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ABSTRACT

Cowpea (Vigna unguiculata) is a legume of great socioeconomic importance in Brazil, particularly in the North and
Northeast regions, where it accounts for about 30% of the country’s total bean production. It plays a critical role in
food security and income generation for smallholder farmers, especially in challenging environments such as the
Amazon. However, cowpea yield remains limited due to low technology adoption and poor management practices.
Biological nitrogen fixation (BNF), mediated by symbiotic bacteria such as Bradyrhizobium and Rhizobium, offers
a sustainable alternative to chemical fertilizers. This study aimed to isolate and characterize rhizobia from distinct
Amazonian soils (Floodplain, Amazonian dark earth, and Oxisol). The isolates were evaluated in greenhouse
conditions for cowpea growth promotion and characterized by 16S rRNA gene sequencing. Shoot dry mass (SDM)
ranged from 736.67 to 2,220 mg per plant, and shoot dry mass nitrogen (SDMN) from 17.09 to 66.85 mg per plant.
Most isolates promoted nodulation, with Rhizobium predominating, and several isolates showed similar agronomic
performance, not statistically different from the recommended strain SEMIA 6462. The results indicate the
potential of these native isolates for use as bioinoculants adapted to Amazonian conditions. These findings
highlight the potential of native rhizobia as candidates for the development of bioinoculants adapted to Amazonian
conditions.

Keywords: Cowpea, Biological nitrogen fixation, Bradyrhizobium, Rhizobium, Amazon.

Caracterizacao e selecdo de rizobios nativos de solos amazonicos para Vigna unguiculata (l.)
Walp

RESUMO

O feijdo-caupi (Vigna unguiculata) é uma leguminosa de grande importancia socioecondémica no Brasil,
especialmente nas regides Norte e Nordeste, onde responde por cerca de 30% da producdo nacional de feijdo. Sua
relevancia esta associada a seguranga alimentar e a geracdo de renda para pequenos produtores, sobretudo em
ambientes de cultivo adversos, como os da Amazonia. Entretanto, sua produtividade é limitada pelo baixo uso de
tecnologias e manejo inadequado. A fixacdo biolégica de nitrogénio (FBN), mediada por bactérias simbidticas
como Bradyrhizobium e Rhizobium, constitui uma alternativa sustentavel aos fertilizantes quimicos. Este estudo
teve como objetivo isolar e caracterizar rizébios oriundos de solos amazdnicos distintos (varzea, terra preta de indio
e latossolo). As bactérias isoladas foram avaliadas em casa de vegetagdo quanto a promogao de crescimento do
caupi e caracterizadas por sequenciamento do gene 16S rRNA. A massa seca da parte aérea (MSPA) variou de
736,67 a 2.220 mg por planta, e 0 acimulo de nitrogénio (N-MSPA), de 17,09 a 66,85 mg por planta. A maioria
dos isolados promoveu nodulagdo, com predominancia do género Rhizobium, e vérios isolados apresentaram
desempenho agrondmico semelhante, ndo diferindo estatisticamente da estirpe recomendada SEMIA 6462. Os
resultados indicam o potencial desses riz6bios nativos como candidatos para o desenvolvimento de bioinoculantes
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adaptados as condi¢Ges amazonicas.

Palavras-chave: Feijdo-caupi, Fixacdo Bioldgica de Nitrogénio, Bradyrhizobium, Rhizobium, Amazonia.

1. Introduction

Cowpea (Vigna unguiculata (L.) Walp.), also known
as cowpea bean, is a legume of great socioeconomic
importance in Brazil, particularly in the North and
Northeast regions. These areas dominate its production,
accounting for approximately 30% of the country’s total
bean production, while common beans (Phaseolus
vulgaris) make up the remaining 70% (Bertine et al.,
2008; Filgueiras et al., 2009). In addition to being a vital
source of protein and energy in these regions, cowpea
has a remarkable ability to adapt to adverse
environmental conditions, such as low water
availability, high temperatures, and low-fertility soils,
which are frequently found in Amazonian ecosystems
(Shevkani et al., 2025; Oliveira et al., 2019).

In the state of Amazonas, cowpea is widely
consumed in local cuisine, especially in traditional
dishes like ‘baido de dois’, and plays an essential role in
ensuring food security for rural communities.
Additionally, its cultivation is an important source of
income for small farmers, providing a viable economic
alternative even under adverse agricultural conditions
(CONAB, 2024).

