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In order to determine the effects of Tomato spotted wilt orthotospovirus (TSWV) on the yield
and fruit quality parameters of some common local and commercial pepper (Capsicum annuum
L.) genotypes under greenhouse conditions, mechanical inoculations were performed, and virus
infections were tested by DAS-ELISA and RT-PCR after the inoculations. Based on the DAS-

Keywords: ELISA results, 95% of the inoculated plants were found to be positive for TSWV, in accordance
Pepper with the expected amplicon size (276_bp) (_Jbtaineq by RT-PCR results. Infection _of TS\_NV
TSWV caused significant _(p§_0.05) reduction in frglt number (45.97-100%), fruit _welght
RT-PCR (66.38-98.77%), fruit width (63.77-96.52%), fruit length (31.97-93.514%), flesh thickness
Tow resistance gene (28.64-82.41%), fruit firmness (5.82-94.43%), fruit colour (1.62-7.79%), and total yield (68.62-
CAPS 9 100%) in infected plants. The best performance against TSWV was observed on cv. Yalova

Carliston 341, while the lowest was observed on cv. Bora 77 among the tested pepper cultivars
Yalova Carliston 341, Yalova Tath Kil, Yalova Yaglik 28, Mazamort, Sera Demre 8, Ugburun,
Geyikboynuzu, Bor Biberi, Bora 77 and 153-227. Moreover, the incidence of Tsw resistance
gene was investigated by molecular analysis using CAPS marker SCACsgg with Taql restriction
enzyme digestion; however, Tsw gene could not be detected in any of the tested cultivars except
wild type C. chinense and resistant genotype cv.153-227. This study reveals the effects of
TSWV in common pepper genotypes and will be important for virus resistant breeding studies.

1. Introduction

Vegetables play an important role as a source of vitamins and
minerals in the nutrition of people. Due to the fact that the genetic
centre of many important vegetable crops can be found in
Turkey, vegetable production is an important sub-sector of
farming in Turkey (Turhan and Korkmaz 2006; Celik et al. 2018).
Pepper is an important crop both for human nutrition and
commercially, with its rich nutrient content, wide usage areas and
large production volume. Pepper is produced in many regions of
the world and additionally pepper production is carried out in
Turkey with high production volumes over large areas of
production. Turkey is one of the most important pepper suppliers
as its production is around 2600000 tons annually and, ranked
3rd in the pepper production after China and Mexico (TUIK
2020). There are many disease factors that negatively affect
pepper production. It is known that viruses cause diseases in
pepper as well as many plants and restrict pepper production
(Celik et al. 2010). It is reported that among these viral diseases,
Tomato spotted wilt orthotospovirus (TSWV) is one of the most
important 10 viruses that cause a high loss of yield (Scholthof et
al. 2011).

TSWV firstly appeared on tomato plants in Australia
Brittlebank (1919). It spread rapidly from Australia and was
found in many countries in America, then in Europe, Asia, and
Africa (Adkins 2000). In Turkey, TSWV was initially reported in
lettuce plants in Mersin (Tekinel et al. 1969), after that, it was

detected in Canakkale, Balikesir, Manisa, Usak, Sanliurfa,
Samsun and the Mediterranean Region (Azeri 1981). Worldwide,
there are more than 1000 plant species that are the host plants of
TSWV, causing the virus to spread rapidly (Margaria et al. 2015).
Another factor that causes the spread of TSWV is thrips, the
vector of this virus. While TSWV s transmitted both
circulatively and propagatively by 9 thrips species of 3 genus
(Thrips, Frankliniella, Scirtothrips) belonging to the
Thysanoptera order and Thripidae family, Frankliniella
occidentalis has been reported as the most important vector of
TSWV (Ullman et al. 1992; Sevik 2008). While cultural and
chemical management are not effective in controlling TSWV due
to the biological structures of viruses, the wide host plants range
of TSWV and its transportation via thrips, utilising resistant
varieties is the most effective method of controlling its spread.
Both classical and molecular breeding methods are used in the
mes development of resistant varieties. However, the marker
assisted selection (MAS) method, which is one of the molecular
breeding methods, is more reliable, faster and is the most widely
used alternative and auxiliary method in recent years (Simsek et
al. 2015). Tsw gene provides resistance to viral disease caused by
TSWV in pepper plants. Lines developed from Capsicum
chinense Jacq. show hypersensitivity resistance against TSWV in
pepper and are used as a source of resistance in breeding
programmes. Pepper varieties which have the Tsw gene do not
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show symptoms after mechanical inoculation, they show
hypersensitivity resistance by shedding their leaves, after
forming local lesions (Boiteux 1995). Studies on the Tsw gene
have shown that this gene is located on the same loci
(chromosome 10) of some Capsicum chinense Jacq. lines (Black
et al. 1991; Boiteux 1995; Moury et al. 1997).

