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Abstract

In order to assess the diversity of culturable Burkholderia populations in rhizosphere and bulk soil and to evaluate how different
agricultural management regimes and land use history affect this diversity, four treatments were evaluated: permanent grassland; grassland
converted into maize monoculture; arable land and arable land converted into grassland. Burkholderia isolates obtained on PCAT medium
were grouped in 47 clusters using 16S ribosomal RNA gene based PCR-DGGE combined with BOX genomic fingerprinting (DGGE-BOX).
The distribution of the isolates in the DGGE-BOX clusters was used to calculate the Shannon diversity index per treatment. Interestingly, we
observed that the Burkholderia diversity was affected by changes in the agricultural management, since the highest diversity was observed in
permanent grassland and in continuous arable land. In addition, the diversity tended to be higher in the rhizosphere than in the corresponding
bulk soil. The use of species abundance models indicated that rhizosphere communities had more even distributions than communities
collected from the bulk soil. Identification of isolates revealed that only 2% of these belonged to the B. cepacia complex and that the majority
was assigned to either (1) new Burkholderia species or (2) Burkholderia species that had originally been isolated from soil. Isolates classified
as B. hospita, B. caledonica and Burkholderia sp. ‘LMG 22934’ and ‘LMG 22936’ were found mainly in the arable land, while isolates
belonging to Burkholderia sp. ‘LMG 22929’ and B. phytofirmans were associated with the grassland area. Another potentially new
Burkholderia species, ‘LMG 22932’, was found in both areas, in close association with the maize rhizosphere.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The genus Burkholderia has become popular in the
agricultural sector as a result of the biocontrol abilities of
some species (Cain et al., 2000; Hebbar et al., 1998).
Additional beneficial traits, such as atmospheric nitrogen
fixation (Estrada-De los Santos et al., 2001; Moulin et al.,
2001; Estrada et al., 2002; Chen et al., 2003), plant growth
promotion (Tran Van et al., 2000), and more recently, its
potential in bioremediation (Master et al., 2002), increased
the relevance of this genus for environmental purposes.
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Similarly, in the clinical sector, the genus Burkholderia has
gained importance in the last decade due to the pathogen-
icity of the so-called B. cepacia complex, which
corresponds to several phenotypically similar species
distributed over nine genomovars (Coenye et al., 2001c;
Caballero-Mellado et al., 2004), for patients with cystic
fibrosis (CF) (Mahenthiralingam et al., 2002). The high
virulence observed for certain species of the B. cepacia
complex, mainly B. cenocepacia and B. multivorans (Speert
et al., 2002), combined with the fact that B. cenocepacia has
been found as a common plant-associated bacterium,
isolated from rhizosphere and plant tissues (Balandreau
et al., 2001), increased the concern that the environment
might be a source of pathogenic strains (Lipuma, 2002).
However, due to the lack of genetic markers of transmis-
sibility or virulence, any distinction between environmental
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and clinical strains, or between pathogenic and non-
pathogenic strains, remains, so far, impossible (Parke and
Gurian-Sherman, 2001). Based on these facts, several
biocontrol strains recently had their risk assessment
modified by the US Environmental Protection Agency
(Parke and Gurian-Sherman, 2001).

Burkholderia species have a broad natural distribution,
occurring commonly in soil (Achouak et al., 1999), water
(Vermis et al., 2003) and in association with plants
(Bevivino et al., 1998; Balandreau et al., 2001; Moulin
et al., 2001), fungi (Lim et al., 2003) and animals (Van
Borm et al.,, 2002). However, little is known about the
diversity of this group of organisms in these settings. In
addition, for the reasons mentioned earlier, most of the
attention has concentrated on the B. cepacia complex.
Furthermore, since species belonging to the B. cepacia
complex are found in close association with maize roots,
representing up to 3.6% of the culturable bacterial
population (DiCello et al., 1997), diversity studies have
focused mainly on B. cepacia complex strains isolated from
this plant (Bevivino et al., 1998; Dalmastri et al., 1999;
Chiarini et al., 2000; Fiore et al., 2001). For instance, in a
survey performed in maize fields with different management
history, mainly B. cepacia, B. cenocepacia, B. viethamiensis
and B. ambifaria were isolated (Fiore et al., 2001). When
different fields were compared (low versus high input), the
highest degree of genomovar diversity was obtained from a
field characterised by a low-input regime, to which only
manure had been added (Fiore et al., 2001).

The impact of land use history and agricultural manage-
ment on soil microbial community structure has been
observed using both cultivation-based and direct approaches
(Lupwayi et al., 1998; Steenwerth et al., 2002). However,
not all microorganisms respond the same way, as it has for
instance been shown that specific bacterial groups are
differently affected by grassland management (Clegg et al.,
2003). In a previous study, we observed that the diversity of
the Burkholderia community, as determined by PCR-DGGE
analysis of DNA from the rhizospheres of different plants,
was affected mainly by land use history (Salles et al., 2004).
Differences in the Burkholderia community structure due to
agricultural management and plant species occurred to a
lower extent as a result of the dominating influence of the
history of agricultural use of the area (Salles et al., 2004).
Given the effect of land use history on the diversity of the
total Burkholderia community, the restricted information on
the diversity of the culturable Burkholderia population and
the increasing concern that human-pathogenic species might
be prevalent in soil, our aim was to evaluate the impact of
agricultural management on the diversity of culturable
Burkholderia species and, in addition, to establish which
species were correlated with the different management
regimes. Therefore, rhizosphere and bulk soil samples,
taken from field areas under different agricultural manage-
ment, were plated on semi-selective PCAT medium and a
large number of isolates was obtained. The isolates were

clustered according to their combined DGGE-BOX patterns
and the data obtained were used to evaluate the diversity of
the culturable Burkholderia populations and the distribution
of species over the treatments.

