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Abstract

:

The species belonging to the genus Capsicum have been widely used as decorative vegetables, however only a few genotypes are available for this purpose. The goal of the present work was the agro-morphological characterization of several chili pepper accessions cultivated into different pot sizes (10, 14, 18 or 20 cm diameters). The agro-morphological characterization of 19 accessions was performed following IPGR (International Plant Genetic Resources Institute) descriptors: plant height (PH), plant canopy width (PCW), PH/PCW ratio, plant growth habit, plant visual quality, first flower emission, fruiting start, end of harvest, fruit number, fruit length, fruit width, fruit color at mature stage and fruit shape. Analysis of Variance (ANOVA) for all observed traits showed statistical significant differences among the genotypes tested. Results of the heat map complementarily secured the frequency of multiplicity highlighted from the ANOVA analysis. Furthermore, the present study pointed out that A33, A27, G1 and A1 chili pepper accessions achieved optimal performances in terms of plant visual quality, which is a crucial trait for ornamental purposes.
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1. Introduction


Chili pepper (Capsicum spp.) is a Solanaceous crop cultivated and appreciated all over the world. Within the Capsicum genera, five species (C. annum, comprising the NuMex, Jalapeño and Bell varieties, C. frutescens, including Tabasco variety, C. chinense, comprising Habanero and Scotch Bonnet varieties, C. baccatum involving the Aji varieties and C. pubescens, containing the Rocoto and Manzano varieties) enclose the cultivated varieties [1]. Chili pepper is an important vegetable, mostly for its fruit nutritional and functional features such as capsaicinoids, carotenoids, antioxidant vitamins and phenolic constituents; furthermore, hot pepper fruits are used as food coloring and flavoring [2]. Chili pepper consumption is primarily due to its spicy taste and flavor which derives from the capsaicinoids synthesis (capsaicin and dihydrocapsaicin). It is well documented that capsaicinoids retain essential biological activities, such as physiological, pharmacological and antimicrobial functions. Consequently, chili pepper is recommended for the treatment of numerous distressing and inflammatory disorders [3,4]. However, as reported by Iqbal et al. [5], the quantitative and qualitative traits of chili pepper fruit are linked up with genotype, maturity stage and growth cultivation conditions. Among the above mentioned Capsicum ssp, C. annum is the species most often grown as an ornamental. Ornamental peppers are mainly marketed as potted plants to produce morphologically and color-diverse peppers. Potted ornamental peppers are generally marketed from September to December, with a lower amount at other times of the year. The range of diversity of fruit size and type, plant height, fruit and foliar color have contributed to the success and widespread acceptance of the pepper in the ornamental plot plant arenas. Efficient sexual propagation, reduced cropping cycle, heat and drought tolerance and vivid fruit colors, have contributed to the success of ornamental peppers. Growers aspire to specific features to boost the cost-effectiveness of ornamental pot peppers. Overall, plants should be compact, with dense foliage, edible colorful fruits characterized by unusual shapes, and they should be drought and disease tolerant. Ornamental peppers with a prostrate growth habit are best suited as bedding, garden plants and hanging baskets [6].



The production of new genotypes characterized by good pot harmony and dimension is one of the main purposes of ornamental pepper breeding programs [7]. Although ornamental peppers are considered self-pollinating, they can be insect-pollinated and, according to Bosland [8], cross pollination can range from 2% to 90%. Pepper nurseries provide at the moment a large list of varieties suitable for pot production. However, plant nurseries involved in ornamental pepper production do not always assure sufficient isolation among plants in order to ensure self-pollination. Therefore, inter cultivar hybridization can occur during the plant propagation process. Our preliminary observation has suggested the presence of significant variation among the genotypes grown on the island of Sicily, probably due to a certain amount of cross pollination.



Genetic diversity research via genotype-clustering methods permits the assessment of the degree of similarity or diversity among genotypes [9], and therefore can be a valuable tool for breeding improvement [10]. Sicily, being an island in the middle of the Mediterranean Sea, has been an important center of origin and differentiation of several fruiting and leafy vegetables [11,12,13,14,15,16]. Indeed, Raimondo et al. [14] estimated 2650 taxa over an area of 26,000 km2, comprising both specific and intraspecific taxa. Although Sicily is not the center of genetic diversity for the chili pepper, the long-time cultivation of this American-originating species [17] and the diversity of genetic material available on the island has caused a certain range of genetic variability which could be exploited for further development, especially to select genotypes which could be used in the ornamental sector and eventually become more adapted to the island environment.



Genetic diversity is the basis for increasing the effective utilization of germplasm during a breeding program. Consequently, the number of accessions is a crucial element in the search for new characteristics or characteristics combinations [18]. Thus, starting from the aforementioned considerations, the aim of the present study was the morphological and agronomical characterization of several Sicilian chili pepper accessions. The growing response of these accessions to various pot sizes was also tested based on flowering pot utilization.