RAPD, SCAR, and CAPS markers are used for the detection
of Tsw gene (Welsh and McClelland 1990; Williams et al. 1990,
Lefebvre et al. 1997). In addition, CAPS markers are the most
commonly used markers for detecting Tsw. Marker assisted
selection is not always possible with RAPDs, because RAPDs
designed for one population are not always polymorphic or not
reliable for other populations (Paran and Michelmore 1993). It is
possible to covert a RAPD piece into a SCAR marker to
overcome these problems. SCAR markers are based on the
sequencing of RAPD fragments and higher identification of more
specific primers. But these identified primers often lead to
monomorphic amplifications and loss of polymorphism. To
achieve this polymorphism CAPS markers can be obtained by
enzymatic restriction of SCAR (Konieczny and Ausubel 1993,
Moury et al. 2000).

Various studies have been carried out in Turkey aiming to
develop resistant pepper lines to TSWV. Celik et al. (2018) aimed
to breed lines that can be used as parents in order to develop new
pepper varieties resistant to TSWV. In the study, they used a
variety sensitive to TSWV, three genotypes resistant to TSWV,
and reported that they obtained 10 lines resistant to TSWV with
features that can be used in pepper breeding studies. Simsek et al.
(2015) used 12 TSWV resistant pepper genotypes, 6 TMV and
PMMoV resistant pepper genotypes, and one superior pepper
genotype in terms of quality characteristics. As a result of the
study, it was reported that 3 genotypes had the desired
resistances, and were determined as candidate varieties.

The aim of this current study, was to determine the effects of
tomato spotted wilt orthotospovirus on the yield and fruit quality
parameters of some local and commercial pepper genotypes that
are widely used in the Central Anatolian Region, and screening
for Tsw resistance gene incidence.

2. Materials and Methods

2.1. Materials

In this study, the most common local cultivars were selected
based on their known superior fruit characteristics and yield in
the Central Anatolian and Southern Mediterranean regions. In
total ten different pepper genotypes (Capsicum annuum L.) and
one wild type of pepper (Capsicum chinense) were used. The
cultivars U¢ Burun, Yalova Yaglik 28, Bora 77, Mazamort, Sera
Demre 8, Yalova Carliston 341, Yalova Kil Tath are
commercially used in the Central Anatolian region, and two of
them are local genotypes called Bor pepper and Geyikboynuzu
(Samandag- Southern Mediterranean region). The resistant
varieties used in this study were Capsicum chinense L. which is
awild type of pepper genotype and 153-227 which was produced
by the company Yiiksel® Seeds. In addition, TSWV infected
pepper plants were supplied by the T.R. Ministry of Agriculture
and Forestry, Ankara Directorate of Agricultural Quarantine and
were used as inoculum sources of the virus.

2.2. Methods

2.2.1. Experimental design

This study was conducted under greenhouse conditions
during the 2020 summer period in the Nigde province. Seeds
were germinated in seed trays and seedlings transplanted to
plastic pots after germination. While the seed trays were filled
with a mixture of peat and perlite (3:1), a mixture of soil and peat-
perlite (3:1) was used in the plastic pots. No fertiliser was applied
to the plants during the daily irrigation. An equal number of
plants were inoculated with TSWV, and mock-inoculated plants
were used for each genotype as a control. Each genotype
contained a total of 50 plants, including 25 virus inoculated plants
and 25 mock-inoculated (buffer inoculated) plants.

