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Abstract

Bogatzevska, N., Vancheva-Ebben, T., Vasileva, K., Kizheva, Y. & Moncheva, P. (2021). An overview of the di-
versity of pathogens causing bacterial spot on tomato and pepper in Bulgaria. Bulg. J. Agric. Sci., 27 (1), 137–146

Bacterial spot (BS) is a destructive disease affecting tomato and pepper plants. A wide diversity among the pathogens causing 
this disease makes them a serious threat for the tomato and pepper production worldwide, including Bulgaria, where the disease 
has become a major problem. To date in Bulgaria three species have been identified that infect tomato (X. vesicatoria, X. euves-
icatoria and X. gardneri), and two that infect pepper (X. vesicatoria and X. euvesicatoria). Despite the research and published 
data, there is no general information about the BS agents on tomato and pepper in Bulgaria in respect to pathotypes, races, and the 
dynamics of pathogenic populations during the years. In this study we analyzed and summarized for the first time the data on the 
species, pathotype and race structure of the pathogenic population during the period 1999-2016. BS on tomato is caused by three 
species (X. vesicatoria, X. gardneri and X. euvesicatoria), and on pepper – by two species (X. euvesicatoria and X. vesicatoria). X. 
vesicatoria was detected and identified at the beginning of this period. This species is a dominant pathogen on tomato, whereas on 
pepper dominates the X. euvesicatoria species. We found a significant race diversity especially for the PT strains of X. vesicatoria 
and PT and P strains of X. euvesicatoria. The occurrence of new races over the past years has been registered, replacing those 
established at the beginning of the observed period. This indicates that the pathogenic population responsible for BS on tomato 
and pepper is dynamic and needs to be regularly monitored and studied, which is important to control the disease.

Keywords: bacterial spot agents; diversity; race; pathotype; pepper; tomato 
Abbreviations: BS – bacterial spot; IPP – Institute of Plant Protection; IG – Institute of Genetics; MVCRI – Мaritsa 
Vegetable Crops Research Institute; PCR – polymerase chain reaction; P – pepper pathotype; PT – pepper-tomato 
pathotype; NB – Northern Bulgaria; Northern-East Bulgaria; SB – Southern Bulgaria; Southern-West Bulgaria;  
T – tomato pathotype; WB – Western Bulgaria 

Introduction

Bacterial spot is a destructive disease affecting tomato 
and pepper plants. A wide diversity among the pathogens 
causing this disease makes them a serious threat for the 
tomato and pepper production worldwide. Under humid 

conditions bacterial spot (BS) as one of the most invasive 
disease has the potential to cause heavy yield losses of af-
fected pepper and tomato plants due to its seedborne nature 
and the low efficiency of chemical control (Quezado-Duval 
et al., 2004). The disease has cyclic peaks and it is observed 
when frequent wind-driven rainfalls and high temperature 
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are present (Sahin & Miller, 1998; Mitrev, 2001; Obra-
dovic et al., 2004; Bogatzevska et al., 2007). To date, four 
genetically and phenotypically distinct pathogens have been 
defined as causative agents of bacterial spot: Xanthomon-
as euvesicatoria, Xanthomonas vesicatoria, Xanthomonas 
gardneri, and Xanthomonas perforans (Jones et al., 2004). 
Among the BS causative agents of tomato and pepper, three 
pathotypes of strains are distinguished – those that only in-
fected tomato (T pathotype), only pepper (P type), and both 
tomato and pepper (PT type) (O’Garro et al., 1999). In the 
years, X. euvesicatoria and X. gardneri have been isolated 
from both symptomatic tomato and pepper, X. vesicatoria 
primarily from tomato and X. perforans, until recently, only 
from tomato (Potnis et al., 2015; Schwartz et al., 2015). The 
X. euvesicatoria strains were reported as more aggressive on 
pepper plants and in some countries as the prevalent patho-
gen (Potnis et al., 2015; Schwartz et al., 2015; Kyeon et al., 
2016; Areas et al., 2015; Vancheva et al., 2014). Several 
races have been distinguished among the above mentioned 
pathotypes (Minsavage et al., 1990; Ward & O’Garro, 1992; 
O’Garro & Tudor, 1994; Bouzar et al., 1994a). Bacterial spot 
in Bulgaria was first described in 1936 and has become a 
major problem in the tomato and pepper-production fields 
(Kovachevski, 1936). For the first time on Bulgarian pepper, 
BS was recorded by Karov (Karov, 1965), after which BS 
agents have been found and species identified in both tomato 
and pepper. To date, three species have been described that 
infect tomato (X. vesicatoria, X. euvesicatoria and X. gard-
neri), and two pepper (X. vesicatoria and X. euvesicatoria) 
in Bulgaria (Bogatzevska et al., 2007; Kizheva et al., 2011, 
Kizheva et al., 2013; Vancheva et al., 2014). 

