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Abstract 

Phytophthora root and crown rot, caused by Phytophthora capsici, is one of the most destructive diseases limiting pepper 

(Capsicum annuum L.) production, particularly in regions where local cultivars such as Kahramanmaraş pepper are 

widely grown. This study aimed to rapidly develop P. capsici resistant Kahramanmaraş pepper type by integrating 

marker-assisted selection (MAS) with in vitro anther culture. A total of 198 genotypes belonging to five backcross-

derived GM2 populations were developed by crossing a susceptible Kahramanmaraş pepper genotype with five resistant 

donor parents. Molecular screening was performed using the Phyto.5.2 SCAR marker to identify resistant genotypes at 

the seedling stage. Phenotypic variation in plant morphology and fruit-related traits was evaluated using principal 

component analysis (PCA). Genotypes identified as resistant were subsequently used as donor plants for anther culture 

to generate homozygous double haploid (DH) lines. Molecular analyses revealed that 83 genotypes were resistant to P. 

capsici. PCA results demonstrated substantial variation among genotypes in terms of yield and morphological traits, with 

resistant individuals distributed across diverse phenotypic backgrounds. Anther culture efficiency varied among hybrid 

combinations, with the highest success observed in the KP × P1 combination. The resulting DH lines exhibited wide 

variation in yield and fruit quality traits relevant to dried pepper production. Overall, the combined application of MAS, 

multivariate phenotypic analysis, and anther culture proved to be an effective and time-saving breeding strategy for 

developing P. capsici– resistant and agronomically superior pepper lines. The DH lines obtained in this study represent 

valuable genetic resources for future cultivar development and sustainable pepper production. 
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INTRODUCTION 

Due to increasing global warming, maintaining agricultural production under adverse soil conditions has become a major 

challenge. This issue has attracted increasing scientific and practical attention (Yuan et al., 2024). Vegetable cultivation, like 

other plants, is significantly affected by biotic and abiotic stress factors. Stress in plants is caused by biotic factors such as 

viruses, bacteria, fungi and harmful organisms, as well as environmental (abiotic) factors such as salt, water deficiency, high 

or low temperature, nutrient imbalances, heavy metal toxicity, air pollution and radiation (Aydın 2024; Aydın et al., 2025; 

Başak et al., 2025; Coşkun et al., 2025). These factors disrupt the growth and development processes of the plant, eventually 

causing yield and quality losses (Janmohammadi & Sabaghnia, 2023; Lesk et al., 2021; Li et al., 2022; Minoli et al., 2022; 

Zhang et al., 2023; Zhu et al., 2022). 

Phytophthora root and crown rot, caused by the oomycete Phytophthora capsici (Leon.) (Pythiaceae, Peronosporales), is 

considered one of the most devastating pathogens in Capsicum annuum L. (Solanaceae) production, potentially leading to 

total yield loss (Bagheri et al., 2020; Barchenger et al., 2018; Mohammadbagheri et al., 2021; Sánchez-Rodríguez et al., 

2016). P. capsici not only causes root rot but also causes a variety of disease syndromes such as stem, leaf and fruit blight, 

posing a constant threat throughout the plant's life cycle (Foster et al., 2013; Naegele & Hausbeck, 2014). Kahramanmaraş 

pepper, which is an important pepper production province and its surrounding regions, has experienced significant yield and 

quality losses due to Phytophthora capsici. Although several studies have addressed this pathogen, comprehensive efforts 

aimed at developing resistant varieties remain limited. As with many plant species, breeding a new variety, introducing 
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desired traits, and yield trials before it can be commercially released requires a significant amount of time. Achieving this  

goal with traditional breeding methods is particularly time-consuming. 

Marker-assisted selection (MAS) offers significant advantages in plant breeding, especially in the identification and selection 

of polygenic traits (Thabuis et al., 2003; Aydın et al., 2024). This method enables sensitive and rapid identification of 

complex traits controlled by multiple genes and influenced by environmental interactions. MAS significantly accelerates the 

breeding process and increases its efficiency compared to traditional selection methods. Integrating molecular markers into 

traditional breeding programs facilitates the development of high-yielding, high-quality and disease-resistant varieties by 

enabling early detection of desired traits. One of the widely used biotechnological approaches for rapid development of pure 

lines in pepper (Capsicum annuum L.) breeding is anther culture, a tissue culture-based technique. The anther is a unique 

generative tissue that enables haploid plant production and is widely used in plant tissue culture applications. Haploid plants 

obtained through anther culture can be converted into double haploid (DH) lines via chromosome doubling, allowing the 

rapid development of homozygous genotypes. (Şahı̇n et al., 2025). This technique allows the production of haploid plants 

directly or indirectly from male gametophytes, and subsequent chromosome doubling allows the generation of homozygous 

lines in a significantly shorter timeframe than traditional methods (Parra-Vega & Seguí-Simarro, 2016). 

