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Abstract Brazil is the largest sugarcane producer in the

world, mainly due to the development of different man-

agement strategies. Recently, microbial-plant related

studies revealed that bacterial isolates belonging to the

genus Burkholderia are mainly associated with this plant

and are responsible for a range of physiological activity. In

this study, we properly evaluate the physiological activity

and genetic diversity of endophytic and rhizospheric

Burkholderia spp. isolates from sugarcane roots grown in

the field in Brazil. In total, 39 isolates previously identified

as Burkholderia spp. were firstly evaluated for the capa-

bility to fix nitrogen, produce siderophores, solubilise

inorganic phosphates, produce indole-acetic acid and

inhibit sugarcane phytopathogens in vitro. These results

revealed that all isolates present at least two positive

evaluated activities. Furthermore, a phylogenetic study was

carried out using 16S rRNA and gyrB genes revealing that

most of the isolates were affiliated with the Burkholderia

cepacia complex. Hence, a clear separation given by

endophytic or rhizospheric niche occupation was not

observed. These results presented an overview about

Burkholderia spp. isolates from sugarcane roots and supply

information about the physiological activity and genetic

diversity of this genus, given direction for further studies

related to achieve more sustainable cultivation of

sugarcane.
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Introduction

Sugarcane (Saccharum spp.) occupies a prominent position

among the important crops in the world. Brazil is the

largest producer of this crop, dominating the market of

sugar and ethanol-derived in the last few years (Goldem-

berg 2007). Therefore, a better understanding of the role

played by the bacterial community associated with sugar-

cane could be a key to improve the performance and sus-

tainability of sugarcane cultivation.

Some endophytic and rhizospheric bacteria have been

explored intensively given their beneficial characteristics

such as promotion of plant growth and protection against

pests and pathogens (Lodewyckx et al. 2002). These bac-

teria may increase plant fitness by nitrogen fixation, pro-

duction of phytohormones and antimicrobial substances

and induction of systemic resistance. A wide variety of

bacteria are able to colonize sugarcane plants; however, the

Burkholderia cepacia complex (Bcc) has been shown to be
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a major bacteria group that interacts with these plants

(Mendes et al. 2007). Currently, this genus includes more

than 50 species found in various ecological niches, rather

in bulk soil and rhizosphere (Coenye and Vandamme

2003).

In this extremely versatile group, certain species are

capable of causing disease in plants and humans, while

others are very effective in biological control, bioremedi-

ation, and promotion of plant growth (Perin et al. 2006b).

Such a complex groups has also problems on its taxonomy,

where it is possible to observe the grouping of physiolog-

ical distinct isolates into similar taxonomical branches. It

makes necessary the application of robust analysis to

accurately classify isolates affiliated to the genus Burk-

holderia (Mendes et al. 2007). Besides the commonly used

gene 16S rRNA, other genes are candidate for Burk-

holderia isolates grouping and classification. Since 1995,

when universal primers for the gene gyrB (which codifies

for the DNA gyrase protein) became available (Yamamoto

and Harayama 1995), several publications have suggested

that gyrB is a suitable gene for bacterial phylogeny, pos-

sessing essential attributes such as limited horizontal

transfer and presence in all bacterial groups. In Burk-

holderia spp., this gene demonstrated to be a useful tool to

discriminate strains (Tabacchioni et al. 2008).

In the present study, endophytic and rhizospheric

Burkholderia spp. were evaluated according to their

molecular and physiological characteristics. Isolates

belonging the genus Burkholderia were obtained from

sugarcane roots (as endophytes and rhizobacteria) and

characterized with the aim of investigating niche-related

differences based on gyrB and 16S rRNA gene sequences

and evaluation of phenotypic characteristics, such as

nitrogen fixation, indole-acetic acid and siderophore pro-

duction, inorganic phosphate solubilization, and inhibition

of sugarcane pathogens.