2. Material and Methods
2.1. Isolation of Burkholderia strains from soil

To evaluate the diversity of Burkholderia species in soil
under different agricultural management regimes, soil
samples were taken from an experimental field located in
the vicinity of Wageningen, the Netherlands. Briefly, this
site was originally composed of a long-term (>50 vy)
permanent grassland (G) field that had been partially
converted to agricultural land (A) around 24 years ago. In
2000, an experiment was established in both areas (G
and A), in a randomized block design with three blocks per
treatment and a range of treatments differing in agricultural
management (van Elsas et al., 2002). For this study, two
treatments were chosen: one consisting of monoculture of
maize (Zea mays L.) and another one of permanent
grassland (commercial mix, containing Lolium perenne as
the main plant species). The maize plots received annual
fertilisation, were tilled at 20 cm, and control of weeds was
done mechanically, whereas the grassland plots were not
fertilised or tilled. Grassland plots were sown at the
beginning of the experiment (in the arable land) and the
grass was cut once a year. Therefore, according to land use
history and agricultural management, four treatments could
be distinguished: (i) permanent grassland (which was kept
as grassland) (G); (ii) an area under continuous agriculture,
represented by arable land under maize monoculture
(A-M); (iii) arable land converted to grassland (A-G);
and (iv) permanent grassland which was turned into an
agricultural field under maize monoculture (G-M).

In September 2003, after four growth cycles in the field
(2000, 2001, 2002, 2003), soil samples were obtained from
the four treatments. Bulk soil was obtained by combining
100 sub-samples, taken from the surface of each 10X 10 m
plot with a soil core sampler (3 X 10 cm, diameter X height).
Rhizosphere soil was obtained by harvesting five maize
plants, or grass, from five different locations per plot and
gently shaking the roots in order to remove the loosely
adhering soil. Twenty grams of roots with tightly-adhering
soil (rhizosphere soil) or 10 g bulk soil were transferred,
separately, to Erlenmeyer flasks containing 90 ml of sterile
sodium pyrophosphate (0.1% NaPP in water) and washed
gravel (10 g; approximately 30 small stones with length
from 2-5 mm). After shaking the flasks for 30 min at
180 rev minfl, a series of 10-fold dilutions in 0.85% NaCl
was prepared and plated onto PCAT medium (composition:
azelaic acid 2 g1~ "', tryptamine 0.2 g1~', MgSO,.7H,0
0.1g17', KH,PO, 4 g1 ", K,HPO, 4 g 17", yeast extract
0.02 g1~ ", agar 15g17"; pH 5.7) (Burbage et al., 1982)
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supplemented with 100 mg 1~ ' Delvocid (DSM, Delft, The
Netherlands). Plates were incubated at 27 °C for 7 days,
when approximately 30 colonies per replicate plot
(15 colonies from bulk soil and 15 from rhizosphere soil)
were transferred to new PCAT plates. After purification via
re-growth of separate colonies on new PCAT plates, isolates
were stored at —80 °C as cell suspensions in Trypticase
Soya broth (Salles et al., 2002) containing 20% glycerol.

2.2. DNA extraction

DNA was obtained from the Burkholderia isolates by
resuspending one colony per strain in a microcentrifuge tube
containing 20 pl of sterile Milli-Q water. Cells were lysed
by keeping the suspensions at 95 °C for 10 min, followed by
cooling on ice for 10 min. Before performing the lysis, five
mg of Chelex-100 resin (Sigma-Aldrich BV, Zwijndrecht,
The Netherlands) was added to the microtubes to prevent
inhibition of PCR amplification, given that compounds
released by lysing cells are chelated by the resin and
therefore removed from the suspension, by centrifugation at
1200 rev min~ ' for 5 min. The microcentrifuge tubes
containing the crude lysates were stored at —20 °C.

2.3. PCR-DGGE analysis

Amplification of 16S rRNA genes of the Burkholderia
strains was performed using the primers specific for the
genus Burkholderia (Burk3-GC/BurkR) in a direct PCR,
according to the methodology described by Salles et al.
(2002). DGGE analysis was performed by using the PhorU2
system (Ingeny, Leiden, The Netherlands), in which gels
with denaturing gradients of 50-60% of denaturant were run
for 15 h at 100 V (Salles et al., 2002). After electrophoresis,
the gels were stained with SYBR Gold I nucleic acid gel
stain (Molecular Probes Europe, Leiden, The Netherlands)
and then photographed and digitised using the Imago
compact apparatus (B&L System, Maarssen, The
Netherlands).

