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ABSTRACT

Maize plants can establish beneficial associations with plant growth-promoting bacteria. However, few studies have been
conducted on the characterization and inoculation of these bacteria in the Amazon region. This study aimed to characterize
endophytic bacteria isolated from maize in the Amazon region and to assess their capacity to promote plant growth. Fifty-five
bacterial isolates were obtained from maize grown in two types of ecosystems, i.e., a cerrado (savanna) and a forest area. The
isolates were characterized by the presence of the nifH gene, their ability to synthesize indole-3-acetic acid (IAA) and solubilize
calcium phosphate (CaHPO,), and 16S rRNA partial gene sequencing. Twenty-four bacteria contained the nifH gene, of
which seven were isolated from maize plants cultivated in a cerrado area and seventeen from a forest area. Fourteen samples
showed the capacity to synthesize IAA and only four solubilized calcium phosphate. The following genera were found among
these isolates: Pseudomonas; Acinetobacter; Enterobacter; Pantoea; Burkholderia and Bacillus. In addition, eight isolates with
plant growth-promoting capacity were selected for a glasshouse experiment involving the inoculation of two maize genotypes
(a hybrid and a variety) grown in pots containing soil. Inoculation promoted the development of the maize plants but no
significant interaction between maize cultivar and bacterial inoculation was found. A high diversity of endophytic bacteria is
present in the Amazon region and these bacteria have potential to promote the development of maize plants.

KEYWORDS: Biological nitrogen fixation, Zea mays L., 16S rRNA.

Diversidade e capacidade de promocao de crescimento de milho de
bactérias isoladas da regiao Amazoénica

RESUMO

Plantas de milho podem estabelecer associagbes benéficas com bactérias promotoras do crescimento vegetal. No entanto,
poucos estudos de caracterizagio e inoculagio com essas bactérias foram realizados na regido Amazodnica. O objetivo deste
estudo foi caracterizar bactérias endofiticas isoladas de milho na regiio Amazdnica e avaliar sua capacidade de promover o
crescimento. Cinquenta e cinco isolados bacterianos foram obtidos de plantas de milho cultivadas em diferentes tipos de
ecossistemas, cerrado (savana) e drea de floresta. Estes foram caracterizados pela presenca do gene nifH, capacidade de sintetizar
dcido indol-3-acético (AIA), solubilizar fosfato de cilcio (CaHPO,) e sequenciamento parcial do gene 16S rRNA. Vinte e
quatro bactérias apresentaram o gene nifH. Destas, sete sio oriundas de plantas cultivadas em uma drea de cerrado e 17 em
4rea de floresta. Quatorze bactérias demonstraram a capacidade de solubilizar AIA e quatro de solubilizar fosfato de cdlcio.
Entre estas bactérias, foram encontrados os seguintes géneros: Pseudomonas; Acinetobacter; Enterobacter; Pantoea; Burkholderia
e Bacillus. Oito isolados com capacidade de promocio do crescimento vegetal foram selecionados para experimento em casa de
vegetagdo com a inoculagio em dois diferentes genétipos de milho (um hibrido e uma variedade) em vasos com solo. Quanto
a promogio de crescimento vegetal, a inoculagio promoveu o desenvolvimento de plantas de milho, mas nio foi encontrada
interagao significativa entre a cultivar de milho e a inoculagio bacteriana. Na regiao Amazdnica hd uma diversidade de bactérias
endofiticas e estas possuem potencial para promover o desenvolvimento de plantas de milho.

PALAVRAS-CHAVE: Fixacio bioldgica de nitrogénio, Zea mays L., 16S rRNA.
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INTRODUCTION

Some bacteria that inhabit the rhizosphere and/or colonize
plant roots can contribute significantly to plant development.
Such bacteria are known as plant growth-promoting
bacteria (PGPB) (Kloepper and Schroth 1978). The specific
genera that inhabit the rhizosphere and roots that have
been shown to promote plant growth include Arthrobacter,
Azoarcus, Azospirillum, Bacillus, Burkholderia, Enterobacter,
Gluconacetobacter, Herbaspirillum, Klebsiella, Paenibacillus,
Pseudomonas and Serratia (Spaepen et al. 2009). The
mechanisms by which these bacteria promote plant growth
commonly include phosphate solubilization, production of
growth regulators and biological nitrogen fixation (Gulati ez
al. 2009; Dobbelaere et 2l 2003; Dobereiner and Pedrosa
1987). Although many studies have been conducted on these
plant growth-promoting microorganisms, broad applications
of these microbes in agriculture are still in the early stages of
development.