Materials and methods

Bacterial isolates and growth conditions

The bacteria used in this study were isolated from rhizo-

sphere and root tissues of sugarcane plants (cv. SP80-1842)

grown for 3 months in an experimental field located in Pi-

racicaba, Brazil (22�410S 47�330W), as previously described

by Mendes et al. (2007). In total, 18 individual sugarcane

plants were sampled for isolation, generating a wide diver-

sity of bacteria, from which the Burkholderia isolates were

selected out for the present study. The isolation procedures

were also made according to the protocol previously

described by Mendes et al. (2007). Briefly, rhizospheric and

root endophytic bacteria were isolated from root segments of

different plants collected at a depth of 5–15 cm from the

stem base. Isolates were sampled from different host plant,

avoiding the selection of clones from the same plant. Rhi-

zosphere bacteria were isolated by vigorously shaking 2 g of

roots in PBS buffer (140 mM NaCl, 2.5 mM KCl, 10 mM

Na2HPO4, 1.5 mM KH2PO4 pH 7.4) followed by dilution

plating on tryptic soy agar (TSA; Difco, Le Pont de Claix,

France) supplemented with 50 mg ml-1 of the fungicide

imazalil (Agricur, Brazil) and incubation at 28�C. For the

isolation of endophytic bacteria, a sterilization process was

carried out washing roots in 70% ethanol for 1 min, sodium

hypochlorite (2% v/v) for 3 min, and 70% ethanol for 30 s

by two rinses with sterilized distilled water. The surface-

sterilized root segments were triturated in a mortar with a

pestle by using 2 ml of PBS buffer. Aliquots of 100 ll were

platted on TSA supplemented with 50 mg ml-1 imazalil.

Plates were incubated at 28�C for 10 days. After bacterial

growth, colonies showing Burkholderia morphology were

sampled for further studies.

Physiological characterization of Burkholderia isolates

The ability to fix atmospheric nitrogen was evaluated

according to Döbereiner et al. (1995). Briefly, isolates were

inoculated in tubes containing 10 ml of semi-solid NFb

medium. Bacterial growth was evaluated after 72 h of

incubation at 28�C. The formation of growth disc in the

culture medium indicated the ability of the isolates to fix

atmospheric nitrogen.

Indole-acetic acid (IAA) production was evaluated using

a modification of the qualitative method developed by Bric

et al. (1991). Firstly, bacterial isolates were inoculated in

5% tryptone soy broth (TSB) medium supplemented with

L-tryptophan (5 mM) and incubated with shaking

(150 rpm) at 28�C for 72 h in the dark. Cultures were then

centrifuged (5 min, 7,000g, at room temperature), and

400 ll de Salkowski reagent was added to 900 ll of the

supernatant. This mixture was incubated for 30 min at

room temperature and analyzed by spectrophotometer

(530 nm) (Pharmacia Biotech Ultroespec 3000). Absor-

bance values obtained were interpolated in a standard curve

to determine the IAA concentration.

The ability of Burkholderia spp. isolates to solubilise

inorganic phosphate was evidenced by a halo obtained after

isolate cultivation on culture medium supplemented with

inorganic phosphate (Ca3(PO4)2) at 28�C for 72 h,

according to Verma et al. (2001). The quantification was

done by the estimating of halo size (cm) divided by the

colony size (cm), generating a solubilization index (SI).

Siderophore production was evaluated by universal

methodology on CAS-Agar medium (Schwyn and Neilands

1987). Isolates were cultivated in CAS-Agar plates at 28�C

for 72 h, and the production of siderophore was observed
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by the presence of a yellow or orange halo around the

bacterial colony.

Inhibition of sugarcane phytopathogens

The inhibition potential of Burkholderia isolates against

Fusarium verticillioides (Sin: F. moniliforme) and Xan-

thomonas albilineans was evaluated on one-fifth-strength

potato dextrose agar medium and by agar layer method-

ology (Pugsley and Oudega 1987), respectively.