The aim of the study is to review the species diversity 
of bacterial spot causative agents on tomato and pepper in 
Bulgaria, as well as their pathotype and race structure during 
the period 1999-2016.

Materials and Methods

A collection of 314 bacterial strains isolated from vari-
ous tomato and pepper production fields in Bulgaria in the 

period 1999-2016 was analyzed in this study. Most of the 
strains were previously identified by species-specific PCR 
amplification and by the miniaturized identification system 
BiologTM (Biolog™, USA) with GN2 MicroPlate™ test 
plates. A large number of strains have been characterized by 
different molecular methods (Kizheva et al., 2011; Kizheva 
et al., 2013; Stoyanova et al., 2014; Vancheva et al., 2014; 
Kizheva et al., 2016; Kizheva et al., 2017; Vancheva et al., 
2018).  

The pathogenicity and the pathotype of all the BS 
strains were defined using tomato cv. ‘Ideal’ and pepper 
cv. ‘Kalifornyisko chudo’ as test plants (Bogatzevska & 
Sotirova, 1992). Strains were tested for race determination 
on the basis of the presence of a hypersensitive (HR), resis-
tant or compatible response on different tomato and pepper 
genotypes. Tomato (T) races were identified using the gen-
otypes Hawaii 7981 and Hawaii 7998, whereas pepper (P) 
races on the genotypes ECW10R, ECW20R, and ECW30R 
(Bouzar et al., 1994b). The reaction was recorded after the 
leaves of the corresponding genotypes were infiltrated with 
a bacterial suspension (108 cfu/ml). The tests were per-
formed twice.

Results

Three hundred-fourteen strains (130 strains isolated from 
tomato and 184 isolated from pepper) were the object of this 
study. The strains were previously identified by species-spe-
cific PCR amplification and BIOLOG system (Kizheva et al., 
2011; Kizheva et al., 2013; Stoyanova et al., 2014; Vancheva 
et al., 2014) as follows: 114 – X. vesicatoria, 19 – X. gard-
neri, and 181 – X. euvesicatoria (Table 1 and Table 2). The 
bacterial strains were isolated from different parts of tomato 
and pepper plants from five regions in Bulgaria – Western 
Bulgaria (WB), Northern Bulgaria (NB), Southern Bulgaria 
(SB), Southеwestern Bulgaria (SW), and Northeastern Bul-
garia (NE) (Table 1 and Table 2). 

The species X. vesicatoria was identified as the main 
causative agent of BS on tomato in Bulgaria. Even though 
identified as the main agent causing BS on tomato, the 