Despite cowpea’s regional importance, its yield in
the Amazon and other parts of Brazil falls short of its
potential. Several factors contribute to this limitation,
including the low adoption of appropriate agricultural
technologies, inadequate management of inputs, and a
lack of knowledge about practices that could enhance
crop yields (Silva et al., 2010). In this context,
developing sustainable approaches adapted to local
conditions, such as the use of rhizobia, emerges as a
promising strategy to improve agricultural efficiency
and reduce reliance on chemical fertilizers (Hungria et
al., 2007).

Biological nitrogen fixation (BNF) is a natural
process in which symbiotic bacteria, such as those from
the Bradyrhizobium and Rhizobium genera, convert
atmospheric nitrogen into plant-available forms such as
ammonia. This process is crucial for legume crops like
cowpea, which have a high capacity to form root
nodules where this symbiosis with bacteria occurs
(Moreira and Siqueira, 2006). Inoculation with rhizobia
can significantly increase soil nitrogen availability,
thereby promoting plant growth and yield.

Studies conducted in various parts of the world,
particularly in tropical soils of Africa and Latin
America, have demonstrated that inoculation of legumes
with rhizobia can increase both biomass production and
grain yield. These findings highlight the great potential
of applying these techniques in tropical and subtropical

regions, where soils are typically nutrient-poor, and
agriculture faces sustainability challenges (Kan et al.,
2007; Almeida Neta et al., 2020; Messias et al., 2023).
In the Amazon, where soil diversity is remarkable,
including fertile Terra Preta de Indio (Amazonian Dark
Earth), floodplain soils, and Oxisols, biological nitrogen
fixation becomes even more important. These soils have
markedly  different  chemical  and physical
characteristics, which directly influence nutrient
availability and crop development. For example,
floodplain soils naturally have higher fertility due to
sediment deposition, while Oxisols are notoriously
nutrient-poor and require more intensive management
strategies (Schellekens et al., 2017; Junk et al., 2020).
Despite the potential for using BNF in the Amazon,
knowledge of native strains of these bacteria and their
effectiveness across different soil types remains limited.
This is partly due to a lack of research focused on
identifying and characterizing these strains, which could
serve as bioinoculants adapted to local edaphoclimatic
conditions. Characterizing efficient native BNF strains
from the Amazon can help develop biotechnological
products that enhance agricultural productivity and
promote more sustainable agriculture in the region.
Given this scenario, there is a growing need for
studies to isolate, identify, and test the efficacy of native
BNF strains in Amazonian soils, focusing on their
ability to promote plant growth and fix nitrogen. A
better understanding of microbial diversity across
different Amazonian soil types will enable the
development of more effective agricultural strategies
that integrate low-input practices and promote the
sustainability of agricultural production in the Amazon.
Thus, the objective of this study was to isolate and
characterize BNF strains from cowpea plants cultivated
in different Amazonian soils to assess their potential for
in vitro plant growth promotion, and to evaluate their
growth-promoting capacity in sterile substrate in
greenhouse conditions. Additionally, the 16S rRNA
gene of the most promising strains was sequenced to
assess the genetic diversity of these bacteria. The
selected strains in this study may serve as candidates for
future field applications, requiring longer-term efforts to
produce agriculturally relevant bioinoculants.

2. Material and Methods

Soil samples were collected in the 0-10 cm layer in
three  distinct environments: Terra Preta de
indio/Amazonian Dark Earth; Terra de
Varzea/Floodplain Soil, and Latossolo Amarelo/Oxisol
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in the municipalities of Iranduba and Manaus, AM.
After collection, composite samples from each site were

subjected to particle-size analysis using the pipette
method and to soil fertility analysis (Table 1).

Table 1. Chemical characterization of the soils sampled for rhizobial nodule collection

Soil Location pH C o.M P K Na Ca Mg Al H+Al  SB t T \ m
g kgt mg dm-3 cmolc dm-3 %

3°15'10.03"S

ADE  60°13'42.10"W 5.63 4349  74.80 91 38 7 730 127 0.00 421 870 870 1291 67.40 0,00
Iranduba/AM
3°15'36.3"S

FP 60°13'22.4"W 5.89 7.14 12.28 64 87 38 6.68 232 000 281 939 939 1219 76.99 0,00
Iranduba/AM
2°53'40.8"S

OX 59°59'21.3"W 4.16 3535 60.80 61 36 5 032 011 100 221 054 154 276 19.7 64.78
Manaus/AM