This study aimed to develop breeding lines of the Kahramanmaraş pepper variety resistant to Phytophthora capsici using 

marker-assisted selection and in vitro anther culture. This integrated approach allows rapid development of improved lines 

for pepper-growing regions where the pathogen is a major problem. 

MATERIALS AND METHODS 

Seeds of hybrid plants (GM2) were used as the plant material. The hybrids were generated by crossing a Kahramanmaraş 

pepper genotype (female parent), previously characterized as susceptible to Phytophthora capsici, with five resistant 

genotypes (P1–P5) as male parents. The donor genotypes (P1–P5) belong to Capsicum annuum L. and were previously 

identified as resistant to P. capsici, exhibiting variation in fruit morphology and plant growth characteristics. The progeny 

was advanced through two successive backcrosses. The study included five hybrid combinations and the number of plants 

used in each combination is presented in Table 1. 

Table 1. Hybrid Combinations and Number of Plants 

Female Parent Male Parent Number of Plants 

Kahramanmaraş pepper P1 426 27 

Kahramanmaraş pepper P2 667 44 

Kahramanmaraş pepper P3 532 42 

Kahramanmaraş pepper P4 435 40 

Kahramanmaraş pepper P5 419 45 

Total - 198 

Morphological and Fruit Traits of Backcross-Derived Plants 

A total of 198 genotypes obtained from five different backcross populations were evaluated in terms of plant morphology 

and fruit-related characteristics. The measured parameters for each genotype are presented in Table 2. 

Table 2. Measured Plant and Fruit Traits 

Parameters Measurement Methods 

Plant Height (cm) Measured from the base of the plant to the growing point using a ruler. 

Plant Diameter (mm) Measured at the stem base using a caliper and recorded in millimeters. 

Branching Intensity Scored as 3 = low, 5 = medium, 7 = high. 

Average Fruit Diameter (mm) Measured at the middle part of the fruit using a caliper. 

Average Fruit Length (cm) Measured from the calyx to the blossom end using a caliper. 

Average Fruit Weight (g) Determined using a precision scale (0.01 g sensitivity). 

Average Pericarp Thickness (mm) Measured at the middle part of the fruit using a caliper. 

Total Red Fruit Weight per Plant (g) Determined using a precision scale (0.01 g sensitivity). 

Total Green Fruit Weight per Plant (g) Determined using a precision scale (0.01 g sensitivity). 

Number of Red Fruits per Plant Red fruits on each plant were counted individually. 

Number of Green Fruits per Plant Green fruits on each plant were counted individually. 

Determination of Resistance to Phytophthora capsici in Backcross Populations 

Seeds were germinated in a growth medium composed of 2:1 peat to perlite. DNA extraction was performed at the first true 

leaf stage. The CTAB (Cetyl Trimethyl Ammonium Bromide) method described by Doyle & Doyle (1990) was used for 

DNA isolation. DNA concentrations were determined via 1% agarose gel electrophoresis and DNA samples were diluted to 

a final concentration of 10 ng/μl for PCR analysis. Molecular analysis was performed using the dominant SCAR marker 

OpD04.717, which is tightly linked to the Phyto.5.2 quantitative trait locus (QTL) located on chromosome 5 and associated 
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with resistance to Phytophthora capsici in pepper. The SCAR primer pair (OpD04.717-F: 5′-CCA TAA GGG TTG GTA 

AAT TTA CAA AG-3′ and OpD04.717-R: 5′-TCG AGA GAT AAT TCA GAT AGT ATA ATC-3′) amplifies an 717 bp 

fragment in resistant genotypes (Quirin et al., 2005). PCR amplification was performed in a total reaction volume of 15 μL. 