2. Results


2.1. Germplasm Evaluation


Evaluation data are presented in Table S1. Regardless of the accessions, plants grown in 20 and 18 cm diameter pots showed the highest values in terms of PH, whereas plants cultivated in 10 cm pots showed the lowest one (Table S1). Irrespective of the pot size, the A13 accession revealed the highest PH values, followed by the A34 chili pepper accession. The lowest plant height was observed in the A6, A8, A16, A20, A21 and A30 accessions. ANOVA analysis for PH showed a significant interaction between pot size and accession; the highest values were collected in plants belonging to the A5 accession cultivated in pots of 20 cm of diameter, whereas, the lowest PH values were observed in A6 accession plants grown in 10 cm diameter pots (Figure S1). Data collected on PCW supported the trend established for PH (Table S1). However, the interaction plot (Figure S2) showed that the higher values in terms of PCW were observed in A13 accession plants cultivated in 20 cm diameter pots. The lowest values were recorded in plants belonging to the accession A6 grown in 10 cm diameter pots.



Unrelatedly, of the accessions tested, the highest PH/PCW ratio was obtained from plants grown in 10 cm diameter pots, whereas the lowest values were recorded in plants cultivated in 18 and 20 cm diameter pots (Table S1). Disregarding the pot diameter, the A18 accession showed the highest PH/PCW values, followed by A7 and A19 accessions. The A1, A4, A5, A23 and A31 accessions did not differ from the A18, A7 and A19 accessions in terms of PH/PCW. The lowest PH/PCW values were observed in the A6, A8, A15, A16, A17, A20, A21, A27, A29 and A32 accessions. As regards PH/PCW ratio, a significant interaction was found between pot and accession; the plot of interaction (Figure S3) showed the highest values in terms of PH/PCW in the A18 hot pepper accession cultivated in 10 cm diameter pots, whereas the lowest ones were in plants belonging to the A21 accession cultivated in 18 cm diameter pots.



Without regard for the accession, the plants cultivated in 14, 18 and 20 cm diameter pots displayed the best plant visual quality. Regardless of the pot diameter, A29 reached the best visual quality, whereas the A4, A5, A6, A10, A13, A20, A28 and A30 accessions showed the lowest ones. ANOVA for plant visual quality revealed a significant effect of the interaction P × A (Table S1). As reported in the plot of interaction (Figure S4), the best visual quality was detected in the A29 accession grown in 14 cm diameter pots, while the A5, A9, A14 and A30 accessions revealed the lowest values.




2.2. Morphological and Agronomical Characterization of 19 Accessions


Considering that two-way ANOVA analysis revealed a significant effect of the year on many recorded traits (PH, PCW, PH/PCW, fruit number, plant visual quality, first flower emission and fruiting start) (Supplementary Table S2), all data sets were also subjected to a one-way ANOVA analysis. Thus, the data were analyzed separately per year. Plant morphological traits are presented in Table 1.



In 2016, the A32 accession had the highest plant height followed by the A24, A1 and A21 accessions, whereas the lowest plant height was observed in A2, A6, A14, A16 and G1 accessions.



As regards PCW, the highest values were recorded in the A17 accession, followed by A25, while the A15, G1 and A32 accessions did not significantly differ from A17 and A25 in terms of PCW. The lowest values were observed in the A18 accession (Table 1).



As regard PH/PCW ratio, A18 showed the highest values, followed by A1, which in turn revealed a higher value than A24. The lowest PH/PCW ratio was recorded in G1.



As concerns the plant growth habit, the A1, A2, A6, A8, A15, A17, A18, A21, A22, A25, A29 and A32 accessions showed an erect habitus, whereas the other genotype tested displayed a compact plant growth habit.



In 2016, the highest scores in terms of plant visual quality were recorded in the A33 accession, followed by A27, which in turn revealed a higher plant visual quality score than A1 and G1. The lowest scores were attributed to the A6 accession. In 2017, the highest plant visual quality scores were recognized in the A25 and A29 genotypes, although the A27 accession showed an interesting ornamental value. It is noteworthy that the data set recorded in 2017 sustained the trends established in 2016 (Table 1). However, two-way ANOVA analysis and means separation (Supplementary Tables S2 and S3) showed a significant effect of the interaction accession × year for PH; the highest values were recorded in the A32 × 2016 combination, followed by the A32 × 2017, A18 × 2017 and A21 × 2017 combinations. The lowest values, in terms of PH, were recorded in the A6 × 2016 combination.



ANOVA analysis for PCW displayed a significant effect of the interaction accession × year (Table S2). As reported in Table S3, the highest PCW values were observed in the A17 accession cultivated in 2017, followed by the A15 × 2016, A32 × 2016 and G1 × 2016 combinations, which in turn revealed higher PCW values than the A21 and A25 accessions grown in 2016 and the A17 accession cultivated in 2017. The lowest PCW values were collected in plants belonging to the combination A6 × 2017.



The highest values in terms of PH/PCW were obtained in the A18 × 2017 combination, whereas the lowest ones were recorded in the combination G1 × 2016.



The best visual quality values were recorded in the A25 and A29 accessions cultivated in 2017 (Table S3), followed by the combinations A33 × 2016, A15 × 2017, A22 × 2017, A27 × 2017 and A32 × 2017. However, visual quality in accession A16 grown in 2017 did not significantly differ from the A25 and A29 accessions cultivated in 2017 or from the A33 × 2016, A15 × 2017, A22 × 2017, A27 × 2017 and A32 × 2017 combinations. The lowest plant visual quality values were collected in the combinations A6 × 2017 and A8 × 2017.