Maize is a staple crop grown worldwide for both human
and livestock consumption. The plant has high nutritional
requirements, especially nitrogen. Therefore, association of
maize with nitrogen-fixing (diazotrophic) bacteria could be
an alternative to supply this demand. In fact, evidence has
demonstrated responses to inoculation in some situations.
According to Okon and Labandera-Gonzales (1994), results
from 20 years of research involving inoculation of grasses
(including maize) with Azospirillum spp. showed a 30%
increase in crop yield in 60 to 70% of the experiments.
Nevertheless, there is considerable variation in the responses
to inoculation because of the effects of both the plant genotype
and the bacterial strain used (Garcia de Salomone and
Débereiner 1996; Garcia de Salomone e 2/. 1996).

In Brazil, inoculants containing strains of Azospirillum
have recently begun be commercially used for inoculation
of maize and wheat crops, with increases in grain yield of
approximately 30% in some cases (Hungria ez /. 2010).
However, despite the commercial launch of these inoculants,
it is recognized that further research is required to characterize
and select well-adapted bacteria for use as inoculants. A diverse
range of PGPB genera have been isolated from maize plants,
including Azospirillum (Débereiner and Pedrosa 1987),
Herbaspirillum (Baldani et al. 1986), Burkholderia (Perin
et al. 2006) and others detected by studies using molecular
techniques (Roesch ez a/. 2008).

In a recent study in the state of Roraima (located in a
low-latitude Amazon region in northern Brazil), 55 bacterial
isolates were obtained from four maize cultivars (two varieties
and two hybrids) grown in different types of ecosystems: a
cerrado (savanna) and a forest area. The present study aimed
to characterize these isolates and evaluate their capacity to
promote the growth of maize in a glasshouse.

Diversity and capacity to promote maize growth of bacteria isolated from the Amazon region

MATERIALS AND METHODS

The isolates were obtained from two previous experiments
conducted in experimental fields of the Embrapa Roraima: a
cerrado (savanna) area in Boa Vista municipality (N 02° 15°00”
and W 60° 39’54”), and in a forest area in Cantd municipality
(N 020 39°48” and W 60° 50’ 15”), Roraima State, Brazil.
Maize plants (hybrids BRS 1010 and BRS 3003 and varieties
BRS 4157 and BR 106) were sampled at the flowering stage. The
plants were separated into stems and roots, washed, superficially
disinfected in sodium hypochlorite (2%), macerated and
streaked onto Dyg’s solid culture medium (Rodrigues Neto ez
al. 1986). A total of 537 isolates were obtained. These isolates
were tested in the semi-solid culture medium BMGM (Estrada-
de-los-Santos ez al. 2001) without nitrogen to assess pellicle
formation. Diazotrophic bacteria exhibit typical growth in a
semi-solid medium without nitrogen, i.e., the formation of a
pellicle near the surface of the medium. The pellicle formation
is the first indication that they might be diazotrophic and this
was used to select the isolates. Of the 537 isolates, 55 presented
pellicle formation and were selected for characterization. These
isolates were deposited in the Collection of Microorganisms of
Embrapa Roraima.

The 55 isolates were grown in Dyg’s liquid medium
(Rodrigues Neto et al. 1986) for 48 h and then DNA
was extracted from 1 mL of the cell suspension using the
RBC Bioscience kit (cat. YGB300, Taiwan), following the
instructions provided. The primers PolF and PolR were used to
amplify the 7ifH gene according to the conditions described by
Poly ez al. (2001). The subsequent tests were performed only for
the 24 isolates that were positive for 7ifH gene amplification.

Indole-3-acetic acid (IAA) production was determined
according to Sarwar and Kremer (1995), with a few
modifications. Isolates were grown in Dyg’s liquid culture
medium (48 h; 30 °C; 150 rpm in the dark) containing
tryptophan (100 pg mL™"), with three replicates. After
incubation, the cultures were centrifuged (5 min; 520 g) and
150 pl of each supernatant was treated with 100 pl of Salkowski’s
reagent (2% w/v of 0.5 M FeCl, in 35% v/v of HCIO,) in a
polystyrene plate and incubated in the dark for 30 min at room
temperature (27°C) to develop a pink color, which is indicative
of TAA production. The diazotrophic Azospirillum brasilense
strain (BR11001T = SP7), which is known to produce IAA
(Radwan ez al. 2002), was used as a positive control.

