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ABSTRACT 

Tomato fruits with typical symptoms of bacterial scab in tomato fields in the region of 
Plovdiv in 2011 were analyzed. Isolation plates contained mono-morphological, non-pigmented 
bacterial colonies which were not typical for the expected disease agents of genus 
Xanthomonas. The bacteria possessed pathogenic potential and were identified as 
Stenotrophomonas maltophilia with biochemical and molecular methods. Other species were 
not detected. S. maltophilia is independently isolated from diseased tomato fruits for the first 
time. 
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INTRODUCTION 
Bacterial spot and scab is an important disease in the vegetable producing regions and 

countries of the world. Damages cause significant yield loss and even plant dieback. Disease agents 
are members of genus Xanthomonas and most commonly Xanthomonas vesicatoria and 
Xanthomonas euvesicatoria strains. This study presents the first report of pathogenic S. maltophilia 
isolated from diseased tomato fruits. 

 
MATERIALS AND METHODS 
Bacterial strains were recovered from diseased fruits of tomatoes grown in the field in the 

region of Plovdiv in the summer of 2011. Bacteria were isolated as pure cultures from damaged 
plant tissues on King’s medium B and YDC medium as described by Klement et al. (1990) and after 
routine purifying procedures.  

Screening for major differentiating properties was performed by determining Gram-reaction, 
anaerobic growth, and oxidase activity. Identification of the isolates was carried out by the Biolog 
system (Biolog™) with GN2 MicroPlates. The v4.20.05 of the software program MicroLog 
(Biolog™) was used. 

Species identity was confirmed by partial sequencing of the 16S rRNA gene region. DNA 
was extracted from bacterial cultures grown in Luria-Bertrani Broth at 28°C, 200 rpm, overnight by 
DNeasy Blood & Tissue Purification Kit (QIAGEN) according to the manufacturer’s instructions. 
Control of cell density, yield and purity of the extracted DNA was performed by measuring on 
spectrophotometer NanoDrop 2000 (Thermo Scientific GmbH, Germany). The purposive 16S 
rRNA gene region was amplified with the universal eubacterial primer pair FGPS6 (5’-
GGAGAGTTAGATCTTGGCTCAG-3’) and FGPS1509 (5’-AAGGAGGGGATCCAGCCGCA-
3’) (Nesme et al., 1995). The PCR mixture was held in 25 μl volume and contained 1x PCR buffer, 
2,5 mM MgCl2, 50 pmol of each primer, 0.02 mM dNTPs, 1.25U Taq DNA polymerase, and 100 
ng of DNA. Amplification was performed with initial denaturation step at 94 оС for 5 min; followed 
by 35 cycles of denaturation at 94 оС for 1 min, annealing at 55 оС for 1 min, extension at 72 оС for 
2 min; and a final extension step at 72 оС for 15 min. The PCR products were electrophoretically 
separated in 1% (w/v) agarose gel containing ethidium bromide in 1х ТAЕ buffer at 100 V for 1h 
and visualized under UV light at 320 nm for length control. The products were purified by PCR 
Purification Kit (Fermentas) according to the manufacturer’s instructions. Sequence data was 
obtained by MacrogenTM and analyzed with BLAST2.  
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The pathogenic potential of the isolates was examined by the hypersensitive reaction (HR) 
test (Klement et al., 1990) on tobacco cv. Samsun NN and pathogenicity tests on tomato plants and 
fruits. Tomato plants of ~15 cm in height were inoculated by the vacuum infiltration method 
(Bogatzevska, 1988) with 107 cfu/ml bacterial suspensions from cultures grown on Potato-Dextrose 
Agar medium at 28°C, for 24 h. Tomato fruits were wounded by entomological needles and 
exposed to a drop of 107 cfu/ml bacterial suspensions from cultures grown in the same conditions. 
Experimental plants and fruits were kept at indirect sunlight at room temperature. 

Observations for HR were held after 24 hours and tissue changes in tomato leaves and fruits 
were examined periodically between 1st-7th day. 

 
RESULTS 
Tomato fruits showed typical symptoms of bacterial scab. Damages revealed as superficial, 

corky, oval or irregular scabs, with large or thin discolored halo (Fig. 1). Leaves showed no 
apparent changes. 

 

 
Fig. 1. Symptoms of disease on tomato fruits 

 
Pure bacterial cultures formed whitish entire-ended colonies. The surface was modest shiny of 

young colonies and opaque of 3-day old colonies. 
The bacteria were Gram-negative, oxidase-negative aerobs. They were identified as 

Stenotrophomonas maltophilia with the Biolog system with probability 100%, similarity index 
between 0.733-0.803, and distance index between 2.96-4.05.  

The strains utilized 34 substrates (dextrin, Tween 40, N-acetyl-D-galactosamine, N-acetyl-D-
glucosamine, cellobiose, D-fructose, gentiobiose, α-D-glucose, lactulose, maltose, D-mannose, D-
melibiose, β-methyl-D-glucoside, sucrose, trehalose, turanose, pyruvic аcid methyl еster, cis-
aconitic acid, citric acid, α-hydroxybutiric acid, α-keto butyric acid, lactic acid, malonic acid, 
propionic acid, succinic acid, bromo-succinic acid, alaninamide, D-аlanine, L-alanine, L-alanyl-
glycine, glycil-L-glutamic аcid, L-proline, L-serine, and L-threonine) and did not utilize 34 carbon 
sources (α-cyclodextrin, glycogen, аdonitol, L-аrabinose, D-аrabitol, i-еrythritol, L-fucose, D-
galactose, m-inositol, D-mannitol, L-rhamnose, xylitol, D-galactonic acid lactone, D-galacturonic 
acid, D-gluconic acid, D-glucosaminic acid, D-glucuronic acid, γ-hydroxybutiric acid, p-hydroxy 
phenylacetic acid, itaconic acid, quinic acid, D-saccharic acid, sebacic acid, succinamic acid, 
glucuronamid, hydroxy-L-proline, L-phenylalanine, L-pyroglutamic acid, D-serine, urocanic acid, 
thymidine, phenylethylamine, putrescine, and 2-amino-ethanol). Weak reaction was observed for α-
D-lactose, D-psicose, succinic acid mono-methyl ester, and β-hydroxybutiric acid. 