ADE: Amazonian Dark Earth; FP: Floodplain Soil; OX: Oxisol; pH in water - 1:2.5 ratio; P, Na, K, - Mehlich-1 Extractor; Ca, Mg -
1 mol/L KCI Extractor; H+Al - 0.5 mol/L Calcium Acetate Extractor - pH 7.0; SB - Sum of Exchangeable Bases; CEC (t) - Effective
Cation Exchange Capacity; CEC (T) - Cation Exchange Capacity at pH 7.0; V - Base Saturation Index; m - Aluminum Saturation
Index; Organic Matter (O.M) = C (organic carbon) x 1.724 - Walkley-Black

These soil samples were used to establish trap
cultures using cowpea (Vigna unguiculata) as the host
plant. The collected soil was gently homogenized and
placed in 500 mL plastic containers, in which cowpea
seeds were sown. After 45 days of growth, the plants
were harvested, and root nodules were collected for the
isolation of nitrogen-fixing bacteria.

The collected nodules were disinfected with a 70%
alcohol-sodium hypochlorite solution, as described by
Hungria and Araljo (1994). Subsequently, using
sterilized forceps and a platinum loop, the nodules were
inoculated onto Petri dishes containing Yeast-Mannitol
Agar (YMA) medium. The plates were incubated in a
bacteriological incubator at 28°C for a period of three to
28 days, with daily monitoring to observe rhizobial
growth and potential contaminants.

The isolates’ phenotypic characterization was
conducted by observing morphological characteristics
and  biochemical  tests.  The  morphological
characteristics evaluated included color, consistency,
and colony shape. Biochemical tests assessed catalase
production, oxidase activity, Gram staining, indoleacetic
acid production, and calcium phosphate solubilization
(Muniz and Majolo, 2024).

The elite isolates (n=22) used in the greenhouse
experiment were previously selected from earlier
experiments  (Supplement). This experiment was
conducted in a completely randomized design with four
replications. Cowpea (Vigna unguiculata) was
cultivated in pots containing a sterile mixture of sand
and vermiculite (2:1 v/v) and receiving weekly
applications of 50 mL of nutrient solution. During the
experiment, humidity and temperature were controlled,
and plant toxicity symptoms were monitored as
described by Norris and Date (1976).

The cowpea plants were inoculated with a bacterial
suspension prepared from cultures in the exponential
growth phase in Yeast-Mannitol liquid medium,
incubated at 28 °C for three days under constant

agitation (Vincent, 1970; Dilworth et al., 2008). A 1 mL
aliquot of this suspension was applied to each
germinated plant, which had an average height of 10
cm.

Control  treatments included: one treatment
equivalent to 40 kg of nitrogen per hectare, one without
nitrogen application, and one with the recommended
inoculant for the crop (SEMIA 6462), prepared
similarly to the isolated bacteria. After 45 days of
sowing, shoot dry mass production, nodulation capacity
(nodule dry mass), and leaf nitrogen content were
evaluated.

The experimental data from the selection trials were
subjected to analysis of variance, followed by Scott-
Knott clustering (Scott and Knott, 1974). Residual
normality and homoscedasticity were assessed using the
Shapiro-Wilk (Shapiro and Wilk, 1965) and Brown-
Forsythe (Brown and Forsythe, 1974) tests,
respectively.

For DNA extraction, fresh bacterial colonies were
propagated in Yeast-Mannitol Broth (YM). Bacterial
pellets were subjected to genomic DNA extraction using
the Genomic DNA Purification Kit (Thermo Fisher
Scientific), obtaining 100 pL of genomic DNA stored at
-20 °C. DNA quantification was performed using a
NanoDrop spectrophotometer, and its integrity was
checked in 0.8% agarose gel using a 1 kb molecular
marker.

The PCR reaction was prepared in a final volume of
25 uL, containing ultrapure water (16.3 uL), enzyme
buffer (2.5 pL), dNTPs (1.0 pL), Tag DNA Polymerase
(0.2 pL), extracted genomic DNA (3.0 pL), forward
primer (1.0 pL), and reverse primer (1.0 pL). The
annealing temperature was adjusted to 59 °C, resulting
in amplicons of approximately 800 bp for 16S rDNA.
The PCR reaction was performed in a thermocycler
(Applied Biosystems) with 35 cycles, with temperature
adjustments for each primer. PCR products were
analyzed by 1.5% agarose gel electrophoresis,
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visualized on a transilluminator, and photo-documented
under UV light.