Table 1. Strain designation, year of isolation and location for Xanthomonas isolates from tomato in Bulgaria during the 
period 1999–2016
Strain designation Year of isolation Location
X. vesicatoria
32t, 34t, 35t, 36t, 37t 1999 IG, Sofia* (WB)
38t, 40t 2000 Stara Zagora (SB)
39t 2000 Radnevo (SB)
41t, 42t, 43t, 56t, 57t, 58t 2006 IPP, Kostinbrod ** (WB)
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Strain designation Year of isolation Location
44t, 45t, 47t, 48t, 49t, 50t, 51t, 52t, 53t, 54t, 55t 2006 IG, Sofia* (WB)
59t 2007 Yarlovo (WB)
60t 2007 IG, Sofia, Bulgaria* (WB)
63t 2009 IG, Sofia* (WB)
68t 2010 MVCRI, Plovdiv *** (SB)
69t, 73t 2012 Topolovgrad (SB)
83t, 88t, 89t 2013 MVCRI, Plovdiv *** (SB)
84t 2013 Haskovo (SB)
17x, 87t 2013 Plovdiv (SB)
18x, 19x 2013 Kostinbrod (WB)
20x 2013 Bozhurishte WB)
21x, 22x, 23x, 25x, 26x, 27x, 28x 2014 MVCRI, Plovdiv *** (SB)
24x, 30x, 2014 Sadovo (SB)
29x 2014 Trudovets(SB)
33x, 56x 2014 Pazardzhik (SB)
44x 2014 Pavlikeni (NB)
46x, 47x 2014 Byala Cherkva (NB)
48x, 49x 2014 IG, Sofia* (WB)
50x 2014 Yarlovo (WB)
51x, 52x, 55x 2014 Plovdiv (SB)
97t, 98t, 99t, 100t, 101t, 102t, 103t, 104t 2015 MVCRI, Plovdiv *** (SB)
4(1)t 2015 Plovdiv (SB)
122t 2016 Sadovo (SB)
123t, 124t, 125t, 126t 2016 MVCRI, Plovdiv *** (SB)
127t, 128t 2016 Pazardzhik (SB)
129t, 130t, 131t 2016 Blagoevgrad (SWB)
132t, 133t 2016 Tyulenovo (NEB)
134t, 135t 2016 Schabla (NEB)
X. euvesicatoria
90t, 91t, 92t, 93t, 94t, 95t, 96t 2015 Bozhurishte (WB)
105t, 106t 2015 Haskovo (SB)
107t, 108t, 109t 2015 Svilengrad (SB)
110t, 111t, 112t 2015 Sadovo (SB)
113t, 114t 2015 Byala Cherkva (NB)
115t, 116t, 139t 2016 Kostinbrod (WB)
117t,  118t, 119t 2016 MVCRI, Plovdiv *** (SB)
120t, 121t 2016 Sadovo (SB)
136t 2016 Pazardzhik (SB)
137t 2016 Pavlikeni (NB)
X. gardneri
62t, 64t, 65t 2009 IG, Sofia* (WB)
66t, 67t 2010 MVCRI, Plovdiv *** (SB)
70t, 71t, 72t, 74t, 75t, 76t, 77t, 78t, 79t, 80t 2012 Topolovgrad (SB)
81t, 82t 2013 MVCRI, Plovdiv *** (SB)
85t, 86t 2013 Haskovo (SB)

*Institute of Genetics (part of Institute of Plant Physiology and Genetics, since 2010)
**Institute of Plant Protection (part of Institute of Soil Science, Agrotechnologies and Plant Protection ‘Nikola Poushkarov’, Sofia, Bulgaria, since 2012)
***Мaritsa Vegetable Crops Research Institute
WB – Western Bulgaria; NB – Northern Bulgaria; NEB – North-Eastern Bulgaria; SB – Southern Bulgaria

