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Occurrence and Prevalence of Pepper Pathogens in the Vojvodina
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Abstract: One of the key challenges in pepper production in the Vojvodina Province is the
presence of pathogens that cause serious diseases and epidemics, leading to reduced and com-
promised yields. This study aimed to identify fungal and bacterial pathogens under intensive
production conditions. During a two-year period, 2023-2024, a total of 35 pepper samples
showing symptoms of diseases, were collected from several locations and examined using clas-
sical and molecular methods. The results showed that Alternara solani was the most common
fungal pathogen, followed by Colletotrichum spp., Botrytis cinerea, Macrophomina
phaseolina, and Fusarium spp. (subglutinans and oxysporum). Among the bacterial pathogens,
Xanthomonas euvesicatoria was found in all seven examined pepper fields. Additionally, Pec-
tobacterium spp. and ‘Ca. Phytoplasma solani’ were also detected. These findings provide prac-
tical insights that can support the development of effective control measures for pathogens af-
fecting pepper production.

Keywords: pepper, diseases, detection, identification

Osszefoglalas: A vajdasagi paprika-termelés egyik legfontosabb kihivasa a korokozok
jelenléte, amelyek sulyos betegségeket és jarvanyokat okoznak, ezaltal csokkentve és
veszélyeztetve a terméshozamot. A jelen tanulmany célja a gombas és bakteridlis korokozok
azonositasa intenziv termelési koriilmények kozott. A 2023-2024-es két év soran dsszesen 35,
betegség tiineteket mutatd paprika mintat gyljtottiink tobb helyszinrél, majd klasszikus és
molekularis modszerekkel vizsgaltunk. Az eredmények azt mutattak, hogy az Alternaria solani
volt a leggyakoribb gombakorokozo, ezt kovették a Colletotrichum spp., a Botrytis cinerea, a
Macrophomina phaseolina és a Fusarium spp. (subglutinans és oxysporum). A bakterialis ko-
rokozok koziil a Xanthomonas euvesicatoria mind a hét vizsgalt paprikatdblaban jelen volt.
Emellett Pectobacterium spp. és a ‘Ca. Phytoplasma solani’-t is kimutattuk. Ezek az ered-
mények gyakorlati betekintést nyujtanak, és hozzajarulhatnak a paprikatermelést érintd koroko-
z6k elleni hatékony védekezési modszerek kidolgozasahoz.

Kulcsszavak: paprika, betegségek, kimutatas, azonositds
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1 Introduction

Pepper (Capsicum annuum L.) is widely cultivated worldwide and includes many diverse vari-
eties (Tripodi et al. 2021; Zivkovi¢ et al., 2023). In Serbia, most pepper production takes place
in the southern part of the country, which accounts for an average of 107,408 tons, or 76.58%
of total output. Within this region, the Sumadija and West Serbia region produces about 55,789
tons (39.78%), while the South and East Serbia region contributes around 51,619 tons (36.80%).
Northern Serbia produces the remaining 32,842 tons (23.42%), with the Belgrade region ave-
raging 3,664 tons (2.61%) and Vojvodina 29,178 tons (20.81%). Among all regions, Vojvodina
achieves the highest average yield at 13.9 tons per hectare (Kljaji¢ et al., 2025).

One of the major challenges affecting pepper production in the Balkan countries is the wide-
spread presence of pathogens that cause severe diseases and epidemics, leading to significant
yield losses. Among the most destructive and widely distributed pepper pathogens are Phy-
tophthora capsici, Botrytis cinerea, Sclerotinia sclerotiorum, Verticillium dahliae, Fusarium
spp., Phomopsis capsici, Colletotrichum spp., Pseudomonas syringae pv. syringae, Xanthomo-
nas spp. (X. euvesicatoria, vesicatoria, performans, gardneri), Pectobacterium spp., Pepper
mild mottle virus (PMMYV), Tobacco mosaic virus (TMV), Cucumber mosaic virus (CMV),
Tomato spotted wilt virus (TSWV), Alfalfa mosaic virus (AMV), and Potato virus Y (PVY)
(Rodeva et al., 2012; Vucurovi¢ et al., 2015; Milosevic¢ et al., 2018; Babi¢ et al., 2023; Zivkovié
et al., 2023; Popovi¢ Milovanovi¢ et al., 2025). In Serbia, two phytoplasma diseases, stolbur
(‘Candidatus Phytoplasma solani’) and aster yellows (‘Candidatus Phytoplasma asteris’) have
been reported in pepper crops (Duduk and Duduk, 2013).