The reaction mixture contained 1.5 μL of 10× PCR buffer, 1.5 μL of MgCl₂ (25 mM), 1 μL of dNTP mix (10 mM), 0.2 μL 

of Taq DNA polymerase (5 U/μL), 1 μL each of forward and reverse primers (10 μM), and 1.5 μL of genomic DNA (5 

ng/μL). Nuclease-free water was added to adjust the final reaction volume to 15 μL. The PCR thermal cycling conditions 

consisted of an initial denaturation at 94 °C for 2 min, followed by 32 cycles of denaturation at 94 °C for 30 s, annealing at 

45 °C for 30 s, and extension at 72 °C for 1 min. A final extension was performed at 72 °C for 5 min. Following molecular 

analysis, all plants identified as either resistant or susceptible were transferred to the greenhouse, where standard agronomic 

practices were carried out until harvest. 

Anther Culture Studies 

For the purpose of anther culture, flower buds were collected from plants previously identified as resistant to Phytophthora 

capsici during the months of April, May, and June, which are characterized by mild climatic conditions in the 

Kahramanmaraş region. Flower buds were selected at a developmental stage where the petals did not exceed the sepals and 

were at the same level. Prior to surface sterilization, the buds were subjected to a cold pretreatment at 4°C for 24 h. A 

Murashige and Skoog (MS) basal medium was prepared for anther culture, supplemented with 4 mg/L NAA 

(naphthaleneacetic acid), 0.5 mg/L BAP (benzylaminopurine), 0.25% activated charcoal, 30 g/L sucrose, and 15 mg/L 

AgNO₃ (Buyukalaca et al., 2004). Following embryo formation in the anthers, embryo conversion into plants was carried 

out using an MS medium devoid of growth regulators and containing 30 g/L sucrose. After the addition of all necessary 

chemicals, the pH of the medium was adjusted to 5.8 using 1 N HCl and 1 N KOH. Agar at a concentration of 8 g/L was 

used as the gelling agent. The media were sterilized in an autoclave at 121°C and 1.2 kg/cm² pressure for 15 minutes. After 

sterilization, under aseptic conditions, the media were distributed into sterile 6 cm Petri dishes and 15 cm test tubes at 

volumes of 10 mL per Petri dish and 10 mL per tube. Each Petri dish contained five anthers, with a total of 100 anthers 

cultured per backcross population. Once embryo development was observed, the embryos were transferred to hormone-free 
media (jars) for plant regeneration. Regenerated plantlets were first transferred to seedling trays (trays with cells) and then 

to pots for further development. Since doubled haploid plants were directly obtained in this study, no colchicine treatment 

was applied to haploid plants, and such individuals were excluded from further evaluation. The homozygous pepper lines 

obtained were planted in a greenhouse in order to evaluate plant growth, yield performance, and certain fruit quality traits 

relevant to powdered pepper production. The evaluations were conducted based on the morphological and yield parameters 

listed in Table 2. 

Statistical analysis 

Principal component analysis (PCA) was conducted using Minitab Statistical Software version 22 (Minitab LLC, State 

College, PA, USA). Z-score normalization and heatmap analysis were performed using GraphPad Prism version 8 

(GraphPad Software, Boston, MA, USA). 

RESULTS 

A total of 198 genotypes derived from five backcross populations (KP × P1–P5) were evaluated using molecular and 

phenotypic analyses. Screening with the Phyto.5.2 SCAR marker identified 83 genotypes carrying the 717 bp amplification 

band associated with Phytophthora capsici resistant. Principal component analysis (PCA) revealed substantial phenotypic 

variation among genotypes within each hybrid combination. In the KP × P1 population, the first two principal components 

(PC1 and PC2) explained 42% and 20% of the total variation, respectively, accounting for 62% of overall diversity. Resistant 

genotypes were distributed across the PCA space without clustering into a single phenotypic group. Eleven genotypes were 

classified as resistant based on marker analysis (Figure 1). 

 

Figure 1. Principal component analysis plot representing the variation in plant and fruit characteristics among 

Kahramanmaraş pepper × P1 hybrid (GM2) genotypes. 
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In the KP × P2 population, PC1 and PC2 explained 33% and 21% of the total variation, respectively, representing 54% of 

cumulative variation. Eighteen genotypes were identified as resistant. Genotypes exhibited a broad distribution across the 

PCA plane, indicating variability in morphological and yield-related traits (Figure 2). 