Calcium phosphate dibasic (CaHPO,) solubilization was
assessed using solid GL medium (Sylvester-Bradley ez al. 1982).
Inoculation of the culture medium with bacteria was performed
in points over the culture medium with four replicates. The
formation of a clear halo around the colonies (in contrast with
opaque culture medium) was observed ten days after incubation
at 28°C, indicating the capacity to solubilize phosphate.
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Amplification of the 16S rRNA gene was performed
for the 24 nifH-positive isolates using the Y1 (5> TGG
CTCAGAACGAACGCTGGCGGC 3’) (Young et al. 1991)
and B3 primers (5 TACCTTGTTACGACTTCACCCCAGCT
3’). The PCR products were used directly for partial sequencing
using the primer Y1. The sequencing was performed using a 3730xl
DNA sequencer (Applied Biosystems). Good quality sequences
(Phred 20) were compared with the GenBank database (www.
ncbi.nlm.nih.gov) using the Basic Local Alignment Search Tool
(BLAST). The isolate sequences and type strains were aligned
using the Clustal W routine in MEGA 5.01 software (Tamura ez
al. 2007). A phylogenetic tree was constructed using the “neighbor-
joining” method and Kimura’s 2-parameter model (Kimura 1980)
in MEGA 5.01, performing 1000 repetitions. The 16S rRNA gene
sequences were deposited in the GenBank with accession numbers

KC412136-KC412159.

Eightisolates (ERR 543, ERR 544, ERR 547, ERR 549, ERR
553, ERR 555, ERR 559 and ERR 566) were assessed for their
ability to promote the growth of maize. These strains were selected
based on the presence of plant growth-promotion features (nifH
gene, IAA and phosphate solubilization) as well as the genotypic
diversity of the 16S rRNA gene. The experiment was performed
in a glasshouse. Soil (typical oxisol) was collected from a depth
of 0-20 cm in an experimental cerrado area and was used for the
experiment. Before starting the experiment, soil fertility analysis was
performed (Embrapa 2009). The chemical and physical properties
were as follows: pH of 6.4 (H,0); 1.39 cmol_dm™ of Ca’; 0.42
cmol_dm™of Mg*; 0.06 cmol_dm™of K*; 0.01 cmol_dmof AP*;
1.91 cmol dm? of H*+AI3%; 76.50 mg dm™ of P (Mehlich-1);
49.4% base saturation; 7.8 g dm? of organic matter; and clay, silt
and sand contents of 4, 2 and 94%, respectively.

The pots contained approximately 1.5 dm™ of soil and were
fertilized with 32 mg of N as urea; 40 mg of P,O, as simple
superphosphate; 90 mg of K,O as KCl; 1.5 g of CaCl,.7H,0; 0.7
mg of MgSO,.7H,0 and 5 ml of a micronutrient solution (g ')
containing 0.8 H,BO; 1.8 CuSO,.5H,0; 1.8 FeCl,.6H,0; 1.0
CoSO,7H,0; 2.4 MnCl 4H,0; 3.2 ZnSO,7H,0 and 0.02
Na,Mo,.2H,O. This represents the basic fertilizer applied under
field conditions in Roraima state (approximately 50 kg ha' of N,
90 kg ha! of PO, and 120 kg ha' of K O) (Valle ez 4. 2013).

The treatments consisted of inoculation with eight bacterial
isolates from the current study, a control without inoculation
or nitrogen application; a control without inoculation but with
mineral nitrogen added on the 21 day (32 mg pot” of N as urea,
i.e., approximately 50 kg ha” of N, in addition to N applied at
sowing) and a control inoculated with the Azospirillum brasilense
strain (BR11001" = SP7) without nitrogen application. The isolates
were grown in Dyg’s liquid medium (48 h; 28 °C; 150 rpm) and
0.1 mL of cell suspension (approximately 107 cells mL! evaluated
by serial dilution on Dyg’s solid medium) was applied to each seed.

