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Abstract

LICHEVA, T., M. BADALOVA, V. SAVOV, Y. EVSTATIEVA and D. NIKOLOVA, 2013. Study of the antibacterial activity of 
bacterial strains from genus Bacillus against the phytopathogenic Xanthomonas vesicatoria. Bulg. J. Agric. Sci., Supplement 
2, 19: 77–79

The aim of this study was to determine the activity of 17 newly isolated strains from genus Bacillus against the phytopatho-
genic bacterium Xanthomonas vesicatoria. These strains were cultivated in liquid nutrient medium for 36-48 hours to produce 
antibacterial substances. The antibacterial activity was tested by the agar diffusion method. It was determined that 7 of the 
tested strains showed antibacterial activity against the test phytopatogen. 
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Introduction

Xanthomonas is a typical genus of plant pathogenic 
bacteria, which occurs in many climatic regions (Kizheva, 
2011). Xanthomonas vesicatoria is a typical representa-
tive of the genus and it is popular phytopathogenic bac-
terium that causes one of the most serious diseases on 
vegetables and is distributed via seeds, irrigation water, 
wounds, residual contamination in soil (Chupp, 2006). 
This bacterium affects many types of hosts, including 
citrus, beans, cabbage (Chupp, 2006) grapes, cotton, and 
rice. Xanthomonas vesicatoria causes citrus cankers and 
black rot, and affects many commercial plants. Typical 
symptoms of the disease include lesions on the leaves, 
fruit, and stems as well as twig dieback (Rat et al., 1991).

Host infection by Xanthomonas vesicatoria causes 
V-shaped chlorotic to necrotic foliar lesions, vascular 
blackening, wilting, stunted growth, and stem rot symp-
toms (Alvarez, 2000). The darkening of vascular tissues 
following bacterial invasion gives the black rot disease 
its name. Black rot caused by the bacterium Xanthomon-
as vesicatoria, is considered the most important and most 
destructive disease of crucifers, infecting all cultivated 

varieties of brassicas worldwide (Alvarez, 2000).
Bacterial spot caused by Xanthomonas vesicatoria is 

one of the most devastating diseases of pepper and to-
mato. The disease occurs worldwide where pepper and 
tomato are grown in warm, moist areas. Bacterial spot is a 
serious disease on tomato and pepper in the vegetable pro-
ducing regions of Bulgaria and Macedonia. It is a major 
problem on tomato in Bulgaria and on pepper in Macedo-
nia (Bogatzevska, 2007). 

Prevention and control of phytopathogen bacterium 
Xanthomonas vesicatoria, which is based on the antago-
nistic relationship, is extremely important (Jones, 2003)

The aim of the study was to determine the activity of 
newly isolated strains from genus Bacillus: T (1, 2, 3, 4, 
5, 10, 11, 12, 14, 15, 16, 17, 18), V (6, 7, 8, 13) and one 
strain from species Bacillus pasteurii against the phyto-
pathogenic bacterium Xanthomonas vesicatoria. 

Materials and Methods

Microorganisms, cultures and conditions
Seventeen newly isolated strains from genus Bacillus (T- 

1, 2, 3, 4, 5, 10, 11, 12, 14, 15, 16, 17, 18, V- 6, 7, 8 and 13) 
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and one strain from species Bacillus pasteurii were selected 
for this study. One strain from species Xanthomonas vesi-
catoria (kindly provided from Department of Microbiol-
ogy, Faculty of Biology, Sofi a University) was used as test 
phytopathogen. All strains were cultivated in Nutrient broth 
(Difco) at 28°C for 24 hours. Stock cultures in Nutrient broth 
supplemented with 20% v/v glycerol were stored at –20°C. 

Antimicrobial activity determination
Cell-free supernatant (CFS), obtained after 24 h culti-

vation in Nutrient broth of each studed strain, was assayed 
for inhibitory activity against a phytopatogenic strain 
from the species Xanthomonas vesicatoria.

Overlay of test strain (106 CFU/ml) was prepared on 
agar plates and was allowed to dry. Wells (8 mm) were 
made in the agar plates and CFS (100 μl) was placed in 
the wells and allowed to diffuse through the agar for 20–
40 min at room temperature prior to incubation for 24 h. 
After which inhibitory zones were measured. All experi-
ments were prepared in triple.

Results and Discussion 

In this study, the antibacterial activity of selected 
strains was estimated by the agar diffusion method. The 
results for the active strains are presented in Figure 1. 