Disease development in pepper is strongly influenced by weather conditions, including av-
erage maximum and minimum temperatures, relative humidity, and rainfall. When control
measures are insufficient and conditions favor leaf, fruit—diseases development, infections can
intensify and lead to premature defoliation. One of the key strategies for managing and prevent-
ing plant pathogens is seed testing and certification, along with producing seed in areas free of
pathogens or where conditions limit their development (Zivkovi¢ et al., 2023). Proper detection
and identification also play an important role in controlling pathogens in pepper production.
The object of this study was to update current knowledge on the most economically significant
and emerging C. annuum pathogens in the Vojvodina region. Comprehensive knowledge of
these pathogens is crucial for the effective disease management in sustainable agriculture pro-
duction.

2. Materials and Methods

Symptom observation and sample collection. Between 2023 and 2024, the health status of pep-
per crops was monitored at several locations in the Vojvodina province (Despotovo, Ka¢, Ko-
vilj, Rimski Sanc¢evi, Pivnice, Srbobran, Backi Petrovac). Diseased pepper plants (type babura
and kapija) — including 35 samples of leaves, stems, roots and fruits showing various symp-
toms—were collected during the spring and summer months. The disease incidence was calcu-
lated by using the following formula: Disease incidence (%) = Number of infected plants / Total
number of plants assessed x 100, collected for all localities and expressed as the average values.

Isolation and pathogen identification. Diseased samples were first rinsed under tap water,
dried on sterile filter paper, and surface disinfected with 70% alcohol before being dried again.
Samples that showed presence of fungal or bacterial disease were then subjected to isolation on
appropriate media: Potato Dextrose Agar (PDA) for fungi and Nutrient Sucrose Agar (NSA)
and Yeast Dextrose CaCO3 Agar (YDC) for bacteria. Small fragments taken from the boundary
between healthy and diseased tissue were placed on PDA for fungal isolation. For bacterial
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isolation, tissue fragments were macerated in sterile distilled water (SDW), left for 20 minutes,
and then plated on NSA and YDC medium. Petri dishes were incubated at 25 + 1 °C for 3 to 14
days. Total DNA was extracted from samples or pure cultures grown on NSA, YDC or PDA
medium, using a genomic DNA isolation kit (DNeasy Plant Mini Kit, Qiagen, Germany) ac-
cording to the manufacturer’s instructions. The obtained DNA was stored at —20 °C until use.
To identify the pathogens involved in pepper diseases, different methods including classical and
molecular tools for fungi, bacteria (including phytoplasma) identification were used (White et
al., 1990; Grifoni et al., 1995; Schaad et al., 2001; Agrios, 2005; Koenraadt et al., 2009; EPPO,
2016).

Table 1 Methods used for the identification of pathogens associated with pepper diseases

Pathogen Method of identification Reference

Alternaria Colony and conidia morphology; PCR confirmation | White et al. (1990); Agrios (2005)
Colletotrichum Colony, conidia and acervuli morphology Stojsin et al. (2008)

Fusarium Colony and conidia morphology; PCR confirmation | White et al. (1990), Agrios (2005)

Botrytis Colony and conidia morphology; PCR confirmation | White et al. (1990); Agrios (2005)
Macrophomina Colony morphology; microsclerotia Stojsin et al. (2008)

Xanthomonas Colony morphology; PCR confirmation Schaad et al. (2001); Koenraadt et al. (2009)
Pectobacterium Colony morphology; PCR confirmation Grifoni et al. (1995); Schaad et al. (2001);
Ca. Phytoplasma Real-Time PCR confirmation EPPO (2016)

3 Results and Discussion

This study describes the main fungi, bacteria and phytoplasma affecting pepper production in
Vojvodina, with the aim of identifying which pathogens are most frequent and potentially
harmful under local agro—ecological conditions. Using several pathogen—identification methods
(Table 1), our analysis indicates that the pathogen structure in pepper is highly complex. The
pathogens listed below appear each year, though their intensity varies with agro—ecological
conditions and the cultivated pepper assortment. The following section summarizes the findings
from the period 2023-2024.

Diseases caused by fungi. Among the fungal pathogens found in diseased pepper samples,
Alternaria solani was the most common, causing both leaf spots and fruit rot (Figure 1a). This
pathogen can infect pepper plants at almost any stage of growth and spreads gradually. It enters
through leaves, roots, or wounds on plant tissues (Attia et al., 2025), allowing it to cause damage
throughout the entire season. In addition, several Colletotrichum species and Botrytis cinerea
were identified as major causes of pepper fruit rot in the field (Figure 1b, 1c). Their ability to
spread and overwinter has contributed to notable reductions in pepper yield. Isolates of
Fusarium (including F. subglutinans and F. oxysporum) and Macrophomina phaseolina were
isolated from the roots of infected pepper plants, after the flowering stage. F. subglutinans was
also found in both internal and external fruit rot. In some cases, these pathogens appeared to-
gether as mixed infections. All identified pathogens are generally polyphagous, infecting a wide
range of plant species worldwide (Van Poucke et al., 2012; Anila Younas et al., 2016; Frans et
al., 2017; Cerkauskas, 2017; Engalycheva et al., 2024), including pepper, which adds to the
challenges of effective disease management. Fusarium wilt typically begins with slight vein
clearing on young leaves, followed by drooping of older leaves. Affected plants become stunted,
lower leaves turn yellow, wilting and defoliation occur, and eventually the whole plant dies.
Average disease incidence of pepper pathogens across all surveyed locations is presented in
Figure 2.
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Figure 1 Symptoms on pepper plants: a) A. solani; b) Colletotrichum spp.; c) B. cinerea; d) M. phaseolina; e)
Fusarium spp.; f) X. euvesicatoria; g) Pectobacterium spp.; h) ‘Ca. P. solani’.