Diversity and capacity to promote maize growth of bacteria isolated from the Amazon region

‘The maize genotype variety BR 106 and hybrid BRS 1010
were tested in a 2 (maize cultivars) x 11 (N sources) factorial
experiment with four completely randomized replications.
Maize seeds were sterilized in 92% ethanol for 30 sec, 5%
hydrogen peroxide for 5 min, washed 5 times with sterilized
water, and sown (four seeds per pot). After emergence, only
two plants were retained in each pot. The plants were harvested
40 days after emergence, prior to flowering when the nitrogen
fixation rates are generally at a maximum in plants. Shoots
were separated from roots and both parts were dried (65 °C
for 5 days). The variables analyzed were shoot dry matter, root
dry matter, total biomass dry matter and nitrogen content in
the shoot (total-N) (Embrapa 2009). Data were submitted
to analysis of variance using SISVAR software (Ferreira 2008)
and the averages were contrasted using the Scott-Knott test

ata 5 % probability level.

RESULTS

Out of the 55 isolates that produced pellicle formation
in the nitrogen-free medium known to favor the growth of
diazotrophics, 24 were positive for amplification of the nifH
gene (Table 1). Seven of the positive isolates were obtained
from maize plants collected in the cerrado and 17 were from
the forest area (Table 1).

Among the 24 isolates positive for the nifH gene, 15 were
also positive for IAA synthesis. Four were obtained from the
cerrado area and 11 were obtained from the forest area (Table
1). Regarding the capacity to solubilize calcium phosphate,
only 5 of the 24 isolates presented this feature (Table 1), all
of which were obtained from maize cultivated in the cerrado
area. Furthermore, only two isolates (ERR 543 and ERR 544)
had the ability to produce IAA as well as to solubilize calcium

phosphate (Table 1).

Partial 16S rRNA gene sequencing of the 24 isolates
indicated the presence of the genera Pseudomonas (13 isolates),
Burkholderia (4), Acinetobacter (2), Enterobacter (2), Pantoea
(2), and Bacillus (1) (Table 1). Through phylogenetic analysis,
it was possible to verify that 13 isolates belonging to the
genus Pseudomonas were grouped with high similaricy with
Pseudomonas nitroreducens (Figure 1), 2 isolates (ERR 551 and
ERR 544) were grouped with Acinetobacter soli, 2 were close
to Enterobacter sp. (ERR 553 and ERR 565), 2 were close to
Pantoea agglomerans (ERR 564 and ERR 560), 2 were close
to B. gladioli (ERR 545 and ERR 546), 2 were close to B.
cepacia (ERR 542 and ERR 543), and 1 of the genus Bacillus
(ERR 547) was close to B. thuringiensis (Figure 1).

No significant interaction was observed between bacterial
inoculation and maize genotype; therefore, only the average of the
two cultivars is presented. The shoot and total dry matter of the
inoculated and + Control nitrogen treatments were significantly
different from those of the control without inoculation (— Control
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Table 1. Origin, feature of plant-growth promotion and genotypic characterization of diazotrophic bacteria isolated from maize in the Amazon region, Roraima

state, Brazil.
Isolates Origen Plant tissue Maize genotype IAA sm %?I?zgiitgn Taxonomic affiliation of 16S rRNA
ERR 542 Cerrado Root BRS 1010 - + Burkholderia sp.
ERR 543 Cerrado Root BRS 1010 + + Burkholderia sp.
ERR 544 Cerrado Root BRS 1010 + + Acinetobacter sp.
ERR 545 Cerrado Root BR 106 - - Burkholderia sp.
ERR 546 Cerrado Root BR 106 - + Burkholderia sp.
ERR 547 Cerrado Root BR 106 - + Bacillus sp.
ERR 549 Cerrado Stem BRS 4157 + - Pseudomonas sp.
ERR 550 Forest Root BRS 3030 I - Pseudomonas sp.
ERR 551 Forest Root BRS 1010 + - Acinetobacter sp.
ERR 552 Forest Root BR 106 + - Pseudomonas sp.
ERR 553 Forest Root BR 106 + - Enterobacter sp.
ERR 554 Forest Root BR 106 + - Pseudomonas sp.
ERR 555 Forest Root BRS 4157 + - Pseudomonas sp.
ERR 556 Forest Root BRS 4157 - - Pseudomonas sp.
ERR 557 Forest Root BRS 4157 - - Pseudomonas sp.
ERR 558 Forest Root BRS 4157 - - Pseudomonas sp.
ERR 559 Forest Root BRS 4157 + - Pseudomonas sp.
ERR 560 Forest Root BRS 4157 - - Pseudomonas sp.
ERR 561 Forest Root BRS 4157 + - Pseudomonas sp.
ERR 562 Forest Root BRS 4157 - - Pseudomonas sp.
ERR 563 Forest Root BRS 4157 - - Pseudomonas sp.
ERR 564 Forest Root BRS 4157 + - Enterobacter sp.
ERR 565 Forest Root BRS 4157 + - Enterobacter sp.
ERR 566 Forest Root BRS 4157 + - Enterobacter sp.