2.2.2. Mechanical inoculations of pepper seedlings

Mechanical inoculation of TSWV was performed to the
pepper plants twice at 15-day intervals using inoculation buffer
(pH: 7.4) including 0.199 g | KH2PO4, 1.14 g | NazHPOa, 0.1%
NazSO3 and 1% PVP-40 (1:10 sample dilution). The first
inoculation was carried out 1 week after transplanting, when the
plants were at the 5-6 leaf stage.

2.2.3. Confirmation of TSWV infections

The DAS-ELISA method was performed 30 days after
inoculations to check TSWV infections according to Clark and
Adams (1977) and instructions of the antisera’s manufacturer for
the monoclonal antisera of TSWV. After the ELISA test, the plate
was read by the ELISA reader, and numerical results of the
ELISA test were obtained. In addition to the serological
detection, molecular tests were also performed to confirm the
presence of TSWV in the tested pepper plants. A Plant/Fungi
RNA Isolation Kit was used for isolation and purification of total
RNA, according to the manufacturer’s instructions (Norgen
Biotek Corp., Canada). cDNA was synthesized by reverse
transcription of obtained total RNAs using random hexamer
primers and the cDNA synthesis Kit instructions (OneScript plus
cDNA synthesis Kit, abm good, Canada). RT-PCR was
performed using the obtained cDNA samples and PCR was
carried out with 2 pl of cDNA, 0.5 pl of 10 mM dNTP, 1 pl of
25 mM MgClz, 2.5 ul of 5x PCR buffer and 0.5 pl of 10 uM of
each virus specific primers (TSWV RdRp, F: 5'-
ATCAGTCGAAATGGTCGGCA-3', R: 5'-AATTGCCTTGCA
ACCAATTC-3', amplicon size: 276 bp, Perez et al. (2014), with
0.25 pl of 5 units pl Taq DNA polymerase. PCR was performed
under the following conditions: denaturation 94°C 5 min, 40
cycles of 94°C for 30 s, 55°C for 45 s, and 72°C for 1 min; and a
final extension for 10 min at 72°C. The PCR products were
visualised under UV light after electrophoresis on 1.5% agarose
gel and stained with ethidium bromide under a UV-
transilluminator.

2.2.4. Molecular screening of TSWV resistance in pepper
varieties

The cetyl trimethylammonium bromide (CTAB) extraction
method (Doyle and Doyle 1987) was used to extract DNA from
pepper leaves to check the incidence of resistance genes. The Tsw
resistance  gene  CAPS  markers  (SCAC568: F:
GTGCCAGAGGAGGATTTAT, R: GCGAGGTGGACACTG
ATACT were used for PCR analysis (Moury et al. 2000). The
PCR was carried out with 2 pl of diluted DNA, 1 pul of 10 uM
dNTP mix, 2 pl of 25 mM MgClg, 2.5 pl of 10X PCR buffer, and
0.5 pl of 10 pM of each primer with 0.2 pl of 5 U pl Tag DNA
polymerase. Reactions were incubated at 94°C for 5 min and
following 40 amplification cycles (30 s at 94°C, 45 s at 50°C, and
1 min at 72°C) was performed and a final extension for 10 min at
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72°C. The final PCR products were visualised under UV light
after electrophoresis on ethidium bromide-stained 3% agarose
gels. The obtained PCR amplicons were used for digestion. The
mixture prepared by using 1 pl Taql enzyme, 1 pl of 10x Cutting
Buffer, 2 pl of nuclease-free sterile water and 7 pl of PCR product
was incubated for 2 hours at 65°C (Moury et al. 2000). The final
products were visualised under UV light after electrophoresis on
ethidium bromide-stained 3% agarose gels.