Flowering features and fruit morphological traits recorded in 2016 are presented in Table 2.



The A15 and A29 accessions revealed the earliest first flower emission (29.7 and 31.3 DAT, respectively), followed by the A24 accession, whereas A18, A22, A25 and A27 revealed a late first flower emission (43.0, 42.3, 42.3 and 43.3 DAT, respectively).



Data collected on fruiting start and end of harvest supported the trend established for first flower emission (Table 2).



The A25 accession produced the highest fruit number, followed by the A29 and A32 accessions, whereas the lowest fruit number per plant was recorded in the A8 accession.



The A12 accession produced the longest fruits (5.4 cm) followed by the A16 and A33 accessions (4.7 and 4.3 cm, respectively). The shortest fruits were observed in the A32 genotype (0.8 cm).



The A2 accession showed the highest values in terms of fruit width, followed by the A24 and A8 accessions. The lowest fruit width values were recorded in fruits from the A32 accession (Table 2).



The A21 and A29 accessions produced purple fruits, whereas A27 revealed a dark red fruit color. The A6, A14, A16, A18 and A25 accessions displayed red-colored fruits, while A2, A8, A17, A22, A24 and A32 produced fruits characterized by a light red fruits color. G1 produced orange fruits, whereas the A12, A15 and A33 genotypes showed fruits distinguished by an orange-yellow color. Finally, the A1 accession produced pale orange-yellow fruits (Table 2).



Out of 19 accessions, 6 (A14, A15, A18, A22, A27 and A33) showed a tomato-pepper fruit shape, while A1 and A24 displayed a blocky fruit shape. The A2, A6, A8, G1, A21, A29 and A32 accessions revealed a triangular fruit shape, whereas A17 produced fruits characterized by an almost round shape. Lastly, the A12, A16 and A25 genotypes produced elongated fruit (Table 2). Remarkably, the data set on flowering features and fruit morphological traits recorded in 2017 supported the trend recognized in 2016 (Table 3).



Two-way ANOVA analysis and means separation for the interaction accession × year for first flower emission showed a significant effect (Supplementary Tables S2 and S3); the earliest flower emission was recorded in the A29 accession cultivated in 2017, followed by the A12 accession grown in 2017, whereas the late first flower emission was recorded in the combinations A18 × 2016 and A27 × 2016.



A significant interaction was found between accession × year in terms of fruiting start (Table S2); the earliest fruiting start values were recorded in the combinations A15 × 2017 and A29 × 2017 (Table S3), whereas late fruiting start values were recorded in the A25 accession grown in 2016.



ANOVA analysis showed, also, a significant interaction of accession × year for fruit number (Table S2); the highest numbers of fruits were collected from the A25 × 2016 and A29 × 2016 combinations (Table S3). The combination A8 × 2017 produced the lowest number of fruits.



Climatic data recorded in 2016 and 2017 (Figure 1) revealed that in 2016, from January to July, minimum temperatures were lower than in 2017, whereas from July to November, an inverse trend was recorded. As regards the maximum temperature, in 2016, from January to half of March, climatic data showed lower temperatures than in 2017, while from the middle of March to end of December, the maximum temperatures in 2016 were higher than in 2017.




2.3. Heat Map Analysis of All Morphological and Agronomical Descriptors


A grouped data heat-map analysis of the morphological and agronomical descriptors (IPGRI descriptors for Solanaceous) was carried out to show a chromatic appraisal of the different accessions. The heat map analysis showed a couple of dendrograms, the first structured on the top (Dendrogram 1), an arrangement that corresponded to the chili pepper accessions, and the second on the left (Dendrogram 2) showing the IPGR descriptors that affected this distribution. Dendrogram 1 displayed two main groups: on the left, the cluster corresponds to the A25, A32, A17, A21, A12, A16, A15 and A29 accessions, while on the right side of the heat map, the cluster includes the G1, A27, A14, A33, A18, A1, A24, Morando, A2, A6 and A8 chili pepper genotypes (Figure 1).



Particularly, on the left side of Dendrogram 1, two clusters were identified. The first on the left includes the A25, A32, A17 and A21 accessions, separated from A12, A16, A15 and A29, which reveals in particular lower values for fruit shape, PH, fruit color at mature stage, end of harvest, first flower emission, fruiting start, fruit width and plant growth habit, but higher values for fruit length and PH/PCW. The grouping on the left includes the A25 and A32 genotypes. Within this cluster, the A32 accession is evidently divided by higher PH and lower fruit length, fruit number and fruit width, whereas the grouping on the right comprised A17 and A21 chili pepper accessions. Within this cluster, the A17 accession was separated by higher PCW and lower first flower emission, fruiting start and fruit width values.