nitrogen), but similar responses were not observed for root dry
matter (Table 2). In addition, the shootand total dry matter of the
plants inoculated with the new isolates were lower than in the +
Control nitrogen treatment and the inoculation with Azospirillum
brasilense (Table 2). Except for ERR 544 and ERR 555, all isolates
showed a similar performance to that observed in the A. brasilense
inoculation and + Control nitrogen treatment for total N, and
these isolates presented values that were significantly higher than
those in the — Control nitrogen treatment (Table 2).

DISCUSSION

Amplification of the 7ifH gene with the primers PolF and PolR
was positive for 24 of the 55 isolates studied. The presence of the
nifH gene is an indication of bacterias ability to fix atmospheric
nitrogen, although no nitrogenase activity was measured. Seventeen

isolates were obtained from maize cultivated in a forest area and 7
from a cerrado area (Table 1). With respect to the plant growth-
promotion features analyzed in this work, 17 isolates showed other
direct mechanisms in addition to the presence of the nifH gene, i.e.,
IAA production or calcium phosphate solubilization (Table 1). TAA
synthesis by microorganisms can stimulate root development, while
the capacity to solubilize phosphate can nutrients more available
to plants (Dobbelaere et al. 2003).

Similar to other studies, there was a high diversity of
diazotrophic bacteria isolated from maize (Roesch ez al. 2008;
Montafiez et al. 2012). Partial 16S rRNA sequencing revealed
that the 24 bacterial isolates belonged to six different genera:
Acinetobacter, Bacillus, Burkholderia, Enterobacter, Pantoea and
Pseudomonas (Figure 1). All of these genera had previously been
indicated as plant growth-promoting bacteria (Spaepen ezal. 2009).
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Figure 1. Neighbor joining phylogeny based on 16S rRNA gene sequences showing the relationships between diazotrophic maize (shown in bold) and other
reference strains. Bootstrap values greater than 50% are indicated at the nodes. Bar: 5 substitution per 100 nucleotide positions.

The isolates ERR 544 and ERR 551 were close to
Acinetobacter soli, a species obtained from a forest soil (Kim
et al. 2008) but not a diazotrophic bacterium. However,
within the genus Acinetobacter, A. oryzae has been described
as diazotrophic in association with wild rice in China
(Chaudhary er @/ 2011). In this study, we observed nifHH
gene amplification for both isolates (ERR 544 and ERR 551),
indicating they may fix nitrogen. Moreover, Acinetobacter
species have been found in the rhizosphere and roots and have
shown the ability to promote plant growth through phosphate
solubilization and/or the synthesis of auxins (Gulati ez al.
2009). According to our results, both isolates synthesized IAA,
but only ERR 544 was able to solubilize phosphate (Table 1).

Four isolates belonged to the family Enterobacteriaceae
according the 16S rRNA gene sequencing analysis and
were close to the genera Enterobacter (ERR 553 and ERR
565) and Pantoea (ERR 564 and ERR 566) (Figure 1).
Enterobacter and Pantoea are frequently found in the
digestive tract of animals, and some of them are able to fix
atmospheric nitrogen. They are also found in maize plants
and are able to produce IAA (Montanez et al. 2012), similar
to the isolates in the present study.

There were four isolates belonging to the genus
Burkholderia, two of which were closely related to the
Burkholderia cepacia complex (Figure 1), and three were
able to solubilize calcium phosphates. Burkholderia spp.
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Table 2. Dry matter of root, shoot and total (root+shoot), and shoot total-N in an experiment to evaluate diazotrophic bacterial growth-promotion capacity in
maize plants (the data represent the average between cultivar BR 106 and BRS 1010).