2.2.5. Fruit quality and yield analysis

Fruits of both the infected and uninfected plants were
harvested after maturation. All fruit quality traits were evaluated
for ripen fruits per plant. Fruit number (FN) of each plant was
recorded. Fresh weight (FW) (g) of each fruit was measured by a
precise scale. Fruit width (FWth) (mm) and flesh thickness of
fruits (FT) were determined by caliper. Fruit length (FL) (mm) of
each fruit was measured by ruler. Also, fruit colours (FC) were
determined, and different measurements were taken from two
different parts of each fruit by the colorimeter during this process.
Firmness of fruits (FF) was measured with a penetrometer by
taking two different measurements from two different faces of
each fruit.

2.2.6. Statistical analysis

Analysis of variance (ANOVA) statistical tests were
performed using the statistical package JMP 16 (SAS, USA).
Duncan multiple comparison test is used to compare the
differences between the averages which are statistically
significant according to the variance analysis results.

3. Results and Discussion

3.1. Virus symptoms

Plants were inoculated twice with an interval of 15 days using
TSVW isolates. Although symptoms were observed as a result of

the first inoculation in some plants, they were obtained after the
second inoculation in most of the plants. TSWV symptoms varied
according to genotypes, and they were mostly observed on
leaves. Symptoms such as necrotic ringspot, concentric ringspot,
chlorotic ringspot, yellowish or brownish ringspots with
bronzing, mosaic, mottle, leaf curving and deformity were
observed on the leaves of the pepper plants. No symptoms were
observed on the fruits, but some symptoms were visible on the
stems. Common symptoms of TSWV such as stunting, wilting,
and die back at the tips of shoots were observed on the pepper
plants.

While symptoms such as necrotic, chlorotic, and concentric
ringspots, wilting, stunting and die back were observed in all
genotypes, in addition to these symptoms, bronzing in
Geyikboynuzu and Yalova Carliston 341, and leaf deformity in
Ugburun were also observed (Figure 1).

Roggero et al. (2002) reported that TSWV causes chlorotic
and necrotic ringspots, wilting of the shoots and deformity, while
Ferrand et al. (2019) reported that TSWV causes concentric and
chlorotic ringspots, mosaic, mottling and deformity. These
symptoms reported as a result of different studies are similar to
the symptoms obtained in our study.

To show the effect of TSWV on pepper plants, a scale was
created by ranking the plants from mild to severe (1to5). While
creating the disease scale, the least affected plant was numbered
as 2, while the most affected plant was numbered as 5. Plant
number 1 was chosen from mock-inoculated (healthy) plants that
did not show stunting, had green leaves, and produced fruit. Plant
number 2 was chosen from infected plants that did not show
stunting, yellowed leaves, and produced less or no fruit. Plant
number 3 was selected from infected plants with stunting, hardly
any TSWV symptoms on leaves, and no fruit. Plant number 4 was
selected from infected plants with stunting, TSWV symptoms
frequently on leaves, and no fruit. Plant number 5 was selected
from infected plants with stunting, complete deformation of
leaves and die back on shoot tips (Figure 2).

Figure 1. Symptoms are observed as necrotic and concentric ringspots on cv. 153-227 (a), necrotic ringspots on Sera Demre 8 (b), concentric ringspots
on Bora 77 (c), bronzing and necrotic ringspots on Geyikboynuzu (d), concentric ringspots on Yalova Yaglik 28 (e), concentric and chlorotic
ringspots on Bor (f), concentric and chlorotic ringspots on Mazamort (g), bronzing, concentric and necrotic ringspots on Yalova Carliston
341 (h), concentric and necrotic ringspots with deformity of leaves on Ugburun (I), wilting, stunting and die back at the tips of shoots on

Yalova Kil Tatl (j).
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3.2. TSWV infections

All samples were tested by the DAS-ELISA method to detect
the presence of TSWV. Test results were evaluated both visually
and numerically. The evaluation was made according to the value
of the negative control. While values greater than twice the value
of the negative control were considered positive. As a result of
the DAS-ELISA test, 95% of the inoculated plants were
determined as TSVW positive. Also, TSWV infections were
molecularly detected by the RT-PCR analysis. The test was