After PCR, the 16S rDNA gene product was purified
using Exo-SAP, followed by incubation at 37°C for 15
minutes and enzymatic inactivation at 80 °C for 15
minutes. The sequencing reaction (final volume of 10
pL) was prepared with Big Dye buffer (1.5 pL), Big
Dye Terminator (0.5 pL), forward and reverse primers
(0.7 pL each), and 7 pL of the PCR product.
Sequencing was performed on a genetic analyzer
(Applied Biosystems 3500) under the following cycling
conditions: 96 °C for 1 minute, followed by 35 cycles at
96 °C for 15 seconds, 50 °C for 15 seconds, and 60 °C
for 4 minutes.

The obtained sequences were manually aligned
based on the electropherogram, compared with
reference sequences from BLAST, and deposited in
GenBank.

3. Results and Discussion

Shoot dry mass (SDM) ranged from 736.67 to 2.220
mg per plant (Table 2). The nitrogen treatment showed
the highest SDM. Treatments AM200, AM76, AM212,
AM214, AM210, AM142, AM181, AM136, AMO5,
AM77, and AM190 exhibited SDM values comparable
to SEMIA 6462 and superior to other treatments and the
nitrogen-free control.

The nitrogen content in the shoot dry mass (SDMN)
ranged from 17.09 to 66.85 mg per plant. SDMN was
highest in the nitrogen treatment compared to the others.
Treatments AM200, AM76, AM212, AM214, AM210,
and AM181 showed SDMN values similar to SEMIA
6462 and higher than other treatments and the nitrogen-
free control.

Table 2. Shoot dry mass (SDM), shoot nitrogen accumulation (SDMN), and nodule dry mass (NDM) of cowpea plants inoculated

with native isolates

Treatment SDM SDMN NDM
mg plant™

TESTCN 2220.00 a 66.85 a -
SEMIA6462 159250 b 40.79 b 115.00 a
AM200 1683.33 b 43.88Db 187.50 a
AM76 145750 b 34.85Db 160.00 a
AM212 143250 b 38.66 Db 107.50 a
AM214 142750 b 3791b 97.50 a
AM210 142750 b 35.75b 122.50 a
AM142 1395.00 b 29.34¢ 76.67 a
AM181 1367.50 b 35.31b 120.00 a
AM136 1360.00 b 27.87¢c 100.00 a
AMO5 1345.00 b 27.80¢c -

AMT7 1270.00 b 2599 ¢ 110.00 a
AM190 124750 b 31.82¢ 100.00 a
AM215 1150.00 ¢ 26.99 ¢ 110.00 a
AM195 113750 ¢ 26.35¢ 14750 a
AM74 1150.00 ¢ 2542 ¢ 120.00 a
AM186 107250 ¢ 25.36 ¢ 140.00 a
AM56 107250 ¢ 22.77¢c 106.67 a
AM211 960.00 ¢ 23.92¢c 100.00 a
AM143 910.00 ¢ 2251c -
AM189 87750 ¢ 18.20¢c -

AMT73 842.50 ¢ 18.20¢c 100.00 a
AM139 796.67 ¢ 17.09¢c 90.00 a
AM205 736.67 ¢ 20.46 ¢ 110.00 a
TESTSN 113750 ¢ 25.00 ¢ -

* Means followed by the same letter in the columns do not differ according to the Scott-Knott test (p < 0.05).

Nodulation did not differ significantly among
inoculated treatments, although treatments AMOS5,
AM143, and AM189 did not induce nodulation. SDM
results indicate a positive response to inoculation, with
the best performance observed wunder nitrogen
fertilization equivalent to 40 kg N ha™. According to
Costa et al. (2013), no strain (including commercial
cowpea inoculants) matched the performance of high
mineral nitrogen input, corroborating our findings.
Conversely, Melo and Zilli (2009) reported that three

out of five cowpea cultivars tested with inoculants in
greenhouse conditions did not differ from nitrogen
fertilization, and two exceeded it in SDM.

Compared to other studies, isolates AM200, AM76,
AM212, AM214, AM210, AM142, AM181, AM136,
AMO05, AM77, and AM190 performed similarly to
SEMIA 6462, within a promising SDM range. In a
greenhouse study in Kenya, Nyaga and Njeru (2020)
reported SDM values ranging from 840 to 1,050 mg
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with native isolates, lower than those observed in this
study.

