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ABSTRACT

Magor part of fluorescent Pseudomonads isolated from a mi-
xed plantation of lettuce and carrot grown in an organic
experimental station (Integrated Agroecological Production
System) were identified as P. putida. Phenotypic characteri-
zation of these isolates indicated their specificity to their host
plant. A cluster formed by strains with high percentage of
similarity was predominant on carrot while in lettuce the iso-
lates were grouped in discrete clusters. Genotypic characteri-
zation carried by BOX-PCR distinguished these isolates more
precisely, in terms of species or genera, while ITS-RFLP pro-
files confirmed specificity of the isolates for plants, or even for
their compartments. These results suggested that there was a
level of specificity in the interaction of fluorescent Pseudo-
monads and the host plant. Specificity may be an important
Seature to identify efficient BCA (biological control agents)/
PGPR (plant growth promoting rhizobacteria).

KEYWORDS

rhizobacteria, bacterial typing, plant association

Universidade de Cuiabd — UNIC. Faculdade de Agronomia. Av. Beira Rio

n.3100 — 78065-900 - Cuiabd ~-MT - Brazil

IBAMA - Instituto Brasileiro de Meio Ambiente e Recursos Naturais Renovaveis,
Doiretoria de Licenciamento Ambiental. SCEN Trecho 2, Edificio Sede, bloco C,
1" andar. 70818-900 - Brasilia, DF- Brazil

Empresa Brasileira de Pesquisa Agropecuaria, Centro Nacional de Pesquisa de
Agrobiologia,- BR 465, km 7, Caixa Postal 74505, CEP 23851-970, Seropédica,
R] -Brazil. Corresponding author < gloria.botelho@krotoniuni.com.br>

333



UNICiéncias, v.15, n.1, 2011

PERFIL DE PSEUDOMONAS FLUORESCENTE
PARA USO EM BIOCONTROLE ISOLADAS
DE SISTEMA DE PRODUCAO
AGROECOLOGICO BRASILEIRO

RESUMO

Grande parte dos isolados de Pseudomonads fluorescente de
um consorcio de alface e cenoura cultivado em wma estagdo
orgdnica experimental (Sistema de Produgdo Agroecoligica
Integrado) foi identificada como P. putida. A caracteriza-
¢do fenotipica destes isolados indicou especificidade destes
pelas plantas hospedeiras. Um grupo formado por estirpes
com alta porcentagem de similaridade foi predominante na
cenoura, enquanto na alface, os isolados foram agrupados
em grupos discretos. Na caracterizagdo genotipica feita por
BOX-PCR separou estes isolados mais precisamente, em ter-
mos de espécie e género, enquanto os perfis de ITS-RFLP
confirmaram a especificidade dos isolados de plantas ou mes-
mo seus compartimentos. Estes resultados sugerem que houve
um nivel de especificidade na interagao de Pseudomonas
Sfluorescente e a planta de onde foram isolados. A especifici-
dade pode ser wm aspecto importante para identificar ACB
(Agentes do Controle Bioldgico)/ RPCV (Rizobactérias Pro-
motoras de Crescimento Vegetal) eficientes.

PALAVRAS-CHAVE

rizobactérias, tipificag¢do bacteriana, associagdo com plantas

Introduction

The rhizosphere effect on the microbial community in-
fluences different taxonomic, physiological and morphological
groups, which form a specific community where gram-negative
bacteria represent significant proportion (Alexander, 1977).
Among many bacterial genera present in this habitat, the fluo-
rescent Pseudomonads have been intensively studied due to their
capacity to survive in different environments, promote plant gro-
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wth (Kloepper & Schipper, 1992; Botelho & Hagler, 2006) and
suppress many plant diseases (Thomashow & Weller, 1995). Plant
growth promoting rhizobacteria (PGPR) can stimulate plant gro-
wth directly or indirectly (Compant et al., 2005). Plant growth
can be stimulated especially by their capacity to inhibit fungi that
cause plant diseases. This potential of fluorescent Pseudomonads
is related to the metabolites produced by these microorganisms
such as siderophores (Lemanceau et al., 1995), compounds that
induce resistance by plants to antagonist microorganisms (Ma-
riano & Kloepper, 2002), biosurfactant compounds (Stanghelli-
ni & Miller, 1997) and antibiotics (Thomashow & Weller, 1988;
Moenne-Loccoz et al., 2001; Raaijmakers et al., 2002).

