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Abstract

A bacterial disease of tomato fruits was recorded during the winter in outdoor crops in Crete, causing damage of
up to 30% in commercial production. Bacterial spots appeared on the upper surface of middle size immature fruit
and the spots became larger with the increase of fruit size. Spots were round or elongated, superficial and lightly
sunken, 1.5–2 cm in diameter. The centre of the spots dried out and became progressively gray, brown to black-brown
and had intensely coloured margins. The infected area did not develop into soft rot. The bacteriumPseudomonas
viridiflava (Burkholder) Dowson was identified as the causal agent on the basis of morphological, physiological,
biochemical and pathological characters. This appears to be the first time that these symptoms have been described
on tomato fruit.

Symptoms of an unknown bacterial disease have been
frequently recorded throughout the island of Crete on
tomato plants (Lycopersicon esculentum Mill.) grown
in greenhouses and outdoors. The disease was first
recorded during January 1994 in outdoor crops at
Antiskari area of Heraklion Province and since then
it has been observed on different cultivars, only dur-
ing winter, in all tomato growing areas of Crete. The
disease frequently caused damage of up to 30% in
commercial production. The symptoms of the disease
were restricted to fruits. Lesions develop on imma-
ture fruit, as water-soaked light brown spots 1–2 mm
in diameter. On middle sized fruit, the spots, which
appear on the upper surface, are round or elongated,
superficial and lightly sunken, 1.5–2 cm in diameter,
and become progressively larger as fruits develop and
mature. The lesion centre dries out, becoming pro-
gressively gray, brown to black-brown and is sur-
rounded by a narrow blackish margin (Figure 1). Under
favourable conditions, the spots usually coalesce into
scabby necrotic areas covering a large area of the fruit

surface (Figure 2), but never results in necrosis of the
whole fruit. Soft rot was never observed on those infec-
tions in the field. The symptoms were easily differenti-
ated from those of other known bacterial infections of
tomato fruit such as bacterial speck and bacterial spot.
The disease reduces fruit quality making many unmar-
ketable. A preliminary report on the first occurrence of
the disease has been presented (Goumas and Chatzaki,
1997).

Initial streak-plate isolations, made on King’s B
medium (KB) (King et al., 1954), from the affected
plants tissues, consistently resulted in essentially pure
cultures of a fluorescent bacterium. In preliminary stud-
ies these isolates induced a hypersensitive reaction on
tobacco leaves and rotted potato slices (Malathrakis
and Goumas, 1987). To characterize the causal agent
of this disease, tissues were removed aseptically from
the margin of necrotic lesions of tomato fruits, and trit-
urated in a few drops of sterile distilled water. Loop-
ful of the suspensions were streaked onto plates of
KB medium and Nutrient Dextrose Agar (NDA) and
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Figure 1. Symptoms on immature fruits. Superficial and lightly sunken, round or elongated spots, surrounded by a narrow blackish halo.
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Figure 2. Spots coalescing to form scabby necrotic areas covering a large area of the fruit surface.

incubated for 48 h at 30◦C. Single colonies were sub-
cultured, checked for purity and stored as slant cultures
at 4◦C on NDA.

Isolates were initially tested according to the LOPAT
tests (Lelliott et al., 1966) and fifteen representative iso-
lates from all tomato growing areas of Crete (Ierapetra,
Arvi, Messara, Goudouras), were selected for further
characterization using the differential tests presented in
Table 1. The methods for conducting the tests have been
previously described (Malathrakis and Goumas, 1987;
Goumas and Chatzaki, 1998). Nutritional tests were
conducted on mineral salts medium (Ayers et al., 1919)
at a final carbon source concentration of 0.1% (w/v).
Production of pectinase was determined by the method
of Hildebrand (1971) at three pH levels (4.5, 7, and
8.3). Liquefaction of gelatin and the presence of lipase
were tested as described by Lelliott and Stead (1987).
The differential capacity ofP. viridiflava, P. syringae
pv. tomatoandP. syringaepv. syringaeto fluoresce on
iron-deficient medium containing sucrose, erythritol or
DL-lactate as single carbon source was tested (Jones
et al., 1986). Reactions of reference bacterial strains
are also presented in Table 1 for comparison. Each test
was repeated at least twice.