 

Figure 2. Principal component analysis plot representing the variation in plant and fruit characteristics among 

Kahramanmaraş pepper × P2 hybrid (GM2) genotypes. 

For the KP × P3 population, PC1 (28%) and PC2 (21%) together accounted for 49% of total variation. Resistant and 

susceptible genotypes showed separation along both principal components. Variation was observed for vegetative growth 

and yield-related parameters (Figure 3). 

 

Figure 3. Principal component analysis plot representing the variation in plant and fruit characteristics among 

Kahramanmaraş pepper × P3 hybrid (GM2) genotypes. 

In the KP × P4 population, PC1 and PC2 explained 50% and 15% of total variation, respectively, accounting for 65% of 

cumulative variation. Fifteen genotypes were identified as resistant. Genotype 20 exhibited an extreme position along both 

principal components (Figure 4). 

 

Figure 4. Principal component analysis plot representing the variation in plant and fruit characteristics among 

Kahramanmaraş pepper × P4 hybrid (GM2) genotypes. 

For the KP × P5 population, PC1 (33%) and PC2 (20%) explained 53% of total phenotypic variation. Twenty-one genotypes 

were classified as resistant. Genotypes displayed dispersion across the PCA space, reflecting variation in fruit morphology 

and yield components (Figure 5). 
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Figure 5. Principal component analysis plot representing the variation in plant and fruit characteristics among 

Kahramanmaraş pepper × P5 hybrid (GM2) genotypes. 

Genotypes identified as resistant were used as donor plants for anther culture. Anther development rates varied among hybrid 

combinations, ranging from 46% to 65%. The highest anther development rate was observed in the KP × P1 combination 

(65%), followed by KP × P3 (57%), KP × P2 (55%), KP × P5 (54%), and KP × P4 (46%). Embryo formation ranged from 

35 to 55 embryos per combination. Plant regeneration ranged between 25 and 41 plants. The target number of double haploid 

(DH) plants (20 per combination) was achieved in all combinations except KP × P4, where 10 DH plants were obtained 

(Table 3). All regenerated plants were identified as spontaneous double haploids, and no artificial chromosome doubling 

treatment was applied. 

Table 3. Cultured anthers, developed anthers, development rate (%), number of embryos, and plant regeneration in hybrid 

combinations. 

Hybrid 

combinations 

Number of 

anthers 

cultured (pcs) 

Number of 

developed 

anthers (pcs) 

Anther 

development 

rate (%) 

Number of 

embryos (pcs) 

Number of 

regenerated 

plants (pcs) 

Number of 

double haploid 

plants (pcs) 

KP X P1 100 65 65 55 41 20 

KP X P2 100 55 55 52 38 20 

KP X P3 100 57 57 45 33 20 

KP X P4 100 46 46 35 25 10 

KP X P5 100 54 54 51 36 20 

Z-score normalization of morphological and fruit-related traits revealed pronounced variability among DH genotypes 

derived from the KP × P1 combination. Several genotypes exhibited positive deviations across yield-related parameters, 

particularly total red fruit weight and number of red fruits per plant. Genotype 5 displayed consistently high standardized 

values for red fruit yield components. In contrast, Genotypes 1 and 2 showed negative deviations across multiple evaluated 

traits. Genotype 12 exhibited positive deviations primarily in fruit morphological traits, including fruit diameter and fruit 

length. Genotypes 10 and 11 demonstrated intermediate standardized values across both yield- and morphology-related 

parameters (Figure 6). 

Standardized trait distribution indicated substantial variation among DH genotypes within the KP × P2 population. Genotype 

12 exhibited positive deviations for average fruit weight, pericarp thickness, and total green fruit weight per plant. Genotype 

20 showed positive deviations associated with fruit size-related parameters, particularly fruit diameter and fruit length. 
Genotype 8 presented negative deviations in red fruit yield components. Genotype 6 demonstrated positive deviations in 

green fruit-related traits but comparatively lower standardized values for red fruit yield parameters (Figure 7). 

Z-score normalization highlighted variability in both yield- and morphology-related traits among DH genotypes derived 

from the KP × P3 combination. Genotypes 12 and 13 displayed positive deviations for red fruit weight and number of red 

fruits per plant. Negative deviations across red fruit-related traits were observed in Genotypes 7 and 17. Genotype 7, 

however, exhibited a positive deviation in the number of green fruits per plant. The remaining genotypes showed a 

heterogeneous distribution of standardized trait values (Figure 8). 

