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ABSTRACT

The objective of this study was to characterize isolates of biovar 2 of Ralstonia solanacearum pathogenic to eucalyptus “urograndis”
hybrid by means of biochemical tests, as well as evaluation of host range and identification by PCR with primers for species, biovar
and phylotype. Carbohydrate utilization assays revealed that the eucalyptus isolates belong to phenotype Tropical of biovar 2 (2T).
From artificial inoculations it was possible to reproduce symptoms or recover the bacterium from: eucalyptus, potato, tomato, eggplant,
datura, geranium, turnip, mustard, nasturtium, beetroot, sunflower, bean, French marigold, horseradish tree, and cashew. The PCR assays
confirmed that the isolates belong to biovar 2, phylotype II of the bacterium. The confirmation of new biovar naturally infecting eucalyptus

indicates that R. solanacearum easily adapts to new hosts.
Key words: bacterial wilt, biovar 2T, phylotype II.

INTRODUCTION

Commercial planting of eucalyptus (Eucalyptus
spp.) in Brazil has intensified in recent years, and production
has continued to match the country’s demand. Of the
total area of planted Brazilian forests, 63% is covered by
eucalyptus (SBS, 2008). The success of this crop tree in
Brazil is mostly attributed to the fast growth of interspecific
eucalyptus hybrids, which can be easily propagated by
clonal multiplication by rooting of cuttings and mini-
cuttings. This system allows high yield and quality of wood
for charcoal and cellulose production (Alfenas et al., 2009).
However, the system of clonal propagation of eucalyptus
is highly conducive to important and emergent diseases,
such as bacterial wilt, caused by Ralstonia solanacearum
(Smith) Yabuuchi et al. Bacterial multiplication and spread
of disease by cuttings in nurseries is favored by folding of
the roots, high temperature and humidity (Alfenas et al.,
2006).

This bacterium is classified into races, according to
its range of hosts (Buddenhagen & Kelman 1964), and into
biovars by means of carbohydrate utilization and growth on
specific culture media (Hayward, 1964). Races and biovars
are informal groupings at the infra-subspecific level not
governed by the International Code of Nomenclature of
Bacteria(Lapageetal., 1992). Fegan & Prior (2005) proposed
another classification at infra-subspecific levels phylotype
is a monophyletic group based on ITS (internal transcribed
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spacer) variations of DNA, and termed “sequevars”, for that
isolates identified by sequencing the endoglucanase genes.
This classification has greater phylogenetic relevance in
that it is stable over time.

Ralstonia solanacearum affects more than 200
species distributed among 50 botanical families (Hayward,
1994). Its range of hosts has been studied based on
observation of symptoms in the field, then by isolation and
fulfillment of Koch’s Postulates (Alvarez et al., 2008).

Bacterial wilt of eucalyptus caused by biovar 1
has been responsible for losses of thousands of seedlings
in nurseries in the Brazilian States of Bahia, Minas Gerais
and Para. Considering the lack of knowledge about genetic
resistance and strategies for controlling the disease, it
is essential to prevent the introduction of new strains of
the bacterium into the nurseries (Alfenas et al., 2006).
It is therefore important to characterize the pathogen at
subspecific level, since these strains could differ in spread
rate, virulence, geographic distribution, range of host, and
other attributes (Hayward, 1994; Fegan & Prior, 2005;
Alfenas et al., 2006).

Race 3 biovar 2 (R3bv2), known as the “potato race”,
presents a limited range of natural hosts, being found in
potato and occasionally in tomato (Solanum lycopersicum
L.), eggplant (Solanum melongena L.) and sweet pepper
(Capsicum annuum L.). It is prevalent in the South and
Southeast of Brazil, but it also occurs in the cooler parts
of generally hot regions, such as the Northeast of Brazil
(Lopes, 2009). The range of hosts of R3bv2 continues to
be somewhat confused, but more than 60 solanaceous and
non-solanaceous plants, some wild and some domesticated,
have been reported to be hosts, either by natural or artificial
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infection (Janse et al., 2004). There is little information
about the interaction of R. solanacearum with the root
system of wild plants exhibiting wilt symptoms or not
(Hayward, 1994).