Genotypic characterization of Burkholderia spp.

isolates

Total DNA was extracted from 24-h bacterial cultures

grown in 5% TSB medium according to Araujo et al.

(2002), and the genotypic diversity of the isolates was

evaluated by sequencing the 16S rRNA and gyrB genes.

Amplification of the 16S rRNA gene was carried out with

an MJ Research PTC-200 thermocycler, using the universal

primers for Bacterial Domain, R1387 (Heuer et al. 1997)

and PO27F (Lane et al. 1985), resulting in a near-complete

16S rRNA fragment (ca. 1,360 bp). The reaction mixture

(50 ll) was preparing containing 3.75 mM of MgCl2,

0.2 mM of each primer, 0.2 mM of each dNTP, 2.5 U of

Taq DNA polymerase, 19 Taq buffer and 1 ll of template

DNA (5–10 ng). The PCR products were firstly checked

for the right size by electrophoresis on agarose gel (0.8%

w/v) and purified using a polyethylene glycol (PEG 8000

20%; NaCl 2.5 mM) method, followed by partial

sequencing in an automated sequencer (ABI Prism 377, PE

Applied Biosystems) using primer R1387.

The gyrB gene was partially amplified using primers UP-1

(50-GAA GTC ATC ATG ACC GTT CTG CAY GCN GGN

GGN AAR TTY GA-30) and UP-2r (50-AGC AGG GTA

CGG ATG TGC GAG CCR TCN ACR TCN GCR TCN

GTC AT-30) (Yamamoto and Harayama 1995; Yamamoto

and Harayama 1998) (ca.*1,200 bp). PCR-reaction (50 ll)

was performed containing 3.75 mM of MgCl2, 0.2 mM of

each primer, 0.2 mM of each dNTP, 19 Taq Buffer, 2.5 U of

Taq DNA polymerase and 1 ll of DNA template (5–10 ng).

The PCR products were checked in agarose gel, purified

using polyethylene glycol (PEG 8000 20%; NaCl 2.5 mM)

and partial sequenced with primer UP-1.

Totals sequences obtained from the 16S rRNA and gyrB

genes were compared firstly by BLASTn (Basic Local

Alignment Search Tool) (Altschul et al. 1997) against the

nr/nt database from the NCBI (National Center for Bio-

technology Information website). 16S rRNA sequences

were also subjected to classification at the Ribosomal Data

Project II (RDP) (http://rdp.cme.msu.edu/). Most similar

sequences were retrieved from the databases and used for

alignment with the sequences obtained in this study. For

the 16S rRNA gene, sequences from type strains available

in the RDP database were used. Alignment and phyloge-

netic analyses were conducted using ClustalW algorithm in

the software MEGA 4.0.1 (Tamura et al. 2007). Phylogeny

was inferred using Neighbor Joining (NJ) (Saitou and Nei

1987) based on a similarity calculated by the parameter of

Kimura-2 (Kimura 1980) with a bootstrap of 1,000 repli-

cates (see details on the figure legend).

Results

Phenotypic characterization of Burkholderia isolates

In the present study, a total of 39 bacterial isolates resultant

of these isolation processes were previously identified as

Burkholderia genus and used for further analysis (Table 1).