Figure 2. The effects of TSWV infections on pepper plants. The scale created by ranking the plants from healthy and mild to severe (left to right);

Yalova Yaglik 28 (a) and Mazamort (b).
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performed with two samples from each pepper genotype and a
TSWV-specific primer, which amplify a region of 276 bp in size.
As a result, amplicons with the expected size were obtained from
the samples tested by the primer pairs used (Figure 3). The
presence of TSWV in mechanically inoculated pepper plants was
confirmed via RT-PCR. These results, obtained from the RT-
PCR process, agree with studies of Bozdogan and Kamberoglu
(2015) and Keles Oztiirk and Baloglu (2019) and show that
symptoms detected on inoculated plants were caused by TSWV
infection.
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Figure 3. Results of PCR test using TSWV-specific primers (TSWV RdRp, 276 bp). As a result, bands with the expected size (276 bp) were obtained
from the samples tested by the primer pairs used. The presence of TSWV in mechanically inoculated pepper plants was molecularly confirmed

with these results. M: DNA Ladder.
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3.3. Genotypic Characterisation

In order to determine the resistance level of the genotypes
against TSWV, Tsw gene was investigated in these genotypes.
PCR test was performed using DNAs isolated from these
genotypes and using a CAPS marker (SCACsgs). PCR products
were digested by using Tagl restriction enzyme.

As a result of PCR, amplicons approximately 568 bp in size
were obtained and these samples were digested by the Tagl
enzyme. Two amplicons were obtained approximately 200 and
300 bp in size in cvs. Yalova Yaglik 28, Yalova Carliston 341,
Yalova Kil Tath, Bora 77, Bor, Ugburun, Mazamort,
Geyikboynuzu and Sera Demre, while only a single amplicon 568
bp in size was obtained as expected for the resistant variety 153-
227 and wild type C. chinense (Figure 4). The results were in
accordance with the previous results in which the SCACsss
marker was developed (Moury et al. 2000). In addition,
completely similar results were obtained with the results of the
studies conducted by Polat et al. (2012), Silvar and Garcia-
Gonzalez (2017), Celik et al. (2018) and ikten (2019).

Based on these results, Tsw gene was detected in cv. 153-277
pepper genotypes which is known to be a resistant variety.
Although 153-227 carries the resistance gene, it was found to be
infected by TSWV and showed a weak reaction according to our
phenotypic analysis. The reason for these contradictory results
obtained from molecular and phenotypic analysis could be due to
the mechanical inoculations with a high concentration of the
virus. Also, it is known that single resistance genes have a mostly
temperature-dependent manner. The resistance gene Tsw does
not provide resistance at high temperature conditions (Moury et
al. 1997); Roggero et al. 1996, 2002).

3.4. Phenotypic Characterisation

According to the results of variance analysis for yield and
quality parameters of pepper genotypes, it was determined that
there are significant differences (P<0.05) between all mock-

Yalova Yaghk 28- 9_[
Yaglik 28 .I

Yalo
2

e
— o
- -

63

inoculated and infected plants. Infected plants of Yalova Yaglik
28, Mazamort, Geyikboynuzu and Bor genotypes did not produce
fruit and data could not be obtained from these groups. These
groups were not included in the evaluations except for total yield
and fruit number.

