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Abstract

Turkiye is one of the leading countries in both tomato production and
exports. Many fungi, bacteria, and viruses can cause yield and quality
losses in tomato production. One of these, Pseudocercospora fuligena, a
polycyclic foliar fungal pathogen, can cause yield losses ranging from
31.3% to 86%. There are currently no commercial tomato varieties carrying
resistance genes against this pathogen. Therefore, there is a need for
research to identify pathogen-resistant wild tomato accessions that can be
used in breeding programs. In this study, pathogenicity studies were carried
out with Pseudocercospora fuligena isolates MU12, MU24, MU28 and
MU30 using Solanum pimpinellifolium, S. peruvianum, S. neorickii, S.
chmielewskii, S. habrochaites wild tomato accessions obtained from the
Czech Republic Gene Bank. Accessions 1, 4, 5, 7, and 8 (two accessions
of S. pimpinellifolium, and one accession each of S. peruvianum, S.
chmielewskii, and S. habrochaites) were susceptible to all isolates.
Accessions 2 and 3 (S. peruvianum and S. neorickii) showed different
reactions depending on the isolates. Accession 6 of S. habrochaites was
resistant to all isolates used in the pathogenicity test. This accession might
be used for the development of new resistant tomato varieties to the

pathogen.

1. Introduction

Tomatoes are one of the most widely consumed
vegetables in the world (Caicedo and Peralta,
2013). It is consumed both fresh and used as a raw
material for various industrial products worldwide.
Sixty percent of global tomato production takes
place in Asian countries, while the Americas, the
native region of tomatoes, account for just 13.4% of
production. Turkiye is one of the leading countries
in both tomato production and exports. Following
China and India, Turkiye ranks third globally in
tomato production, with approximately 15 million
tons (FAO, 2024).

Tomato cultivation is carried out in almost every
region of Turkiye, especially in the Mediterranean

Region, where both field and greenhouse cultivation
are common. Reasons such as ensuring year-round
production and exports, and providing a more
controlled environment against diseases and pests
have led to the expansion of greenhouse cultivation.
Greenhouse tomato production in Tirkiye is
4,266,966 tons (TUIK, 2025). Antalya Province
ranks first in greenhouse tomato production with
2,611,069 tons, followed by Mugla Province with
421,215 tons.

Many fungi, bacteria, and viruses can cause
yield and quality losses in tomato production. One
of these, Pseudocercospora fuligena, previously
known as Cercospora fuligena (Roldan, 1938), is a
polycyclic foliar fungal pathogen. Previous studies
have reported yield losses ranging from 31.3%
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(Mersha Ayele, 2008) to 86% (Hartman et al., 1991)
due to this pathogen. These losses may vary
depending on environmental conditions, the
implementation of control measures, and the
resistance of tomato varieties.

The genus Pseudocercospora comprises a large
group of plant pathogenic fungi responsible for leaf
and fruit spots (Crous et al, 2013).
Pseudocercospora fuligena particularly affects the
leaves, similar to Fulvia fulva. The disease causes
discoloration on the leaf and forms a fungal cover
that turns black under the leaf. Infected leaves fade
over time, and often fall off before they mature
(Hartman et al., 1991). Itis reported that the disease
causes the formation of spots on the leaf stalk, stem
and fruit stem (Phengsintham et al.,, 2012).
Pseudocercospora fuligena has been reported in
Taiwan (Hartman and Wang, 1992), Japan
(Yamada, 1951), Korea (Lee et al., 2012), Brazil
(Halfeld-Vieira et al., 2006), USA (Subedi et al.,
2015), and India (Saroj et al., 2014). It is also
present in Africa, Europe, The Caribbean, and
Oceania (Phengsintham et al., 2012). Recently, P.
fuligena has been reported in Mugla Province,
located in the Aegean Region of Turkiye (Gl et al.,
2021).

Pseudocercospora fuligena can cause yield
losses of 30-32% in tomato and a 20% reduction in
fruit weight (Hartman and Wang, 1992; Mersha et
al., 2013). The pathogen has also been reported to
infect S. nigrum (Hartman et al., 1991), Withania
somnifera (Saroj et al., 2014) and eggplant from the
Solanaceae family, and plants of the Capsicum
genus (Wang et al.,, 1995). Pseudocercospora
fuligena can survive on leaves for along time (Wang
et al., 1997). Under favorable conditions and in the
presence of susceptible hosts, the pathogen has the
potential to cause epidemics (Mersha et al., 2013).

The use of resistant varieties for disease control
is accepted as the most practical approach. Wild
tomato species are important genetic resources for

the development of disease-resistant -cultivars
(Thapa et al., 2015; Vidavski et al., 2008).
Determining the reactions of wild tomato accessions
to P. fuligena is an essential first step toward the
development of resistant cultivars. Therefore, this
study aimed to evaluate the reactions of some wild
tomato accessions to Turkish isolates of P. fuligena.

