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UDC 632.35:635.649 (497.7) OpuruHanaeH Hay4eH TPYA
Original Research Paper

RACES OF XANTHOMONAS VESICATORIA ISOLATED FROM PEPPER IN
MACEDONIA

MITREYV S., KAROV 1. AND SPASOV D.
2001, Opatija, Croatia, 37" Croatian Symposium on Agriculture. Summary

Summary

From 1994 till 1997, few hundreds of strains were isolated from different
samples of pepper (Capsicum annuum L.) collected from commercial fields and home
gardens throughout Rep. of Macedonia. Bacteria were isolated on semi selective
medium from infected plants and identified by a combination of morphological,
pathological, biochemical, nutritional and physiological tests. In this study 50
domestic and 3 control strains (races: E-3; 93-1; 71-21 from Florida, USA) were used.
All these properties of Macedonian strains were completely same with characteristics
of compared control strains, without any significant differences. Additional
characterization of strains showed that all were negative for amylolytic activity and
ability to utilize dextrin. Those strains belong to type A of X. vesicatoria and none of
them belong to type B.

Strains of X. vesicatoria were identified to race based on the response to
infection of a set of near-isogeneic pepper lines derived from and including Early
Californian Wonder (ECW): ECW-10R, ECW-20R and ECW-30R containing the
resistance genes bsl, Bs1, Bs2 and Bs3, respectively. The majority of the strains were
identified as race PO - 40%, race P2 - 40%, and the remaining 20% could not be
identified to race using these differential pepper lines.

All of investigated strains were sensitive to copper sulfate (200ug/ml) and
streptomycin sulfate (100pg/ml).

Key words: pepper, bacteria, Xanthomonas, races, characteristics, pathogenicity.

PACU HA BAKTEPUJATA XANTHOMONAS VESICATORIA
N30IUPAHA OO IIUIIEPKA BO MAKEJOHUJA

Murtpes C., Kapos U. u Cnacos [1.

2001, OITATHJA, XPBATCKA, 37 XPBATCKMU CUMIIO3UYM HA
ATPOHOMMUTE, CTP. 348 SUMMARY

KpaTox u3Bafnok

On 1994 no 1997 ropyHa HEKOJIKY CTOTMHM HM30JaTH c€ JOOMEHU Off
MOBeKe pa3finyHu NpuMepol Ha 3aboneHa mwmnepka (Llaicuyym annyym J.)
poOueHa of pa3iauyHu jenoBu Bo PenyOnumka Makenonuja. bakrepunre Gea
M30JIMPAHN Ha TOTYCEJIEKTUBHY BEIITAYKY MOJIJIOTY ¥ HUBHATA UACHTU(UKATIH]jA

Institute of Southern Crops, Goce Delcev bb, 2400 Strumica, Rep. of Macedonia.
Phone:+389 34 345 096; Fax:+389 34 345 096/124; E-mail: mitrevsasa@isc.ukim.edu.mk
HNHeruTyT 32 jy>KHU 3eMjopiencku KyaTypu-Crpymuna, 'one [lenues 6.6., Makeonuja
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Oellle U3BpIIeHa CO MOMOUI Ha PA3JIMYHI MOP(OOIIKY, NATOT€HU, OMOXEMHUCKH,
OfIrJIelyBauKy ¥ (PU3HOJIOLIKH TECTOBU.

Bo oBaa crtynuja 6ea kopuctenu 50 [oMamiHu W30JaTH U 3 KOHTPOIHHU
mzonatu op Pnopuma-CAJl (pacm: E-3; 93-1; 71-21). Cure wucnuryBaHU
KapaKTEepUCTUKU HA JIOMAIIHUTE M30JIaTH BO MOTIOJHOCT CE€ UJEHTUYHH CO
KOHTPOJIHUTE H30JIaTU Off CTPAHCTBO, O€3 HeKoja CUrHM(PpUKAHTHA pa3iuKa.
HcnuryBamara MmoOKa)kaa JeKka HallUTe W30JIaTH Ce€ HraTUBHU MpH
aMIJIOIUTUYKATa aKTUBHOCT U CIIOCOOHOCTA fla KOpUCTAT fieKcTpuH. M3omarure
npumnafraat Ha TAOOT A o Oakrtepuute X. vesicatoria W HUEAHA O]l HUB HE
npunarame Ha Tunot b.

N3onarure Ha 6akTepujaTa X. vesicatoria ce NeHTU(PUKYBAHU BO pacu Ha
6a3a Ha MaHU(peCTUpAaHUTE peaklii Kaj MurnepkaTa off copTraTa Kaau(opHUCKO
gypgo (ECW) n 6nuckure u3orenu nuHun foouenu of Hea (ECW-10R, ECW-20R n
ECW-30R) koM 11 cofipkaT reHHuTe 3a OTHOPHOCT: bs1, Bs1, Bs2 u Bs3.

IToroneMuoT fen of UCOUTYBAaHUTE M30JIaTU CE€ MICHTU(MUKYBAHN KaKO
paca I[10-40%, [12-40% u npeoctanatute 20% He ce fleTepMUHUPAHU KaKO HEKO)]
OJ] IO3HATHUTE PACH.