No fruit was obtained in the genotypes of Yalova Yagik 28,
Mazamort, Geyikboynuzu and Bor infected with the TSWV. The
highest fruit number decrease was obtained in these genotypes
with 100%. Bora 77 (96.37%) was the group with the highest
decrease after the groups that did not produce fruit. The least
decrease was observed in Yalova Carliston 341 with 45.97%
(Table 1). The highest total yield loss was obtained from Yalova
Yaglik 28, Mazamort, Geyikboynuzu and Bor with 100%. After
the groups that did not produce fruit, the highest percent
reduction was calculated for Bora 77 (98.85%), while the lowest
percent reduction was calculated for Yalova Carliston 341
(68.62%) (Figure 5 and Table 1). The highest fruit weight
reduction was obtained in genotype Bora 77 with 98.77%, and
the lowest reduction was obtained in genotype Yalova Carliston
341 with 66.38% (Table 1). The genotype with the highest fruit
width decrease was Bora 77 (96.52%) and the genotype with the
lowest decrease was Yalova Carliston 341 with 63.77% (Table
1). The highest percent fruit length reduction was calculated for
Bora 77 (93.51%), while the lowest percent reduction was
calculated for Yalova Carliston 341 (31.97%) (Table 2). 153-227
(82.41%) was the group with the highest flesh thickness decrease,
and the least decrease was seen in Sera Demre 8 with 28.64%
(Table 2). The genotype with the highest fruit firmness decrease
was Bora 77 (94.43%), while the genotype with the lowest
decrease was Yalova Carliston 341 with 5.82% (Table 2). While
the highest fruit colour (L value) decrease was obtained in Bora
77 (7.79%), the lowest decrease was obtained in Yalova Carliston
341 with 1.62% (Table 2). In addition, according to the results
obtained from the Yalova Carliston 341 in fruit firmness and fruit
colour, no significant difference was found between the infected
and mock-inoculated groups.

‘ ‘ Ugburun-2

o

Geyikboynuzu-1

Mazamort-

Geyikboynuzu-2

Sera Demre-
(. chinense

Figure 4. Tsw resistance gene screening results. Agarose gels indicate two bands each approximately 200 and 300 bp in cvs. Yalova Yaghk 28, Yalova
Carliston 341, Yalova Kil Tatli, Bora 77, Bor, Ugburun, Mazamort, Geyikboynuzu and Sera Demre, while a single band was obtained at 568
bp as expected for the resistant variety 153-227 and wild type C. chinense. M: DNA Ladder.
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Table 1. Effects of TSWV infections on total yield, fruit number, fruit weight and fruit width of pepper genotypes

Genotypes Total yield Fruit Number Fruit Weight (g) Fruit Width (mm)
TSWV Mock- Effectol  rswy Mock- Effectol  rswy Mock- Effectol  rowv Mock- Effect of
Infected Inoculated TSWV Infected inoculated TSWV Infected inoculated TSWV Infected inoculated TSWV
(%) (%) (%) (%)
Yal‘w%gfr“sm 9.58d 30.53¢ -68.62 0.47def 0.87bcd 4597  3.19cde 9.49bc -66.38 5.13fg 14.16de 63.77
Yalova Tath Kil 2.89d 31.42c -90.80 0.40def 1.93a -79.27 0.98de 9.39%bc -89.56 1.87g 9.66ef -80.64
Yalova Yaglik 28 od 93.50a -100 of 0.93bcd -100 Oe 27.02a -100 0g 29.724a -100
Mazamort od 26.26¢ -100 of 0.73cdef -100 Oe 8.75bcd -100 0Og 13.81de -100
Sera Demre 8 3.97d 31.53c -87.40 0.67cdef 1.40abc -52.14 0.97de 8.51bcd -88.60 4.18fg 13.27de -68.50
Ug Burun 3.67d 50.89b -92.78 0.27def 1.53ab -82.35 1.22de 13.3%b -90.86 3.229 25.15ab -87.19
Geyikboynuzu od 24.86¢ -100 of 1.27abc -100 Oe 8.29bcd -100 0Og 14.08de -100
Bor Biberi od 29.98c -100 of 1bcd -100 Oe 11.66b -100 0g 18.95cd -100
Bora 77 0.32d 27.84c -98.85 0.07ef 1.93a -96.37 0.10e 8.19bcd -98.77 0.70g 20.15hbc -96.52
153-227 5.7d 43.75b -86.97 0.07ef 0.80bcde -91.25 1.92cde 14.58b -86.83 1.56g 14.47cde -89.21
Std. Deviation 23.707 1.083 11.362 11.552
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Table 2. Effects of TSWV infections on fruit length, fruit thickness, fruit firmness and fruit colour of pepper genotypes