The SIPA" (Sistema Integrado de Producgio Agroecolégi-
ca — Agroecological Production Integrated System - Seropédica/
R]) has as the main goal the development and divulgation al-
ternative agricultural practices based on the organic agriculture
and agrobiodiversity. Over the last few years in this experimental
area, a reduction in the incidence of some plant diseases has been
observed. Until now, the cause of this phenomenon is poorly un-
derstood. The improvement of microbial community abundance
and diversity, as well as cultural practices adopted may stimulate
some of the bacterial community, such as fluorescent Pseudomonas
spp- Fonseca (2003) isolated fluorescent Pseudomonas spp. from
a mixed crop of lettuce and carrot planted in the SIPA. Some of
the isolates suppressed the development of Sclerotinia sclerotiorum
in vitro and in vivo and promoted lettuce growth. The fluorescent
Pseudomonad community seems to play an important role in the
SIPA soil microbiota. The utilization of microorganisms as BCA/
PGPR requires phenotypic and genotypic characterization for
their correct identification, as well studies of their impact on the
soil community (Versalovic et al., 1991; Aragjo et al., 1995; Bote-
lho et al., 1998; Seurinck et al., 2003).

4  “Fazendinha Agroecolégica Km 47" (“Agroecological Farm Km.47” - Accord
Embrapa, UFRuralR], Pesagro - Rio)
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Material and methods

Fluorescent Pseudomonas spp. isolates
Fifty-four isolates previously obtained from the rhizosphe-
re (RF), rhizoplane (RP) and inner root tissues (ED - endorhi-
zosphere) of lettuce and carrot cultivated in a mixed cropping
system located in the SIPA were analyzed (Fonseca, 2003).

Phenotypic characterization
Isolates were identified and characterized by their meta-
bolic profile by the kit API 20NE (Biomérieux®, France). The
isolates were previously inoculated on plates containing KMB
(King et al., 1954) for 24h at 28°C. After this period, one to four
colonies were transferred to tubes containing 2mL of NaCl 0.9%
(w/v). The optical density strip inoculations and their analyses
were performed according to the manufacturer’s recommenda-
tion. Based on the metabolic pattern, similarity among isolates
was calculated according to UPGMA algorithm and Jaccard coe-
fficient by software BioDiversity Professional v.2.

Genotypic fingerprinting

DNA extraction
DNA extraction of the isolates was carried out by phenol:
chloroform:isoamilicacid method according to Xavieretal. (2004).
The suspensions were then quantified by optical density - 260 nm
(Ausubel et al., 1992) using UV 1201 spectrophotometer (Shima-
zu Corp., Japan). The suspensions were diluted to final concen-
tration of 100pg/pL. Different molecular techniques were used.

ITS1 restriction analysis
Thirty mL of PCR mixture constituted of 1x buffer enzy-
me (Invitrogen Corp) 3mM de MgCl, (Invitrogen Corp.) 200uM
dNTP, 2.5% formamide 250 pM of each primer, 5 U of Taq poly-
merase (Invitrogen Corp.) and 3ng/uL. of DNA. The primers
fPs16S and rPs23S and PCR program were described by Locatelli
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et al. (2002). After the PCR, 3uL of the reactions were deposited
in 1% agarose gels at 90V for 30 min and checked at UV light in
IMAGO Compact Imaging System, B&L system.

The restriction of amplified fragment was performed using
Tagl (Promega Corp.). Fifteen mL of the final mixture constituted
of 2x enzyme buffer, 2U/uL of Taql and 6uL of PCR reaction adjus-
ted previously by band intensity in the agarose gel. After incubating
the mixture for 3h at 37°C, all product was placed on 5% polyacri-
lamide gel at 60V for 16h. Gel was stained with 1% SyberGold™
and checked with UV light in IMAGO Compact Imaging System,
B&L system. Band profiles were analyzed by software Gelcompare
II version 3.5 (Applied Maths, Inc.) that generated similarity den-
drograms according to UPGMA algorithm and Jaccard coefficient.