On the right side of the Dendrogram 1, two clusters were recognized, the first on the left incorporating the G1, A27, A14 and A33 genotypes separately from A18, A1, A24, A22, A2, A6 and A8, which showed, specifically, higher fruit length and fruit shape, but lower plant growth habit values. The grouping on the left includes the G1 and A27 accessions. Within this cluster, the G1 genotype is manifestly separated by lower fruit number, PH, end of harvest, first flower emission, fruiting start and fruit width values, while the grouping on the right embraces the A14 and A33 accessions. Inside this cluster, the A14 accession is divided by lower plant visual quality, PH, and higher fruit color at mature stage. As regard the clusters on the right side of the Dendrogram 1, the grouping on the left includes the A18, A1 and A24 accessions. Within this cluster, the first on the left comprises the A18 genotype, separated from the accessions named A1 and A24, which showed in particular lower PCW and plant visual quality, but higher PH/PCD, first flower emission and fruit starting values. The grouping on the right includes the A22, A2, A6 and A8 accessions. Within this cluster, A22 is clearly separated from the A2, A6 and A8 genotypes by higher fruit number and fruit shape, whereas, the A2 accession is divided from the A6 and A8 genotypes by higher fruit length and fruit width values. Finally, A6 is parted from A8 by lower plant visual quality and PH values. Fascinatingly, the clusters in Dendrogram 2 clearly highlight the differential influences of the different chili pepper accessions.





3. Discussion


The contracted multiplicity of ornamental chili pepper forms accessible for commercial purposes in Sicily denotes a challenge to production. The present study was assembled in order to assist the task faced by commercial farmers, and thereby characterize the diversity of local chili pepper genotypes [19]. Hot pepper accessions were characterized by qualitative and quantitative morphological descriptors [20,21], which can also be useful in future breeding programs.



For several traits, a certain degree of variability was observed, and this could be used to categorize the accessions. These features comprised PH, PCW, PH/PCW, plant growth habit, plant visual quality, first flower emission, fruiting start, end of harvest, fruit number, fruit length, fruit width, fruit color at mature stage and fruit shape. Discrepancies in growth and development, quality and yield characteristics were described among pepper genotypes [22,23,24]. Fruit mass and number of fruits per plant are imperative features that directly contribute to yield [25]. Our data revealed different yield traits among the accessions tested. This finding is in accordance with that obtained by Hosamani [26], Rodríguez et al. [27], Manyasa et al. [28] and Sharma et al. [22], who, by conducting a morphological and agronomical characterization of vegetables belonging to the Capsicum genera, found high coefficients of variation for fruit mass (22.2%) and number of fruits per plant (36.3%). This suggested a greater scale of unpredictability among genotypes for the aforesaid traits. Our findings are, also, in accordance with those stated by Orobiyi et al. [23], who, studying the agro-morphological characterization of chili pepper landraces grown in northern Benin, found a variable productivity among different classes of chili peppers tested. In this regard, the authors claimed that these results could be explained by the fact that some landraces are very susceptible to wilting and present fruit rot or premature fall. As concerns the yield traits, comparable findings were reported by Lahbib et al. [29] who, when studying the genetic variability of a collection of Capsicum annuum landraces, found that yield and yield-related traits were significantly affected by the genotype factor. Furthermore, our results are in line with those reported by Yatung et al. [30], who investigated the morpho-chemical characteristics of chilli pepper genotypes from the Indian continent. According to Bonny [31], the association records are noteworthy in a varied selection given their breeding improvements, as they allow the enhancement of some variables when used minimally. In this respect, Orobiyi et al. [24] reported that yield traits are correlated with vegetative features, such as plant height and leaf width. Remarkably, our results revealed that plant visual quality scores increase with the decrease in the number of fruits per plant. Thus, we might speculate that the variability observed among the dependent variables studied could indicate the intensity of selection for yield or ornamental purposes. In support of these outcomes, the heat map findings reinforced the incidence of diversity evidenced in the ANOVA analysis. Finally, our results also showed that year significantly affected many recorded variables. These outcomes are in line with those reported by Tripodi et al. [32], who confirmed the environmental effects on the agronomic, health-related compounds and antioxidant properties of hot peppers for diverse market destinations.




4. Materials and Methods


4.1. Germplasm Establishment


The germplasm was established in 2006 at the experimental field of the Department Agriculture, Food and Forestry Sciences of Palermo (SAAF), University of Palermo (longitude 13°21’ E, latitude 38°06’ N, altitude 14 m). Seeds of 34 accessions of ornamental chili peppers collected in various Sicilian farms (A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33 and A34) were seeded into 104-cell plug trays containing peat moss (FAP, Padova, Italy). The trays were situated in a greenhouse with a target air temperature of 25/18 °C (day/night). All trays were adequately irrigated. After 55 days, all accessions were transplanted into 10, 14, 18 or 20 cm diameter plastic pots filled with 75:25 (v:v) substrate mix of peat moss (FAP, Padova, Italy) and perlite (Perlite Italiana s.r.l., Milan, Italy). All pots were moved into an open field and placed on a mulched soil with a black polypropylene film. The plants were fertigated via a drip irrigation system and the composition of the nutrient solution was as follow: 0.75 mM NH4+,6.5 mM K+, 5.0 mM Ca2+, 1.5 mM Mg2+, 15.5 mM NO3−, 1.75 mMSO24−, 1.25 mMH2PO4, 15.0 μM Fe, 10.0 μM Mn, 5.0 μM Zn, 30 μM B and 0.75 μM Cu [33].