The isolates differed in their properties for assimilation of 22 substrates. Tween 80, acetic 
acid, α-keto glutaric acid, glycyl-L-aspartic acid, and L-leucine were assimilated or weakly 
assimilated. Seventeen substrates (D-raffinose, D-sorbitol, formic acid, L-asparagine, L-aspartic 
acid, glutamic аcid, L-histidine, L-ornithine, carnitine, γ-amino butyric acid, inosine, uridine, 2,3-
butanediol, glycerol, α-glycerol phosphate, D-glucose-1-phosphate, D-glucose-6-phosphate) were 
weakly assimilated or not assimilated. The reaction to α-keto valeric acid varied. 
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For confirmation purposes one of the strains was subjected to sequence analysis. Comparison 
of the 16S rRNA gene sequences differentiates bacterial organisms on genus and species levels 
(Clarridge, 2004). Amplification of the 16S rRNA gene region with universal eubacterial primers 
gave a PCR product with the expected length of ~1500 bp (Nesme et al., 1995).  

The 16S rDNA sequence (GenBank, under submission) showed 99% similarities to sequences 

of S. maltophilia strains in the database (with most similar Genbank sequences HQ158595.1 and 
AB194323.1). The sequence has been submitted to GenBank. 

S. maltophilia strains were the only bacteria recovered from the fruit scabs together with the 
common saprophyte Pantoea agglomerans (Erwinia herbicola). No xanthomonads or 
pseudomonads which are typical pathogens of tomato fruits were detected. 

Pathogenicity tests were performed for examination of the pathogenic potential of the isolates. 
The strains did not induce hypersensitive reaction on tobacco leaves. Tomato leaves reacted with 
watery lesions on leaf ends on the 4th day after inoculation which later withered (Fig. 2). The dried 
parts only slightly changed their color opposed to the inoculated with Pseudomonas syringae pv. 
tomato and Xanthomonas euvesicatoria positive controls which reacted with dark brown necrotic 
spots on the 3th day after inoculation (Fig. 2). Tomato fruits developed watery lesions with cracked 
yellow centers (Fig.2) which later tended to sink in the tissues below and darken to brown.  

 

 
Fig. 2. Symptoms of disease on tomato leaves on the 7th day after inoculation (center) compared to 

the control plant (left) and damages of fruit on the 4th day after inoculation (right) 
 
DISCUSSION 
S. maltophilia is a versatile species, widely distributed in soil, rhizosphere, natural and waste 

waters. The bacterium characterizes with multiple antibiotic resistance, heavy metal tolerance, and 
biofilm-formation capability. Although S. maltophilia is an emerging nosocomial pathogen it has 
been mainly reported as a plant-associated organism. Strains producing volatile organic compounds 
(VoCs) with antifungal activity and plant growth promoting effects have been reported. However, 
the endophytic strain S. maltophilia R551‑3 isolated from poplar does not carry genes for the plant 
growth promotion mechanisms that have been described for other endophytes (Ryan et al., 2009). 

S. maltophilia has been isolated from tomatoes before. The bacterium was one of the main 
species found in husk tomato roots and tomato rhizosphere in Mexico (Marquez-Santacruz et al., 
2010). It has also been isolated together with Xanthomonas sp. from tomato seeds in Zimbabwe. 
The isolates were pathogenic on tomato plants and were considered as opportunistic pathogens 
(Sibiya et al., 2003). 

Recent studies of two S. maltophilia strains showed that although S. maltophilia is related to 
the plant pathogenic Xanthomonas spp., these genomes did not encode certain genes contributing to 
Xanthomonas virulence, including those encoding type III secretion system and genes encoding 
plant cell wall degrading enzymes (pectinases). However, genes that are involved in 
phytopathogenesis, including those encoding cellulase and genes encoding type I, II, IV, V and the 
twin arginine transporter (TAT) secretion systems, are present. S. maltophilia also has an 
extraordinarily high hydrolytic potential producing proteases, chitinases, glucanases, DNases, 
RNases, lipases, and laccases (Ryan et al., 2009). These findings and the versatile nature of the 
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bacterium can be a possible explanation for the phytopathogenic potential of tomato strains isolated 
in Zimbabwe and Bulgaria. 

Furthermore, S. maltophilia possesses a cell–cell signalling system that is mediated by a 
diffusible signal factor (DSF) that was first identified in the related plant pathogen X. campestris 
(Ryan et al., 2009). Thus the occurrence of populations of the two species in the same plant may 
trigger the expression of the pathogenic potential by the means of quorum-sensing.  

The isolates of S. maltophilia from Bulgarian tomatoes proved to be pathogenic. However, as 
the symptoms of disease developed comparatively slower after artificial inoculations we consider S. 
maltophilia to be opportunistic and not the main disease agent of tomato fruits. The sample tomato 
plants contributors of the isolates were abundantly copper-treated. As strains of Xanthomonas spp. 
are generally sensitive to copper we assume that after disease initiation the treatments possibly 
suppressed the further development of xanthomonads allowing the concomitant resistant S. 
maltophilia to multiply in tissues and contribute to scab formation and growth. 

In this study phytopathogenic S. maltophilia is independently isolated from diseased tomato 
fruits for the first time. 
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