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Abstract
Pectobacterium carotovorum subsp. carotovorum (form
carotovora) is a plant pathogen that causes soft and stemyrot dis
important vegetables such as carrot, cabbage, cuc
potato, radish, sweet potato, squash and tomato,
field, transmit, storage and market.
Agricultural producers face many chall
high-quality yields. The risk factors involv
conditions, the occurrence of diseases, pests, ?
examined the production of pepper, dismeconom iti ue, and the factors
contributing to its decline.
Our primary focus is the
occurrence of Pectobacteriung

The aim of this i [o ic importance of the bacterial agent
( in the open fields in Strumica region. For this purpose,
ormed. These tests confirmed the pathogenic,
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INTRODUCTION

razil and it is one of the most widely cultivated crops in North Macedonia.
its nutritional value and distinct taste, this crop has become an indispensable part of
diet. Pepper is a vegetable rich in nutrients, carbohydrates, minerals, and vitamin C,
entration as high as 260 mg/100g. It also contains B vitamins and secondary
s, with capsaicin being the most abundant (Bosland & Votava, 2012).
In our country, these vegetables are produced both in open fields and greenhouses.
The'main agricultural regions in North Macedonia are Strumica, Gevgelija, Valandovo, Skopje,
Bitola, and Kumanovo. The regions of Strumica, Gevgelija and Valandovo are particularly
known for peppers, tomatoes and cucumbers production (Krsteska et al., 2022).

In 2019, the total arable area in North Macedonia was 519,452 ha, with 8,460 ha in the
Strumica region, 8,730 ha in the Stip region, and 17,873 ha in the Skopje production region.




Annually, 185,452 t of pepper are produced, with nearly 50% coming from the southeastern
region of the country. The most widely cultivated pepper types are kapija type, long (banana)
type and different types of hot varieties (Statistical Office of the Republic of Macedonia, 2020).

The high demand and intensive production of pepper bring a series of risk factors, such
as the occurrence of diseases, pests and weeds. The occurrence of plant diseases,
specifically bacteriosis, is the subject of research in this paper.

Pectobacterium carotovorum subsp. carotovorum is the causal agent of ba
rot in pepper and many other plants (Opara & Asuquo, 2016). Interest in
bacterium arose after the massive damage it caused to potatoes in Germany.
of Pectobacterium carotovorum subsp. carotovorum occurred between 1878
is regularly present in crops cultivated in North Macedonia (Mitrev, 2001; Pejcin
2007).

ng
discovery

Pectobacterium carotovorum subsp. carotovorum is a phy
bacterium with dimensions of 0.5-0.8 x 1.3 mm. It is anaero
arrangement of its flagella is peritrichous, indicating its high m
When isolated on a nutrient medium, the bacterium forms shi
colonies, noticeable after 24 hours of incubation (Jee et al., 20

Pectobacterium carotovorum subsp. carotov
produces hydrogen sulfide, and has the ability to re
iti arginine
res of this
pathogen is its ability to secrete pectolytic e
the complete decomposition of plant tissues (

measures, rain, hail and insects.
carotovorum subsp. carotovorum

d by Pectobacterium
s due to the extensive

ptomatic and asymptomatic pepper
houses in Strumica region. The isolates were taken
) fields and greenhouses (Figure 1).

for 5 minutes, the
and nutrient agar en
hours.

sion was streaked onto Petri dishes containing nutrient agar (NA)
d with sucrose (NAS). The plates were incubated at 26°C for 48

Small, round, milk ite bacterial colonies that grew on the nutrient agar medium

s, coded as Pcc 5, Pcc 7, Pcc 8, Pcc 13 and Pcc 20, were good types for
search from all collected samples.



i NAS mediun.

The main vifule erming of soft-rotting Pectobacterium species are cell wall-
degrading enzyg i pectina and cellulases. Identification of the strains was
performed usi i Gram’s reaction, hypersensitivity on tobacco,
tolerance to : , oxidase, catalase, pectolytic tests on potato and carrot, and
hydrolysis of ae i F

The ability 2rate the host tissue distinguishes this bacterium from many others.

The pectolytic activity
carrot fruit tissues (Fig

e isolated Pectobacterium strains was assessed using potato and
Potato tuber and carrot slices were washed with sterile deionized
water (SDW), and holes iameter of 60-70 mm were made. The holes were filled with
fres terial suspension (10° CFU/mI) and placed in sterile Petri dishes. Sterile distilled
ed as a negative control, while the KFB85 strain as positive control.




Figure 3. Assessment of pectolytic activity on pot uber tissue and caffotseot tissue.
Pectobacterium carotovorum subsp. caretevorumghdtices a hypersensitive response
in tobacco plants. To confirm this, we perfor co sensiti test by injecting a
bacterial suspension (10° CFU/ml) intothesinterveinaltiSsue of a toba€eo leaf. The inoculation
procedure is shown on Figure 3. T d tobace ant was incubated at 25-26°C, and

the hypersensitive response wa 24-48 ha e d).

, . <
Inoculated tobacco plant ready for incubation at 25-26°C in UNILAB.

