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Abstract
Given the damage and losses caused by bacterial blight of coffee (Pseudomonas syringae pv. garcae) (PSG) in coffee (Coffea
arabica) seedling nurseries and lack of knowledge of the origin of the initial inoculum, the goal of this study was to determine
whether coffee seeds can contain viable inoculum and spread bacterial inoculum. Seeds from plants with symptoms of bacterial
blight of coffee were immersed in sterilized saline solution, and the crude extract obtained was inoculated in leaves of coffee
seedlings. Leaves of plants inoculated with seed extract from symptomatic plants had symptoms of bacterial blight similar to those on
leaves inoculated with reference isolate PSG. Seedlings inoculated with seed extract from asymptomatic plants showed no symptoms.
Symptomatic leaves were submitted to exudate tests, and the etiologic agent was isolated in culture medium. The isolates with
colonies morphologically similar to reference isolate PSG were selected and tested for hypersensitive reaction (HR) and
pathogenicity to coffee seedlings. The isolates positive for HR and pathogenic to coffee also showed biochemical and molecular
patterns equal to those of reference isolate PSG by the rep-PCR technique using Box primer. Thus, coffee seeds from plants with
symptoms of bacterial blight can contain viable inoculum of P. syringae pv. garcae.
Keywords: Bacterial blight; Coffea arabica; initial inoculum; seedling nursery; seed health.
Abbreviations: CFU_Colony forming units; HR_hypersensitive reaction; PC_ Pseudomonas cichorii; PSG_Pseudomonas syringae
pv. garcae; PST_ Pseudomonas syringae pv. tabaci; UPGMA_method with arithmetic mean algorithm.
Introduction
Bacterial blight of coffee (Pseudomonas syringae pv. garcae
Young, Dye & Wilkie) (Amaral et al., 1956) has been
causing damage in the major coffee growing regions
worldwide, as it affects the crop in different stages of growth,
from seedlings to plantations. The result is a significant
reduction in production from the seedling and in final crop
yields. Furthermore, disease control is difficult after the
occurrence of the disease in plants in the nursery or
plantation because of the high rate of disease progression and
low chemical control efficiency (Zoccoli et al., 2011;
Rodrigues et al., 2013). Seedling density in nurseries
provides favorable conditions for disease development, as
direct contact between leaves of susceptible host plants
associated with excess moisture in the environment favor
pathogen spread and occurrence of epidemics. Thus the
occurrence, distribution pattern and progress of epidemics
depend on the origin of the initial inoculum, which is often
seed borne (Romeiro, 2005; Brasil, 2009). Several studies
have provided evidence that seeds harbor diverse microbial
flora, both on the surface and in the internal tissues (Saettler
et al., 1989; Bacilio-Jiménez et al., 2001; Romeiro, 2005;
Goto, 2012; Silva et al., 2013), and proliferation is stimulated
in early germination (Simon et al., 2001; Nelson, 2004). In
the case of plant pathogens, the inoculum can be transmitted
by seeds to plants in both nursery and field. Even harbored in
the outer seed integument, the inoculum of some bacterial
species can cause infection in plants (Guthrie, 1970; Silva et
al., 2002; Corrêa et al., 2008). Silva et al. (2013) reported
transmission and infection by Xanthomonas vesicatoria from