BOX-PCR analysis
Twenty five mL of PCR mixture of 1x Gitschier buffer (Ra-
demaker et al., 1998), 170ug/mL of BSA (Bovine Serum Albu-
min), 5% DMSO (Dymethil sulfoxide), 125uM dNTP, 400pM of
BOX A1R primer (Versalovic et al., 1994), 1.5 U of Taq polymera-
se (Invitrogen, Belgium) and 1ng/uL of DNA. The PCR program
was carried out as described by Versalovic et al. (1994). After the
PCR, 3uL of the reactions were placed on 1% agarose gels at 90V
for 30 min and checked with UV light in the IMAGO Compact
Imaging System, B&L system. Eight mL of the PCR product were
placed on 5% polyacrilamide gel at 60V for 16h. Gels were stai-
ned with 1% SyberGold™ and visualized with UV light on IMA-
GO Compact Imaging System, B&L system. Band profiles were
analyzed by software Gelcompare II version 3.5 (Applied Maths,
Inc.) that generated similarity dendrograms according to the

UPGMA algorithm and Jaccard coefficient.

Results and discussion

Phenotypic profile
Most of the isolates were identified as P putida by API
20NE (Biomeriéux®) (table 1). Eighty one percent of the isolates
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were identified as P putida, 7% as P fluorescens and 11% as other
Pseudomonads species or genera. Many of these other genera
were identified as Burkholderia which is a genus derived from
Pseudomonas (Yabuuchi et al., 1992). Despite of the low number
of P, fluorescens isolates, they were obtained from both lettuce and
carrot compartments (non-rhizospheric soil) but two of the iso-
lates which displayed the highest degree of identification with P
fluorescens, (above 95%), were isolated from the rhizoplane.

Based on the metabolic fingerprinting of the isolates, the
dendrogram of similarity clustered the isolates in three different
groups (figurel). Group Al comprised sub-clusters Ala e Alb
that assembled almost exclusively P. putida. Sub-cluster Ala clus-
tered isolates with a higher identity percentage (83-96%). On the
other hand, Alb assembled isolates with lower identity percen-
tage (>65%). P, fluorescens, other species and genera were spread
in the groups A2 and A3. Two isolates, identified as P alcaligenes,
did not match the groups.

The Ala and Alb sub-clusters contained higher numbers
of rhizoplane isolates from the two plants, followed by the popu-
lation of non-rhizospheric soil and finally, from the rhizosphere
(Figures 2a and 2b). The rhizosphere and rhizoplane populations
were very similar for the two plant species. Nevertheless, it was
observed that in the rhizoplane of lettuce, the size of the po-
pulation from Ala sub-cluster was similar to the Alb, contras-
ting with the higher population of Alb in the rhizosphere and
non-rhizospheric soil. In the carrot rhizoplane, isolates from Alb
were predominant, as was the case in the rhizosphere and non-
rhizospheric soil. The population of Ala in carrot rhizosphere
was significantly lower than in the other compartments. It is im-
portant to notice that in the rhizoplane of the two plants, only P
putida and P, fluorescens were identified. The bacterial community
isolated from the inner tissues of the plants was low but P putida
was present in both plants.

Our results confirmed the previous observations reported
by Fonseca (2003). The author’s analysis clustered the isolates
in 12 different morphological groups and analyzed 9 different
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features: among them elasticity that was considered more appro-
priate to distinguish between P putida and P fluorescens (Zago,
2003). The previous observations were confirmed by our results,
after identifying part of the isolates using the metabolic profile.
Different groups generated by the biochemical features indicated
that there is significant metabolic versatility among isolates that is
a characteristic of genus Pseudomonas (Stanier et al., 1966). These
data showed that the majority of the isolates originated from the
non-rhizospheric soil, rhizosphere and rhizoplane were P, putida.
The majority of isolates were obtained from the rhizoplane of the
plants, as a result of the rhizosphere effect. Just one isolate from
carrot rhizoplane was identified as P, fluorescens. In lettuce, there
were two isolates identified as P fluorescens and Alcaligenis spp.
Despite of the low number of isolates from the endorhizosphere,
P, putida was predominant as in other plant compartments. The
diversity of species and genera identified could suggest that the-
re was no specificity for its colonization. Nevertheless, refined
studies should be performed to better understand the endorhi-
zosphere colonization.