It can be observed (Figure 1) that the Bacillus strains 
T 2, T 10 and T 18 have the greatest activity of all tested 
strains (T 2 – 22 mm, T 10 – 22 mm and T 18 – 17 mm) 
against the phytopathogenic bacteria.  Strains T 4, T 5, T 
17 and V8 (T 4 – 10 mm, T 5 – 5 mm and T 17- 3 mm, 
V8 – 8 mm) are less active and strains T 1, 3, 11, 12, 
14, 15, 16 do not show any antibacterial activity against 

the phytopathogen Xanthomonas vesicatoria (Figure 2). 
From the obtained results can be concluded that among 
all tested strains T 2, T 10 and T 18 show the strongest 
activity against phytopathogenic Xanthomonas vesicato-
ria. Therefore, the biochemical characterization and iden-
tifi cation of these newly isolated strains T 2, 10 and 18 
was important and necessary as a prerequisite for their 
potential applications in the biological farming. Accord-
ing to the biochemical tests (BIOLOG®) and the molecular 
characterization they belong to the species Bacillus subti-
lis and Bacillus licheniformis (unpublished data). The ef-
fect of these strains on the phytopathogenes is probably 
because some strains from the Bacillus genus produce 
substances with antimicrobial activity including antibiot-
ics (Chung et al., 2008). Some of the substances produced 
by the genus Bacillus show antifungal and/or antibacterial 
activity against a great number of phytopathogenic micro-
organisms (Tabbene et al., 2009).

The high proportion of antimicrobial compound pro-
ducing strains may be associated with ecological role, 
playing a defensive action to strains into an established 
microbial community (Strahl et al., 2002)

Conclusion

In seven of the studied strains (T 2, T 4, T 5, T 10, T 17, 
T 18 and V8) was detected antibacterial activity against 
the test phytopathogen. Three of them showed strongest 
activity (T 2 – 22 mm, T 10 – 22 mm and T 18 – 17 mm). 

Until now there was little information available 
concerning the action of the genus Bacillus against the 
phytopathogenic bacteria Xanthomonas vesicatoria. The 
obtained data on the antimicrobial activity of strains 
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Fig. 1. Antibacterial activity of CFS of active bacterial 
strains T 2, T 4, T 5, T 10, T 17, T 18, V8 against 

Xanthomonas vesicatoria
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Fig 2. Antibacterial activity of CFS of bacterial strains 
from V6 to V13 and Bacillus pasteurii against 

Xanthomonas vesicatoria 
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of the genus Bacillis against phytopathogenic bacteria 
Xanthomonas vesicatoria are interesting both from  
scientifi c and practical point of view. These strains can be 
used as agents for the treatment of infectious symptoms 
in different plants and may have wide application in plant 
production and agriculture.  

References

Alvarez, A. M., 2000. Black Rot of Crucifer. Mechanisms of 
Resistance to Plant Diseases. Dordrecht, The Netherlands: 
Kluwer Academic Publishers, pp. 21–52.

Bogatzevska, N., E. Stoimenova and S. Mitrev, 2007. Plant 
Protection, 18: 17–21.

Chupp, C., 2006. Black Rot of Cabbage. Manual of Vegetable 
Plant Diseases. New Delhi, India: Discovery Publishing 
House, pp. 132–133.

Chung, S., H. Kong, J. S. Buyer, D. K. Lakshman, J. Lydon, 
S. D. Kim and D. P. Roberts,  2008. Isolation and partial 

characterization of Bacillus subtilis ME488 for suppression 
of soilborne pathogensof cucumber and pepper. Appl. Micro-
biol. Biotechnol., 80 (1): 115–123. 

Rat. B., J. Poissonnier, M. J. Goisque and A. Burgaud, 1991. 
Le point sur le chancre bactérien. Fruit et Légumes, 86: 38-
40.

Jones, J. B. and K. Pernezny, 2003. Bacterial Spot in Com-
pendium of Pepper Diseases. American Phytopathological 
Society, St. Paul, MN, pp. 6–7.

Kizheva, Y., 2011.  Diversity of xanthomonas spp. Causal agents 
of bacterial spot on pepper and tomato plants in Bulgaria.  
Biotechnol. & Biotechnol. Eq., 25 (4), Suppl.: 98–104.

Tabbene, O., S. I. Ben, F. Bouabdallah, M. L. Mangoni, M. C. 
Urdaci and F. Limam, 2009. Production of anti-methicillin-
resistant Staphylococcus activity from Bacillus subtilis sp. 
strain B38 newlyisolated from soil. Appl. Biochem. Biotech-
nol., 157 (3): 407–419.

Strahl, E. D., W. E. Dobson and L. L. Lundie, 2002. Isolation 
and screening of brittle star–associated bacteria of antibacte-
rial activity. Current Microbiology, 44: 450–459.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