Root Shoot Root + Shoot Total-N
Treatment (g plant") (mg plant”)
- N Control 2.79a 3.78¢ 6.57 ¢ 26.58 b
+ N Control 3.552a 6.10a 9.65a 42.49 a
BR 11001 3.56a 5.63a 9.19a 40.88 a
ERR 543 3.25a 495D 8.20b 37.70 a
ERR 544 3.23a 478D 8.00b 33.34b
ERR 547 3.30a 470Db 7.77h 3593 a
ERR 553 3.33a 5.04b 8.36 b 35.85a
ERR 566 3.29a 5.16 b 8.44 b 38.73 a
ERR 549 3.38a 485D 8.23b 35.64 a
ERR 555 3.48a 4.64b 8.12b 32.11b
ERR 559 3.14a 497D 8.10b 37.11a
C.V (%)* 13.9 12.7 10.8 18.3

Means followed of the same letter in the columns do not differ by the Scott-Knott test (5% probability). *Coefficient of variation.

are known to promote the growth of grasses. They are able
to fix nitrogen in free-living or endophytic form (Estrada-
de-los-Santos ez al. 2001), solubilize phosphates (Peix ez
al. 2001) and inhibit the growth of phytopathogens (Peix
et al. 2001; Perin et al. 2006).

More than 50% of the isolates studied belonged to the genus
Pseudomonas, which clearly indicates an abundance of isolates
within this genus in association with maize in this Amazonian
soil. Seven of them produced IAA but none were able to solubilize
calcium phosphate (Table 1). In another study, Pseudomonas
species were also found to be abundant in the maize rhizosphere,
especially in sandy soils (Berge ez a/. 1991), but in a study in the
South of Brazil, where the 7ifH gene was directly amplified from
thizospheric soil and maize plant tissue, Pseudomonas was one of
the rarest genera (Roesch ez al. 2008). Both areas where the maize
was cultivated for the bacterial isolation in this study have sandy
soil, but understanding the influence of soil characteristics on
Pseudomonas populations requires further research.

The 13 Pseudomonas isolates were grouped together with
P nitroreducens (Figure 1), but because Pseudomonas species
present high similarity in the 16S rRNA gene sequences (Tayeb
et al. 2005), other tests are necessary to confirm the taxonomic
position of these isolates. Pseudomonas is one of the most
diverse and ambiguous bacterial genera; it is found in several
environments, such as sediments, plants, fungi, soil, water, the
rhizosphere, and the phyllosphere of plants, oceans, animals, etc.
Many Pseudomonas associated with plants promote growth and
are able to produce phytohormones (Leveau and Gerards 2008)
and solubilize phosphates (Naik ¢z 2/. 2008). At least two species
are diazotrophic: P azotifigens and P stutzeri (Hatayama ez al.
2005), corroborating that the strains used in this study could be
able to fix nitrogen.

116

The results obtained in the glasshouse trial showed that all
isolates belonging to the six different genera were able to increase
shoot dry matter compared with the control (Table 2). Some of
the isolates increased the maize biomass and total-N by more
than 30% compared with the control without inoculation (Table
2). Although the tested isolates have more than one mechanism
for plant growth promotion, apparently biological nitrogen
fixation was the most important because all of the isolates, except
ERR 544, which belongs to the genus Acinetobacter, and ERR
555, which belongs to the genus Peudomonas, contributed to
significant N accumulation in shoots (Table 2).

In a study performed under field conditions in the state of
Roraima with the inoculation of Herbaspirillum seropediacae
in two maize cultivars (the hybrid BRS 1010 and the variety
BSR 4157), a significant effect was observed in the grain yield
of the hybrid due to inoculation, whereas a similar effect was
not observed in the variety (Zilli ez @/ 2007). In this study, in
contrast to the experiment conducted by Zilli ez 2/. (2007) and
other studies (Garcia de Salomone and Débereiner 1996; Garcia
de Salomone et al. 1996; Montafiez et al. 2012), no influence of
plant genotype was found in response to inoculation; the bacteria
were the main factor promoting maize growth. Nevertheless,
for these isolates, other genotypes must be tested to confirm
this effect because it is known that the response to inoculation
can result from the specificity of the plant-bacteria association,
differences in the exudation of roots, and the efficiency of gas

diffusion (Ladha ez 2/ 1986).

The results of this study indicate a high diversity of
Amazonian bacteria that are able to associate themselves with
maize plants. These bacteria represent six distinct genera and are
able to increase the growth of maize plants.
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CONCLUSIONS

There is a high diversity of endophytic bacteria associated
with maize plants in the Amazon region. These bacteria
presented characteristics of plant growth-promoting
rhizobacteria and the following genera were identified:
DPseudomonas; Acinetobacter; Enterobacter; Pantoea; Burkholderia
and Bacillus. The inoculation improved the growth of maize
plants but no significant interaction between maize cultivar
and bacterial inoculation was found.
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