From the metabolic characterization, the population of
P putida from non-rhizospheric soil was approximately equally
distributed between the two sub-clusters Ala and Alb. For lettu-
ce, the rhizosphere population showed this same characteristic,
while in the rhizoplane, there was a slight improvement of Ala
population. On the other hand, for carrot, the Alb population
was predominant in the rhizosphere and, especially, in the rhi-
zoplane. These results suggested specificity of the groups of P
putida for plants. The carrot rhizosphere seemed to induce po-
pulations that had a larger range of identification percentage. It
could indicate that: (a) specificity of strain colonization: particu-
lar metabolic pathways could cause high range of percentage of
identification that could not be predicted by the kit for identifi-
cation; or (b) the large number of strains capable of colonizing
carrot rhizosphere, or even new species associated on it (Bote-
lho & Hagler, 2006; Costa et al, 2006). This specificity is not so
evident for lettuce, despite the slight increase in the number of
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P putida with higher percentage of identification. Some species
colonize specifically a certain compartment of the root and/or
even certain plants. This ability is also related to the root ex-
sudate composition (Campbell & Greaves, 1990). Lemanceau et
al. (1995) observed the root compartment affinity of species and
biovars of fluorescent Pseudomonads in flax and tomato. By the
phenotypic profile, they observed that three clusters included
only flax isolates and two only tomato isolates. They described
ten substrates that permitted them to discriminate strains be-
longing to these two clusters. Germida & Siciliano (2001) obser-
ved Pseudomonads were more abundant in the rhizosphere of
older wheat cultivars, but were the most dominant endophytes
in the newer cultivars. Kravchenko et al. (2003) observed that
the utilization of root exometabolites by plant growth—promo-
ting rhizobacteria might influence their growth and antifungal
activity. They proposed that sugar and organic acid composition
of the root exudates influenced the establishment of introduced
rhizobacteria in the roots, as well as antifungal activity. Recently,
Strigul & Kravchenko (2006) observed that an important factor
for PGPR survival was the compatibility between composition of
the host plant root exsudates, and ability of the PGPR to metabo-
lize those compounds.

Genotypic fingerprinting

Primers used for ITS analysis amplified in 1 to 2 bands.
These bands had 1100bp to 1300bp (figure 3a), indicating varia-
tion in the number of copies of ITS1 region. RFPL analysis of the
amplified fragments demonstrated high polymorphism among
the isolates (figure 3b). Most of the bands were between 350bp
and 1300bp. This fingerprinting generated a dendrogram with
two main groups (figure 4). The I'T1 cluster consisted of bacteria
from rhizoplane and rhizosphere for the two plants (Figures 5a
and 5b), and non-rhizospheric isolates. In lettuce, the major part
of the rhizoplane isolates were found in this group, while in car-
rot, they clustered mainly in the group I'T2. The IT2 cluster was
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formed by isolates from all sources, including endorhizosphere
isolates. An isolate that did not fit on any group was obtained
from lettuce endorhizosphere.

The dendrogram generated by BOX-PCR clustered the iso-
lates in 4 different groups (Figure 6). Results indicated that this
analysis better classified the isolates taxonomically than by plant/
compartment affinity. Comparison between BOX — PCR and me-
tabolic groups suggested this observation was valid (Figure 7).
Groups B1 and B3 comprised mainly Alaand Alb (metabolic clus-
tering) that contained all P putida. B1 assembled mostly Alb that
were classified as P putida with larger percentage range of identi-
fication and this data suggested being significantly specific to this
cluster. B3 gathered the two sub-groups but the presence of the
Ala group(the group that aggregated mainly P, putida with higher
percentage of identification) was higher. Despite their predomi-
nance, it was not so specific due to the presence of other clusters.
B2 and B4 did not show any significant specificity to taxonomic
groups. It is important to notice that some isolates did not react
to BOX primers, so they were not included in this correlation.

To confirm the correlation of the two analysis results, the
distribution of species in the BOX — PCR clusters were exami-
ned. Results were similar to those obtained by correlation. B1
and B4 clusters consisted of isolates identified as P fluorescens and
P, putida (Figure 8). B1 gathered mainly the P putida classified in
the larger percentage range of identification based on metabolic
profiles. The B2 cluster contained both species, other species of
Pseudomonas and genera, while B3 consisted mainly of P putida,
those with higher percentage of identification.