Reports of bacterial wilt in tree species are limited or
poorly explained. Plants such as neem (Azadirachta indica
A. Juss.), casuarina (Casuarina equisetifolia L.), cashew
(Anacardium occidentale L.), custard apple (Annona
squamosa L.), teak (Tectona grandis L.) and jambo
(Eugenia javanica L.) have been described in a number of
countries, showing symptoms triggered by various biovars
of R. solanacearum (Supriadi et al., 2001).

The first report of bacterial wilt of eucalyptus in
Brazil was in 1980, by Sudo et al. (1983). All reports are of
Ralstonia solanacearum biovar 1 in America and biovar 3
in Asia, Oceania and Africa. Marques et al. (2009) described
R. solanacearum R3bv2 in young plantations of Fucalyptus
in Alexania, State of Goias, Brazil. The objective of this
work was to characterize isolates of R. solanacearum biovar
2 pathogenic to eucalyptus in Brazil.

MATERIAL AND METHODS

Origin of plant samples and bacterial isolates

Samples of branches with bacterial wilt were
collected from an infested area situated in the county of
Alexania (GO, Brazil), in February 2009. The area (latitude
16.00’ S and longitude 48.26 W, approximately) presented
about 17 ha with eucalyptus. Originally covered in native
cerrado vegetation, the area had recently been deforested.
Relief is mountainous and the soil is an unweathered clay-
sandy yellow latosol, with a large quantity of gravel. Plants
of the hybrid Eucalyptus urophylla S. T. Blake x Eucalyptus
grandis W. Hill ex Maiden (“urograndis”) had originated
from cuttings. At the time of collection, the plants showed a
lack of uniformity in their growth and an average height of
about 70 cm (phenological stage A), and most of the plants
presented advanced wilt symptoms.

Analysis of these samples took place in the
Bacteriology Laboratory of the Plant Pathology Department
at the University of Brasilia, Brasilia (DF, Brazil).

Isolation, cultivation and preservation of bacterial
strains

Segments of plant stalk were immersed in alcohol
70% for 30 s and sodium hypochlorite at 1% for 3 min;
washed twice with sterile distilled water; triturated in
sterilized water drop and the exudates were diluted by
streaking 523 medium of Kado & Heskett (1970). After
48 h of incubation, individual colonies were transferred to
Kelman’s tetrazolium medium (Kelman, 1954), and then
transferred to sterile distilled water in screw-top tubes.

Biochemical characterization

Pure colonies were submitted to the following
biochemical tests: Gram, catalase, oxidase, O/F (oxidation
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and fermentation of glucose), fluorescence in King’s
medium B, biovar determination using the carbohydrates
maltose, lactose, cellobiose, dulcitol, mannitol, and
sorbitol) and determination of the phenotype of biovar 2
using trehalose and inositol (Hayward, 1994). Strains UnB
575 (R1bvl), UnB 1018 (R3bv2) and UnB 1173 (R1bvl) of
R. solanacearum were used as positive controls (Table 1).

Hypersensitivity reaction and pathogenicity test

Hypersensitivity reaction (HR) was carried out
on tobacco leaves (Nicotiana tabacum L. ‘Havana 425°).
Potato Achat cultivar plants and Eucalyptus “urograndis”
hybrid seedlings were inoculated with the seven studied
eucalyptus isolates and also with strain UnB 1173, R1bvl
(Table 1).

For the test of HR all the isolates were initially grown
in Kelman’s medium (Kelman, 1954) and the virulent
colonies were selected after 48 h of incubation at 28°C. A
bacterial suspension of approximately 10 x 10® UFC/mL
(McFarland Turbidity Standard No. 7) was infiltrated on the
abaxial leaf surface of the test plants. Localized necrosis of
the infiltrated area was observed 12-24 h after inoculation.