2.4. BOX fingerprinting

Genomic fingerprintings of Burkholderia isolates was
performed by PCR with primer BOX AIR (5-CTA CGG
CAA GGC GAC GCT GAC G-3'). Briefly, 1 ul of cell
lysate was added to 24 pl of a mix containing 600 pmol 1!
of each deoxyribonucleoside triphosphate, 3.75 mmol 1"
MgCl,, 10 mmol 1! Tris—-HCI pH 8.3, 10 mmol 1~ KClI,
500 nmol 1~ " of primer, and 2.5 U of Tag DNA polymerase
Stoffel fragment (Perkin-Elmer). Amplification was per-
formed in a PTC-100 thermal cycler (MJ Research, Inc.,
Tilburg, The Netherlands). The thermal cycling program
consisted of an initial denaturing step (95 °C for 7 min),
followed by 30 cycles, each consisting of 30s at 90 °C,
1 min at 95 °C, 1 min at 52 °C and 8 min at 65 °C. After the
thermal cycling, there was a final extension step consisting

of 65 °C for 16 min, followed by cooling to 10 °C. The PCR
products, expected to vary from 2kb to 100 bp, were
analysed by electrophoresis in 1.5% (wt/vol) agarose gel in
0.5 X TBE buffer (Sambrook et al., 1989). Isolates that were
not successfully amplified with the BOX A1R primer were
subjected to a second new PCR reaction in which a higher or
lower volume of crude cell lysate was added.

2.5. Banding pattern analysis

Digitised gel images obtained from DGGE analysis and
BOX fingerprinting were converted, normalised and
analysed separately with the Molecular Analyst software
(version 1.61; Bio-Rad, Veenendaal, The Netherlands)
(Rademaker et al,, 1999). In order to achieve perfect
normalisation of the gels, markers were loaded in at least 3
positions, in both DGGE and BOX gels. The marker used
for DGGE gels consisted of partial 16S rRNA genes from
four Burkholderia species as described by Salles et al.
(2002). For normalising the BOX fingerprints, the molecular
mass marker was used (Invitrogen BV, Breda, The
Netherlands). In order to validate the normalisation
procedure, identical profiles were run in different gels.
After normalisation of each gel separately, the fingerprints
were combined considering the DGGE profile as the
‘master’ gel. The similarity between the combined
DGGE-BOX patterns was calculated using the Pearson or
product-moment correlation coefficient, which is insensitive
to the relative concentration of bands and to differences in
the overall intensity of the profile (Rademaker et al., 1999).
Cluster analysis was performed by applying the unweighted
pair-group method using arithmetic averages (UPGMA)
algorithm to the similarity matrix.

2.6. Identification of isolates

Species-level identification of Burkholderia isolates was
achieved using a polyphasic approach. First, all isolates were
examined using a recA based PCR test to identify putative
B. cepacia complex bacteria (Mahenthiralingam et al.,
2000). Isolates belonging to the B. cepacia complex were
further identified using HaellI-RFLP analysis of the
resulting amplicons (Mahenthiralingam et al., 2000). All
non-B. cepacia complex isolates were subsequently exam-
ined using comparative whole-cell protein electrophoresis as
described before (Pot et al., 1994; Coenye et al., 2001c).
Isolates were identified by comparing their whole-cell
protein electrophoretic profiles with those present in a
database comprising reference profiles of all known
Burkholderia species (Vandamme et al., 1996; Coenye
et al., 2001c); alternatively, several isolates were grouped
into putative novel Burkholderia species because of the lack
of similarity of their whole-cell protein profiles towards
those of reference strains of all current Burkholderia species.

The exact phylogenetic position of representative
isolates of putative novel species was determined by
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cloning and sequencing their 16S rRNA genes. Amplifi-
cation of the 16S rRNA genes from representative strains
was performed with primers 27F (5-AGAGTTTGATC
[CAITGGCTCAG-3) and 1378R (5-CGGTGTGTA-
CAAGGCCCG GGAACG-3'), in 50 ul reaction mixtures
containing 1 ul of cell lysate, 350 umol1~' of each
deoxyribonucleoside triphosphate, 300 nmol1~" of each
primer, 1 X TaqPlus Precision buffer (Stratagene, Leusden,
The Netherlands), and 2U of TaqPlus Precision polymerase
mixture (Stratagene). Amplification was performed in a
PTC-100 thermal cycler (MJ Research, Inc. Tilburg, The
Netherlands). The thermal cycling program consisted of an
initial denaturing step (95°C for 2 min), followed by 35
cycles, each consisting of 30 s at 94 °C, 30 s at 60 °C, and
2 min at 72 °C. After the thermal cycling, there was a final
extension step consisting of 72 °C for 7 min, followed by
cooling to 10°C. The PCR products were analysed by
electrophoresis in a 1% (wt/vol) agarose gel in 0.5 X TBE
buffer (Sambrook et al., 1989). PCR products were then
cloned in the pGEM-T easy vector, which was used to
transform Escherichia coli strain JM109, according to the
procedure recommended by the manufacturer (Promega
Benelux, Leiden, The Netherlands). Plasmid extraction
from randomly selected colonies was performed with the
Wizard Plus SV miniprep DNA purification system
(Promega Benelux). Sequencing was performed by using a
ABI Prism automatic sequencer (Greenomics, Wageningen,
The Netherlands).

2.7. Sequence alignment

Sequences generated in this study or recovered from the
GenBank/EMBL database were aligned by using Clustal_X
(Thompson et al., 1997), considering 1380 bp of the 16S
rRNA gene. Phylogenetic trees were constructed by the
neighbor-joining method (Saitou and Nei, 1987) based on
distance estimation calculated by the method of Jukes and
Cantor (1969). This analysis was performed with the
TREECON program, version 1.3b (Yves van de Peer,
Department of Biochemistry, University of Antwerp,
Antwerp, Belgium).

