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Abstract

Pectobacterium carotovorum subsp. carotovorum (formerly Erwinia carotovora subsp. carotovora) is a plant
pathogen that causes soft and stem rot diseases in several economically important vegetables such as carrot,
cabbage, cucumber, eggplant, garlic, onion, pepper, potato, radish, sweet potato, squash and tomato, where
the disease can be detected in the field, transmit, storage and market.

Agricultural producers face many challenges in trying to grow crops and ensure stable, high-quality
yields. The risk factors involved in agricultural production include climatic conditions, the occurrence of
diseases, pests, and weeds. During our field observation, we examined the production of pepper, its economic
and nutritional value, and the factors contributing to its decline.

Our primary focus is the present status of diseases in pepper, specifically the occurrence of Pectobacterium
carotovorum subsp. carotovorum, the causative agent of bacterial soft rot. P. carotovorum subsp. carotovorum
is a well-known plant pathogen that causes severe soft rot disease in various crops, resulting in significant
economic loss.

The aim of this study is to highlight the economic importance of the bacterial agent responsible for
soft rot in peppers grown in the open fields in Strumica region. For this purpose, standard bacteriological
tests were performed. These tests confirmed the pathogenic, morphological, biochemical, physiological, and
growth properties of the pathogen, compared with the control strain KFB85 from the Republic of Serbia.
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INTRODUCTION

North Macedonia is a country located in
the central part of the Balkan Peninsula, with
ideal topographic and climatic conditions for
agricultural production. Since ancient times,
food production has been the primary means
of livelihood in this country. Food production
continues to be the subject of numerous and
ongoing research worldwide.

Pepper (Capsicum annuum L.) is an annual,
herbaceous plant of Solanaceae family. It
originates from Brazil and it is one of the most
widely cultivated crops in North Macedonia. Due
to its nutritional value and distinct taste, this
crop has become an indispensable part of the
daily diet. Pepper is a vegetable rich in nutrients,
carbohydrates, minerals, and vitamin C, with a
concentration as high as 260 mg/100g. It also

contains B vitamins and secondary metabolites,
with capsaicin being the mostabundant (Bosland
& Votava, 2012).

In our country, these vegetables are
produced both in open fields and greenhouses.
The mainagricultural regionsin 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
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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 bacterial soft
rot in pepper and many other plants (Opara
& Asuquo, 2016). Interest in studying this
bacterium arose after the massive damage it
caused to potatoes in Germany. The discovery of
Pectobacterium carotovorum subsp. carotovorum
occurred between 1878 and 1900 and it is
regularly present in crops cultivated in North
Macedonia (Mitrev, 2001; Pejcinovski & Mitrey,
2007).

Pectobacterium carotovorum subsp.
carotovorum is a phytopathogenic, rod-shaped
bacterium with dimensions of 0.5-0.8 x 1.3
mm. It is anaerobic and gram-negative. The
arrangement of its flagella is peritrichous,

indicating its high mobility. It does not form
spores. When isolated on a nutrient medium,
the bacterium forms shiny, round, smooth, gray-
white colonies, noticeable after 24 hours of
incubation (Jee et al., 2020; Lee et al., 2013).

Pectobacterium carotovorum subsp.
carotovorum hydrolyzes gelatin and esculin,
produces hydrogen sulfide, and has the ability
to reduce nitrates. The bacterium is catalase-
positive and oxidase-negative and produces
phenylalanine deaminase, urease, arginine
dehydrolase, lecithinase, and phosphatase.
One of the most characteristic features of this
pathogen is its ability to secrete pectolytic
enzymes, which disorganize, soften, and lead
to the complete decomposition of plant tissues
(Charkowski, 2018; Gasic et al. 2014).

The bacteria typically enter plant tissue
through wounds caused by using agrotechnical
measures, rain, hail and insects. The most severe
infections caused by Pectobacterium carotovorum
subsp. carotovorum typically occur following
hailstorms due to the extensive injuries they
inflict (Arsenijevi¢, 1988; Arsenijevi¢ & Obradovi¢
1996; lvanovi¢ et al., 2009).