Table 1. Continued 
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Table 2. Strain designation, year of isolation and location for Xanthomonas isolates from pepper in Bulgaria during the 
period 1999–2016
Strain designation Year of isolation Location
X.vesicatoria
1b, 2b, 3b 1999 Lovech (NB)
4b 2000 IG, Sofia* (WB)
6b, 7b 2001 IG, Sofia* (WB)
8b 2002 Lovech (NB)
9b 2002 Trebich (WB)
14b, 15b 2005 IG, Sofia* (WB)
16b 2006 Kavarna (NEB)
17b, 18b, 19b 2006 IPP, Kostinbrod ** (WB)
22b, 26b 2006 IG, Sofia* (WB)
32b, 33b 2007 Haskovo (SB)
34b, 35b 2007 Stara Zagora (SB)
36b, 37b 2008 IPP, Kostinbrod ** (WB)
53b 2011 Novi Iskar (WB)
57b, 58b, 59b 2011 MVCRI, Plovdiv *** (SB)
60b 2011 IG, Sofia* (WB)
304 2016 Trebich (WB)
305 2016 Lovech (NB)
309 2016 IG, Sofia* (WB)
X. euvesicatoria
 5b 2000 IG, Sofia* (WB)
10b 2002 Pazardzhik (SB)
11b 2003 IPP, Kostinbrod **
12b 2003 Petrich (WB)
13b 2004 IPP, Kostinbrod ** (WB)
23b, 24b, 25b, 27b, 28b, 29b, 30b, 31b 2006 IG, Sofia* (WB)
38b 2008 IG, Sofia* (WB)
39b, 40b 2009 Kostinbrod (WB)
41b, 42b, 43b 2009 Veliko Tarnovo (NB)
44b, 45b, 47b, 48b, 49b, 50b, 51b, 52b 2010 MVCRI, Plovdiv *** (SB)
54b 2011 IPP, Kostinbrod ** (WB)
55b, 56b 2011 Kostinbrod (WB)
61b, 62b, 63b, 64b, 65b 2012 MVCRI, Plovdiv *** (SB)
66b, 67b, 68b, 69b, 70b, 71b, 72b, 73b, 74b, 75b, 76b 2012 Pavlikeni (NB)
77b, 78b, 79b 2012 Durankulak (NEB)
80b, 81b, 82b 2012 Shabla (NEB)
83b, 84b, 85b 2012 Tyulenowo (NEB)
86b, 87b ,88b 2012 Kavarna (NEB)
89b, 90b, 91b, 92b 2013 Kostinbrod (WB)
93b, 94b, 95b 2013 Sadovo (SB)
96b, 97b, 98b, 99b, 100b, 101b, 102b, 103b, 105b 2013 Byala Cherkva (NB)
106b 2013 Shabla (NEB)
107b, 108b, 109b, 110b, 111b, 112b, 113b, 114b, 115b 2013 Kavarna (NEB)
116b, 117b, 120b, 122b 2014 Pavlikeni (NB)
118b, 119b 2014 Byala Cherkva (NB)
122b, 125b, 132b 2014 Durankulak (NEB)
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species was not isolated repeatedly every year during this 
study (Figure 1). X. vesicatoria was mostly present in 
2006, 2011, 2014, and in 2016. X. euvesicatoria was first-
ly identified as a BS pathogen on tomato in Bulgaria in 
2015 and found again later on in 2016, while X. gardneri 
was observed in the period 2009-2014 (Table 1). 

The tomato BS pathogens were represented by two 
pathotypes – pepper-tomato (PT) and tomato (T) with prev-
alence of the PT pathotype, more pronounced among the 
strains of the three species isolated in the SB region (Figure 
2 and Table 3). 

Among the T strains of the species X. vesicatoria and X. 
euvesicatoria three races were identified – T1, T2 and T3, 
while X. gadneri was represented only by two races – T1 
and T3 (Figure 3).  Race T3 was predominant among the T 
strains of X. vesicatoria.

123b, 124b 2014 Shabla (NEB)
126b, 127b 2014 Krapets (NEB)
128b, 131b 2014 Kavarna (NEB)
129b, 130b 2014 Tyulenovo (NEB)
131b 2014 Kostinbrod (WB)
134b, 135b 2014 Svilengrad (SB)
136b, 137b, 138b 2014 Sadovo (SB)
214, 216 2015 IPP, Kostinbrod ** (WB)
260 2015 Shabla (NEB)
264, 265 2015 Kavarna (NEB)
266, 268 2015 Tyulenovo (NEB)
269, 271 2015 Durankulak (NEB)
273, 274, 276 2015 Shabla (NEB)
279, 281, 283, 284, 285, 286 2015 Krapets (NEB)
288, 289, 291, 293, 294 2015 Tyulenovo (NEB)
295, 303 2015 Svilengrad (SB)
306, 308 2016 IPP, Kostinbrod ** (WB)
307 2016 Petarch(WB)
310 2016 MVCRI, Plovdiv *** (SB)
311 2016 Kostinbrod
312, 313 2016 MVCRI, Plovdiv *** (SB)
314, 315, 316 2016 Pavlikeni (NB)
317 2016 Durnakulak (NEB)
318, 319, 326, 327 2016 Shabla (NEB)
320, 328 2016 Tyulenovo (NEB)
321 2016 Kavarna (NEB)
322, 323 2016 Sadovo (SB)
324, 325 2016 Byala Cherkva

*Institute of Genetics (part of Institute of Plant Physiology and Genetics, since 2010)
**Institute of Plant Protection (part of Institute of Soil Science, Agrotechnologies and Plant Protection ‘Nikola Poushkarov’, Sofia, Bulgaria, since 2012)
***Мaritsa Vegetable Crops Research Institute
WB – Western Bulgaria; NB – Northern Bulgaria; NEB – North-Eastern Bulgaria; SB – Southern Bulgaria

Table 2. Continued 

Fig. 1. Spread of the species X. vesicatoria on tomato in 
Bulgaria during the period 1999–2016
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The races of twenty six PT strains of the three species 
were determined. Eight races were identified among the an-
alyzed strains (Table 4).