The experimental field was equipped with drip irrigation systems. During the growing season of plants, the moisture levels in pot substrate were evaluated by measuring the substrate water content percentage, in accordance with Yadav et al. [34]. The water percentage in the substrate was determined at 48 h after the pots were watered to field capacity of the substrate. Three substrate samples of 50 g each were randomly collected from pots for each irrigation water treatment, oven dried at 100 °C until constant weight and, then, reweighed. The substrate water content percentage was calculated using the formula [34]:


   substrate   water   content  =    (   watered   substrate   weight  −  dried   substrate   weight   )     watered   substrate   weight    × 10  











Nutrients and water leaching from pots were collected in dishes placed under each pot and the leachate was returned to the substrate before the irrigation water was applied.



Before flowering, all pots were covered with a non-woven film in order to ensure self-pollination. After fruit set phase, the 34 accessions were characterized by using significant morphological descriptors, such as plant height (PH), plant canopy width (PCW), PH/PCW ratio and plant visual quality. Plant visual quality was scored on a 9 to 1 continuous scale, where 9 refers to optimal appearance, 7 to good, 5 to fair (limit of marketability), 3 to fair (useable but not saleable) and 1 to unusable.




4.2. Germplasm Characterization


The trial was conducted in 2016 and repeated in 2017 at the experimental field of SAAF, University of Palermo, located at Sciacca, Agrigento Province (longitude 13°07’ E, latitude 37°30’ N, altitude 31 m). Out of the 34 chili pepper accessions, 18 (A1, A2, A6, A8, A12, A14, A15, A16, A17, A18, A21, A22, A24, A25, A27, A29, A32 and A33) from the previous screening (without synonyms), plus a new one (G1), were seeded and grown as described in the previous trial conducted in 2006. All accessions were self-pollinated from 2006 to the beginning of the germplasm characterization. After 55 days, chili pepper seedlings were transplanted in round plastic pots (18 cm diameter) filled with a 75:25 (v:v) substrate mix of peat moss (FAP, Padova, Italy) and perlite (Perlite Italiana s.r.l., Milan, Italy). The cultivation conditions adopted were the same as those described above. For the morphological and agronomical characterization, the IPGRI descriptors for Solanaceous were adopted [20,35]. Thus, 13 characteristics were evaluated: plant height (PH) (cm), plant canopy width (PCW) (cm), PH/PCW ratio, plant growth habit (5 compact; 7 erect), plant visual quality (from 9 to 1 continuous scale, where 9 refers to optimal appearance, 7 to good, 5 to fair (limit of marketability), 3 to fair (useable but not saleable) and 1 to unusable), first flower emission (days after transplanting (DAT)), fruiting start (DAT), end of harvest (DAT), fruit number (no.·plant−1), fruit length (cm), fruit width (cm), fruit color at mature stage (1 white, 3 pale orange-yellow, 4 orange-yellow, 5 pale orange, 6 orange, 7 light red, 8 red, 9 dark red and 10 purple) and fruit shape (1 elongate, 2 almost round, 3 triangular, 4 campanulate, 5 blocky, 6 tomato-pepper, 7 ellipse, and 8 scotch bonnet).



Climatic data were collected by the meteorological station located at the experimental site. The maximal and minimal temperature in the course of the plant growth cycles were recorded (Figure 2).




4.3. Experimental Design and Statistical Analysis


The 34 chili pepper accessions (A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33 and A34) were grown in different pot sizes (10, 14, 18 or 20 cm of diameter) in a two-factor experimental design rendering 136 treatments. Each treatment was replicated three times and enclosed 10 plants each, accounting for a total of 4080 hot pepper plants. The effect of the different treatments was evaluated by Analysis of Variance (ANOVA) and the mean separation was accomplished by Tukey HSD test (p < 0.05).



For the morphological and agronomical characterization of the 19 accessions (A1, A2, A6, A8, A12, A14, A15, A16, A17, A18, G1, A21, A22, A24, A25, A27, A29, A32 and A33), the source of variance (accessions) was organized in a randomized complete block design with three replicates consisting of 10 pot plants per accession. A preliminary data analysis was conducted by using a two-way ANOVA analysis (accession × year), in order to evaluate the statistically significant effect of the year. However, since ANOVA analysis revealed a significant effect of the year for many of the examined variables, in order to better understand the trend established among the accessions, all the data sets were analyzed by one-way ANOVA. The significance level p < 0.05 was employed, and the significant differences between means were appraised using Tukey’s HSD test.



A heat map summarizing all the morphological and agronomical descriptors of chili pepper to different accessions was, also, created using the online program package (https://biit.cs.ut.ee/clustvis/) with Euclidean distance as the similarity measure and hierarchical clustering with complete linkage.