For the pathogenicity test in potato seedlings and
eucalyptus mini-cuttings the virulent bacterial colony was
rubbed on hypodermic syringe needles, which were then
used to scratch the leaf axil. Fifteen plants of each species
were used as replicates, with 10 of them inoculated with the
bacteria and five not inoculated (controls). A soil test was
also carried out for eucalyptus, where 50 mL of the bacterial
suspension (10° UFC/mL) was distributed in the soil, soon
after the roots had been wounded by using a pointed table
knife. Non-inoculated mini-cuttings were used as control,
also with wounds on the roots, and inoculated with only
sterile distilled water. The plants were maintained in a
greenhouse at 28°C. Symptoms of infection by the bacterium
were observed, including yellowing, chlorosis, purpling and
watery lesions on the leaves, darkening of veins and tissues
and wilt. Re-isolation of the pathogen took place in medium
523 (Kado & Heskett, 1970) as previously described.
PCR
Extraction of genomic DNA and general PCR
conditions

Purification of the total DNA of the bacterial
genome was carried out using the Wizard® Genomic DNA
Purifications Kit (Promega, Madison, WI). All the PCRs
were carried out for a final volume of 25 pL, containing 1 X
Tag polymerase buffer (100 mM Tris-HCL pH 8.5, 500 mM
of KCl); 30 ng of target DNA and distilled water passed
through a Milli-Q Water System (Milli-Q water, Millipore,
Bedford, MS). The samples were submitted to amplification
inaPT-100™thermocycler (MJ Research, Watertown, Mass)
and electrophoresis was carried out at 85 V for one hour.
After running the eletrophoresis, the gel was stained, de-
stained and photographed in an LPix system from Loccus®.
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The marker used was 100 bp-Ladder® (Promega, Madison,
WI). The differences for each primer are as follows.

Identification with species-specific primers

From purified DNA a fragment of rDNA from the
16S region was amplified by PCR, using primers PS-1 (5’
AGT CGA ACG GCA GCG GGG G 3’) and PS-2 (5 GGG
GAT TTC ACA TCG GTC TTG CA 3’), which annealed
with specific sequences for R. solanacearum (Pastrik &
Maiss, 2000). The reactions were carried out containing:
1.5 mM MgCl,, 0.1 mM of each of the deoxynucleotides
(dATP, dTTP, dCTP, dGTP), 0.2 uM of each of the
oligonucleotides, 0.5 U of 7ag DNA polymerase enzyme.
Initially the samples were heated to 95°C for 5 min, then
submitted to 35 cycles of 95°C for 30 s for denaturation,
30 s at 68°C for annealing of primers and 72°C for 45 s for
extension, with final extension at 72°C for 5 min. Positive
controls were purified DNA from strains UnB 575, UnB
1018 and UnB 1173 of R. solanacearum (Table 1), and
negative control was sterile water.

Identification with primers to race 3 biovar 2

Primers 630 (5° ATA CAG AAT TCG ACC GGC
AC 3’) and 631 (5 ATA CAG AAT TCG ACC GGC AC
3”) were used with genomic DNA (Fegan et al., 1998). The
reaction was carried out containing: 0.25 mM of each of
the deoxynucleotides, 6 uM of each of the oligonucleotides,
The temperature of initial denaturation was 96°C for 10
min, followed by 30 cycles of: 94°C for 15 s, 60°C for 30
s and 72°C for 30 s, with final extension at 72°C for 10
min. Positive control was strain UnB 1018 (R3bv2), and
negative controls were purified DNA from strains of R1bv1
UnB 575, UnB 1173 (Table 1).

Identification of the phylotype of the isolates of Ralstonia
solanacearum

The specific primers used for each phylotype were:
I: Nmult:21:1F (5 CGT TGA TGA GGC GCG CAA TTT
3°); I Nmult:21:2F (5" AAG TTA TGG ACG GTG GAA
GTC 3°); III: Nmult:23:AF (5° ATT ACC AGA GCA
ATC GAA AGA TT 3’°), IV: Nmult:22:InF (5* ATT GCC
AAG ACG AGA GAA GTA 3’) and the conserved reverse
primer: Nmult:22:RR (5” TCG CTT GAC CCT ATA ACG
AGT A 3’) whose target region is the internal transcribed
spacer (ITS) region between sequences 16S and 23S
(Fegan & Prior, 2005). The multiplex PCR contained: 1.25
mM MgCl,, 0.2 mM of each dNTP, 0.4 uM of each of the
oligonucleotides, 2 U of the Tug DNA polymerase enzyme.
The initial denaturation temperature was 96°C for 5 min, 30
cycles of 95°C for 15 s, 59°C for 30 s and 72°C for 30 s, and
a final extension at 72°C for 10 min.