During the analyzed period BS was also observed on 
pepper plants. One hundred eighty four strains were isolated 

from the five regions in Bulgaria (Table 1). The disease was 
shown to be caused by two pathogens: X. euvesicatoria (154 
strains) and X. vesicatoria (30 strains) with X. euvesicatoria 
being the dominant one, very clearly expressed in the last 
years of the surveyed period (Figure 4). 

Fig. 2. Pathotype structure of the species causing BS on 
tomato in Bulgaria during the period 1999–2016

Table 3. Distribution by regions of the pathotypes of the species causing BS on tomato during the period 1999-2016
Region of 
isolation

X. vesicatoria strains, % X. euvesicatoria strains, % X. gardneri strains,%

PT T PT T PT T
WB 36 39 18 70 23 0
NB 2 5 18 0 23 NI
SB 55 46 64 30 84 100
SWB 0 7 NI NI NI NI
NEB 7 3 NI NI NI NI

WB – Western Bulgaria; NB – Northern Bulgaria; SB – Southern Bulgaria; SWB – South-Western Bulgaria; North-Eastern Bulgaria
PT – pepper-tomato pathotype; T – tomato pathotype
NI – no strains isolated 

Table 4. Races identified among the selected PT strains 
causing BS on tomato
Races Strains, %

X.vesicatoria X. euvesicatoria X. gardneri
P0T1 12.5 6.0 no
P0T2 12.5 35.0 no
P1T2 12.5 6.0 no
P3T2 12.5 no no
P4T1 25.0 12.0 no
P4T2 12.5 41.0 no
P5T3 12.5 no no
P10T2 no no 100

no – no strain possesses this race

Fig. 3. Races of T strains of the species causing BS on 
tomato in Bulgaria during the period 1999–2016

Fig. 4. Spread of the species X. vesicatoria and  
X. euvesicatoria on pepper in Bulgaria during  

the period 1999–2016
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For the X. vesicatoria species the PT pathotype was sig-
nificantly more abundant, while among the X. euvesicatoria 
the PT and P pathotypes were approximately equally pre-
sented with a slight prevalence of the P pathotype (Figure 5). 
The P pathotype of X. vesicatoria was represented by single 
strains isolated only in 2005. Until 2008, the X. euvesicatoria 
populations were relatively homogenous and combined only 
strains from PT pathotype. The distribution of the pathotypes 
by region of isolation is presented in Table 5.

The race structure of 93 (50% of all pepper strains) se-
lected strains was determined. Among the PT strains of X. 
vesicatoria nine races were identified (P0T2, P1T1, P1T2, 
P2T3, P3T1, P3T2, P4T2, P4T3, and P6T2). The only P 
strain of this species belonged to race P2. PT X. euvesicato-
ria (36 strains) strains were distributed into 16 races (P0T1, 
P0T2, P0T3, P1T1, P1T3, P2T2, P3T2, P4T1, P4T2, P473, 
P5T1, P5T2, P5T3, P6T1, P6T2, and P9T1), while among 

the P strains (44 strains) six races were identified (P0, P1, P2, 
P3, P4, P5, P6, and P10).