2.8. Diversity measurements and statistical analysis

The cut-off value used to determine the level of similarity
between DGGE-BOX clusters was tested by assessing its
Discriminatory index (DI) (Coenye et al., 2002). DI
determines the probability that two unrelated strains are
placed into different groups and is calculated by using the
Simpson index of diversity, which takes into account the
number of clusters defined and their relative frequencies
(Coenye et al., 2002).

The Shannon diversity index was determined as
H’z—Zpi In p; (Magurran, 1988), where p; is the
proportion of individuals found in the ith DGGE-BOX
cluster. To test for significant differences between

the Shannon diversity index obtained for each sample, a
t test was performed according to the methodology
described by Magurran (1988), as follows:

_ m-m
(VarH| + VarH})'”

and the variance of H’ was calculated using the equation:

(In p)% — Inp.)? —
Vargy = 2=Pnp)’ = (X pilnp;)”  S—1
N 2N?

where N is the total number of individuals and S is the
total number of DGGE-BOX clusters. The degrees of
freedom were calculated according to the formula

(VarH| + VarH})?
(VarH})*/N, + (VarH})?/N,

df =

where N, and N, are the total number of individuals in
samples 1 and 2, respectively (Magurran, 1988).

Species abundance models were calculated according to
the formulas described by Hill et al. (2003). The observed
data were distributed among 5 abundance classes, divided
according to the number of isolates per cluster, with upper
boundaries of 2.5, 4.5, 8.5, 16.5 and 32.5 isolates per cluster.
The observed distribution was then compared with the
expected distribution obtained from the models by using a
goodness-of-fit test @) (Magurran, 1988). Low x? values
(non-significant) indicate a good agreement between the
observed and the expected data, i.e. that the model fits the
distribution of the data (Magurran, 1988).

2.9. Nucleotide sequence accession numbers

The sequences generated in this study have been
deposited in the GenBank database under accession
numbers AY836218, AY836219 and AY949187 to
AY949201.

3. Results
3.1. Enumeration and isolation of Burkholderia strains

The densities of the populations recovered from the
semi-selective PCAT medium are shown in Fig. 1.
Significant differences were observed between bulk and
rhizosphere soils, the latter showing populations approxi-
mately at 100 times higher densities than the former, except
for A-G. The highest densities were observed in the
rhizospheres of maize grown in the arable land (A-M)
and in those of grass collected from the permanent grassland
(G). A total of 344 colonies from both bulk and rhizosphere
soil (around 30 per treatment, 15 from bulk and 15 from
rhizosphere) were recovered from PCAT plates. From these,
287 isolates (83.4%) were positive for the 16S rDNA PCR
with Burkholderia genus-specific primers.
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Fig. 1. Mean density of the Burkholderia population isolated on the semi-
selective media PCAT, from bulk (@) and rhizosphere (O) soil collected
from Arable land (A) and Grassland field (G), cultivated with maize (M)
and grass (G). Mean value and standard error are shown. Bars indicate the
Shannon diversity index (H') based on the number of DGGE-BOX types
obtained from bulk (black bars) and rhizosphere (grey bars) Burkholderia
soil populations.

3.2. DGGE-BOX banding pattern analysis

In order to characterise the culturable Burkholderia
community in the different treatments, all 287 isolates were
further characterised by BOX-PCR. The majority of the 287
Burkholderia isolates (254; 89%) were amplifiable with the
BOX AIR primer, whereas the remainder (11%) was not
further analysed. The BOX fingerprints of the 254
Burkholderia isolates were compared and grouped accord-
ing to their similarity, yielding a set of 158 isolates that
represented all BOX types. These selected isolates were
further characterised by 16S rDNA based PCR-DGGE.
Given that the PCR-DGGE method separates the isolates at
approximately species level (Salles et al., 2002) while the
BOX pattern has a resolution at strain level, the DGGE
profile was considered the master pattern. The dendrogram
generated by the combined DGGE-BOX pattern was
divided in two main groups at 32% of similarity. One
group contained most of the DGGE-BOX clusters, while the
second group contained the Burkholderia isolates that had a
lower G+ C content in the 16S rRNA gene region amplified
by the primers. Between 40-50% similarity, secondary and
tertiary branches were formed for both groups and at 74%,
the cut-off similarity value was set, generating 47 different
DGGE-BOX clusters (Fig. 2) at a DI of 0.999.

3.3. Identification of the isolates

A total of 87 isolates representing the 47 DGGE-BOX
clusters (1-5 isolates per cluster) was identified at the
species level. Table 1 presents an overview of identification
results from the total of 40 DGGE-BOX clusters assigned to
one Burkholderia species, along with the method used for
identification. The 40 clusters were distributed over 13
Burkholderia species, from which 8 represented putative
novel species, referred to below as Burkholderia sp. ‘LMG
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Fig. 2. Combined DGGE-BOX dendrogram, showing the distribution of
Burkholderia isolates. Similarity was based on product-moment correlation
coefficient (Rademaker et al., 1999). Cluster analysis was performed by
applying UPGMA algorithm to the similarity matrix. For information about
the distribution of isolates per cluster and their identification, see Table 1.