Host test

Twenty-five plant species (Table 2) were inoculated
with three of seven isolates (UnB 1359, UnB 1360 and
UnB 1364), so that they would represent the reports of
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the bacteriosis in some cultivated hosts, wild plants and
species of trees. The test was carried out as described for
the pathogenicity test in potato and eucalyptus.

RESULTS

Biochemical and pathogenicity tests

Soon after being collected and presenting symptoms
of field wilt (Figure 1 A), the eucalyptus plants showed an
intense bacterial streaming (Figure 1B). From branches
of several plants seven isolates were obtained, presenting
colonies that were white, smooth, fluid, irregularly round
and opaque. In Kelman’s medium the virulent colonies
presented a reddish center and white borders, while
the avirulent ones were completely red (Figure 1C).
Gram reaction was negative, there was no production of
fluorescent pigment and they were catalase and oxidase
positive. In the test of oxidation or fermentation of
glucose, they were oxidative. The biovar tests indicated
that they belong to the phenotype Tropical of biovar 2
(Table 1).

The hypersensitivity reaction of tobacco leaves
(Figure 1D) occurred from 12 h after infiltration. Wilt in
potato (Figure 1E) took place five days after inoculation,
also showing intense bacterial streaming from the stalk
(Figure 1F).

The appearance of symptoms in eucalyptus was
later in the method of inoculation via soil than in the
first pair of leaves. Even so, it was possible to observe
symptoms of leaf fall, purpling of leaves and veins
(Figure 1G), and inverted V-shaped blighting of leaves
(Figure 1H) and darkening of the veins (Figure 1I).
After nine months the bacterium could be re-isolated
in culture medium. Strain UnB 1173 (Table 1) was also
able to induce symptoms in eucalyptus plants. On the
leaf inoculation method, when the leaves was wounded
the symptoms appeared earlier, but these artificial
inoculations did not show up bacterial streaming from
the stalk in the eucalyptus plants.

Identification of Ralstonia solanacearum isolates by
PCR

Amplification with the primers specific to the
species R. solanacearum (Figure 2), based on the gene 16S
rRNA, generated a fragment of approximately 553 bp for
all the tested isolates. Initially, in the PCRs carried out
with primers for biovar 2 of the bacterium, the isolates
UnB 1359, UnB 1361, UnB 1363, UnB 1364 and 1365
of R3bv2T of eucalyptus and isolate UnB 1018 R3bv2 of
potato, a fragment of approximately 308 bp was amplified
under the conditions specified by Fegan & Prior (2005).
As well as the cited conditions, adjustments were made
in the annealing temperature in an attempt to amplify
the isolates that showed negative results for R3bv2T
(UnB 1360, UnB 1361 and UnB 1362), testing at 55,
50 and 45°C and also with 1U of the enzyme Tag DNA
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TABLE 2 - Susceptibility of various species of plants to race 3 biovar 2 of Ralstonia solanacearum from “urograndis” eucalyptus