The ability to fix nitrogen was observed in 87.2% of isolates,

with values of 80.0 and 94.7% in endophytic and rhizo-

spheric isolates, respectively (Table 1). In addition, all iso-

lates produced IAA at levels ranging from 3.43 to

19.47 lg ml-1. The IAA production by endophytic isolates

ranged from 3.43 to 9.97 lg ml-1, while rhizosphere iso-

lates presented values ranged from 4.40 to 19.47 lg ml-1

(Table 1). The solubilization of inorganic phosphate was

detected by radial diffusion in the culture medium and for-

mation of a solid degradation halo (Table 1). The SI values

for endophytic and rhizospheric isolates ranged from 1.11 to

6.0 and 2.32–3.75, respectively. With regard to siderophore

production, around 35.9% of the isolates grown in CAS-

Agar medium revealed the formation of a yellow halo sur-

rounding the bacterial colony. Only 25% of endophytic

isolates were able to produce siderophore, while in rhizo-

bacteria this capability was verified for 47.4% of isolates

(Table 1). Considering the ability in inhibit the growth of

sugarcane phytopathogens, all isolates, except the endo-

phytic isolate CV4.4.3R1, were able to inhibit F. verticil-

lioides growth. In addition, layer agar assays revealed that

65 and 84.2% of Burkholderia isolates from root tissues and

rhizosphere, respectively, significantly inhibited the growth

of X. albilineans (Table 1).

One of the most striking features of these whole analyses

is the percentage of 25.6% of isolates presenting positive

correlation for all applied tests, whilst every others isolates

(74.4%) presented at least two positive correlations.

Genetic diversity and phylogenetic affiliation

of Burkholderia isolates

The phylogenetic analysis based on 16S rRNA and gyrB

genes allowed an overview of Burkholderia species colo-

nizing sugarcane roots. The isolates analyzed in this work

clustered mainly with species associated with the Bcc,
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except for two isolates that clustered with other species in

the genus Burkholderia. Sequence analyses of 16S rRNA

gene showed that the evaluated isolates contained a high

sequence similarity belonging to the B. cepacia complex

(Bcc), more specifically to B. cepacia, B. cenocepacia and

B. anthina (Fig. 1). Meanwhile, CV4.2.1R5 and CV3.2.3F3

Table 1 Physiological features of Burkholderia isolates from sugarcane used in the present study according to its origins

Isolates code Isolates origin Nitrogen

fixation

IAA Production

(IAA lg ml-1)

Siderophores

production

Phosphate

solubilization (cm)

X. albilineans
inhibition

TH2.3.3R3 Root endophyte ? 9.97bcde - 2.58cdefghi ?

TH2.3.3R4 Root endophyte - 9.80bcde - 2.45cdefghi ?

TH2.1.3R2 Root endophyte - 7.37bcdef - 3.57bcde ?

TH2.2.3R3 Root endophyte ? 6.50bcdef ? 4.78ab ?

TH2.4.1R1 Root endophyte ? 6.40bcdef - 3.78bc ?

CV2.1.2R2 Root endophyte - 7.27bcdef - 2.34cdefghi ?

CV2.4.3R2 Root endophyte ? 6.90bcdef - 1.11ij ?

TC3.3.1R6 Root endophyte ? 8.27bcdef ? 1.23hij ?

TC3.4.1R1 Root endophyte ? 7.27bcdef - 2.08efghi -

TC3.4.2R1 Root endophyte ? 7.57bcdef - 2.62cdefghi ?

TC3.4.2R2 Root endophyte ? 9.10bcdef - 2.39cdefghi ?

TC3.4.2R3 Root endophyte ? 9.43bcde - 3.39bcde -

TH3.1.1R4 Root endophyte ? 5.73def - 6.00a -

TH3.4.1R4 Root endophyte ? 6.53bcdef - 2.69cdefghi ?

CV4.2.1R5 Root endophyte ? 4.37ef - 1.89efghi -

CV4.4.3R1 Root endophyte ? 3.43f - 1.36fghij -

ESR63 Root endophyte ? 4.53ef ? 1.32ghij ?

ESR73 Root endophyte - 9.43bcde ? 2.97cdefgh ?

ESR100 Root endophyte ? 4.33ef - 3.09bcde -

ESR108 Root endophyte ? 5.97cdef ? 2.16defghi -

CV3.2.2F5 Rhizosphere ? 8.37bcdef ? 3.16bcde -

CV3.2.3F2 Rhizosphere ? 4.40ef - 3.11bcde ?