seed integument to new shoots of tomato seedlings (Solanum
lycopersicum L.). Although seed transmission rate is low
(Saettler et al., 1989; Carmo et al., 2004), seeds can act as
efficient vectors for spreading bacteria (Romeiro, 2005) if the
initial inoculum is introduced into growing areas (Carmo et
al., 1996; Carmo et al., 2004; Romeiro, 2005; Silva et al.,
2013). For example, the transport of bacteria from complex
X. vesicatoria by tomato seeds (S. lycopersicum) is a major
mechanism of survival and spread of the pathogen (Carmo et
al., 2004; Jones et al., 2004). Thus, seed-borne bacteria can
be efficiently disseminated over long distances and
introduced in areas free of disease, or may serve as a source
of initial inoculum for epidemics in nurseries and fields
(Neergaard, 1979; Romeiro, 2005). Therefore, seed health is
especially important for disease management. Given the
damage and losses caused by bacterial blight of coffee in
seedling nurseries, and a lack of knowledge of the origin of
the initial inoculum, the goal of this study was to determine
whether coffee seeds can contain viable inoculum and spread
the inoculum of P. syringae pv. garcae.
Results
Symptoms of bacterial blight on coffee seedling leaves
There were no symptoms in seeds from symptomatic plants.
Ten days after inoculation there were typical symptoms of
bacterial blight of coffee in leaves of seedlings inoculated
with seed crude extract from symptomatic plants (Fig. 1 C).
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Table 1. Results of biochemical and pathogenicity tests of bacterial isolates from coffee seeds and reference isolates of genus
Pseudomonas
Isolate
Tests*
PST
PC
PSG
B1
9P
10P
12P
Gram
Anaerobiosis
+
+
+
+
+
+
+
Oxidase
+
Gelatin hydrolysis
+
+
+
+
+
+
Fluorescent pigment production
+
+
+
+
+
+
+
Hypersensitivity on tobacco leaves
+
+
+
+
+
+
+
Hypersensitivity on tomato leaves
+
+
+
+
+
+
+
Hypersensitivity on kale leaves
+
+
+
+
+
+
+
Hypersensitivity on bell pepper leaves
+
+
+
+
+
+
+
Reproduction of symptoms on coffee leaves
+
+
+
+
+
+
+
*Described by Lelliott et al. (1966), Wilkie and Dye (1973), Rodrigues Neto et al. (1981), Schaad et al. (2001) and Maringoni (2010). PST, PC and PSG: respectively,
isolates Pseudomonas syringae pv. tabaci (IBSBF 2249), P. cichorii strain pathotype (CFPB 2101) and P. syringae pv. garcae strain pathotype (CFPB 1634) used as
reference standards. B1, 9P, 10P and 12P: bacterial isolates from coffee seeds (Coffea arabica L.). (+) Test positive reaction, (-) Test negative reaction.

Fig 1. Symptoms on coffee leaves 10 days after inoculation of: (A) crude extract of seeds from asymptomatic plants using multineedle equipment; (B) reference isolate Pseudomonas syringae pv. garcae strain pathotype (CFPB1634); and (C) seed crude extract
from plants with symptoms of bacterial blight of coffee.

Fig 2. Transmission electron microscopy images of bacterial cells from Pseudomonas syringae pv. garcae: (A) Rod-shaped bacterial
cell with protein capsule; (B) bacterial cell with a flagellum. (Image credits: Leônidas Leoni Belan, Eduardo Alves and Edson A.
Pozza, 2014).

Fig 3. Products of Box-PCR (polymerase chain reaction) and dendrogram of the similarities generated according to profile
amplifications from the primer 1 AIR BOX, based on the unweighted pair group method with arithmetic mean (UPGMA method),
using the Dice coefficient of similarity of bacterial isolates from coffee seeds and reference isolates of genus Pseudomonas. PST, PC
and PSG: respectively, isolates Pseudomonas syringae pv. tabaci (IBSBF 2249), P. cichorii strain pathotype (CFPB 2101) and P.
syringae pv. garcae strain pathotype (CFPB 1634) used as reference standards. B1, 9P, 10P and 12P: bacterial isolates from coffee
seeds (Coffea arabica L.). M: marker of 1 kb.
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These symptoms were similar to those developed by leaves
inoculated with reference isolate PSG (CFPB1634) (Fig. 1
B), whereas seedlings inoculated with seed extract of
asymptomatic plants had no symptoms (Fig. 1 A). Symptoms
were small irregular lesions with water-soaked tissue around
the inoculation point. The water-soaked area increased over
time and developed a yellow halo around the lesions,
characteristic of bacterial blight of coffee. Control plants
inoculated with sterile saline remained healthy.