LTS AND DISCUSSION

During July and August 2019, symptomatic pepper fruits were collected to confirm the
presence of Pectobacterium carotovorum subsp. carotovorum. The symptomatic fruits
exhibited watery tissue, mostly near the plant stem, and some produced an unpleasant odour.
Bacteriological and pathogenic tests for our isolates were conducted and they were compared
to the positive control strain KFB85. These tests confirmed the pathogen as Pectobacterium




carotovorum subsp. carotovorum. This gram-negative bacterium is oxidase-negative,
catalase-positive, and capable of hydrolysing aesculin. It demonstrates pectolytic activity on
potato tuber and carrot root tissue and induces a hypersensitive reaction in tobacco leaves
(Figure 5 and 6). Additionally, the bacterium demonstrates tolerance to 5% and 7% NacCl
(Table 1).
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Figure 5. Results of bacterium pectolytic activi
tissue.

carrot root

ersensitive response (HR) on tobacco
rotovorum subsp. carotovorum.

leaves 48h after inoculation



Table 1. Biochemical and physiological characteristics of Pectobacterium carotovorum subsp.
carotovorum strains and KFB85 as a control strain.
New isolated strains in UNILAB*

Properties Pcc 5 Pcc 7 Pcc 9 Pcc 13 Pcc 20 Control
strain KFB
85 *%

Gram reaction - - - -
Activity of oxidase

Activity of catalase
Tolerance of 5% NaCl
Tolerance of 7% NaCl
Hypersensitive reaction

4|+ |+
4|+ |+ ]
4|+ [+
4|+ [+

(HR) on tobacco

Pectolytic activity on + +
potato

Pectolytic activity on + +
carrot

Hydrolysis of aesculin + +

+= positive reaction

- = negative reaction
* new isolated strains in UNILAB: Pcc5, Pcc7, Pcc9, Pccl3, P
**control strain KFB 85 (obtained by personal communicati
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Pe3nme

ectobacterium carotovorum subsp. carotovorum (nopaHo nosHaT kako Erwinia
bsp. carotovora) e pacTuteneH natoreH Koj Npean3snkyea 60necT Ha BNaXkHO
ebnoTo Kaj HEKONKY EKOHOMCKW 3Ha4ajHU rpaguHapcKun KynTypu Kako MOPKOB,
a, MoAdap natnuyaH, nyk, KpomMuza, nunepka, KoMnup, poTKeMua, Cnagok
omart, kage bornecrta Moxe fa ce OTKpue Ha TepeH, Aa ce NpeHece 1 fa ce

eMjoaencKknTe NPon3BoaNTENN ce CoodyBaaT CoO MHOry nNpeam3suum Bo obnaoT aa
yBaaT 3emjogernckute Kyntypu u ga obesbepaTr cTtabunHu, BMCOKOKBANIUTETHU
cn. PnsanyHmte aktopu BKIyYEeHU BO 3eMjOLENCKOTO MPOM3BOACTBO M BKydyBaaT
KnMaTCcKuTe ycnoBu, nojaBa Ha Oonectu, WTETHUUM U nnesenu. 3a BpeEME Ha HalleTo
TepeHcKo HabrbyayBake, NpegMeT Ha UcTpaxyBawe Oelle Npous3BOACTBOTO Ha nunepka,
HeroBaTa €KOHOMCKa U XpaHnnBa BpeaHOCT U hakTopuTe KoM NpuaoHecyBaaT 3a HEj3UHNOT
nag.
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https://eprints.ugd.edu.mk/29243/
http://www.stat.gov.mk/
https://unilab.mk/en/
mailto:kristina.panev@ugd.edu.mk

HawwoT npumapeH gokyc e ceralHMOT cTaTyc Ha 6onecTu kaj nunepkarta, 0cobeHo
nojaBata Ha Pectobacterium carotovorum subsp. carotovorum, npegu3BuKyBay Ha
GaKkTepucko BRNaxHO rHMewe. P. carotovorum subsp. carotovorum e p[obpo nosHat
pacTuteneH naToreH Koj Npeam3BuKyBa Cepuo3Ha GONecT Ha MEKO FHUEeHEe Kaj pasnnyHu
KynTypu, LWITO pe3ynTupa co 3HauMTenHa ekoHoMcka 3aryba.

Llenta Ha oBaa cTyguja € ga Ce MUCTaKHEe eKOHOMCKaTa BaXXHOCT Ha MaToreHoT
OArOBOPEH 3a BMAXHOTO FHMEHE Ha NNoJOBMTE NMUNEPKM OArnedyBaHM Ha OT
CTpymunykmnoTt pernoH. 3a Taa uen 6ea HanpaBeHW cTaHaapAHu GakTepuorno
OBue TecToBM MM NoTBpAMja NnatoreHnTe, MmopdonoLwikiTe, bnoxemmckurte, um
CBOjcTBaTa Ha pacT Ha NaToreHoT, Bo cnopenba co koHTponHuoT Bua KFB85
Cpbuja.

Kny4yHu 360poBu: 6or1ecmu, namozeH, bakmepuosa, pacmume. aki
npouszeodcmeo.
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