Discussion

The host range of BS xanthomonads includes a wide 
range of plants, but tomato and pepper are the main hosts 
(Potnis et al., 2015). Our study reports the species, patho-
type, and race diversity of BS causative agents on tomato 
and pepper plants in Bulgaria during the period 1999-2016. 
These pathogens are widely distributed in different regions 
of the world. Four species are the causative agents of BS 
on tomato and pepper – X. vesicatoria, X. euvesicatoria, X. 
performance, and X. gardneri (Jones et al., 2004a). Using 
MLSA and whole-genome sequence analysis, some authors 
reported that X. euvesicatoria and X. perforans belong to one 
species (Timilsina, 2015; Barak et al., 2016). Furthermore, 
a study based on the whole genome sequence comparison 
of the existing species X. cynarae and X. gardneri showed 
that they are the same species for which the name X. cynar-
ae pv. gardneri was proposed (Thimilsina et al., 2018). In 
our study we found that the pathogenic populations of the 
hosts were heterogenic by species, type, and race structure. 
We identified three species: X. vesicatoria, X. euvesicatoria, 
and X. gardneri, of which only the first two species infect 
pepper. X. vesicatoria was a dominant species which caused 
BS on tomato, with 84 isolated strains. Approximately 64% 
of all strains belonged to this species. The species was main-
ly isolated from SB and WB, where most tomato plants are 
grown, but it was not isolated repeatedly every year during 
the studied period. The appearance, development and spread 
of BS disease on tomato and pepper depends on several fac-
tors such as the climatic characteristics of the growing area, 
the soil type, cultivated plant varieties, and farming technol-
ogy. X. vesicatoria species was presented by two pathotypes 
– T and PT, the latter being able to infect both, tomato and 
pepper. Among the T strains three races were identified – T1, 
T2, and T3 with prevalence of the T3 race (39% of all the 
T strains). The three races were almost equally represented 
in WB, while in the SB dominated the race T3. These rac-
es were found almost every year during the survey period, 
except in the years when single strains were isolated. The 
race variety of PT strains was significant, despite the limited 
number of strains analyzed. Seven races were identified, six 
of which were equally represented. The race P4T1 predom-
inated. Currently, four tomato races and eleven pepper races 
are known. Among the causative agents of BS on tomato and 
pepper various pepper and tomato races have been reported 
(Jones et al., 1995; Jones et al., 2004b; Stall et al., 2009; 
Kebede et al., 2014).  

Fig. 5. Pathotypes of X. vesicatoria and X. euvesicatoria 
on pepper in Bulgaria during the period 1999–2016

Table 5. Distribution by regions of the pathotypes of the 
species causing BS on pepper during the period 1999–
2016
Region of 
isolation

X. vesicatoria strains,  
%

X. euvesicatoria strains, 
%

PT P PT P
WB 55 100 28 10
NB 17 no 34 11
SB 24 NI 19 18
SWB NI NI 1 NI
NEB 4 no 18 61

WB – Western Bulgaria; NB – Northern Bulgaria; SB – Southern Bulgaria; 
SWB – South-Western Bulgaria; North-Eastern Bulgaria
PT – pepper-tomato pathotype; T – tomato pathotype
NI – no strains isolated 
no – no strain is of this type
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X. euvesicatoria was found for the first time as patho-
gen on tomato in Bulgaria in 2015. Similar to X. vesicatoria, 
this pathogen was represented by two pathotypes – T and 
PT. The latter one was dominant and more often registered 
in SB region (64% of all the PT strains). It is interesting to 
note that X. euvesicatoria was not found in SWB and NEB 
regions. Among the T strains we found three races (T1, T2, 
and T3), as established for X. vesicatoria. The races T1 and 
T2 were found more often than race T3. The races of selected 
PT strains were determined and five races were identified. 
The races P4T2 and P0T2 were characteristic for the largest 
number of strains – 41 and 35% of the tested strains and were 
found in all the regions, where the pathogen was isolated. 

X. gardneri was established as BS agent on tomato in 
Bulgaria in 2009. It is interesting to note that X. gardneri 
was first reported in the United States – Ohio and Michigan 
also in 2009 as a causative agent of BS on tomato (Ma et 
al., 2011).  Similar to X. vesicatoria, the pathogen has not 
been detected every year since its discovery in Bulgaria. It 
was established in 2009, 2010, 2012, 2014, and its maximum 
spread was in 2012 in SB region. X. gardneri was not found 
in NB, SWB, and NEB regions. Most of the strains were of 
PT type, and T strains belonged to races T1 and T2, which 
were equally represented. In a recent study Timilsina et al. 
(2015) found that this species was becoming more widely 
distributed in different geographic regions, as also concluded 
in our research. 

Prior to 2009 X. vesicatoria was single and dominant 
species, causing BS on tomato in Bulgaria. Similar chang-
es in pathogenic population were observed by other authors 
(Tudor-Nelson et al., 2003; Hert et al., 2005).