CuTe WCIMTYBaHM pacW ce OceTNWBH Ha Oakap cyiadgar (200pg/ml) n
crpenTomunuH cyidat (100pg/ml).

1. Introduction

Xanthomonas vesicatoria is a causal agent of bacterial spot of pepper
(Capsicum annuum L1.) and tomato (Lycopersicon esculentum) in many countries
around the world. This bacterium present in all regions where these plants are grown,
especially under conditions of high temperature and abundant rainfall. The disease
reduces plant growth, fruit yield, and quality, bacterial spot of pepper is typically
initiated in the field under hot and humid conditions, after infested soil and plant
debris are splashed by wind or rain into plants. Bacterium is capable of surviving in
artificially infested field soil for at least 18 months in the absence of host plants.
Several soil borne xanthomonads, including X. vesicatoria, have been implicated in
the occurrence of plant disease (O'Garro et al., 1997)

In Macedonia, pepper (Capsicum annuum L.) is traditional crop cultivated on
about 9.000 ha of open field, plastic tunnels and greenhouses. Bacterial spot was an
important pepper disease in many production areas in the country and cause a
significant loses in the field (Mitrev et al., 1998). The severity of occurrence of the
bacterial spot depends of "pathogen free" seeds and transplants, sanitation, crop
rotation, resistant cultivars, and chemical applications (Sahin et al., 1996) .

The losses caused by this bacterium in Macedonia were different every year.
There was estimated about 10-20%, but some year (July and August of 1995), the
damages were extremely higher as a result of favorable climatic conditions, warm and
rainy summer (Mitrev et al, 1998).

The strains of Xanthomonas vesicatoria (sin. Xanthomonas campestris pv.
vesicatoria Young et al., 1996) used in this work were isolated from pepper plants
(Capsicum annuum L.) were identified and characterized according to race, sensitivity
to copper sulfate and streptomycin sulfate, pathogenical, morphological, biochemical,
and physiological characteristics.
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2. Materials and methods

2.1. Isolation of the pathogen

The bacteria were isolated from the spots of pepper plants, surveys in open-
field, performed during June - September of 1994-1997 from different production
areas in Macedonia. Collected leaves were surface-disinfected, cut small pieces of
leaf tissue from margins of spots with sterilized razor blade and comminuted in sterile
deionized water (SDW). Suspension was streaked on plate's surface of nutrient agar
(NA) medium or yeast dextrose carbonate (YDC) medium (Schaad, 1994). Plates
were incubated at 26°C for 48 h. Representative round, convex, mucoid, yellow
colonies on YDC, or small, yellow colonies on NA were selected and purified by
repeated restreaking on YDC. These pure cultures were preserved in tube on YDC
slope medium on 4°C for short-term storage and under oil for long-term storage
(Schaad, 1994).

2.2. Identification of the strains

Identification of 50 bacterial strains was performed according to the following
biochemical and nutritional tests described by Lelliot et al., 1987; Bouzar et al.
(1994), Schaad (1994) and Klement et al. (1990): Potassium hydroxide solubility test
(3%), Gram's stain; oxidative/fermentative metabolism; sodium chloride tolerance
(1%); catalase, oxidase, aminopeptidase and urease activities; nitrate reduction;
hydrogen sulfide production from cysteine; tween 80, aesculin, starch, and gelatin
hydrolysis; growth at 35°C; triphenyl tetrazolium chloride tolerance (0,1% and
0,02%); and acid production from arabinose, cellobiose, trehalose, sucrose, glucose,
lactose, mannose, ramnose, rafinose, fructose, galactose, xylose, dextrin, dulcit and
manitol. The tests were repeated at least twice with three replications per test.

2.3. Race determination

X. vesicatoria races were differentiated using the pepper cultivar Early
Californian Wonder (ECW) and a set of near-isogeneic pepper lines derived from and
including Early Californian Wonder (ECW): ECW-10R, ECW-20R and ECW-30R
containing the resistance genes bsl, Bs1, Bs2 and Bs3, respectively (Minsavage et al.,
1990). Pepper race 1 (strain 71-21), race 2 (strain E-3), and race 3 (strain 93-1) of X.
vesicatoria were used as reference cultures.

Investigated strains were suspended in sterile, distilled water, adjusted to a
concentration of approximately 10° CFU/ml, and infiltrated into fully expanded leaves
of the pepper lines. Plants were incubated for 48 h under greenhouse conditions and
HR was recorded within 24 to 48 h. Each strain was tested three times (Sahin et al.,
1996).

2.4. Physiological characterization

Sensitivity of strains to copper and streptomycin were assayed in sucrose
peptone agar (SPA) medium amended with either CuSO4 - 5H,O (200pg/ml) or
streptomycin sulfate (100pg/ml ) as described by Buonaurio et al., (1994). Plates were
incubated at 26°C for 48 h and the presence or absence of growth was recorded.
Bacterial strains that grew on SPA medium, amended with either copper sulfate or
streptomycin sulfate at the concentrations reported above, were considered resistant to
copper or streptomycin, respectively.