22929’, Burkholderia sp. ‘LMG 22932, Burkholderia sp.
‘LMG 22934°, Burkholderia sp. ‘LMG 22936°, Burkhol-
deria sp. ‘LMG 22946’, Burkholderia sp. ‘LMG 22940,
Burkholderia sp. ‘LMG 22945’ and Burkholderia sp. ‘LMG
22938°. Fig. 3 shows the whole-cell protein profiles of
isolates representing the main groups detected in the present
study, along with profiles of Burkholderia type or reference
strains belonging to the same species, or, for the putative
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Table 1
Distribution of the identified Burkholderia species per cluster. Only clusters assigned to one species are shown
Species No of Cluster No of isolates per treatment® Method® Reference®
isolates AG AM G G-M
B. hospita 71 A 6(0) 28(9) - 1(0) 2 and 3 (Goris et al.,
2002)
AL - 6(6) - - 2 and 3
AN 7(7) - - - 2
AO 2(2) - - - 2
AP 2(2) - - - 2
F 18(18) - - - 2 and 3
Y - 1(0) - - 2
Burkholderia sp. ‘LMG 22929 57 C - - 5(0) - 2 This study
D - - 16(0) - 2 and 3
E - - 1(0) - 2
G - 1(0) 8(7) 2(0) 2 and 3
H - - 10(10) - 2
1 - - - 2(1) 2
J - - 1(1) - 2
L - 1(0) 2(0) - 2
M - - 1(1) - 2
(6] - 1(0) - - 2
P - - 2(2) - 2
Q - - 4(0) - 2
B. phytofirmans 47 AA 2(0) 1(0) - 9(2) 2 and 3 (Sessitsch et al.,
2005)
AB - (1) 1(1) 13(13) 2 and 3
Al - 3(1) 53) 4(1) 2
AT - - 1(0) - 2
Al - - - 7(7) 3
Burkholderia sp. ‘LMG 22932’ 22 B - 4(0) - 18(0) 2 and 3 This study
Burkholderia sp. ‘LMG 22934’ 13 AV 1(1) 1(1) - 1(1) 2 This study
AX 3(0) (1) - - 2 and 3
AY 1(1) 4(4) - - 2 and 3
AR - - 1(1) - 2
B. caledonica 6 AC 1(1) - - - 2 (Coenye et al.,
2001b)
AD - 1(1) - - 2
S - 3(0) - - 2 and 3
T - 1(0) - - 2
Burkholderia sp. ‘LMG 22936° 4 AQ - 4(3) - - 2 and 3 This study
Burkholderia sp. ‘LMG 22946 3 \% - - 3(0) - 2 and 3 This study
Burkholderia sp. ‘LMG 22940’ 2 AS 1(0) 1(0) - - 2 and 3 This study
Burkholderia sp. ‘LMG 22945’ 1 R - - 1(0) - 2 and 3 This study
Burkholderia sp. ‘LMG 21262’ 1 X - 1(1) - - 2 and 3 (Goris et al.,
2002)
Burkholderia sp. ‘LMG 22938’ 1 Z - 1(0) - - 2 This study
B. pyrrocinia 1 AM - - - 1(0) 1 and 3 (Viallard et al.,
1998)

% Number in brackets indicates isolates obtained from bulk soil.

® Methods used for identification: 1, RELP of the recA gene; 2, comparison of the whole cell protein profiles; 3, sequencing of the partial 16S rRNA gene.

¢ Indicates the reference where the species is described.

novel species, belonging to their nearest phylogenetic
neighbours. A phylogenetic tree based on the 16S rRNA
gene is shown in Fig. 4, indicating the position of some
representative isolates described in Table 1 in the genus
Burkholderia.

The species most frequently isolated was B. hospita
(Goris et al., 2002), representing 28% of the isolates, which
were distributed over seven DGGE-BOX clusters. Interest-
ingly, 98.6% of the B. hospita isolates were recovered from
the arable land carrying maize or grass (A-M and A-G)

(Table 1). Twenty-two percent of the Burkholderia isolates
were identified as Burkholderia sp. ‘LMG 22929’ and about
95% of these isolates were obtained from the plots with
grassland history (G and G-M). In fact, this group was
clearly correlated with permanent grassland (G), which
contained 88% of the isolates. In addition, this was the most
diverse Burkholderia species, being represented by 12
DGGE-BOX clusters. Another abundant group of isolates
(19%), spread over five clusters, was identified as
B. phytofirmans, a new Burkholderia species originally
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Marker lane

| B. hospita LMG 20574

B. hospita A57-3 (LMG 22927, cluster A)
B. hospita A42-8 (LMG 22928, cluster F)

Burkholderia sp. RA57-5 (LMG 22929, cluster G)
Burkholderia sp. RG3-1 (LMG 22930, cluster D)
Burkholderia sp. G47-12 (LMG 22931, cluster G)

B. phytofirmans LMG 22146
B. phytofirmans G44-5 (LMG 22849, cluster AA)
B. phytofirmans G6-5 (LMG 22850, cluster AB)

. B. fungorum LMG 16225

B. fungorum LMG 16226

| Burkholderia sp. RA13-6 (LMG 22932, cluster B)

Burkholderia sp. RA22-6 (LMG 22933, cluster B)