In preliminary inoculations on tomato fruits, many
isolates were screened for their ability to reproduce dis-
ease symptoms. For the pathogenicity tests, three iso-
lates of the bacterium (TKK542, TKK5a, and TKK615)
were compared with a strain from tomato bacterial stem
soft rot (PV442) and a strain from cucumber bacte-
rial leaf necrosis (PV400), both previously character-
ized asP. viridiflava (Goumas and Chatzaki, 1998),
and P. syringaepv. tomato (Pst18) andP. syringae
pv.syringae(Pss5). Inoculations were made on imma-
ture detached and attached tomato fruits (cv. Menglo)
(Lelliott and Stead, 1987). Fruits were swabbed with
70% ethanol and washed in sterile water and stabbed
with a sterile needle at six sites. Inoculations were made
by deposition of 20µl of a bacterial suspension on the
upper surface of tomato fruits. Four fruits were used
for each isolate. Inocula were prepared from 48 h-old
cultures on KB medium, suspended in sterile distilled
water, and adjusted to approximately 108 cfu/ml by
turbidity measurement (A600). Serial tenfold dilutions
within 106 and 104 cfu/ml were used. After inocula-
tion, tomato fruits were kept in closed transparent boxes
lined with moist blotting paper, either in incubators
(10◦C and 28◦C) or at room temperature (12–28◦C)
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Table 1. Comparison of isolates from tomato fruit with strains ofP. viridiflava
andP. syringaepathovarssyringaeandtomato

Tests Isolates from:
tomato fruits
(15)1

P. viridiflava

(3)

P. syringae pathovar

syringae tomato
(2) (2)

Levan −2 − + +
Oxidase − − − −
Potato rot + + − −
Arginine dihydrolase − − − −
Hypersensitivity + + + +
Nitrate reduction − − − −
Fluorescent pigment + + + +
Gelatin hydrolysis + + + −
Pectate gel pitting +3 + − NT
Lipases + + + NT
2-Ketogluconate − − − −
Utilization of

D(−) Mannitol + + + +
D(+) Cellobiose − − − −
D(−) Sorbitol + + + +
D(+) Trehalose − − − −
i-Inositol + + + +
L(−) Rhamnose − − − −
D(−) Arabinose − − − −

Adonitol − − − −
Betaine + + + +

D(+) Sucrose −ng4 −ng +gf +gf
Erythritol +gf +gf +gf −ng

DL-Lactate +gf +gf +gf −ng
L(−) Lactate + + + −
L(+) Tartrate − − − −
D(−) Tartrate + + − +
Malonate + + + +
Anthranilate − − − −
L-Valine − − − −
β-Alanine − − − −

Pathogenicity on
Bean pod +5 + − −
Lemon − − + 6 −
Pear +7 + + 8 −

1( ): Number of isolates used.P. viridiflava: NCPPB 1249 (Chrysanthemum mori-
folium), Pv400 (Cucumis sativus), Pv442 (Lycopersicon esculentum).P. syringae
pv. tomato: Pst18, Pst30 (Lycopersicon esculentum). P. syringaepv. syringae:
Pss5 (Citrus limon), NCPPB 2778 (Pyrus communis). NCPPB: National Collec-
tion of Plant Pathogenic Bacteria, Harpenden, UK.
2−: Negative reaction,+: Positive reaction, NT: not tested.
3Pectate gel pitting occurs at pH 7 and 8.3 forP. viridiflava.
4ng: neither growth nor fluorescence; gf: growth and fluorescence when the pat-
tern of Jones et al., (1986) was used for fluorescence on single carbon source
media.
5+: Rust-coloured lesion.
6+: Deep black necrotic pit.
7+: Soft-rot.
8+: Dark water-soaked necrotic spot.
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with a 16 h photoperiod. All fruits were assesed daily
for ten days to record disease symptoms. In inocu-
lations of immature fruit on tomato plants growing
in a greenhouse during winter (9–28◦C), fruits were
enclosed in clear polyethylene bags for three days and
disease symptoms were recorded within 15 days. Con-
trols were similarly treated with sterile water. Also,
tomato plants (cv. Menglo) at the 4–5 true leaf stage
were inoculated with an appropriate culture by stabbing
the tip of a sterilized toothpick into a bacterial colony
and then into the stem above the first true leaves. Inoc-
ulated sites were covered with parafilm and plants were
placed in a mist chamber at 22◦C with a 16 h photope-
riod for ten days during which disease symptoms were
recorded. Controls were similarly treated with ster-
ile toothpicks. Finally, inoculations were conducted on
snap bean (Phaseolus vulgarisL. cv. Kentucky Won-
der) pods (Cheng et al., 1989) on immature lemon and
pear fruits (Lelliott and Stead, 1987).