hybrids
Plant species tested Family HT*
Tomato (Solanum lycopersicum L.) Solanaceae +
Eggplant (Solanum melongena L.) Solanaceae +
Datura (Datura stramonium L.) Solanaceae +
Geranium (Pelargonium x hortorum L.H. Bailey) Geraniaceae +
Bean (Phaseolus vulgaris L.) Leguminosae +
Lead tree (Leucaena glauca Benth.) Leguminosae -
Beetroot (Beta vulgaris L.) Chenopodiaceae +
Common purslane (Portulaca oleracea L.) Portulacaceae -
Zucchini (Cucurbita pepo L.) Cucurbitaceae -
Nasturtium (Trapaeolum majus L.) Trapacolaceae +
Turnip (Raphanus sativus L.) Brassicaceae +
Mustard (Brassica juncea L.) Brassicaceae +
Sweet potato (Ipomoea batatas L.) Convolvulacae -
Sage (Salvia officinalis L.) Lamiaceae -
French marigold (Tagetes patula L.) Asteraceae +
Sunflower (Helianthus annuus L.) Asteraceae +
Purple jambo (Eugenia javanica Lam.) Myrtaceae -
Guava (Psidium guajava L.) Myrtaceae -
Clove (Syzygium aromaticum L.) Myrtaceae -
Neem (4zadirachta indica A. Juss.) Meliaceae -
Mulberry (Morus alba L.) Moraceae -
Cashew (Anacadium ocidentale L.) Anacardiaceae +
Custard apple (4nnona squamosa L.) Annonaceae -
Horseradish tree (Moringa oleifera Lam.) Moringaceae +
Teak (Tectona grandis L.f.) Verbenaceae -

*HT: Host reaction after inoculation of the isolates of R3bv2T, by pricking the first pair of leaves with a needle, observation of the symptoms and
re-isolation in culture medium. (+) positive result and (-) negative result in the test.

polymerase. However, the fragment expected in these
isolates was not observed, with only non-specific bands
being visible (data not shown). In the PCRs to determine
phylotype (Figura 3) fragments of 372 bp were observed,
which corresponded to phylotype II.

Host test

In the host test, 13 of the 25 tested species showed
some disease symptom (Figure 4), allowing the bacterium
to be re-isolated from infected branches: tomato, eggplant,
datura, geranium, turnip, mustard, nasturtium, beetroot,
sunflower, bean, French marigold, horseradish tree and
cashew (Table 2). Some of these plants belonging to
Solanaceae wilted rapidly (Figures 4A, B, C and D) between
the third and fifth day after inoculation. These plants showed
strong bacterial streaming from inoculated branches (Figure
4B), with the exception of datura. Geranium plants also
showed yellowing, a typical symptom of wilt (Figure 4E),
as well as signs of strong bacterial exudation (Figure 4F)
and darkening of the veins (Figure 4G). By inoculating
turnip plants it was also possible to observe bacterial
exudation, permanent wilt, yellowing (Figure 4H) and
vascular darkening (Figure 4J). Nasturtium also showed
reduced growth, wilt (Figure 4L) and death 22 days after
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inoculation (Figure 4M). Beetroot presented purpling,
wilt (Figure 4N) and death after strong tissue necrosis.
Sunflower presented wilt, yellowing, excessive shoots and
reduced growth (Figure 40). In bean seedlings chlorosis
could be seen in the leaves near the nerves and yellowing
(Figure 4P). Seedlings of French marigold lost turgidity in
the leaves by the second day after inoculation (Figure 4T).

Among the arboreal species, horseradish tree
showed marked yellowing, wilt and reduced growth (Figure
4Q), when compared to the negative control that was not
inoculated with the bacterium, as well as necrosis of the
inoculated branch (Figure 4R), 30 days after inoculation.
Cashew plants showed dieback, excessive branching
(Figure 4S) and excessive production of leaves near the
inoculation site.

Seedlings of guava showed wilt after starting the
test, dieback around where inoculations took place and
leaf scorch (=inverted V-shaped necrosis). Common
purslane (Portulaca oleracea) plants also wilted and
died 30 days after inoculation. However, despite these
symptoms it was not possible to recover the bacterium
inoculated in guava or common purslane. Plants of
custard apple, mulberry, purple jambo, clove, teak,
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FIGURE 1 - A. Plant with symptoms of wilt in the field where the samples used in this work were
collected; B. bacterial streaming observed soon after collecting samples; C. colonies on Kelman’s
medium with tetrazole; D. hypersensitivity reaction on tobacco leaves 12 h after inoculation; E.
pathogenicity test in potato plants (cv. Achat) inoculated with the strain UnB 1359 showing severe
wilt; F. bacterial streaming from freshly cut potato stem ; G. eucalyptus plant nine months after starting
the pathogenicity test, showing leaf fall and purpling of the leaves; H. symptom of inverted V-shaped
blighting and purpling of the leaf stalk and I. longitudinal section of the eucalyptus branch, showing
darkened veins.
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FIGURE 2 - Amplification of fragments of approximately 553 bp generated by primers PS-1/PS-2 that refer to the gene of region 16S of
the rRNA, from purified DNA from the isolates of Ralstonia solanacearum obtained from eucalyptus: M. 100 bp marker (Promega), 1.
Negative control (sterile water), 2. UnB 575, 3. UnB 1018, 4. UnB 1173, 5. UnB 1359, 6. UnB 1360, 7. UnB 1361, 8. UnB 1362, 9. UnB