B. glathei LMG 14190
B. glathei LMG 19481

Burkholderia sp. RA1-5 (LMG 22934, cluster AX)
Burkholderia sp. A22-1 (LMG 22935, cluster AY)
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Fig. 3. Whole-cell protein electrophoretic patterns of the Burkholderia isolates from the present study and of reference strains. The molecular weight markers
used (top lane) were (from left to right) lysozyme (molecular weight, 14,500), trypsin inhibitor (20,000), trypsinogen (24,000), carbonic anhydrase (29,000)
glyceraldehyde-3-phosphate dehydrogenase (36,000), egg albumin (45,000), bovine albumin (66,000) and beta-galactosidase (116,000).

isolated from onion infected with arbuscular mycorrhiza
(Sessitsch et al., 2005). This species was also mainly
isolated from the plots with grassland history (85%) and the
highest number of isolates was recovered from grassland
converted into maize monoculture (G-M, 70%). Burkhol-
deria sp. ‘LMG 22932’, corresponding to a single cluster
containing 9% of the isolates, was highly prevalent in the
maize rhizosphere and contained isolates from plots
currently under maize, but with different land use history
(A-M and G-M). Burkholderia sp. ‘LMG 22934’ rep-
resented 5% of the isolates, spread over four clusters, and
was mainly recovered from the arable land, currently under
different crops (A—G and A-M). Two percent of the isolates,
which were distributed over four clusters, were assigned to
B. caledonica (Coenye et al., 2001b). These isolates were
mainly obtained from the rhizosphere of maize plants
collected from the arable field (A-M). Burkholderia sp.

‘LMG 22936’ (2% of the isolates) was mainly isolated from
the bulk soil of the arable area under maize monoculture
(A-M) and was represented by clusters AQ. Cluster V
contained 1% of the isolates, which were obtained from
permanent grassland (G) and identified as Burkholderia sp.
‘LMG 22946°. Cluster AS was identified as Burkholderia
sp. ‘LMG 22940’ and represented by 1% of the isolates,
mostly obtained from rhizosphere soil of the arable land.
Cluster R encompassed one isolate, called Burkholderia sp.
‘LMG 22945°, which was isolated from the permanent
grassland (G). Both clusters X and Z were represented by
one isolate each, obtained from the bulk and rhizosphere soil
of arable land under maize monoculture (A-M), respect-
ively. The isolate from cluster X belonged to a novel
Burkholderia species described by Goris et al. (2002). The
latter novel species is referred to below as Burkholderia sp.
‘LMG 21262’. The isolate from cluster Z was assigned to
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Fig. 4. Phylogenetic tree showing the relationship between some Burkholderia species and the isolates described on Table 1. The tree was constructed based on
1384 bp of the 16S rRNA gene, using the neighbour-joining method (Saitou and Nei, 1987). A bootstrap analysis was performed with 100 repetitions, and only
values above 50 are shown. The accession number of each strain is enclosed in square brackets.

Burkholderia sp. ‘LMG 22938’. Cluster AM, which also
comprised one isolate recovered from the rhizosphere of
maize growing in the grassland plot (G-M), was assigned to
B. pyrrocinia (Vandamme et al., 2002b).

Although the majority of the DGGE-BOX clusters were
assigned at species level (Table 1), seven clusters comprised
isolates belonging to more than one Burkholderia species
(data not included in Table 1). Cluster N comprised four
isolates obtained from the rhizosphere of the permanent
grass (G). Three of these were assigned to B. phytofirmans
and one to Burkholderia sp. ‘LMG 22929’. Similarly,
cluster AH was represented by two rhizosphere isolates
recovered from the area under permanent grassland (G),
which were identified as B. phytofirmans and Burkholderia
sp. ‘LMG 22929°. The isolates grouped in cluster U were
identified as B. caledonica (two isolates) and B. hospita
(four isolates) and were recovered from the rhizosphere of

maize or grass, grown in the arable land (A-M and A-G).
Cluster AG comprised four isolates: two were identified as
B. caledonica and one as B. xenovorans (Goris et al., 2004).
The fourth isolate (Burkholderia sp. ‘LMG 22948’) was
identified as belonging to the B. cepacia complex by protein
profile, while sequencing analysis of the 16S rRNA gene
indicated 97% similarity with Burkholderia sp. strain
RPO07 (accession number AF061872; Laurie, A.D. and
Lloyd-Jones, G., unpublished). These were all obtained
from the rhizosphere of maize, growing in the arable land
(A-M; B. caledonica and B. xenovorans) or in the grassland
(G). Four isolates collected from the maize rhizosphere
(G-M) represented cluster AE. Of these, one was identified
as B. phytofirmans and the remaining three as belonging
to B. cepacia complex. The latter strains, ‘LMG 22950’
were characterised by a novel Haelll-recA restriction
profile and therefore, their precise taxonomic status within
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Fig. 5. Observed and predicted distributions of the DGGE-BOX clusters in bulk (A) and rhizosphere soil (B). Species abundance classes were calculated

according to the formulas described by Hill et al. (2003).

the B. cepacia complex requires further taxonomic analyses.
Cluster AF comprised three isolates from the rhizosphere of
maize growing in the arable land (A—M). Two of these were
identified as B. hospita, while the third one was identified as
belonging to the B. cepacia complex by protein profile.
Further taxonomic work is required to address the status of
this isolate (‘LMG 22949’), since amplification of the recA
gene was not successful. According to the partial
sequencing of the 16S rRNA gene, this isolate was most
similar to B. vietnamiensis strain LMG 10929 (accession
number AF097534) (Tra Van et al.,, 1996). Cluster AU
comprised two isolates, identified as Burkholderia sp.
‘LMG 22939’ and ‘LMG 22937°, which were isolated
from bulk soil of permanent grassland and arable land under
maize monoculture, respectively.