2. Material and Methods
2.1. Pseudocercospora fuligena isolates

In this study, P. fuligena isolates MU12, MU24,
MU28, and MU30, obtained from four different
greenhouses in Mugla province of Turkiye, were
used. Detailed information regarding these isolates
is given in Table 1. The MU12 and MU28 isolates
have been deposited in the NCBI Gene Bank under
the accession numbers reported by Gul et al.
(2021). All isolates were morphologically identified
based on colony and conidial morphology.

2.2. Wild tomato accessions

The eight wild tomato accessions belonging to
five species were obtained from the Czech Republic
Gene Bank for this study. The accession numbers,
names, origins, and species of the wild tomato
accessions used in the pathogenicity tests are given
in Table 2.

2.3. Inoculum preparation

Pseudocercospora fuligena isolates MU12,
MU24, MU28, and MU30 used in the pathogenicity
tests were grown in Potato Dextrose Agar medium
for 12 days. The spore suspensions were adjusted
to in 1x10” spores mlI' concentration using a
hemocytometer.

Table 1. Locations, greenhouses, and tomato varieties where the Pseudocercospora fuligena isolates were obtained and

their accession numbers in the NCBI GenBank.

Location Greenhouse number  Obtained tomato variety Isolate number NCBI Accession no
Ortaca-Derekoy 2 Akin MU12 MT830746
Ortaca-Derekoy 8 Akin MU24 -
Ortaca-Derekoy 7 Unknown MU28 MT828360
Ortaca 5 AKIn MU30 -

Table 2. Tomato accessions obtained from the Czech Republic Gene Bank and their Gene Bank accession numbers,

names and origins

No Gene bank accession no Taxon Name Origin

1 09H6501903 Solanum pimpinellifolium (syn. Lycopersicon pimpinellifolium) - Unknown
2 09H6401886 Solanum peruvianum (syn. Lycopersicon peruvianum) - Peru

3 09H6401887 Solanum neorickii (syn. Lycopersicon neorickii) - Peru

4 09H6501750 Solanum peruvianum (syn. Lycopersicon peruvianum) 15-3-6/5 Unknown
5 09H6501909 Solanum chmielewskii (syn. Lycopersicon chmielewskii) - Unknown
6 09H6501889 Solanum habrochaites (syn. Lycopersicon hirsutum) - Unknown
7 09H6401741 Solanum pimpinellifolium (syn. Lycopersicon pimpinellifolium)  15-3-4/2 USA

8 09H6401756 Solanum habrochaites (syn. Lycopersicon hirsutum) 15-3-13  Unknown

* |solates MU24 and MU30 do not have Gene Bank accession numbers because no results were obtained from PCR amplification and

sequencing analyses.
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2.4. Inoculation

Pathogenicity tests were performed using three
replicate plants for each isolate-accession
combination. Five milliliters of the spore
suspensions were sprayed onto the lower and
upper leaf surfaces of each plant at the four to five
leaf stage using a hand sprayer. Control plants were
sprayed with the same volume of water. The
inoculated plants were covered with transparent
plastic bags and incubated under greenhouse
conditions at 27-28°C with a 12 h light/ 12 h dark
photoperiod for 27 days (Gul et al., 2021). Plants
exhibiting leaf yellowing and fungal growth on the
abaxial leaf surface were evaluated as susceptible,
whereas asymptomatic plants were evaluated as
resistant. Small pieces taken from the yellowing
parts of leaves were surface-sterilized in 1% NaOCI
for 1 minute, transferred to PDA medium, and the
pathogen was successfully re-isolated.

3. Results and Discussion

Pseudocercospora fuligena, which can be
confused with F. fulva during the early stages of
infection under field conditions, can be
morphologically distinguished in the later stages of
infection based on the color of the fungal sporulation
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on the underside of the leaf. In F. fulva, the fungal
growth on the underside of the leaf initially appears
white and later turns olive-green to grayish-purple,
whereas in P. fuligena, the fungal growth is initially
white and subsequently becomes gray to black
(Hartman et al., 1991; Hartman and Wang, 1993).
Different-sized and septate conidia of the pathogen,
colony growth on PDA medium and fungal growth
on the underside of the leaf are shown in Figure 1.

In the current study, yellow spots on the leaves
of infected plants and a brownish-black fungal cover
on the underside of the leaves were observed.
Typical symptoms of the disease were observed on
the 27" day after inoculation. Leaf desiccation was
observed in severely infected plants (Figure 2).

In the pathogenicity tests, it was determined that
accessions 1, 4, 5, 7, and 8 (two accessions of S.
pimpinellifolium, and one accession each of S.
peruvianum, S. chmielewskii, and S. habrochaites)
were susceptible to all isolates. Accessions 2 and 3
(S. peruvianum and S. neorickii) showed different
reactions depending on the isolates. Both
accessions exhibited resistance to isolates MU28
and MU30, while they were susceptible to isolate
MU24. The S. peruvianum accession showed a
susceptible reaction to isolate MU12, whereas the
S. neorickii accession showed a resistant reaction
to the same isolate. One accession of the S.
habrochaites (Accession number 09H6501889)

Figure 1. Fungal cover caused by Pseudocercospora fuligena under the tomato leaf (a, Bar: 10 ym), colony growth of
Pseudocercospora fuligena on Potato Dextrose Agar medium (b), different sizes of conidia of Pseudocercospora fuligena

(c-d-e-f, Bars cand d: 10 um, e and f: 5 um).
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Figure 2. Symptoms caused by isolates MU12 and MU30 on some accessions.