5. Conclusions


The present study pointed out that although Sicily is not the center of genetic origin for chili peppers, Sicilian accessions denoted a consistent range of genetic variability. Our study also highlighted that the A33, A27, G1 and A1 chili pepper accessions showed good performance in terms of plant visual quality score. This is an essential prerequisite for ornamental purposes, and therefore these accessions deserve specific attention for future screening activities, breeding improvements and eventual cultivation.
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Figure 1. Cluster heat map analysis summarizing two-year (2016 and 2017) Sicilian chili pepper accessions’ responses to agro-morphological characterization by using IPGR (International Plant Genetic Resources Institute) descriptors. The figure was created utilizing the https://biit.cs.ut.ee/clustvis/ online program package with Euclidean distance as the similarity measure and hierarchical clustering with complete linkage. PH: plant height; PCW: plant canopy width. 
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Figure 2. Minimum and maximum air temperature at Sciacca, Agrigento province (longitude 13°07′ E, latitude 37°30′ N, altitude 31 m) during the growing cycles (2016 and 2017). 
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Table 1. Effect of 19 chili pepper accessions on plant height (PH), plant canopy width (PCW), PH/PCW ratio, plant growth habit and plant visual quality, in two years (2016 and 2017).
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2016

	
2017




	
Source of Variance

	
PH (cm)

	
PCW (cm)

	
PH/PCW

	
Plant Growth Habit (5–7)

	
Plant Visual Quality (1–9)

	
PH (cm)

	
PCW (cm)

	
PH/PCW

	
Plant Growth Habit (5–7)

	
Plant Visual Quality (1–9)