contamination with inoculum from external sources after
harvesting, processing, and storage. Thus, seed-borne
bacteria from infected mother plants were responsible for the
symptoms. Similarly, Parashar and Leben (1972) used
apparently healthy soybean seeds (Glycine max (L.) Merrill)
harvested from plantations containing plants infected by P.
syringae pv. glycinea, and also reported symptoms of this
disease in plants derived from these seeds, when exposed to
ideal conditions for infection. Thus, even if the pathogen
cannot be visually detected in seeds, as occurred in this study,
seeds can be effective in disseminating plant bacterial
diseases (Parashar and Leben, 1972; Silva et al., 2002;
Romeiro, 2005; Corrêa et al., 2008; Silva et al., 2013).
These results show that coffee seeds collected from
symptomatic plants can harbor P. syringae pv. garcae and
contribute to spreading the pathogen. Seeds in general
provide optimal conditions for the survival and spread of
plant bacteria, which may remain viable for variable periods
(Schuster and Sayre, 1967; Silva et al., 2002; Romeiro, 2005;
Corrêa et al., 2008). Moreover, seed-borne bacteria can be
efficiently disseminated over long distances and introduced in
areas free of disease or serve as a source of initial inoculum
for epidemics in nurseries and fields (Neergaard, 1979;
Romeiro, 2005).
The biochemical patterns of the four bacterial isolates (B1,
9P, 10P, and 12P) pathogenic to coffee were similar to those
of reference isolate PSG. They are strictly aerobic, Gramnegative, and grow well in King B culture medium at 28°C
(King et al., 1954; Powers, 1995). Colonies are white to
cream-colored with irregular margins and rod-shaped cells,
and move by polar flagella (Lelliott et al., 1966; Rodrigues
Neto et al., 1981; Korobko and Wondimagegne, 1997; Moore
et al., 2006; Zoccoli et al., 2011; Rodrigues et al., 2013). P.
syringae pv. garcae fits group I of fluorescent bacteria, is
positive for gelatin hydrolysis and hypersensitivity on
tobacco and is negative for oxidase (Lelliott et al., 1966;
Rodrigues Neto et al., 1981; Bradbury, 1986; Schaad et al.,
2001; Barta and Willis, 2005; Zoccoli et al., 2011). Brazilian
isolates produce little fluorescent pigment in King B medium
and brown non-fluorescent pigment resulting from melanin
production. As this pigment is diffusible in King B medium,
it causes medium darkening (Kairu, 1997; Barta and Willis,
2005). Regarding pathogenicity, several species of genus
Coffea are natural hosts for P. syringae pv. garcae
(Bradbury, 1986).
With regard to molecular characterization, the four selected
isolates (B1, 9P, 10P, and 12P) had similar standards to those
of reference isolate PSG (CFPB1634). The rep-PCR
technique used for comparison is internationally recognized
and applied to characterize bacterial strains (Koeuth et al.,
1995; Louws et al., 1998; Tacão et al., 2005; Hungria et al.,
2008; Marques et al., 2008). It consists of determining DNA
profile by amplifying DNA sequences using primers
(oligonucleotides) related to conserved repetitive sequences
usually within the intergenic space (De Bruijn, 1992;
Versalovic et al., 1994). In this study we used Box primer
(Koeuth et al., 1995). Among families of repetitive elements
in the genome, the box A subunit is conserved in bacteria
(Koeuth et al., 1995). Thus, Hungria et al. (2008) used and
recommended this technique for comparing genetic material
from bacterial collections; and Marques et al. (2008)
demonstrated that Box-PCR is able to identify bacterial
strains at species level. In this study the Box-PCR technique
detected differences between PST and PSG, pathovars of the
P. syringae species, not demonstrated in the other tests
(biological and biochemical). Moreover, it was possible to
classify bacterial isolates due to similarities with the