Table 3. Results of the pathogenicity test conducted with Pseudocercospora fuligena isolates on different tomato

accessions.
Isolates Tomato accessions reactions
1 2 3 4 5 6 7 8
MU12 S S R S S R 3 S
MU24 S S S S S R S <
MU28 S R R S S R S <
MU30 S R R S S R S <

R: Resistant, S: Susceptible. The numbers assigned to the tomato accessions are presented in Table 2.

exhibited resistance to all isolates obtained from
various greenhouses (Table 3). Some S.
habrochaites wild tomato accessions have
previously been reported to be resistant to P.
fuligena (Hartman and Wang, 1993; Wang et al.,
1995). This wild tomato variety can serve as a
source of resistance to the pathogen. However, the
specific genes conferring resistance to this
pathogen have not yet been identified. Therefore,
further studies are needed to identify the resistance-
related genes in resistant S. habrochaites
accessions. In this study, accessions within the
same species exhibited different reactions to the
pathogen. Solanum habrochaites (accession
number 09H6501889) was determined as the most
resistant wild tomato accession. However, another
S. habrochaites accession showed a susceptible
reaction to all isolates. This result is consistent with
the findings of Hartman and Wang (1993). This
might be due to the absence of genes associated
with resistance to this disease in some accessions.

It may also indicate a high level of genetic diversity
among accessions of this species.

Following the S. habrochaites, resistant
accessions have also been reported in S.
lycopersicum (syn. L. esculentum) and S.

peruvianum (syn. L. peruvianum) (Hartman and
Wang, 1993). In another study, it has been
determined that all Solanum spp. accessions (S.
habrochaites, S. chmielewskii, S. cheesmani, S.
chilense, S. esculentum, S. glandulosum, S.
parviflorum, S. pennell, S. peruvianum, S.
pimpinellifolium) were infected by the pathogen.
However, the authors stated that S. habrochaites,
S. chmielewskii or S. cheesmaniae can be used as
a source of resistance (Wang et al., 1995).

Given its geographical distribution, S.
habrochaites has been reported to be more tolerant
to humid conditions than other tomato species
(Warnock, 1991). Therefore, it has been suggested
that this species exhibits resistance to P. fuligena
(Hartman and Wang, 1993).
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Hartman and Wang (1993) did not evaluate the
effect of different isolates on tomato accessions. In
another study, Wang et al. (1995) used two isolates
in the pathogenicity tests. No studies have been
conducted to determine differences in virulence
among isolates. However, in our study, four isolates
obtained from four different greenhouses were used
in pathogenicity tests. It was determined that the
isolates showed different reactions on S.
peruvianum and S. neorickii accessions. Therefore,
it is important to use as many isolates as possible in
identifying candidate accessions that can be used
to obtain varieties resistant to this disease.

In the pathogenicity tests, variation in the
virulence spectrum of the isolates was observed
(Table 3). Comprehensive studies involving a large
number of isolates and diverse wild tomato
accessions will provide valuable insights into the
virulence spectrum of the pathogen.

The disease has been reported in Mugla
Province of Turkiye, on tomatoes grown under
protected cultivation. Further research is necessary
to determine whether the disease is also present in
Antalya Province, where a significant proportion of
greenhouse grown tomato production takes place.

Resistant plant varieties can provide protection
against some pathogen species or races for a
certain time. However, it is important to note that a
variety resistant to one disease may be susceptible
to others. For example, with the development of
tomato varieties resistant to F. fulva, an increase in
black leaf mold disease caused by P. fuligena has
been reported (Watanabe et al., 2017). In our study,
P. fuligena infections were also detected in the Yeliz
and Akin varieties, which contain the Cf-9 gene, that
confers resistance to F. fulva. Given that this
disease poses a risk to tomato varieties resistant to
F. fulva, further studies are needed to investigate
how commercial tomato varieties react to this
pathogen.

In the survey conducted in Mugla Province of
Turkiye, where the disease was detected (Gul et al.,
2021), it was observed that tomato, pepper and
eggplant, known host plants of the pathogen, were
cultivated together in the same greenhouses. As a
cultural control measure for the disease, it may be
advisable to avoid growing these plants together in
the same greenhouses. Additionally, since the
pathogen has been reported to infect S. nigrum
(Hartman et al., 1991), which can be found in
tomato greenhouses, effective weed control will
contribute to reducing sources of inoculum.

4. Conclusion

In conclusion, one S. habrochaites accession
was resistant to the all isolates. The S.
pimpinellifolium and S. chmielewskii accessions
were susceptible to all isolates. Accessions 2 and 3
(S. peruvianum and S. neorickii) showed different
reactions depending on the isolates. These findings

demonstrate differences in the virulence of the
isolates. Therefore, the development of differential
set is necessary to identify the pathotype or strains
of the pathogen. In addition, further studies are
needed to identify resistance related genes in
disease-resistant S. habrochaites accession.
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