BOX-PCR and I'TS-RFLP trials suggested the great diver-
sity of isolates from the Agroecological Production System. These
results are in agreement to those obtained by Costa et al. (2006)
that observed large genotypic diversity and variability among P
putida in the Brazilian agrosystems. Analysis of BOX-PCR clus-
tered isolates with regard to the species or genera better than
specificity for compartment/plant. B1 and B4 BOX-PCR groups
were formed only for fluorescent Pseudomonads (P putida e P, flu-
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orescens), while B2 and B3 group also included other species and
genera. De Bruijn et al. (1997) described rep-PCR analysis (in-
cluding BOX-PCR) as higher discriminatory power for classifica-
tion and identification of bacteria. Our results are in agreement
with this observation since BOX-PCR better clustered isolates in
terms of species, despite of the significant diversity of fluorescent
Pseudomonas. Group Bl and B4 that clustered exclusively fluores-
cent Pseudomonas showed similarity of 80% and 67% (Figure 7).
This lower similarity in B4 would be related to the higher diver-
sity of this group and/or lower number of bands that could make
the analysis of the isolates difficult.

Many reports indicated rep-PCR (including BOX-PCR), as
a good method to characterize strains/isolates of species. Seo and
Tsuchiya (2005) clustered Burkholderia cepacia by rep-PCR (ERIC
and BOX-PCR) and obtained five clusters. Three of them were
more closely related to each other than the last two groups. The
results were similar to those reached by PCR-RFLP analysis of
fuC (flagellin gene) size. They did not detected significant di-
fferences among isolates from clinical and environmental sour-
ces. Vinuesa et al. (1998) found a finer taxonomic resolution to
the genomic fingerprinting of Bradyrhizobium strains. Combining
BOX, REP and ERIC PCR genomic analysis, it was possible to
maximize strain discrimination and the phylogenetic coherency
of the clusters. Cho & Tiedje (2000) observed high endemicity at
the level of genome structure using BOX-PCR to analyze fluores-
cent Pseudomonas isolates from different regions.

ITS analysis distributed isolates in two main groups. One
group consisted of only fluorescent Pseudomonas isolated mainly
from rhizoplane of lettuce. The second group comprised other
genera and species mainly isolated from the rhizoplane of carrot.
This group included isolates from the endorhizosphere that were
not present in the first group. ITS1 sequences are very similar
for strains belonging to the same biovar or genomovar, while fre-
quent insertion and deletion events are displayed in different
sub-especies (Guasp et al. 2000; Locatelli et al., 2002). Restric-
tion analysis of ITS1 can be used to differentiate Pseudomonas
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strains at infra-specific level (Cho and Tiedje, 2000, Jeng et al.,
2001). The restriction of the ITS region showed a high range
of polymorphism amongst the isolates and clustering by plant/
compartments. It could suggest that the Pseudomonas communi-
ty is diverse and specific to each plant and/or even, to its root
compartments. Concerning Pseudomonas diversity, it is important
to note that the evidence indicated populations of Pseudomonas
exchange DNA, when analyzing 16S rDNA (Stove et al., 2000;
Lombholt et al., 2001), but despite this they can be defined by cle-
ar genetic and phenotypic clustering (Palleroni, 2003).

ItwasobservedthateachI'TS groupwassub-dividedintothree
sub-clusters. One sub-cluster of group I'TS1 (C) and two of ITS2 (A
and C) comprised only isolates from plants. The sub-cluster I'TS2
(A) mainly contained isolates from carrot, reinforcing that I'TS-
RFLP analysis is able to distinguish isolates by plant host affinity.

This study showed the specificity of fluorescent Pseudomo-
nas isolates for plants and/or root compartments, especially with
regard to the rhizoplane. This specificity was better evaluated by
I'TS/RFLP. Lettuce rhizoplane isolates had a polymorphic profile
different from carrot rhizoplane isolates that permitted cluste-
ring them basically in two different groups.

The results reinforce the idea that phenotypic and geno-
typic characterization of microorganisms used in biological con-
trol and/or plant growth promotion are essential for choosing
microorganisms well-adapted to the root, improving the success
of applying them as inoculants. Besides it is possible to trace the-
se introduced microorganisms to evaluate their fate in the envi-
ronment, as well as their impact on soil biota.
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Table 1 — Specie identification of SIPA isolates from carrot-

lettuce consortium (ND —Not Determined)