On KB the colonies of isolates appeared opaque,
convex, shiny, semifluid and produced a bright green-
blue diffusible fluorescent pigment. On 5% sucrose
nutrient agar the centre of the colonies became green-
ish (Lelliott and Stead, 1987). In LOPAT tests, all tested
isolates gave a similar profile to reference stains of
P. viridiflavafrom cucumber and tomato and were con-
sistent with group II of Lelliott et al. (1966). Results
of additional identification tests of isolates are pre-
sented in Table 1. These are similar to those obtained
with the reference strains ofP. viridiflava. Other refer-
ence strains used in this work gave results which were
consistent with their designated classification (Goumas
and Chatzaki, 1998). Quick identification of isolates as
P. viridiflavawas successful when the pattern of Jones
et al. (1986) was used (Table 1).

The symptoms induced on inoculated fruits were
similar to those due to natural infections on both
detached fruits and those remaining on the plant, inde-
pendently of the concentration used. The symptoms
developed more rapidly when the concentration was
higher but no other differences in symptom appearance
were observed. On tomato fruits the disease started as
water-soaked spots which developed in 3–4 days into
small or large irregular lesions. The centre of the lesion
later became dry and tan to black in colour. These symp-
toms differed from symptoms caused by the strains of
P. viridiflava isolated from bacterial soft rot of tomato
(PV442) and bacterial necrosis of cucumber (PV400).
Although symptoms were initially similar to those pro-
duced by tomato fruit isolates, in most cases (about

80%) these infections resulted in a soft rot within 10
days at all incubation temperatures (461 soft-rotted
sites per 576 infected sites). Soft rot symptoms were
obtained in a few cases (about 15%) only at 10◦C incu-
bation temperature with the isolates from tomato fruits
(33 soft-rotted sites per 216 infected sites). Inoculations
with Pst18 resulted in typical speck symptoms, whilst
Pss5 produced necrotic deep-black lesions. All isolates
of P. viridiflava produced bacterial soft rot on tomato
plant after stab inoculation of the stem, (Malathrakis
and Goumas, 1987). Finally, all isolates ofP. virid-
iflava and reference strains of the bacterium, caused
rust-coloured lesions within 48 h on excised snap bean
pods. Strains Pst18 and Pss5 caused only a necrotic
reaction on bean pods. Isolates ofP. viridiflava induce
soft rots on pear and did not produce any symptoms on
detached lemon fruits. In contrast, strain Pss5 repro-
duced a black pit symptom on lemon and a water-
soaked necrotic spot on pear fruits. Reisolations made
from the artificially infected fruits and plants yielded,
pure cultures ofP. viridiflava. Their identification was
confirmed by LOPAT tests. No symptoms developed
on control plants or fruits.

On the basis of morphological, physiological bio-
chemical and pathological characteristics, the fifteen
representative isolates ofPseudomonasspp were iden-
tified asP. viridiflava (Burkholder) Dowson, accord-
ing to the determinative schemes proposed by Lelliott
et al. (1966), Sands et al. (1970) and Billing (1970).
P. viridiflavahas been characterized as an opportunis-
tic pathogen on a wide variety of plants (Bradbury,
1986). In GreeceP. viridiflava has often been found
to cause severe disease problems on different plants
grown in plastic greenhouses or outdoors (Goumas and
Chatzaki, 1998). To our knowledge this is the first
record of the bacterium causing these symptoms on
tomato fruit (Bradbury, 1986). Further investigations
are needed to determine the environmental factors pre-
disposing the tomato fruits to bacterial infection and to
explain why the isolates from tomato fruit do not cause
soft rots. The disease symptoms were not associated
with wounds or cracks in the epidermis of tomato fruits
growing under unfavourable conditions. The disease
appears during winter from the middle to the end of the
cropping period (November–January). At this time the
environmental conditions are favourable for bacterial
infections and disease initiation and the conditions are
adverse to the growth of tomato plants (cool and humid
weather, low night temperature, reduced illumination,
increased inoculum levels and stressed plants). The fact
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that P. viridiflava is involved in diseases of different
hosts only during the winter season in Crete (Goumas
and Chatzaki, 1998) supports the suggestion that this
bacterium is an opportunistic cool weather pathogen,
which causes diseases of local economic importance.
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