1363, 10. UnB 1364 and 11. UnB 1365.

FIGURE 3 - Profiles of multiplex PCR amplification showing fragments of approximately 372 bp generated by primers specific for
phylotype from purified DNA from the isolates of Ralstonia solanacearum obtained from eucalyptus: M. 100 bp marker (Promega), 1.
Negative control (sterile water), 2. UnB 575, 3. UnB 1018, 4. UnB 1173, 5. UnB 1359, 6. UnB 1360, 7. UnB 1361, 8. UnB 1362, 9. UnB

1363, 10. UnB 1364 and 11. UnB 1365.

zucchini, sage and sweet potato seemed to be unaffected
by these bacterial strains of R. solanacearum, because
they did not exhibit symptoms or signs of infection and
the attempts to re-isolate the inoculated bacterium were not

successful.
DISCUSSION

The species Ralstonia solanacearum is cosmopolite,
occurring naturally in soil around the world, including
Australia and Indonesia (Santos et al., 2001). All reports of
R. solanacearum in Eucalyptus spp. had previously shown
biovar 1 in South America and biovar 3 in Asia, Oceania
and Africa. However, natural infection on eucalyptus has
been observed in the field, for the first time, via strains
belonging to biovar 2, in the county of Alexania (GO,
Brazil) (Marques et al., 2009). The origin of the propagative
material used on the farm is uncertain. The cuttings were
probably obtained from nurseries in the State of Minas
Gerais, but it is impossible to confirm whether the origin of
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the inoculum was contaminated cuttings from the source or
if it was a natural occurrence of the pathogen in the soil of
the region, because the area was recently deforested cerrado.
According to Ferreira (2002), the damage caused by wilt
in eucalyptus varies from 30 to 40% in recently deforested
areas, and in the studied area there were no control measures
taken, leading to the death of nearly 80% of the plants.
According to Silveira & Higashi (2003) the evolution
of diseases in the eucalyptus crop varies depending on the
genetic material, age of the plants and climatic conditions.
The tests of biovar determination made it possible to
confirm the identity of the isolates from eucalyptus as R.
solanacearum phenotype T of the biovar 2, which is found
in Brazil and Peru (Hayward, 1994). Biovar 2 occurs
mainly in temperate areas in the Southern, Southeastern and
Mid-western regions of Brazil (Reifschneider & Takatsu,
1985). In Kenya this R. solanacarum biovar 2 causes wilt
in tomato and potato at altitudes varying from 1200 to 2400
m (French, 1965). The average temperature and altitude
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FIGURE 4 - Host test
for strains of R3bv2 of
eucalyptus: A. tomato
seedling inoculated with
strain UnB 1360, exhibiting
wilt and excessive
sprouting B.  bacterial
streaming in tomato; wilt in
C. eggplant and D. datura;
geranium exhibiting E.
necrosis, yellowing and
wilt of the leaves; F.
bacterial streaming and
G. longitudinal section
showing darkened veins;
turnip plants H. on left,
control plant, and on right,
inoculated plant, wilting
completely, I. bacterium
re-isolated  in  culture
medium and J. longitudinal
section of the root showing
darkened veins; nasturtium
L. on left, inoculated plant
showing reduced growth,
and on right, control plant
and M. advanced wilt;
N. beetroot: on left, non-
inoculated plant, and on
right, inoculated plant
showing purpling and
wilt; O. sunflower plants:
on left, control plant
without bacterium, and
on right, inoculated plant
showing reduced growth,
yellowing of leaves and
excessive sprouting;  P.
bean plant with yellowing
and necrosis of the nerves;
horseradish tree Q. on
the left, inoculated plant
showing reduced growth,
and on right, control
plant; R. detail of dieback
and  yellowed leaves;
S. excessive growth of
cashew branch near the
inoculation site and T. wilt
in French marigold, on the
left, inoculated plant, and
on the right, control plant.
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are 21.3°C and 1100 m in Alexania. Therefore, this region
presents favorable characteristics for development of a
strain originated from temperate climate regions.