CV2.1.3F5 Rhizosphere ? 8.13bcdef - 2.70cdefghi ?

CV4.4.2F2 Rhizosphere ? 5.47def - 2.45cdefghi ?

TC4.3.1F2 Rhizosphere ? 5.33def - 3.17bcde ?

TH4.4.3F1 Rhizosphere ? 5.77cdef - 2.32cdefghi ?

CV3.1.1F1 Rhizosphere ? 7.40bcedf - 2.48cdefghi ?

CV3.1.2F4 Rhizosphere ? 5.53def - 2.63cdefghi ?

CV3.2.3F3 Rhizosphere ? 4.57ef - 2.07defghi -

TC3.3.1F1 Rhizosphere ? 5.30def - 2.85cdefgh -

TC3.3.3F1 Rhizosphere ? 5.93cdef ? 3.07cdef ?

TC3.4.1F2 Rhizosphere ? 7.83bcdef ? 3.22bcde ?

TC3.4.1F4 Rhizosphere ? 12.10b ? 3.48bcde ?

TH3.1.3F3 Rhizosphere ? 8.17bcdef ? 3.44bcde ?

CV2.2.2F2 Rhizosphere ? 7.37bcdef - 3.79bc ?

CV2.3.2F1 Rhizosphere ? 19.07a ? 2.88cdefgh ?

TC2.2.2F4 Rhizosphere ? 10.80bcd ? 3.75bcd ?

TC2.2.2F5 Rhizosphere ? 10.17bcde ? 3.83bc ?

TH2.3.2F5 Rhizosphere - 9.97bcde ? 2.98cedfg ?

Data were results of three replicates and values followed with the same letter indicate lack of statistical significance according Tukey test

(P \ 0.05)

The ten higher IAA production and phosphate solubilization values are shown

All isolates, except CV4.4.3R1, were able to inhibit the growth of F. verticillioides
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isolates grouped out of the Bcc, showing similarity with the

species B. phytofirmans (Fig. 1a).

Sequence analysis of gyrB confirmed the phylogenetic

relationship of the isolates with the Bcc complex (Fig. 1b),

with the same isolates (CV4.2.1R5 and CV3.2.3F3) with

similarity to B. plantarii. Both analyzed genes (16S rRNA

and gyrB) seemed to be group isolates independent of

niche occupation (endophytic and rhizosphere). However,

few indications could be observed like in the 16S rRNA

phylogenetic tree two subgroups were formed containing

rhizospheric and endophytic isolates (Fig. 1a). Also in the

tree resulted from the gyrB gene analysis small groups

were observed for part of isolates from each niche

(Fig. 1b), but the grouped isolates were different, with

exception for the clustering of the isolates CV2.2.2F2 and

TC3.4.1F2, which were grouped in both analyses (Fig. 1).

Discussion

The development of plants is constantly influenced by

interactions with the microbial community, especially

endophytic and rhizospheric bacterial communities. Pre-

vious studies have described the importance of the genus

Burkholderia in the cultivation of sugarcane (Perin et al.

2006a; Pugsley and Oudega 1987). Recently, Mendes et al.

(2007) reported for the first time that bacteria related to Bcc

are frequently associated with sugarcane. The understand-

ing of the role of these bacteria on promoting plant growth

may allow some practical applications for a more sustain-

able sugarcane production.

An important issue for a sustainable production of

sugarcane is the input of nitrogen, caused by nitrogen-fix-

ing bacteria, an ability commonly found in endophytic

0.1

0.01

rhizosphere

rhizosphere

endophytes

endophytes

(a)

(b)

Fig. 1 Phylogenetic analysis of bacterial 16S rRNA (a) and gyrB (b)

genes retrieved from Burkholderia spp. isolates. The evolutionary

relation was inferred using the Neighbor-Joining method (Saitou and

Nei 1987). The evolutionary distances were computed using the

Kimura 2-parameter method (Kimura 1980). In black it is represented

isolates and database sequences belonging to the Burkholderia
cepacia complex (Bcc); in gray sequences affiliated to other

Burkholderia species. Scale bar indicates the number of base

substitutions per site, and bootstrap values above 50% are represented

by solid circles next to tree branches (total of 1,000 repetitions).