	
A1

	
34.0

	
bc

	
34.5

	
efgh

	
0.99

	
b

	
7.0

	
a

	
7.2

	
abc

	
33.8

	
bc

	
34.6

	
cd

	
0.98

	
bcd

	
7

	
a

	
5.5

	
fgh




	
A2

	
20.8

	
g

	
28.8

	
hi

	
0.72

	
def

	
7.0

	
a

	
6.9

	
abcd

	
22.2

	
ef

	
26.8

	
defg

	
0.83

	
cdef

	
7

	
a

	
6.6

	
cdef




	
A6

	
20.2

	
g

	
29.5

	
ghi

	
0.69

	
defg

	
7.0

	
a

	
4.0

	
g

	
13.0

	
g

	
21.8

	
h

	
0.59

	
g

	
7

	
a

	
5.0

	
gh




	
A8

	
21.9

	
fg

	
35.5

	
efg

	
0.62

	
efg

	
7.0

	
a

	
6.4

	
cdef

	
22.7

	
ef

	
32.6

	
de

	
0.70

	
fg

	
7

	
a

	
5.1

	
gh




	
A12

	
24.8

	
efg

	
32.3

	
fghi

	
0.77

	
de

	
5.0

	
b

	
6.5

	
cdef

	
31.4

	
cd

	
27.8

	
def

	
1.13

	
b

	
5

	
b

	
7.2

	
bcde




	
A14

	
21.6

	
g

	
32.9

	
fghi

	
0.65

	
defg

	
5.0

	
b

	
5.8

	
def

	
27.3

	
de

	
29.5

	
defg

	
0.93

	
bcde

	
5

	
b

	
6.0

	
efg




	
A15

	
28.4

	
cde

	
54.0

	
ab

	
0.53

	
gh

	
7.0

	
a

	
5.8

	
def

	
31.8

	
cd

	
38.8

	
bc

	
0.82

	
cdefg

	
7

	
a

	
7.6

	
abcd




	
A16

	
21.3

	
g

	
36.8

	
def

	
0.58

	
fg

	
5.0

	
b

	
5.8

	
def

	
23.8

	
ef

	
30.8

	
def

	
0.77

	
cdefg

	
5

	
b

	
8.2

	
ab




	
A17

	
31.8

	
bcd

	
56.7

	
a

	
0.56

	
fgh

	
7.0

	
a

	
7.1

	
abcd

	
34.9

	
abc

	
49.2

	
a

	
0.71

	
efg

	
7

	
a

	
6.2

	
efg




	
A18

	
32.1

	
bcd

	
27.5

	
i

	
1.17

	
a

	
7.0

	
a

	
6.3

	
cdef

	
39.3

	
a

	
26.3

	
fgh

	
1.49

	
a

	
7

	
a

	
4.6

	
h




	
G1

	
21.2

	
g

	
54.0

	
ab

	
0.39

	
h

	
5.0

	
b

	
7.2

	
abc

	
19.2

	
f

	
24.6

	
gh

	
0.78

	
cdefg

	
5

	
b

	
7.2

	
bcde




	
A21

	
33.7

	
bc

	
48.7

	
bc

	
0.69

	
defg

	
7.0

	
a

	
7.1

	
abcd

	
38.3

	
ab

	
45.3

	
a

	
0.85

	
cdef

	
7

	
a

	
7.5

	
abcd




	
A22

	
23.9

	
efg

	
33.2

	
fghi

	
0.72

	
def

	
7.0

	
a

	
5.8

	
f

	
23.8

	
ef

	
31.3

	
def

	
0.76

	
defg

	
7

	
a

	
7.6

	
abcd




	
A24

	
34.7

	
b

	
35.9

	
ef

	
0.97

	
bc

	
5.0

	
b

	
6.4

	
cdef

	
26.8

	
de

	
26.8

	
defg

	
1.00

	
bc

	
5

	
b

	
6.6

	
cdef




	
A25

	
29.3

	
bcde

	
50.2

	
b

	
0.58

	
fg

	
7.0

	
a

	
6.2

	
def

	
26.5

	
de

	
38.7

	
bc

	
0.68

	
fg

	
7

	
a

	
8.4

	
a




	
A27

	
25.0

	
efg

	
40.7

	
de

	
0.62

	
efg

	
5.0

	
b

	
7.7

	
ab

	
26.6

	
de

	
33.7

	
cd

	
0.79

	
cdefg

	
5

	
b

	
7.8

	
abc




	
A29

	
27.7

	
def

	
42.8

	
cd

	
0.65

	
defg

	
7.0

	
a

	
6.3

	
cdef

	
27.5

	
de

	
39.1

	
bc

	
0.71

	
efg

	
7

	
a

	
8.4

	
a




	
A32

	
41.6

	
a

	
52.5

	
ab

	
0.79

	
cde

	
7.0

	
a

	
6.8

	
bcde

	
38.9

	
ab

	
43.4

	
ab

	
0.90

	
cdef

	
7

	
a

	
7.8

	
abc




	
A33

	
29.2

	
bcde

	
35.9

	
ef

	
0.81

	
bcd

	
5.0

	
b

	
7.8

	
a

	
30.3

	
cd

	
34.8

	
cd

	
0.88

	
cdef

	
5

	
b

	
6.5

	
def




	
Significance

	
***

	
***

	
***

	
***

	
***

	
***

	
***

	
***

	
***

	
***








Data within a column followed by the same letter are not significantly different at p ≤ 0.05 according to Tukey HSD Test. The significance is designated by asterisks as follows: ***, statistically significant differences at p-value below 0.001.
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Table 2. Effect of 19 chili pepper accessions on first flower emission, fruiting start, end of harvest fruit number, fruit length, fruit width, fruit color at mature stage and fruit shape, in 2016.
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Source of Variance

	
First Flower Emission (DAT)

	
Fruiting Start (DAT)

	
End of Harvest (DAT)

	
Fruit Number (# Plant−1)

	
Fruit Length (cm)

	
Fruit Width (cm)

	
Fruit Color at Mature Stage (1–10)

	
Fruit Shape (1–8)