Confirmation the bacterial origin of disease
The bacterial origin of the disease was demonstrated using
exudate tests with the etiologic agent being isolated. Isolation
from inoculated symptomatic leaves resulted in colonies
morphologically similar to reference isolate PSG, one of the
standards of comparison utilized (PSG, PC and PST). As
bacterial colonies were morphologically similar to the
reference isolate PSG, we selected 13 candidate isolates.
Colonies were white to cream color with irregular margins,
flat, non-viscous, with rod-shaped bacterial cells (Fig. 2).
Over time, a brown pigment formed around the colony.
Pathogenicity of the selected isolates
Among the 13 selected isolates, four (B1, 9P, 10P and 12P)
were positive for hypersensitivity reaction. Leaves of tomato,
tobacco, kale, and bell peppers developed hypersensitivity
reaction (HR) 24 hours after being inoculated with both the
respective isolates and reference isolates PSG, PC and PST,
proving their pathogenicity (Table 1). Isolates with negative
reaction for hypersensitivity, or non-pathogenic, were
discarded. Confirming the pathogenicity of isolates B1, 9P,
10P, and 12P, only leaves of coffee seedlings inoculated with
the respective suspensions reproduced the symptoms of
bacterial blight previously described for plants inoculated
with seed crude extract, as well as the symptoms induced by
reference isolate PSG (Table 1 and Fig. 1).
Biochemical and molecular characterization of the selected
isolates
Biochemically, candidate isolates and reference isolates PSG,
PST and PC are Gram-negative, strictly aerobic organisms
which produce fluorescent pigment when exposed to
ultraviolet light (Table 1). These isolates (B1, 9P, 10P, and
12P) are similar to reference isolates PSG and PST with
regard to negative oxidase reaction and positive gelatin
hydrolysis; however, they differ from reference isolate PC
(positive oxidase and negative gelatin hydrolysis) (Table 1).
In addition to biochemical characteristics (Table 1),
molecular patterns of isolates from coffee seeds were equal to
those of reference isolate PSG, but different from isolate PST
(Fig. 3). Box-PCR reaction products of these isolates
matched PSG reaction products, differing from reference
isolates PC and PST (Fig. 3). The isolates were classified as
species P. syringae pv. garcae and placed in the collection of
bacterial cultures at the Laboratory of Bacteriology,
Department of Plant Pathology, Federal University of Lavras,
Lavras, Minas Gerais - Brazil.
Discussion
Inoculation of seed extract from infected plants in coffee
leaves resulted in symptoms of bacterial blight of coffee;
however, inoculation of seed extract from asymptomatic
plants showed no symptoms as there was no seed
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molecular patterns of PSG strain pathotype (CFPB1634),
which is the reference of species P. syringae pv. garcae.
The PSG was isolated from coffee seedlings inoculated with
seed extract, confirming the presence of this pathogen in the
propagative material. This is the first report about the
occurrence of P. syringae pv. garcae in coffee seeds. Further
studies are needed to understand the bacterial transmissibility
from seed to coffee seedling, the relationship between
amount of PSG inoculum and its location in coffee seeds, and
the effects of this interaction. In addition, due to the
possibility that seeds are the origin of the initial inoculum of
the disease , the management of bacterial blight in the nursery
should initially be preventive, based on seed health, while
management in coffee plantations for seed production should
focus on the protection of plants against infection.

(CFPB1634) (PSG), P. cichorii (CFPB 2101) (PC) and P.
syringae pv. tabaci (IBSBF 2249) (PST) as standard
symptoms. These species are described in the literature
causing symptoms in coffee (Robbs et al., 1974; Rodrigues
Neto et al., 2006; Destefano et al., 2010). Non-inoculated
plants served as absolute controls. The trial was conducted in
a plant growth chamber (23 ± 3°C, relative air humidity >
70% and 12-hour light photoperiod) in randomized blocks
with four replicates, each experimental unit consisting of
three seedlings. Results were deemed positive for leaves with
visual symptoms of disease similar to those developed by
leaves inoculated with reference isolates PSG, PC and/or
PST.