Genotypes Fruit Length (cm) Flesh Thickness (mm) Fruit Firmness (kg) Fruit Colour (L value)
TSWV Mock- Effectol  rswy Mock- Effectol  rswy Mock- Effectol  rowv Mock- Effect of
Infected Inoculated TSvw Infected inoculated TSvw Infected inoculated TSvw Infected inoculated TSvw
(%) (%) (%) (%)
Yal"vzgfrhsmn 10cd 14.70ab -31.97 1.22fg 2.57ab -52.52 5.66hc 6.01bc -5.82 71.04a 72.21a -1.62
Yalova Tath Kil 6.70ef 14.64ab -54.23 0.80gh 1.66def -51.80 3.13de 6.59bc -52.50 61.07e 65.77bc -7.14
Yalova Yaglk 28 0g 13.5abch -100 Oi 3.12a -100 of 6.54bc -100 of 62.56d -100
Mazamort 0Og 8.16de -100 0i 1.91cde -100 of 6.70bc -100 of 64.61c -100
Sera Demre 8 8.04de 16.02a -49.81 1.32efg 1.85def -28.64 5.39bcd 6.82bc -20.96 61.83de 63.36¢d -2.41
Ug Burun 3.12fg 9.10de -65.71 0.81gh 2.51abc -67.72 2ef 6.29bc -68.20 67.85b 64.05cd +5.60
Geyikboynuzu 0Og 11.32bcd -100 0i 1.64def -100 of 4.80cd -100 of 60.90e -100
Bor Biberi 0g 8.52de -100 Oi 2bcd -100 of 7.62ab -100 of 68.20b -100
Bora 77 1.03g 6.78ef -93.51 0.41hi 2.25bcd -81.77 0.51f 9.16a -94.43 58.81ef 63.78cd -7.79
153-227 3.09fg 14.12abc -78.11 0.54hi 3.07a -82.41 0.91ef Tabc -87 64.91c 67.85b -4.33
Std. Deviation 5.247 1.108 3.400 27.268
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Figure 5. Total yield of TSWV infected and mock-inoculated pepper plants. The bars show the mean values. The difference between inoculated and

mock-inoculated groups of each variety is shown.

4. Conclusions

According to the results of this study, it was determined that
there were significant decreases in total yield and fruit quality
parameters in plants infected with TSWV compared to uninfected
controls. No fruit was obtained from the infected groups of
Yalova Yaglik 28, Mazamort, Geyikboynuzu and Bor genotypes,
and these genotypes were determined as the genotypes most
sensitive to TSWV infection. It was determined that Bora 77 was
the genotype with the highest decrease in yield, fruit number,
fruit weight, fruit width, fruit length and fruit firmness, after the
genotypes without fruit, and the genotype that was most affected
by TSWV infection. Yalova Carliston 341 was the genotype with
the least decrease in yield, fruit number, fruit weight, fruit width,
fruit length and fruit firmness, and it was determined as the least
affected genotype among the genotypes. In conclusion, the
results have shown that the performance of Bora 77 was poor
among the genotypes and that this genotype was highly
susceptible to TSWV. The best performing Yalova Yaglik 28
suggests that it could be tolerant to TSWV. In addition, Tsw gene
that provides resistance to TSWV in pepper was not detected in
common genotypes tested in this study.

Although the selected genotypes used in this study have
superior fruit characteristics and high yields, they were found to
be sensitive to TSWV. TSWV is the most destructive viral
disease in pepper plants. According to these results, in order to
use the superior characteristics of these varieties and to obtain
products with the desired characteristics, it is recommended to
apply the virus control methods completely in order to prevent
the transmission or spread of virus infection, or to transfer the
resistance gene to these varieties with the breeding programmes,
which are the most effective methods against viruses. The results
of this study will also assist in the development of sustainable
virus resistant varieties through screening/selection of
tolerant/resistant varieties for the management of TSWV.
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