Considerable phenotypic variation was detected among DH genotypes in the KP × P4 population. Genotype 9 exhibited 

positive deviations across multiple fruit-related parameters, including fruit diameter, fruit length, fruit weight, and red fruit 

weight per plant. Genotype 4 showed positive deviations primarily associated with fruit weight and pericarp thickness. 

Genotypes 2 and 7 displayed negative deviations across several yield- and quality-related traits. Genotype 10 demonstrated 

positive deviations for fruit diameter, fruit weight, and red fruit weight, while maintaining intermediate values for other traits 

(Figure 9). 

Z-score standardized data revealed wide variation among DH genotypes derived from the KP × P5 combination. Genotype 

10 displayed positive deviations for red fruit weight, number of green fruits, and total yield-related parameters. Genotype 9 
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exhibited positive deviations primarily associated with fruit size and fruit weight. Negative deviations across multiple traits 

were observed in Genotypes 4, 7, and 11. Genotype 20 showed positive deviations for plant height, pericarp thickness, and 

green fruit-related parameters (Figure 10). 

 

Figure 6. Heatmap of Z-Score Normalized Morphological and Fruit Traits of Double Haploid Genotypes Derived from the 

Kahramanmaraş Pepper × P1 Cross (GM2) 

 

Figure 7. Heatmap of Z-Score Normalized Morphological and Fruit Traits of Double Haploid Genotypes Derived from the 

Kahramanmaraş Pepper × P2 Cross (GM2) 
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Figure 8. Heatmap of Z-Score Normalized Morphological and Fruit Traits of Double Haploid Genotypes Derived from the 

Kahramanmaraş Pepper × P3 Cross (GM2) 

 

Figure 9. Heatmap of Z-Score Normalized Morphological and Fruit Traits of Double Haploid Genotypes Derived from the 

Kahramanmaraş Pepper × P4 Cross (GM2) 
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Figure 10. Heatmap of Z-Score Normalized Morphological and Fruit Traits of Double Haploid Genotypes Derived from 

the Kahramanmaraş Pepper × P5 Cross (GM2) 

DISCUSSION 

A total of 198 genotypes belonging to the GM2 population, obtained from crosses between Kahramanmaraş pepper and five 

different parents (P1–P5), were evaluated and 83 of them were identified as resistant to Phytophthora capsici. Similarly, in 

a study conducted on 95 pepper genotypes, Ateş & Yilmaz (2020) identified seven genotypes as resistant to P. capsici using 

the SCAR marker (OpD04.717) and this finding was also confirmed by classical seedling dip tests. This result indicates the 

presence of genetic variation for disease resistance within the population and demonstrates that resistant individuals represent 

valuable genetic resources that can be utilized in breeding programs. Genetic sources of resistance to Phytophthora capsici 

have been reported in a limited number of registered genotypes worldwide. Among these resistance sources, lines such as 

Criollo de Morelos 334 (CM334), PI 201232, PI 201234, PI 201237, and PI 640532, which originate from southern Mexico 

and belong to the species Capsicum annuum, are particularly prominent (McGregor et al., 2011). Among these genotypes, 

the CM334 line in particular is widely used in international pepper breeding programs because it exhibits a high level of 

resistance not only to P. capsici but also to certain viruses and other fungal pathogens (Quirin et al., 2005). In addition, 

AC2258 of Central American origin (Ares et al., 2005), the Indian-origin cultivar ‘Perennial’ (Thabuis et al., 2004) and the 

local genotype KM211 reported from Türkiye (Göçmen et al., 2019) are also considered important materials in terms of 

resistance genes. 

The results of the Principal Component Analysis (PCA) revealed that the genotypes derived from crosses between 

Kahramanmaraş pepper and P1–P5 exhibited diversity in terms of morphological and yield-related traits. For each hybrid 

combination, the first two principal components obtained from the PCA explained a large proportion of the total variation 

and were effective in discriminating differences among the genotypes. In particular, the PC1 and PC2 components explained 

a total of 62% of the variation in the Kahramanmaraş pepper × P1 hybrid, while this proportion was determined as 54% in 

the P2 hybrid, 49% in the P3 hybrid, 65% in the P4 hybrid, and 53% in the P5 hybrid. This indicates that each hybrid 

combination contains a certain level of phenotypic diversity within itself and that the genotypes are distinctly positioned on 
the PCA plane. It has been stated that the most important factor affecting the response to androgenesis is the genetic 

constitution of the donor plants, and that this effect can show significant variation not only among species but also among 

genotypes within the same species (Irikova et al., 2011; Phippen & Ockendon, 1990; Taşkin et al., 2011). Therefore, the 

identification of donor plants that are both highly productive and highly responsive to tissue culture is of great importance 

for the efficiency of androgenetic haploid production. 