Athul et al. (2022) reported that native rhizobial
strains perform better under favorable growth and
proliferation conditions, thereby enhancing soil fertility
and legume productivity. Although this study was
conducted only in a greenhouse, the results support the
need for future field trials, especially given the
performance equivalence with the recommended strain.

Variation in SDMN values (17.09-66.85 mg/plant)
reflects the isolates’ efficiency in atmospheric nitrogen
fixation. Fernandes et al. (2003) reported similar results,
with SDMN ranging from 5.78 to 74.84 mg/plant. The
nitrogen fertilization treatment had the highest value,
corroborating Costa et al. (2013) and Chagas Junior et
al. (2010), though differing from Melo e Zilli (2009),
who observed inoculants outperforming fertilization.
Even so, AM200, AM76, AM212, AM214, AM210,
and AM181 had SDMN values equivalent to SEMIA
6462, confirming their nitrogen-supplying potential.

Regarding nodulation, nodule dry mass (NDM) did
not differ significantly among inoculated treatments,
except for AMO05, AM143, and AM189, which showed
no nodulation. This could be related to strain-host
compatibility and may depend on temperature. In
temperate regions, rhizobial survival and symbiosis can
be affected. The optimal growth temperature for
rhizobia ranges from 28 to 31 °C. Some strains cannot
grow at 38 °C, while others surviving thermal stress
may lose nodulation ability due to alterations in
infective compounds, such as plasmid modification or
changes in cell polysaccharides (Zahran, 1999).

The performance observed in SDM and SDMN may
be related to the origin of the isolates. Isolates from
Amazonian Dark Earth (ADE) and floodplain soils (FP),
such as AM200, AM76, AM212, AM214, AM210, and
AM181, showed consistent results, likely due to higher
soil fertility. According to Barros et al. (2019), native
rhizobial diversity is influenced by soil type, vegetation,
and climate variables such as temperature and
precipitation.

Molecular analysis based on the 16S rDNA gene
revealed greater genetic diversity. While Rhizobium was
predominant, species from the genera Microbacterium
and Paenibacillus were also identified (Table 3),
consistent with studies reporting microbial diversity in
nodules under varied environmental conditions. This
highlights the complexity of microbial communities
involved in BNF and the importance of integrated
approaches to understand isolate efficacy.

The functional characterization of the isolates
revealed additional plant growth-promoting traits
beyond biological nitrogen fixation, particularly indole-
3-acetic acid (IAA) production and calcium phosphate
solubilization. These mechanisms are widely recognized

as key drivers of plant growth promotion, as microbial
IAA stimulates root elongation and branching, thereby
enhancing nutrient and water uptake (Spaepen et al.,
2007; Patten and Glick, 2002).

Phosphate-solubilizing bacteria contribute to plant
nutrition by releasing organic acids that mobilize
insoluble phosphorus forms in soil, increasing nutrient
availability and improving plant yield (Rodriguez and
Fraga, 1999; Sharma et al., 2013). The occurrence of
these traits across several isolates in the present study
reinforces their multifunctional potential and suggests
that their contribution to plant growth may extend
beyond nitrogen supply through complementary
mechanisms that act on nutrient acquisition and root
system modulation (Lugtenberg and Kamilova, 2009;
Souza et al., 2015).

Some Microbacterium and Paenibacillus species
identified in this study are known as nodule endophytes,
although not traditionally associated with effective
nodulation. Kan et al. (2007) suggest these bacteria may
co-infect tissues with nodulating strains. Their presence
indicates potentially complex interactions during
nodulation.

Although not classical rhizobia, Microbacterium and
Paenibacillus have been reported to nodulate cowpea
(Marra et al., 2012; Jaramillo et al., 2013). This suggests
these endophytes may contribute under certain
conditions, possibly through mechanisms not yet fully
understood.

Additionally, some studies indicate endophytic
bacteria may evolve into symbionts via horizontal gene
transfer of symbiotic genes (Li et al., 2008; Shiraishi et
al., 2010). This capacity may expand the range of
microorganisms with potential applications in BNF and
sustainable agriculture.

Molecular techniques are essential for accurate
taxonomic identification and should complement
phenotypic analyses. Joglekar et al. (2020) highlight the
importance of integrating morphological and genetic
data for selecting promising strains. This approach
enhances the identification of efficient BNF strains.