MATERIAL AND METHODS

In July and August 2019, we collected
symptomatic and asymptomatic pepper
samples, from the open fields and greenhouses
in Strumica region. The isolates were taken from
pepper plants surveyed both in open fields and
greenhouses (Figure 1).

Isolation of the pathogen was performed
the same day as sample collection. The collected
peppers were washed under tap water and then
dried at room temperature. Next, small pieces
from the symptomatic tissue (the margins
between healthy and diseased tissue) were
cut and homogenized with sterile deionized
water (SDW). After waiting approximately for
5 minutes, the suspension was streaked onto
Petri dishes containing nutrient agar (NA) and

nutrient agar enriched with sucrose (NAS). The
plates were incubated at 26°C for 48 hours.

Small, round, milky-white bacterial
colonies that grew on the nutrient agar
medium were selected as representatives. Fresh
bacterial colonies were then used for further
identification of the pathogen (Figure 2). The
control strain KFB 85 from the Republic of
Serbia was used for comparison. After bacterial
colonies characteristic of the desired pathogen
developed, some of them were selected for
further analysis.

Five isolates, coded as Pcc 5, Pcc 7, Pcc 8,
Pcc 13 and Pcc 20, were good types for future
research from all collected samples.
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Figure 2. Pure bacterial colonies on NAS medium.

The main virulence determinants of soft-
rotting Pectobacterium species are cell wall-
degrading enzymes, primarily pectinases and
cellulases. Identification of the strains was
performed using bacteriological tests such as
Gram’s reaction, hypersensitivity on tobacco,
tolerance to 5% and 7% NaCl, oxidase, catalase,
pectolytic tests on potato and carrot, and
hydrolysis of aesculin (EPPO Bulletin, 2023).

The ability to macerate the host tissue
distinguishes this bacterium from many

others. The pectolytic activity of the isolated
Pectobacterium strains was assessed using
potato and carrot fruit tissues (Figure 3). Potato
tuber and carrot slices were washed with sterile
deionized water (SDW), and holes with diameter
of 60-70 mm were made. The holes were filled
with fresh bacterial suspension (10° CFU/ml)
and placed in sterile Petri dishes. Sterile distilled
water was used as a negative control, while the
KFB85 strain as positive control.
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Pectobacterium carotovorum subsp.
carotovorum induces a hypersensitive response
in tobacco plants. To confirm this, we performed
a tobacco sensitivity test by injecting a bacterial
suspension (10° CFU/ml) into the interveinal

tissue of a tobacco leaf. The inoculation

procedure is shown on Figure 3. The inoculated
tobacco plant was incubated at 25-26°C, and the
hypersensitive response was recorded after 24-
48 hours (Figure 4).

Figure 4. Inoculated tobacco plant ready for incubation at 25-26°C in UNILAB.

RESULTS 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% NaCl
(Table 1).
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Figure 6. Hypersensitive response (HR) on tobacco leaves 48h after inoculation
Pectobacterium carotovorum subsp. carotovorum.

Table 1. Biochemical and physiological characteristics of Pectobacterium carotovorum subsp.
carotovorum strains and KFB85 as a control strain.

New isolated strains in UNILAB*
Properties Pcc5 Pcc7 Pcc9 Pcc 13 Pcc20 | Control strain
KFB 85 **

Gram reaction - - - - - -
Activity of oxidase - - - - - -
Activity of catalase + + + + + +
Tolerance of 5% NaCl + + + + + ¥
Tolerance of 7% NaCl + + + + + +
Hypersensitive reaction + + + + + +
(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, Pcc13, Pcc20
**control strain KFB 85 (obtained by personal communication with A. Obradovi¢, Republic of Serbia)

CONCLUDING REMARKS

The global demand for food requires
intensive production, and science continues to
advance in pursuit of this goal. The aim of this
research is to emphasize the importance of
constant monitoring to reduce the occurrence
of phytopathogenic diseases. The detection
and accurate identification of harmful plant
pathogens are essential for improving plant
disease control strategies (Kulukovska et al.,
2021). Additionally, this study seeks to highlight

the presence of Pectobacterium carotovorum
subsp. carotovorum in our country.