Materials and Methods

Ten days after inoculation, leaves of coffee seedlings that had
developed symptoms of bacterial blight were collected and
submitted to an exudate test to confirm the bacterial origin of
disease. In positive cases (bacterial fluid flowing out of the
diseased tissue to water), the etiologic agent was isolated
(direct isolation) in 523 medium (Kado and Heskett, 1970).
PSG, PC and PST isolates were subcultured onto 523
medium for comparing colony morphology. Plates were
incubated at 28°C for 24-48 h and colony morphology was
compared with reference isolates. Colonies morphologically
similar to PSG, PC or PST isolates (candidate isolates) were
subcultured in tubes containing 523 medium, incubated at
28°C for 24 hours and then stored at 4°C. The morphological
characteristics of the isolated colonies were observed, such as
color, shape, viscosity and the presence of bacterial halo and
its color. The morphological characteristics of the bacterial
cells were analyzed by transmission electron microscopy of
leaf dip preparations, stained with uranyl acetate.

Isolation of the etiologic agent

Plant material: coffee seeds
We used seeds from two coffee plantations (Coffea arabica
L.) with symptoms of bacterial blight of coffee (P. syringae
pv. garcae) (Pozza et al., 2010). In both plantations, leaves
with symptoms of the disease were collected, the etiologic
agent was isolated in 523 medium (Kado and Heskett, 1970),
identified by biochemical and molecular patterns (rep-PCR),
and classified as P. syringae (Raimundi, 2014). The
plantations, L1 and L2, are located in Santo Antônio do
Amparo, state of Minas Gerais - Brazil, respectively at 20°
53'23.7"(South) and 44° 52'56.9"(West), 20° 53'33.9"(South)
and 44° 52'58"(West), and are composed of four-year-old
Catucaí Amarelo 2SL and five-year-old Catuaí Vermelho
IAC 99 cultivars, respectively.
Symptomatic and asymptomatic plants located at distant
points in each coffee plantation were marked. In these plants,
ripe fruits were picked in June 2013 and mechanically peeled.
Seeds were dried in the shade up to 15% moisture, then
placed in paper bags and stored in cold chamber (10°C and
50% relative humidity) (Silva et al., 2010) for 20 days until
further use. Four lots were set as follows: Lot 1: seeds of
symptomatic plants from plantation L1; Lot 2: seeds of
asymptomatic plants from plantation L1; Lot 3: seeds of
symptomatic plants from plantation L2; and Lot 4: seeds of
asymptomatic plants from plantation L2.

Hypersensitivity reaction to prove pathogenicity
Candidate isolates were transferred to test tubes containing
523 medium and incubated at 28°C for 24 hours.
Subsequently, inoculum suspension (1x108 CFU/mL) from
each isolate was prepared using sterile saline (0.85% NaCl).
The suspension was injected with a sterile hypodermic
syringe into leaves of tobacco (Nicotiana tabacum L.),
tomato (S. lycopersicum L.), bell pepper (Capsicum annuum
L.), and kale (Brassica oleracea L.). PSG (CFPB 1634), PC
(CFPB 2101) and PST (IBSBF 2249) isolates were
inoculated as reference standards. The plants were kept in a
plant growth chamber at 23 ± 3°C, relative air humidity >
70% and 12-hour light photoperiod. At 24 hours after
inoculation we assessed the occurrence of hypersensitivity
reaction (HR) symptoms.
To confirm the pathogenicity of isolates, coffee seedlings
of Catuaí Vermelho IAC 99 cultivar with four pairs of leaves
were inoculated with suspension from each candidate isolate.
Inoculum was injected into the first two pairs of fully
developed leaves, performing two inoculation points per leaf.
Two seedlings were inoculated per isolate. Leaves of coffee
seedlings with symptoms of bacterial blight were collected
and submitted to an exudate test to confirm the bacterial
origin of the disease. The etiologic agent was re-isolated in
523 medium.