The diversity revealed by 16S rRNA analysis
indicates that cowpea nodules harbor complex microbial
communities composed not only of classical rhizobia
but also of other plant-associated bacteria. This supports
the concept that nodules represent ecological niches
where multiple microorganisms coexist and potentially
interact functionally (Compant et al., 2010).

From an evolutionary perspective, the presence of
genera such as Microbacterium and Paenibacillus may
reflect adaptive processes driven by environmental
heterogeneity, including horizontal gene transfer and
ecological selection, which can expand symbiotic
capabilities within microbial communities (Masson-
Boivin et al., 2009; Peix et al., 2015). This functional
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diversity indicates the

importance of considering

microbial consortia when selecting native isolates, as
multifunctional communities may provide greater
stability under field conditions.

The evaluated isolates, especially AM200, AM76,
AM212, AM214, AM210, and AM181, demonstrated

BNF potential and agronomic efficiency comparable to
SEMIA 6462. Their origin from Amazonian Dark Earth
and floodplain soils suggests adaptation to specific
edaphic conditions, making them strong candidates for
inoculant development in the Amazon.

Table 3. Taxonomic identification and plant growth-promoting traits of the strains used in the study

GenBank Oriain Phosphate Indole-3-
Species Isolate Identity (%) accession g sphat acetic acid
soil solubilization .
number production
Paenibacillus AMO5/2022/CPAA 99.24 PQ201611 OX - NE - -
polymyxa
Rhizobium tropici  AM56/2022/CPAA 96.89 PQ201612 ADE-NE + ;
Microbacterium sp AMT73/2022/CPAA 95.96 PQ201613 ADE-NE - +
Microbacterium AM74/2022/CPAA 9751 PQ201614 ADE-NE - +
neimengense
Microbacterium AM76/2022/CPAA 96.81 PQ424030 ADE-NE - -
neimengense
Microbacterium AM77/2022/CPAA 97.84 PQ201615 ADE-NE - -
neimengense
Rhizobium AM136/2022/CPAA 97.10 PQ201616 ADE-TU - +
oryzihabitans
Rhizobium AM139/2022/CPAA 96.95 PQ201617 ADE-TU - +
oryzihabitans
Rhizobium freirei  AM142/2022/CPAA 96.40 PQ201618 ADE-TU - +
Rhizobium sp AM143/2022/CPAA 96.88 PQ201619 ADE-TU - +
Rhizobium sp AM181/2022/CPAA 79.54 PQ201620 FP-TU + +
Rhizobium sp AM186/2022/CPAA 96.43 PQ201621 FP-NE - +
Rhizobium sp AM189/2022/CPAA 96.38 PQ201622 FP-NE + +
Rhizobium sp AM190/2022/CPAA 96.48 PQ201623 FP-NE + +
Rhizobium sp AM195/2022/CPAA 96.06 PQ201624 FP-TU + +
Rhizobium sp AM200/2022/CPAA 96.49 PQ201625 FP-TU + +
Rhizobium sp AM205/2022/CPAA 97.21 PQ201626 FP-NE - +
Rhizobium sp AM210/2022/CPAA 99.54 PQ201627 FP-NE - +
Rhizobium sp AM211/2022/CPAA 91.05 PQ201628 FP-NE - +
Rhizobium sp AM212/2022/CPAA 96.22 PQ201629 FP-NE - +
Rhizobium sp AM214/2022/CPAA 95.77 PQ201630 FP-NE + +
Rhizobium sp AM215/2022/CPAA 93.92 PQ201631 FP-NE + +

FP: Floodplain Soil; OX: Oxisol; ADE: Amazonian Dark Earth; NE: Nova Era; TU: Tumucumaque
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4. Conclusions

The results show that several native isolates,
particularly AM200, AM76, AM212, AM214, AM210,
and AM181, performed comparably to the commercial
strain SEMIA 6462 in terms of biomass production,
nitrogen accumulation, and nodulation efficiency. Their
origin from fertile soils such as Amazonian Dark Earth
and floodplain areas may have contributed to this
performance.

The observed genetic diversity, combined with
agronomic efficiency, reinforces the potential of these
isolates for the development of bioinoculants tailored to
the Amazon’s edaphoclimatic conditions, pending
confirmation through field trials. The use of these
microorganisms may support sustainable agriculture by
reducing dependence on nitrogen fertilizers and
enhancing cowpea yield in the region.
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