It has been clearly demonstrated, based on both the findings of this study and similar studies reported in the literature, that 

success rates in the anther culture process are significantly influenced by genetic background. This situation is also consistent 

with the study conducted by Şahı̇n et al. (2025), in which Besni pepper genotypes belonging to Capsicum annuum were 

evaluated. In that study, embryo formation rates among genotypes were reported to ranged from 0.0% to 45.3%. Similarly, 
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in the present study, marked differences were observed in anther development, embryo formation, and regeneration rates 

depending on the hybrid combinations; in particular, the KP × P1 combination stood out with high success, whereas KP × 

P4 exhibited low performance. The superior androgenic response observed in the KP × P1 combination can be explained by 

the well-documented genotype dependency of anther culture. Numerous studies have demonstrated that androgenesis 

efficiency is strongly influenced by genetic background, even when donor plants are grown under identical environmental 

conditions (Keles et al., 2015; Durna, 2016). Genotype has been consistently identified as the most critical factor affecting 

embryo formation frequency and subsequent plant regeneration (Parra-Vega et al., 2013). Furthermore, it has been reported 

that anthers cultured within the same period may exhibit markedly different developmental responses depending on genotype 

(Taşkin et al., 2011). In this context, the enhanced performance of KP × P1 may reflect a genetic constitution more favorable 

for microspore embryogenesis and regeneration competence. Considering both the present findings and previous reports, the 

observed variation in anther culture response can be primarily attributed to genotype-dependent effects.The double haploid 

(DH) individuals obtained from different hybrid combinations clearly exhibited significant variation in morphological and 

yield-related traits. Within each combination, some genotypes showed above-average performance for specific traits, 

whereas others exhibited limited values in terms of yield and quality. The high level of variation observed represents 

considerable potential not only for the Kahramanmaraş region but also for other major dried pepper production areas in 

Türkiye. These developed pure DH lines may enable the development of dried pepper cultivars adapted to diverse ecological 

conditions in the coming years. Consequently, it may be possible to develop cultivars with both high regional adaptability 

and suitability for industrial use. 

CONCLUSION 

This study demonstrates that the integration of marker-assisted selection (MAS) with in vitro anther culture is an effective 

and time-efficient strategy for the development of Phytophthora capsici–resistant breeding lines in Kahramanmaraş pepper 

(Capsicum annuum L.). Molecular screening using the Phyto.5.2 SCAR marker enabled the reliable identification of resistant 

genotypes at an early developmental stage, significantly reducing the time and resources required for conventional 

phenotypic screening. The evaluation of backcross-derived populations revealed substantial phenotypic variation in 
morphological and yield-related traits, as confirmed by principal component analysis and heatmap clustering. Importantly, 

P. capsici resistant was observed across a wide range of phenotypic backgrounds, indicating that disease resistance was not 

associated with a single morphological or yield profile. This diversity provides valuable opportunities for selecting genotypes 

that combine disease resistant with superior agronomic performance. Anther culture efficiency varied among hybrid 

combinations, highlighting the strong influence of genotypic background on androgenic response. Nevertheless, the 

successful production of homozygous double haploid lines from resistant genotypes demonstrates the practical applicability 

of this approach for rapid line fixation. The resulting double haploid populations exhibited considerable variation in fruit 

yield and quality traits, allowing the identification of promising candidates for dried pepper production. Overall, the 

combined application of MAS, multivariate phenotypic analysis, and anther culture proved to be a powerful breeding 

framework for accelerating the development of disease-resistant and agronomically superior pepper lines. The double 

haploid lines generated in this study constitute valuable genetic material for future cultivar development and may contribute 

to sustainable pepper production in regions severely affected by Phytophthora capsici. In subsequent years, the genotypes 

developed in this study will be further evaluated under field conditions for their resistance to Phytophthora capsici, as well 

as for yield and fruit quality traits. 
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