015).

Nocardioides from the cucumber rhizosphere exhibited
biocontrol activity on soil-borne pathogens and the best
plant growth potential under greenhouse conditions due
to higher exudate production (Chen et al., 2013). The direct
relationship between conventional management and
Nocardioides has not been elucidated, but further studies
will be carried out to clarify this relationship.

Considering organic management, the genus Gp6 (OTU41)
also had statistical differences compared to conventional.
In a study of root-associated (rhizosphere and endosphere)
microbiomes of the Miscanthus sinensis, Acidobacteria Gp6
was identified as a member of the core root endosphere
microbiome. However, its abundance was higher in the soil
matrix (Sun et al., 2021). Therefore, biological interactions of
Gp6 with other microbial populations decreased from the bulk
soil to the endosphere, indicating it might be more important
within the rhizosphere. As we saw in organic management,
the Gp6 group is widely present in soil environments. Several
studies (Randall et al., 2019; Risuefio et al., 2020) have also
shown enrichment in Gp6, which is significantly related to
environmental parameters, including soluble organic content,
nitrogen, and temperature. However, Gp6 has been reported
in the rhizosphere and endosphere in plants (Poudel et al.,
2019; Martinez-Rodriguez et al., 2019), but its ecological role
on plant growth and implications on organic management
remains poorly understood.
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Our results corroborate that, for all three crops studied
(rice, tea, and vegetable), organic farming has a more stable
(Wang et al., 2016) microflora. The bacterial community
structure uniform of organic farming significantly increased
the abundance of nutrition-related bacteria while reducing
some abundance of acid and alkali-resistant bacteria
(Lori et al., 2017).

From the most abundant OTUs exclusively presentin all
the samples in common for both managements presented
on the Venn diagram, we can highlight the genus Gp2
(0TU266) and the phylum Candidatus saccharibacteria
(OTU47) present in conventional farming.

The genus Gp2 has been previously detected in
Brazilian forest soils (Navarrete et al., 2013; Catdo et al.,
2014). It is related to aluminum-rich soils, which indicates
a possible metabolic mechanism developed by this
genus (Chaves et al., 2019). The pH difference between
conventional and organic management could explain
the presence of Gp2 exclusively in conventional systems
(Lori et al., 2017). This hypothesis on OTUs exclusivity
could be tested in a future study to elucidate the pH and
nutrient influence on microbiota composition.

Candidatus saccharibacteria was exclusively present in
the rhizosphere of conventional cultivation. The same result
has been previously shown (Krishnamoorthy et al., 2021).
Although this bacterium is abundant and widespread, little
is known about its ecophysiology. The genus Candidatus
plays arole in the degradation of various organic and sugar
compounds in aerobic conditions and nitrate reduction in
anaerobic conditions (Kindaichi et al., 2016). This group
is present in the rhizosphere, but little is known about
its metabolism and how it differs from related organisms
growing in other environments (Beckers et al., 2017;
Correa-Galeote et al., 2018).

5. Conclusion

This study demonstrated how multiple management
aspects alter coffee agroecosystems’ soil microbial
communities. While dealing with conventional and organic
management, we found that each management has its
diversity of bacteria and specific functions. Fertilization
can alter the rhizosphere microbial composition and
affect plant growth. Combining practice with other factors
can affect enzyme activity in the rhizosphere, directly
affecting associated microbiota. This study identified
bacteria associated with the coffee rhizosphere of organic
and conventional cultivation, which can be used in future
studies aiming to use bacterial strains in plant growth
promotion assays to develop biofertilizers. Such studies will
be fundamental for developing strategies to improve the
management of this important crop for the world economy.
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