Crude extract of seeds
Four sub-samples with 100 seeds no macerated were taken
from each lot, placed in sterilized erlenmeyer flasks (250 mL)
and immersed in sterilized saline (0.85% NaCl), 100 mL per
100 seeds. Then, samples of seeds no macerated in saline
were stored for 18 hours at 4°C, and the crude extracts
(supernatant from the flask) were used to inoculate coffee
seedlings (Brasil, 2009).
Inoculation of seed crude extract in coffee seedlings
We inoculated the first two pairs of fully expanded leaves of
seedlings from cultivar Catuaí Vermelho IAC 99 (susceptible
control) (Ito et al., 2008), produced in organo-mineral
substrate (soil, sand and bovine manure – proportion 3:2:1).
A set of ten needles fixed on a sturdy surface (multi-needle
set) was immersed in the respective seed crude extracts to
perform two inoculation points per leaf. With the multineedle set, seedlings were inoculated with sterilized saline
(negative control) and inoculum suspension (1.1x109
CFU/mL) of strain pathotypes of P. syringae pv. garcae

Gram stain reaction, biochemical and molecular tests for
identifying plant bacteria
Bacterial isolates positive for HR reaction and pathogenic to
coffee were biochemically characterized according to Lelliott
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et al. (1966), Wilkie and Dye (1974), Rodrigues Neto et al.
(1981), Schaad et al. (2001) and Maringoni (2010), and also
by molecular assays (De Bruijn, 1992; Versalovic et al.,
1994; Koeuth et al., 1995). We used the following tests:
Gram stain based on KOH solubility, anaerobiosis, oxidase,
gelatin hydrolysis, fluorescent pigment production on King B
medium, and rep-PCR using Box primer. Strain pathotypes of
PSG (CFPB 1634), PC (CFPB 2101) and PST (IBSBF 2249)
were used as reference patterns.

was seeded in streaks on medium surface with an inoculation
loop and placed in incubator at 28°C for 48 hours. A dish
containing non-inoculated King B medium was subjected to
the same conditions. The isolates capable of producing
fluorescent pigment turned the medium to a fluorescent green
color under ultraviolet light, and thus were considered
positive. Otherwise, the result was negative. Pigment
production was compared with the control.
Molecular assays - Analysis of genetic diversity using BoxPCR

Gram stain
Bacterial colonies with morphology and color similar to P.
syringae pv. garcae were subjected to Gram stain according
to the KOH test proposed by Ryu (1940) , (Moran and Upton,
1986; Powers, 1995; Schaad et al., 2001). The technique
consists of smearing bacterial colonies on a glass slide
containing 4-5 drops of KOH solution (3.5%), homogenizing
it with a platinum loop and checking for a gelatinous thread
forming between the loop and the slide. The isolate was
deemed gram-negative when the preparation turned viscous
(Ryu, 1940; Powers, 1995).

DNA extraction
Total genomic DNA extraction was performed using the
modified protocol of Ausubel et al. (1994). Aliquots of 1.5 ml
bacterial suspensions from each isolate, cultured under
stirring for 24 h at 28°C in 523 liquid medium (Kado and
Heskett, 1970), were centrifuged at 10,000 rpm for 10
seconds at 4°C. The supernatant was discarded and the pellet
resuspended in 567 µl TE buffer (10 mM tris-HCl, pH 7.6, 1
mM EDTA), 30 µl SDS (10% g/v) and 3 µl proteinase K (20
mg/ml) followed by manual shaking. Tubes were kept
partially immersed in warm water (37°C) for 1 hour and 100
µL of 5M NaCl were added to tube contents, followed by
vortexing. Then 80 µl CTAB / NaCl solution (4.1g NaCl and
10 g CTAB in 100 ml water) was added, followed by
vortexing. Tubes were incubated when partially immersed in
warm water (65°C) for 10 minutes and then at room
temperature (25°C). We added 780 µl chloroform: isoamyl
alcohol 24:1 followed by manual shaking for 10 minutes and
centrifugation at 12,000 rpm for 5 minutes at 4°C. After this
process, the upper phase was transferred to a new tube and
volume (500 µl) was measured. Then we added 300 µl
isopropyl alcohol and mixed until DNA precipitated.
Centrifugation was performed at 12,000 rpm for 2 minutes.
The supernatant was removed and the pellet washed with 1
ml of 70% ethanol, followed by centrifugation at 12,000 rpm
for 5 minutes and subsequent disposal of 70% ethanol. The
pellet was resuspended in 60 µ TE buffer and stored at -20°C.