There were a total of 575 and 556 aligned nucleotide positions in the

final data set of 16S rRNA and gyrB genes, respectively. Gene

sequence of Cupriavidus necator, C. taiwanensis, Ralstonia manni-
tolilytica and R. solanacearum served as outgroups on both trees.

Sequences from isolates are available in the GenBank database under

codes GU441604–GU441638 for the 16S rRNA gene and

GU441639–GU441677 for the gene gyrB
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bacteria (Oliveira et al. 2002). Such capacity is possibly

attributed to the occupation of inner plant root, conferring

appropriate conditions for N2 fixation (low levels of O2 and

nitrogen) (Steenhoudt and Vanderleyden 2000). Several

authors have described new Burkholderia species as

nitrogen-fixing rhizobacteria, such as B. unamae (Cabal-

lero-Mellado et al. 2004), B. xenovorans (Goris et al.

2004), B. tropica (Reis et al. 2004) and B. silvatlantica

(Perin et al. 2006b). Also, rhizobacteria can fix nitrogen

when involved in exopolysaccharides, as described by

Serrato et al. (2006) for the isolate B. tropica Ppe8. This

feature may be widespread throughout the genus Burk-

holderia since other types of microbial exopolysaccharides

have been studied in B. cepacia (Linker et al. 2001). Here

we found most of the Burkholderia spp. isolates growing in

the NFb medium, as an indicative of the capacity to fix

nitrogen, suggesting the importance of this bacterial group

for plant growth promotion.

Similarly, all isolates were able to produce IAA, with

higher values for isolates from the rhizosphere, suggesting

an association of these isolates with plant growth promo-

tion at roots. In addition, if we consider that IAA has not a

known role in bacterial cells, the maintenance of such

characteristics must be driven by interactions with plants

(Patten and Glick 1996). Another factor involved in plant-

bacteria interaction is the ability to solubilise inorganic

phosphate (Rodriguez and Fraga 1999) since phosphorus is

a commonly limiting nutrient for plant growth in tropical

soils. The production and release of organic acids is related

to ability of certain bacteria to solubilise inorganic phos-

phate (Vassilev et al. 2006). We observed that this ability

was frequent in both endophytic and rhizospheric Burk-

holderia spp. isolates, suggesting a role of these bacteria in

plant growth.

Bacteria can also enhance plant growth through the

synthesis of siderophores, which can take and deliver iron

from soil and also limit the growth of pathogenic micro-

organisms (Siddiqui 2005), especially pathogenic fungi

(O’Sullivan and O’Gara 1992). Moreover, siderophores

can induce resistance mechanisms in the plant (Schroth and

Hancook 1995). In the present study, the rhizospheric

isolates were found as major producers of siderophores

than endophytes, indicating that this characteristic could

increase bacterial competition in the rhizosphere (Copping

and Menn 2000).

Burkholderia cepacia complex organisms also produce

a number of substances with antagonistic potential for plant

pathogens (Heungens and Parke 2000). Some of the iso-

lates used in this study (ESR63, ESR73, ESR100, ESR108)

were previously described by Mendes et al. (2007) as

producers of pyrrolnitrin, a metabolite with antifungal

activity (Ligon et al. 2000). Most of the analyzed isolates

were able to inhibit the fungus Fusarium verticillioides

(Sin: F. moniliforme) in vitro. Also, Burkholderia spp.

isolates from rhizosphere inhibited the growth of the X.

albilineans. Therefore, we suggest that Burkholderia spp.

living in the rhizosphere compete with other pathogens for

nutrients and for occupation of the ecological niche; thus,

they must develop tools for intra- and inter-specific com-

petition, such as the production of antibiotics, enzymes and

bacteriolytic molecules (Parret et al. 2003). Our results are

consistent with the literature and indicate that the evaluated

isolates have potential applications in biocontrol programs.