3.4. Diversity measurements

The distribution of the Burkholderia strains in the 47
clusters defined by DGGE-BOX fingerprinting was used to
evaluate the diversity of the community as related to the
treatments. Fig. 1 shows that the Shannon diversity index
(H') for bulk and rhizosphere soils displayed the same trend,
with the highest values being obtained for arable land under
maize monoculture (A-M) and the lowest for arable land
converted to grassland (A-G). In addition, the Shannon
diversity index obtained for the Burkholderia community
associated with rhizosphere soil tended to be higher than for
that of the bulk soil, however, this difference was significant
(P=0.01) only for the soil collected from the areas with
grassland history (G and G-M) (Fig. 1). The Burkholderia
communities associated with the rhizosphere of grass
collected from the permanent grassland (G) and of maize
growing in the arable land (A-M) were the most diverse
according to the Shannon diversity index (P=0.001)
(Fig. 1). When comparing the Burkholderia communities
of the bulk soils, the lowest diversity indices were found in

the arable land converted to grassland (A—-G) and grassland
converted to maize monoculture (G-M) (P=0.001) (Fig. 1).
To compare the effects of the plant rhizospheres on the
diversity of Burkholderia communities, all isolates obtained
from rhizosphere or bulk soil samples were pooled,
generating two data sets (bulk and rhizosphere soil) that
were divided in five abundance classes (Hill et al., 2003).
Three species abundance models, ranging downward in
equitability from ‘broken stick’ to ‘log series’ (Hill et al.,
2003) were tested and compared with the observed
distributions. Although some differences in the distribution
could be observed between the rhizosphere and the bulk soil
community (mainly in the intermediate classes) (Fig. 5), all
models fitted the observed distribution to some extent, for
both data sets. The distribution of the bulk soil community
could be described by the broken stick model, the truncated
log normal and the log series model with probabilities of
P=0.30, 0.50 and 0.70, respectively. The rhizosphere
community data could be described by these models with
probabilities of P=0.10, 0.30 and 0.20, respectively.

4. Discussion

4.1. Burkholderia isolation from soil samples

To evaluate the culturable Burkholderia communities in
soils under different agricultural management, organisms
able to grow on the semi-selective PCAT medium were
assessed. PCAT has been widely used for assessing the
diversity of species belonging to the B. cepacia complex in
the environment (DiCello et al., 1997; Pallud et al., 2001;
Richardson et al., 2002; Dalmastri et al., 2003), although
most Burkholderia species are able to grow on it (Viallard
et al.,, 1998). By using genus-specific primers, we indeed
observed that the majority of PCAT colonies belonged to
the genus Burkholderia, whereas only 2% of the isolates
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belonged to the B. cepacia complex. The fraction of isolates
recovered from PCAT that belongs to the B. cepacia
complex is known to be variable and dependent on the
environmental source, ranging from around 74% (DiCello
et al.,, 1997; Tabacchioni et al., 2000) when roots are
blended prior to dilution and plating, to below detection
when bulk soil from a maize field was taken as sample
(Pallud et al., 2001). The differences may be attributed to the
fact that, when macerated roots are used for dilution, not
only the rhizosphere community is being analysed, but also
the rhizoplane and the endophythic communities. These
results indicate that PCAT is suitable for the enumeration
and isolation of Burkholderia species, but not specifically
for species from the B. cepacia complex. However, since the
list of species belonging to the genus Burkholderia has been
altered several times since the work performed by Viallard
et al. (1998), with new species being added annually, more
studies are necessary to verify which Burkholderia species
are able to grow on PCAT medium.

4.2. Burkholderia species associated with agricultural
management regimes

In the present study, we used a polyphasic strategy to
identify Burkholderia isolates to the species level, in order
to assess whether the clustering based on the DGGE-BOX
approach was suitable to determine the Burkholderia
diversity. Several studies of the genus Burkholderia
confirmed the correlation between the whole-cell protein
profile similarity and DNA-DNA hybridisation, the latter
being the standard for species delineation in bacterial
taxonomy (Coenye et al., 1999, 2001a, 2001b; Goris et al.,
2002; Goris et al., 2004; Vandamme et al., 1996, 1997,
2002a). Only for some of the B. cepacia complex species
which are very closely related, whole-cell protein profiles
are too similar to allow unequivocal species differentiation
(Coenye et al., 2001c) and, therefore, alternative molecular
approaches have been elaborated (Mahenthiralingam et al.,
2000). The identification results showed that isolates of
most of the DGGE-BOX clusters could be identified at
species level. Forty-one percent of the isolates were
distributed over eight potentially new Burkholderia species,
which, in general, were closely related to species commonly
isolated from the environment. However, a full taxonomic
characterisation of these species is beyond the scope of the
present study.