It is important to note that Pectobacterium
carotovorum subsp. carotovorum poses a serious
threat to pepper production, particularly in
the Strumica region, the largest vegetable
production region in the Republic of North
Macedonia, because the rapid spread of this
bacterium leads to severe economic losses in the
fields.
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Pesnme

Pectobacterium carotovorum subsp. carotovorum (nopaHo no3HaT Kako Erwinia carotovora subsp.
carotovora) e pacTUTesIeH NaToreH Koj Npefn3BuKyBa 6051eCTn Ha BNaXKHO FHMeHe Ha CTe6N0TO Kaj HEeKONKY
€KOHOMCKM 3HauajHUN rpagmnHapCKy KynTypuy Kako: MOPKOB, 3eJ1Ka, KpacTaBuLia, Mofap naTiuiyiaH, nyk, Kpomua,
nunepka, KOMNUp, POTKBMLA, CNIafloK KOMMMP, TUKBa 1 JoMaT, Kafile bonecta Moe fla ce OTKpue Ha TepeH, a
ce npeHece 1 Aa ce CKnagupa.
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3emjofenckute NPou3BOAUTENN CE COOYyBaaT CO MHOTY NMpeau3BuUM BO 0GUAOT Aa MM oarnepysaat
3emjoflenckuTe Kyntypu v Aa obesbepaT CTabWUNHW, BUCOKOKBANUTETHU MpPUHOCU. PusnuHute dakTopu
BK/yYeHU BO 3eMjOE/ICKOTO MPOU3BOACTBO M BKyuyBaaT KNIMMaTCKKTE YCI0BU, M0jaBa Ha 601ecTu, LUTETHILN
1 nneBenn. 3a Bpeme Ha HalleTo TepeHCKO HabrbyayBatbe, MpeaMeT Ha UCTPaXyBatbe beLle NPOM3BOACTBOTO
Ha nunepkKa, HeroBaTa eKOHOMCKA M XpaHJIMBa BPeLHOCT U GpaKTopuTe KoM MPULOHECYBaaT 3a Hej3UHKOT nag.

Hawwvot npumapeH ¢oKyc e cerawHMOT CTaTyc Ha 6onecTn Kaj nunepkarta, oco6eHo MojaBaTta Ha
Pectobacterium carotovorum subsp. carotovorum, Npeau3BrMKYBay Ha 6GaKTEPUCKO BMAXHO rHUere. P
carotovorum subsp. carotovorum e [o6po No3HaT pacTUTesieH NaToreH Koj Npeju3BrKyBa cepro3Ha 601ecT Ha
MEKO FHUEHE Kaj Pa3nnyHu KyNTypH, LUTO Pe3yNTrpa CO 3HaUMTENHa eKOHOMCKA 3aryba.

LlenTa Ha oBaa CTyauja e fa Cce UCTakHe EKOHOMCKaTa BaXXHOCT Ha MAaTOreHOT OA4rOBOPEH 3a BAaXKHOTO
rHYeHe Ha MNIoJOBUTE MUMEPKU ofrnefyBaHW Ha oTBopeHo Bo CTpymuukumoT PervioH. 3a Taa uen 6Gea
HanpaBeHW CTaHJapAHW 6aKTepronowky TectoBu. OBME TECTOBU M MOTBPAUja NaTOreHnTe, MOpGONOLWKITE,
6rioxemncKkInTe, GM3MONOLLKUTE 1 CBOjCTBaTa Ha PacT Ha MaTOreHoOT, BO cnopefba co KOHTponHWoT Bug KFB85
op Peny6nuka Cpbuja.

KnyuHn 36opoBu: 6osecmu, namoeeH, 6akmepuo3d, pacmumesHu ©Gakmepuu, 3emjoOescKo
npoussodcmaso.
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