3. Results

3.1. Field survey and identification of the pathogen

Symptoms of bacterial spot were present on pepper leaves on all of the places
were visited in different regions in Macedonia. Disease incidence ranging from 20 to
80% depending of pepper cultivar. Disease symptoms on pepper fruits were found
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only in fields located in production area of Kumanovo. Few hundred strains were
isolated from more than hundred pepper samples collected in 10 different regions in
Macedonia.

Biochemical and nutritional tests presented that all investigated bacterial
strains grew on YDC medium and produced round, convex, mucoid, yellow colonies,
and they were Gram-negative, aerobic, catalase- and aminopeptidase-positive,
oxidase- and urease-negative. They were hydrolyzed aesculin, gelatin, tween 80 but
did not starch. Grew at 35°C, produce hydrogen sulfide from cysteine and did not
reduce nitrates; produced acid from arabinose, glucose, mannose, sucrose, fructose,
galactose and xylose, but did not produced acid from cellobiose, trehalose, lactose,
ramnose, rafinose, dextrin, dulcit and manitol. They did not showed tolerance of 1%
NaCl, 0,1 and 0,02% TTC.

All bacterial strains were induced a HR on tobacco plants after 24 h and they
were pathogenic on pepper cultivar ECW.

On the bases of biochemical, nutritional, and pathogenicity tests, it was
confirmed that all bacterial strains belonged to Xanthomonas vesicatoria.

3.2. Race, copper and streptomycin sensitivity determination

Strains of X. vesicatoria were identified to race based on the response to
infection of a set of near-isogeneic pepper lines derived from and including Early
Californian Wonder (ECW): ECW-10R, ECW-20R and ECW-30R containing the
resistance genes bsl, Bs1, Bs2 and Bs3, respectively. The majority of the strains were
identified as race PO - 40%, race P2 - 40%, and the remaining 20% could not be
identified to race using these differential pepper lines.

All investigated bacterial strains did not presented growth on SPA medium
amended with 200pg/ml copper sulfate and were therefore considered not resistant to
copper sulfate. Also, none of the strains grew on SPA medium containing 100pg/ml
of the streptomycin sulfate and were therefore considered not resistant to the
antibiotic.

4. Discussion

Pepper (Capsicum annuum L.) cultivation has a significant economic meaning
in Rep. of Macedonia. Pepper plants were attacked by a great number of pathogens of
various nature. Besides of the viruses diseases, which have the greatest meaning,
fungi and phytopathogenic bacteria like Pseudomonas syringae pv. syringae,
Xanthomonas vesicatoria and Erwinia carotovora subsp. carotovora attacked the
pepper plants, characteristically about this region. From all bacteria, which attacked
pepper plants in the open field, X. vesicatoria had the greatest meaning (Mitrev,
1998).

Recently this pathogen was mentioned in important pepper production arias in
Balkan region, it was noted as very significant parasite and significant factor on ruin
the pepper plants (Arsenijevi¢, 1980; Balaz Jelica, 1994; Bogatzevska et al., 1996).

The characteristic symptoms that were appeared in the field on the older plant
leaves were suspected to have a bacterial origin. In favorable climate condition, rainy
and hot days, the disease was spread very fast and all the date obtained in this study
proven that our strains isolated from pepper belonged to X. vesicatoria.

A lot of authors cited the bacterium X. vesicatoria as a causal agent for pepper
plants in the field and on pepper seedlings, but we found less date in our region about
the pathogenic changes of pepper seedlings. The most susceptible cultivar in
Macedonia on this bacterial disease was kurtovska kapija (Capsicum annuum).
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The morphological, pathological, biochemical and physiological tests were
confirmed that the characteristics of our strains were similar with the characteristics of
control strains of bacteria X vesicatoria 71-21, E-3 and 93-1. Additional
characterization of 50 strains showed that all were negative for amylolytic suggesting
and ability to utilize dextrin. Those strains belong to type A of X. vesicatoria and
none of them belong to type B (Bouzar, et al., 1994; Schaad, 1994; Sahin, et al. 1996;
Lelliot et al., 1987; Jones et al., 1986; Arsenijevi¢, 1988).

In this study the bacterial strains of X. vesicatoria obtained from diseased
pepper plants showed that pepper races PO and P2 were dominant in Rep. of
Macedonia. The predominant pepper races in the world were P1, P2, and P3. The
races PO, P2 and P4 are unusual pepper races, which had previously been found only
in USA (North Carolina and Mexico and Florida), Australia, Caribbean and Central
America (Bouzar, et al., 1994). In Europe the pepper races were determined only in
Italy (central and southern part of Italy), and there were found races 1 (39%), 2 (16%)
and 3(45%) (Buonario et al., 1994). Previously, there was not any indication for
proving the pepper races of X. vesicatoria in Rep. of Macedonia.

Streptomycin sulfate and copper sulfate resistant strains were not detected in
this study. Two plausible explanations for streptomycin sensitive strains are that the
use of them is not permitted in Macedonia, or that the pathogen was introduced on
seed, which had been produced in countries where the antibiotics are not used or they
are permitted.

The use and deployment of resistant cultivars to the races of X. vesicatoria
may provide the best disease-management strategy.
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