It should be noted, however, that although tests conducted

in vitro show the abilities presented here, actual promotion

of plant growth should be evaluated under field conditions.

In previously reports, bacteria classified into the genus

Burkholderia that showed nitrogen fixation ability were

able to promote the growth of field-cultivated coffee and

maize plants (Estrada-De Los Santos et al. 2002).

Another important issue addressed in this study is the

genetic diversity and the phylogeny of bacteria belonging

to the Burkholderia. Bacteria from this genus have gen-

omes with two or three chromosomes varying in size from

6 to 9 Mb, features that allow great genomic plasticity and

adaptability (Michè et al. 2001). Thus, bacteria of this

genus can colonize the rhizosphere and inner tissues in a

wide range of host plants (Caballero-Mellado et al. 2004;

Perin et al. 2006b; Reis et al. 2004). Many of the bacteria in

the rhizosphere enter the roots using tissue wounds as the

main entrance to the plant, and establish themselves as

endophytic populations (Azevedo 1998). Thus, it is

assumed that many communities of endophytic bacteria are

the result of a process of colonization that began in the

external roots surface, the main entry point of endophytic

microorganisms (Andreote et al. 2006; Welbaum et al.

2004). The distinction between endophytic and epiphytic

bacteria (rhizoplane or phyloplane) is only semantic, and

there is no clear boundary, but rather a gradient between

groups, as there are bacterial populations that can fluctuate

between the colonization of these sites based on environ-

mental factors (Andreote et al. 2009). The results obtained

here corroborate with these indications, were a major part

of the isolates were groups in phylogenetic analysis inde-

pendently of the niche occupation, while a minor part was

niche-specific, evidencing the mixture of rhizosphere-

endophyte populations promoted by the plant colonization.

Considering the taxonomic affiliation of the isolates, the

major part (37 out of 39) were assigned to the Bcc, 16S

rRNA sequences grouped them into three species:

B. cepacia, B. cenocepacia and B. anthina. Interestingly,

similar analysis based on gyrB sequences limited the

classification to the B. cepacia and B. cenocepacia species,

corroborating with data from previous studies, which have

shown the differential topology of trees for gyrB and 16S

rRNA genes (Coenye et al. 2001). We agree on the
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statement that the taxonomy of the Bcc is not yet fully

resolved (Coenye et al. 2003), since the presence of various

phenotypic-distinct isolates within species such as B.

cepacia and B. cenocepacia represent the need of an

additional level of taxonomic resolution. However, these

results allow us to conclude that the Bcc is the main source

of Burkholderia spp. in association with sugarcane plants,

corroborating previous results (Mendes et al. 2007). The

other two isolates (CV4.2.1R5 and CV3.2.3F3) were

identified by the gene 16S rRNA as B. phytofirmans.

However, by assessing gyrB gene sequences, these two

isolates were clustered with sequences from the species B.

plantarii, initially described as Pseudomonas plantarii, a

rice phytopathogen (Azegami et al. 1988). Hence, it should

be remarked that the gyrB sequence for B. phytofirmans

was not available at database and the bootstrap values for

this classifications were low (\50) (Fig. 1). Furthermore,

in both sequence analyses, many isolates were not clearly

grouped with any sequence from databases, indicating the

possible existence of a yet non-described subset of the

Burkholderia genus. To complete the description of new

species of the genus Burkholderia, however, detailed

sequencing studies should be conducted.

In summary, our results have demonstrated that most of

sugarcane-associated bacteria of the genus Burkholderia

are related to the Bcc, harboring besides the sequence

similarities a number of phenotypes which can be targeted

for the use as plant growth promoters and as biocontrol

agents, especially for sugarcane plants.
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