Anaerobiosis
Candidate isolates were cultured in 523 liquid medium at
28°C for 24 hours. Subsequently, 100 µL of culture medium
were transferred to petri dishes containing 523 medium and
spread on the surface with Drigalski spatula. A sterile glass
coverslip was placed in the center of each plate and placed in
incubator at 28°C for 24 h. Bacterial isolates that did not
grow under the coverslip were considered strictly aerobic
(Schaad et al., 2001; Maringoni, 2010).
Oxidase test
Candidate isolates were cultured in 523 medium at 28°C for
24 hours. Strips of filter paper were wetted in a freshly
prepared solution of tetramethyl-p-phenylenediamine
dihydrochloride (1%). A portion of bacterial growth was
transferred to the moistened paper with a platinum loop. The
result was deemed positive if the paper showed purple color
after 10 seconds, and negative if it remained white after 60
seconds (Schaad et al., 2001).

Box-PCR
Gene identification of isolates from coffee seeds was
performed by rep-PCR technique using Box primer (BoxAlR
5'-CTAC GGCAAGGCGACGCTGACG-3' (Koeuth et al.,
1995). Reaction was performed with 25 μL containing 2.5 μL
10X Taq buffer, 1.2 μL of 25 mM MgCl2, 0.5 μL dNTPs (10
mM), 0.5 μL primer, 2.5 U of Taq DNA polimerase
(Fermentas), 2 μL DNA, and 18 μL nuclease-free water.
Amplification was performed in Axygen® MaxyGene™
thermal cycler Therm 1000 in the following steps: initial
denaturation at 95°C for 2 min; 30 cycles consisting of
denaturation at 95°C for 30 sec, annealing for 1 min at 52°C,
and extension at 72°C for 5 min with a final extension cycle
at 72°C for 5 min.
The amplified products were visualized on 1.5% agarose
gel in 1X TBE buffer and stained with GelRed Nucleic Acid
Gel Stain (Biotium®). We used marker 1 Kb DNA Ladder
(Gibco BRL) and PSG, PC and PST isolates as reference
standards. The similarity matrix was constructed using the
Dice coefficient. The dendrograms were obtained using the
unweighted pair group method with arithmetic mean
algorithm (UPGMA method).

Gelatin hydrolysis
Test tubes were prepared with 5 ml gelatin medium (beef
extract 3g, peptone 5g, unflavored gelatin 120 g, and distilled
water 1 L) (Maringoni, 2010). Bacterial isolates were
subcultured by puncturing the medium with a platinum
spatula (three tubes per isolate). Control treatment consisted
of three tubes containing non-inoculated culture medium.
Tubes were incubated at 28°C and evaluation was performed
21 days after inoculation. Before testing, tubes were stored at
4°C for 30 minutes. Isolates were deemed positive for gelatin
hydrolysis if the medium remained liquid after refrigeration
(Schaad et al., 2001).
Pigment production on King B medium
This test differentiates bacteria of the genus Pseudomonas
spp. as belonging to the fluorescent or non-fluorescent group
(Schaad et al., 2001). Culture medium was composed of 20 g
peptone, 1.5 g K2HPO4, 1.5 g MgSO4, 15 ml glycerol, 15 g
agar, and 1 L distilled H2O. We placed approximately 10 mL
of medium in each petri dish. The inoculum of each isolate
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Conclusion
Coffee seeds from plants with symptoms of bacterial blight of
coffee can contain viable inoculum of P. syringae pv. garcae.
Due to this fact, the management of bacterial blight in a
nursery for coffee seedlings should initially be preventive,
based on seed health, and in coffee plantations for seed
production there should be additional protection of plants
against infection.
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