In the tests of pathogenicity to eucalyptus, both by
inoculation via pricking with a needle and by infection via
injury to the roots of mini-cuttings in the soil, it was possible
to recover the bacterium and observe typical wilt symptoms.
However, there was no permanent wilt which generally
occurs in small seedlings whose root system has been
affected. Moreover, it is only under certain environmental
conditions and with the predisposition of the host that
severe symptoms appear, which is accomplished by an
increase in bacterial colonization on xylem vessels (Alfenas
et al., 2006). There is a difference between symptoms in
mini-cuttings and in plants in the field. In the former, leaf
turgidity is lost, but permanent wilt rarely occurs, unlike
what is seen with young susceptible plants in the field. This
may explain why older seedlings that have been inoculated
in the root take nearly nine months to express symptoms in
the greenhouse (Mafia, 2000).

Isolate UnB 1173 (biovar 1, of tomato) was also
capable of inducing symptoms of wilt in eucalyptus plants
in pathogenicity tests. It has already been demonstrated
experimentally that strains belonging to certain other hosts
were more virulent to E. grandis than were the strains
belonging to these plants themselves (Dianese & Dristig,
1993). This low specificity was also observed by Rodrigues
(2010) in a microbiolization assay in vitro using eucalyptus
seeds. The last author observed that from 22 studied strains,
including biovars 1, 2 and 3 from various hosts, all isolates
were capable of infecting eucalyptus plants and affecting
their growth.

According to Janse et al. (2004), R3bv2 has more
than 65 hosts including cultivated and wild solanaceous
ones, and non-solanaceous. The tests for susceptibility of
various plant species were positive for most plants tested,
especially the solanaceous, confirming the criterion for race
designation of Buddenhagen et al. (1964). Plants of turnip,
geranium, sunflower, bean, beetroot and nasturtium were
already considered to be hosts of this biovar, just confirming
the reports in the literature (Janse et al., 2004). As well as
these, it was observed that strains of race 3 biovar 2T of
eucalyptus also affected the arboreal species, horseradish
tree and cashew, and these species are also described as
susceptible to other R. solanacearum biovars in India and
Indonesia (Supriadi et al., 2001).

To make a more complete identification of R.
solanacearum strains it is currently necessary to add to
biochemical tests a DNA based method (Champoiseau &
Jones, 2009). Thus, the primersused inthe PCRs corroborated
the biochemical tests. These primers described by Fegan et
al. (1998) were designed from prophage sequences or were
those that remained in many or all of the R3bv2 strains
(Gabriel et al., 2006). According to Guidot et al. (2009), in
the long term these genes might not be completely reliable
for identification purposes, because they have the capacity
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to move from one bacterium to another. Observation of
primers for phylotype was as expected, since a number of
studies have shown that isolates of potato of biovars 2T and
1 belong to phylotype II. Ji et al. (2007) studied the genetic
diversity of R. solanacearum and revealed that R3bv2
isolates of potato from Brazil, the Netherlands, Reunion
Islands, Australia and Peru, and of geranium from Kenya,
belonged to phylotype II. Later, the same was observed by
Castillo & Greenberg (2007) in a study of isolates from
various parts of the world.

This paper describes for the first time bacterial
wilt of eucalyptus caused by race 3 biovar 2T of R.
solanacearum in natural field conditions. The findings
confirm the high adaptability, versatility and wide range of
hosts of R. solanacearum and alert us to the possibility of
new infections in the field and in nurseries of eucalyptus
and other plants, such as Moringa oleifera (Moringa) and
Anacardium occidentale (cashew), species susceptible to
bacterial wilt triggered by other biovars of R. solanacearum
in other countries.
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