By evaluating the distribution of the Burkholderia
species among the treatments, we observed that they could
be divided in two groups, according to the land use history
of the area. Burkholderia isolates identified as B. hospita or
Burkholderia sp. ‘LMG 22934’ seemed to be well adapted
to changes in agricultural management, since they occurred
in both arable land under maize monoculture and arable land
converted to grassland. Since B. hospita has originally been
isolated from agricultural soil as a transconjugant that had
received plasmids pJP4 or pPEMT1 (Goris et al., 2002), its

plasticity may be due to its ability to acquire plasmids from
other soil bacteria. B. caledonica and Burkholderia sp.
‘LMG 22936’ occurred mainly in the arable land under
maize monoculture, although the former was mainly found
in association with maize roots, while the latter was also
found in the bulk soil. This result is in agreement with the
original report of B. caledonica, which was first isolated
from rhizosphere soil in Scotland (Coenye et al., 2001b).
The isolates obtained from grassland were mostly dis-
tributed among two species, Burkholderia sp. ‘LMG 22929’
and B. phytofirmans. The former isolates were highly linked
to the permanent grassland whereas the latter was found
mainly in the grassland converted to maize monoculture
(G-M). B. phytofirmans has been recently described as a
powerful plant-growth promoting bacterium (Sessitsch
et al., 2005). However, additional tests should be performed
in order to verify if plant-growth promotion is a common
trait within this species. The only organisms that might be
correlated with agricultural management regime were
affiliated with Burkholderia sp. ‘LMG 22932°. This taxon
was highly associated with the maize rhizosphere, occurring
in maize planted both in former grassland (G-M) and in
arable land (A-M).

4.3. Implications of agricultural management regimes
for the diversity of culturable Burkholderia species

Rhizosphere bacterial communities seem to have a
higher level of culturability than bulk soil communities
due to the enhanced substrate availability observed around
the roots (de Ridder-Duine et al., 2004). Indeed, the
Burkholderia population densities present in the rhizosphere
were 100-fold higher than those in the bulk soil in all
treatments, except A—G. Due to the differences in cell
densities, the Burkholderia community associated with bulk
and rhizosphere soils were compared regarding the
distribution of their clusters within each of these two sub-
sets of the Burkholderia community, by fitting the observed
abundance to species abundance models. Most likely as a
result of the size of our data set and the low number of
abundance classes, we were not able to clearly specify the
model that best fitted the data set. Nevertheless, abundance
models still address the distribution of the population and
can be recommended even when coverage is low (Hill et al.,
2003). According to the species abundance models, the
Burkholderia community associated with rhizosphere soil
(log-normal distribution) was more even than the commu-
nity in the bulk soil (log series). The log series abundance
model represents the least equitable distribution tested. It
tends to occur when only one or few factors dominate the
ecology of the community (Magurran, 1988) and few groups
are abundant. In the case of the bulk soil, the factors
determining community composition could be the agricul-
tural practices applied to the fields. In the rhizosphere soil,
the model that best fitted the distribution of the
Burkholderia community was the truncated log-normal
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model, which may originate from a community that has
been affected by random variation of many independent
factors (Hill et al., 2003). In our case, these random factors
could be correlated with differences in quality and quantity
of root exudation, in addition to agricultural management.

It is generally accepted that the rhizosphere community
is a subset of the bulk soil community and is, therefore, less
complex (Duineveld et al., 2001). In this study, however, the
diversity of the culturable Burkholderia communities
associated with the treatments (estimated by comparing
the Shannon diversity index) was consistently higher in the
rhizosphere than in the bulk soil, irrespective of land use
history or agricultural management. Since only the
culturable fraction of the Burkholderia community was
assessed, one can speculate that the higher diversity
observed in the rhizosphere was due to a positive effect of
plant roots on the ability of the isolates to grow on the
selective medium used. Furthermore, comparison of the
Shannon diversity indices of the culturable Burkholderia
communities associated with the treatments revealed that
the Burkholderia diversity at the culturable level was
affected mainly by changes in the agricultural management.
The treatments with lower diversity indices were those
subjected to a new agricultural management (A-G and G-
M), suggesting that the conversion of arable land to
grassland and vice versa led to a decrease in diversity.
This result indicates that the impact of agricultural practices
(fertilisation, tillage, etc.) applied to certain agricultural
management regimes, can be greater than the crop used in
that management. Moreover, the changes in soil manage-
ment may have induced the selective outgrowth of specific
Burkholderia types or species, decreasing the evenness and
species abundance. Different plant species can select
different portions of the microbial community (Smalla
et al., 2001; Garbeva et al., 2004), but care should be taken
when comparing plants growing in soils with different land
use history or soils that went through recent changes in
management. If we had considered only the arable land, we
would have concluded that the Burkholderia community
associated with maize (maize monoculture) was more
diverse than the one associated with grass (grassland). On
the other hand, by sampling only the plots derived from the
permanent grassland, the opposite conclusion would have
been achieved.

4.4. Conclusions

The diversity of the culturable Burkholderia community
was mainly affected by the changes in the agricultural
management, regardless of the direction of this change
(towards more exploitative or more conservative manage-
ment). Moreover, the culturable Burkholderia community
associated with the rhizosphere was more even than the one
associated with the bulk soil. Identification of the isolates
showed that only 2% belonged to the B. cepacia complex
and that the majority of the species was assigned to either

new Burkholderia species or to Burkholderia species
commonly found in the soil.
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