Isolate Specie Plant | Plant compartment | % identity
EDA2.1 P putida Lettuce | Endorhizosphere 96
EDA3.1 | P alcaligenes | Lettuce | Endorhizosphere ND
EDA4.1 | P fluorescens | Lettuce | Endorhizosphere 69
EDCI1.1 P putida Carrot | Endorhizosphere ND
EDC1.2 | PRalcaligenes | Carrot | Endorhizosphere ND
EDC4.3 | B. pseudomallei | Carrot | Endorhizosphere 87
RF1.2 | P fluorescens Soil non-rhizospheric 88
RF1.5 P putida Soil non-rhizospheric ND
RF2.8 P putida Soil non-rhizospheric 94
RF2.1 P putida Soil non-rhizospheric 65
RF2.2 P putida Soil non-rhizospheric 65
RF2.3 Aeromonas Soil non-rhizospheric ND
RF2.4 P, putida Soil non-rhizospheric 93
RF2.5 | P fluorescens Soil non-rhizospheric 69
RF3.4 P, putida Soil non-rhizospheric 65
RF3.5 P, putida Soil non-rhizospheric 65
RF3.7 P, putida Soil non-rhizospheric 93
RF4.2 P putida Soil non-rhizospheric 93
RFAL.1 P putida Lettuce Rhizosphere 65
RFA2.2 P, putida Lettuce Rhizosphere 65
RFA2.5 P, putida Lettuce Rhizosphere 94
RFA3.3 P, putida Lettuce Rhizosphere ND
RFA3.5 P putida Lettuce Rhizosphere 86
RFA4.1 | P aeruginosa | Lettuce Rhizosphere 95
RFCI1.1 P putida Carrot Rhizosphere 65
RFC1.3 | P mendocina | Carrot Rhizosphere 44
RFC1.4 P, putida Carrot Rhizosphere 65
RFC1.5 P putida Carrot Rhizosphere 65
Continua...
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RFC2.11| P putida Carrot Rhizosphere 65
RFC3.2 P putida Carrot Rhizosphere 65
RFC4.6 P putida Carrot Rhizosphere 94
RFC4.7 | A. xylosoxodans | Carrot Rhizosphere 74
RPA1L.5 P putida Lettuce Rhizoplane 65
RPAL.9 P putida Lettuce Rhizoplane 83
RPA2.1 P putida Lettuce Rhizoplane 94
RPA2.5 P putida Lettuce Rhizoplane 65

RPA3.10| P putida Lettuce Rhizoplane 93

RPA3.11 P putida Lettuce Rhizoplane 65

RPA3.12 P, putida Lettuce Rhizoplane 65
RPA3.3 P putida Lettuce Rhizoplane 94
RPA3.9 P putida Lettuce Rhizoplane 83
RPA4.4 | P fluorescens | Lettuce Rhizoplane 95
RPA4.5 P, putida Lettuce Rhizoplane 98
RPC1.2 P putida Carrot Rhizoplane 65
RPC1.4 P putida Carrot Rhizoplane 94

RPC2.10| P putida Carrot Rhizoplane 96
RPC2.3 P putida Carrot Rhizoplane 65
RPC2.6 P, putida Carrot Rhizoplane 65
RPC3.2 P, putida Carrot Rhizoplane 93
RPC3.4 P putida Carrot Rhizoplane 65
RPC3.9 P putida Carrot Rhizoplane 65

RPC4.10| P putida Carrot Rhizoplane 93

RPC4.12| P putida Carrot Rhizoplane 65
RPC4.4 | P fluorescens | Carrot Rhizoplane 99

Conclusao
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Figure 1 — Metabolic fingerprinting of fluorescent Pseudo-
monas spp. (Dendrogram of similarity using UPMGA and Jaccard

coefficient).
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Figure 3 — I'TS region amplification of fluorecent Pseudomo-
nads from SIPA. (a) - I'TS PCR; (b) — ITS/RFLP using Taq I. enzyme
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Figure 4 — Genotypic fingerprinting of fluorescent Pseudo-
monas spp. by I'TS - RFLP (Dendrogram of similarity using UPM-
GA and Jaccard coefficient).
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Figure 5 — Distribution of fluorescent Pseudomonads by
I'TS analysis. (a) — lettuce; (b) — carrot; Soil — non-rhizospheric
soil; RP —rhizoplane; RF — rhizosphere; ED — Endorhizosphere.
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Figure 6 — (a) Genotypic fingerprinting of fluorescent
Pseudomonas spp. by BOX — PCR. (b) - dendrogram of similarity
using UPMGA and Jaccard coefficient).
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profiles
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Figure 8 — Distribution of fluorescent Pseudomonads by
BOX-PCR analysis. (Pp Ala) — P putida - higher percentage of
identification; (Pp Alb) — P putida - larger identification range;

(Pf) — P, fluorescens; Others — species and genera
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