Diseases caused by bacteria. The predominant bacterial pathogen affecting pepper produc-
tion was Xanthomonas euvesicatoria, causing bacterial spots on both leaves and fruits (Figure
1f). This pathogen was detected at all surveyed locations, during the 2-4 leaf stage of develop-
ment, with disease incidence varying mainly according to agroecological conditions and pepper
cultivars. The results obtained were expected given that X. euvesicatoria is one of the most
common pepper diseases in Serbia (Vlaji¢ et al., 2017; Popovi¢ Milovanovi¢ et al., 2025). Bac-
terial spot occurs widely in both open-field and greenhouse pepper production, causing exten-
sive necrotic lesions on leaves, stems, and fruits, along with defoliation and notable reductions
in yield and fruit quality. Under favorable conditions, X. euvesicatoria often becomes the dom-
inant species, driving epidemic development and increasing disease severity in susceptible pep-
per cultivars (Zivkovié et al., 2023). Seedborne transmission further supports its spread, espe-
cially in production systems that rely on undeclared or non-certified seed. Furthermore, based
on the occurrence of bacterial diseases, presence of Pectobacterium spp. was determined as the
causative agent of fruit soft rot in the pepper samples. Pectobacterium species cause soft rot in
plant tissues and were detected in ripe pepper fruits, leading to pronounced parenchyma soften-
ing. Typical symptoms include water-soaked lesions and a characteristic foul odor resulting
from cell wall degradation (Van Gijsegem et al., 2021; Ma et al., 2007; Popovi¢ Milovanovi¢
et al., 2023). Under high humidity and in the presence of mechanical injuries, these bacteria can
trigger significant losses, especially during storage and postharvest handling. In our survey, the
pathogen was observed mainly on red-ripening pepper fruits harvested in the autumn.
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Figure 2 Average disease incidence of pepper pathogens across surveyed locations in the Vojvodina Province.

Additionally, based on the results, the presence of ‘Candidatus Phytoplasma solani’ (Stolbur
phytoplasma) was confirmed in the pepper samples after flowering stage resembling the symp-
toms of yellowing, chlorosis and stunting of the leaves with sporadic necrosis (Figure 1h). With
the development of the disease regardless of soil moisture and intensity of insolation diseased
plants continue rapidly to lose turgor. In recent years, phytoplasmas have increasingly affected
not only pepper production but other vegetables as well in Serbia (Mitrovi¢ et al., 2013, 2016;
Popovi¢ et al., 2021; Ili¢i¢ et al., 2022). As the use of insecticides for controling leathoppers in
vegetables is very limited and generally ineffective, protection should focused on removing the
dual host-plants, simultaneously hosting ‘Ca. P. solani’ and vector, is a precondition for the
reduction of the disease incidence (Popovic et al., 2021). Although no detection of virus dis-
eases in pepper was carried out during this research, they are common under field conditions
and of considerable economic importance. Nevertheless, their presence in the surveyed produc-
tion areas cannot be ruled out, as certain symptoms may visually resemble those of abiotic
disorders or infections caused by other pathogens.

Managing diseases in pepper production is challenging because the detected pathogens are
highly variable, survive well in complex environments, persist in plants as latent infections, and
remain in the soil for extended periods. Although chemical pesticides have traditionally been
used, their effectiveness often declines over time, they can be costly, and they may pose risks
to human health and the environment. These limitations highlight the need for continuous mon-
itoring of pathogen presence in pepper fields, as well as the integration of preventive measures
such as the use of healthy planting material, crop rotation and sanitation, and growing resistant
cultivars. Strengthening monitoring and implementing integrated disease management strate-
gies is therefore essential for reducing disease pressure and maintaining sustainable pepper pro-
duction.
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5 Conclusions

In conclusion, our results showed that the pathogens affecting pepper production present comp-
lex, involving various fungi, bacteria, phytoplasmas, and visually observed—but not labora-
tory-confirmed—yviruses that threaten both production and yield. As many of these pathogens
are seed-borne, the findings highlight the importance of using pathogen-free seeds as a primary
control measure, supported by precise pathogen detection and effective control management.
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