During the studied period we found that X. euvesicatoria 
and X. vesicatoria were the main pathogens in the pepper 
producing regions in Bulgaria. Until 2006, the BS was less 
manifested, followed by peaks in its spread. X. euvesica-
toria was the dominant species, which was more strongly 
pronounced from 2012. Fluctuations in the presence and the 
distribution of the two pathogens were observed. Interesting-
ly, the maximal abundance of one species leaded to minimal 
abundance of the other one, except in 2006. It is possible the 
climatic condition during the different years of the analyzed 
period to influence the emergence and development of each 
of the two pathogens. It was shown by other authors that 
the BS has cyclic peaks and it is observed when frequent 
wind-driven rainfalls and high temperature are present (Sa-
hin and Miller, 1998; Mitrev, 2001; Obradovic et al., 2004; 
Bogatzevska et al., 2007). The two pathogens belonged to 
the pathotypes – P and PT. The latter was significantly more 
abundant for X. vesicatoria, while among X. euvesicatoria 
strains slight prevalence of P type was recorded. Races of 

43% of X. vesicatoria and 52% of X. euvesicatoria strains, 
belonging to the two types were determined. In both spe-
cies there was a significant diversity of races, especially in 
PT strains, among which 16 races were identified for the X. 
euvesicatoria species and 9 for the X. vesicatoria species. 
Largest number of X. euvesicatoria strains (25% of all the 
PT strains) belonged to the race P4T2. The largest variety of 
races during the analyzed period was found in WB (nine rac-
es), followed by SB regions (seven races). The greatest race 
diversity was found in 2016, when eight races were identi-
fied. Six of these races (P0T1, P0T3, P1T1, P1T3, P3T2, and 
P5T2) have not been detected in previous years. On the other 
hand, it is interesting to note that the races P2T2 and P5T3, 
which were established for strains isolated in 2000 and 2006, 
respectively, were not found afterwards. The majority of the 
analyzed P strains of X. euvesicatoria were isolated after 
2011, and distributed into eight races. The P6 race, which 
was found in all the studied regions in Bulgaria, was domi-
nant. Approximately 50% of the studied P strains related to 
it. The diversity of the races was greater among the strains 
isolated from NEB region, but it should be kept in mind that 
their number is higher than those isolated from the other re-
gions. It should be noted that the four analyzed strains from 
SB belonged to three races. This region, as well as the NEB, 
is among the largest production areas of pepper in Bulgaria. 
Similar diversity of X. euvesicatoria races was found in Ser-
bia in 2008, which is a neighboring country (Ignjatov, 2010). 
The authors have identified four races, two of which we also 
found in Bulgaria. Unlike Bulgaria, the race P8 was domi-
nant among the Serbian strains of X. euveicatsoria. 

The relatively small number of analyzed X. vesicatoria 
pepper strains does not allow comments to be made, but 
there was an obvious diversity of races, particularly in the 
PT strains.

Conclusion

The analysis of the results from the research on the caus-
ative agents of BS on tomato and pepper during the period 
1999-2016 allows us to make some conclusions. BS on to-
mato was caused by three species (X. vesicatoria, X. gard-
neri, and X. euvesicatoria), and on pepper – by two species 
(X. euvesicatoria and X. vesicatoria). With long history as 
pathogen on both hosts in Bulgaria is the species X. vesica-
toria, which was identified at the beginning of the analyzed 
period.  This species was a dominant pathogen on tomato, 
whereas on pepper dominated the X. euvesicatoria species. 
In the occurrence and spread of the disease, cyclic peaks 
were observed. From 2001 to 2005, as well as in 2008 and 
2011, BS was not found in tomato plants. It is possible that 
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climatic conditions during those years to be one of the rea-
sons for its absence. Two new for Bulgaria BS pathogens 
on tomato were identified – X. gardneri and X. euvesicato-
ria. A main agent causing BS in pepper was the species X. 
euvesicatoria. Among the three species strains that can infect 
both hosts were identified, which is very important from ep-
idemiological and agrotechnical point of view. The presence 
of significant diversity in terms of races was characteristic 
especially for the species X. vesicatoria (PT type) and X. 
euvesicatoria (PT and P types). The occurrence of new races 
over the past year was registered, replacing those established 
at the beginning of the observed period. This indicates that 
the pathogenic population responsible for BS on tomato and 
pepper is dynamic and needs to be regularly monitored and 
studied, which is important to control the disease.
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