	
A1

	
35.7

	
fg

	
42.0

	
gh

	
79.0

	
de

	
132.5

	
i

	
1.3

	
hij

	
1.27

	
abcde

	
3.0

	
g

	
5.0

	
b




	
A2

	
37.7

	
de

	
48.3

	
ef

	
82.0

	
bcd

	
109.8

	
ij

	
4.1

	
abcd

	
1.77

	
a

	
7.0

	
d

	
3.0

	
c




	
A6

	
39.7

	
bc

	
50.3

	
cde

	
84.0

	
b

	
104.0

	
ij

	
2.7

	
efg

	
1.13

	
abcdef

	
8.0

	
c

	
3.0

	
c




	
A8

	
40.7

	
b

	
48.7

	
def

	
80.0

	
cde

	
78.4

	
j

	
2.4

	
fghi

	
1.50

	
abc

	
7.0

	
d

	
3.0

	
c




	
A12

	
31.7

	
h

	
39.0

	
ij

	
63.7

	
g

	
265.6

	
g

	
5.4

	
A

	
0.83

	
bcdef

	
4.0

	
f

	
1.0

	
e




	
A14

	
40.0

	
bc

	
51.0

	
bcd

	
78.3

	
e

	
137.9

	
i

	
4.0

	
bcde

	
0.93

	
bcdef

	
8.0

	
c

	
6.0

	
a




	
A15

	
29.7

	
i

	
37.7

	
j

	
65.3

	
g

	
345.6

	
f

	
2.7

	
defg

	
1.20

	
abcde

	
4.0

	
f

	
6.0

	
a




	
A16

	
35.0

	
g

	
40.7

	
hi

	
71.3

	
f

	
325.4

	
f

	
4.7

	
ab

	
0.63

	
ef

	
8.0

	
c

	
1.0

	
e




	
A17

	
40.7

	
b

	
53.3

	
ab

	
84.3

	
b

	
113.1

	
i

	
2.3

	
fghi

	
1.37

	
abcd

	
7.0

	
d

	
2.0

	
d




	
A18

	
43.0

	
a

	
53.7

	
a

	
84.7

	
b

	
350.3

	
f

	
1.7

	
ghij

	
1.10

	
abcdef

	
8.0

	
c

	
6.0

	
a




	
G1

	
39.0

	
cd

	
48.7

	
def

	
79.3

	
de

	
273.2

	
g

	
2.8

	
defg

	
1.07

	
abcdef

	
6.0

	
e

	
3.0

	
c




	
A21

	
37.7

	
de

	
48.3

	
ef

	
82.0

	
bcd

	
225.4

	
h

	
3.3

	
cdef

	
1.07

	
abcdef

	
10.0

	
a

	
3.0

	
c




	
A22

	
42.3

	
a

	
50.7

	
cde

	
73.3

	
f

	
428.1

	
e

	
2.4

	
fghi

	
1.03

	
bcdef

	
7.0

	
d

	
6.0

	
a




	
A24

	
35.0

	
g

	
43.7

	
g

	
79.7

	
de

	
245.9

	
gh

	
2.0

	
fghij

	
1.53

	
ab

	
7.0

	
d

	
5.0

	
b




	
A25

	
42.3

	
a

	
54.3

	
a

	
89.3

	
a

	
963.6

	
a

	
2.5

	
fgh

	
0.60

	
ef

	
8.0

	
c

	
1.0

	
e




	
A27

	
43.3

	
a

	
53.3

	
ab

	
89.3

	
a

	
621.6

	
d

	
2.7

	
defg

	
0.80

	
cdef

	
9.0

	
b

	
6.0

	
a




	
A29

	
31.3

	
h

	
37.7

	
j

	
63.7

	
g

	
834.0

	
b

	
1.1

	
ij

	
0.67

	
def

	
10.0

	
a

	
3.0

	
c




	
A32

	
36.7

	
ef

	
52.7

	
abc

	
88.0

	
a

	
793.7

	
c

	
0.8

	
J

	
0.43

	
f

	
7.0

	
d

	
3.0

	
c




	
A33

	
36.0

	
fg

	
47.3

	
f

	
83.0

	
bc

	
224.0

	
h

	
4.3

	
abc

	
1.10

	
abcdef

	
4.0

	
f

	
6.0

	
a




	
Significance

	
***

	
***

	
***

	
***

	
***

	
***

	
***

	
***








Data within a column followed by the same letter are not significantly different at p ≤ 0.05 according to Tukey HSD Test. The significance is designated by asterisks as follows: ***, statistically significant differences at p-value below 0.001.
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Table 3. Effect of 19 chili pepper accessions on first flower emission, fruiting start, end of harvest fruit number, fruit length, fruit width, fruit color at mature stage and fruit shape, in 2017.
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Source of Variance

	
First Flower Emission (DAT)

	
Fruiting Start (DAT)

	
End of Harvest (DAT)

	
Fruit Number (# Plant−1)

	
Fruit Length (cm)

	
Fruit Width (cm)

	
Fruit Color at Mature Stage (1–10)

	
Fruit Shape (1–8)






	
A1

	
33.0

	
g

	
38.7

	
i

	
76.7

	
fg

	
97.7

	
h

	
1.3

	
hij

	
1.4

	
abcde

	
3.0

	
g

	
5.0

	
b




	
A2

	
34.3

	
f

	
44.3

	
fg

	
79.7

	
cde

	
81.6

	
hi

	
4.1

	
abcd

	
1.8

	
a

	
7.0

	
d

	
3.0

	
c




	
A6

	
36.0

	
e

	
47.0

	
cde

	
81.7

	
bc

	
76.7

	
hi

	
2.7

	
defg

	
1.1

	
abcdef

	
8.0

	
c

	
3.0

	
c




	
A8

	
38.0

	
c

	
43.3

	
gh

	
77.7

	
defg

	
64.9

	
i

	
2.4

	
fghi

	
1.5

	
ab

	
7.0

	
d

	
3.0

	
c




	
A12

	
29.0

	
i

	
36.0

	
j

	
59.7

	
j

	
197.5

	
f

	
5.4

	
a

	
0.8

	
bcdef

	
4.0

	
f

	
1.0

	
e




	
A14

	
37.0

	
d

	
46.3

	
def

	
75.0

	
g

	
102.4

	
h

	
4.0

	
bcde

	
0.9

	
bcdef

	
8.0

	
c

	
6.0

	
a




	
A15

	
27.0

	
j

	
34.7

	
j

	
63.7

	
i

	
252.6

	
e

	
2.7

	
defg

	
1.2

	
abcde

	
4.0

	
f

	
6.0

	
a




	
A16

	
32.0

	
h

	
36.7

	
ij

	
68.7

	
h

	
241.7

	
e

	
4.7

	
ab

	
0.6

	
ef

	
8.0

	
c

	
1.0

	
e




	
A17

	
38.0

	
c

	
49.3

	
ab

	
81.7

	
bc

	
84.5

	
hi

	
2.4

	
fghi

	
1.4

	
abcd

	
7.0

	
d

	
2.0

	
d




	
A18

	
40.0

	
a

	
50.7

	
a

	
82.0

	
bc

	
262.8

	
e

	
1.7

	
ghij

	
1.1

	
abcdef

	
8.0

	
c

	
6.0

	
a




	
G1

	
35.7

	
e

	
46.0

	
def

	
73.3

	
defg

	
204.6

	
f

	
2.8

	
defg

	
1.1

	
abcdef

	
6.0

	
e

	
3.0

	
c




	
A21

	
34.7

	
f

	
45.3

	
defg

	
79.0

	
cdef

	
263.4

	
g

	
3.3

	
cdef

	
1.1

	
abcdef

	
10.0

	
a

	
3.0

	
c




	
A22

	
39.0

	
b

	
47.3

	
bcd

	
69.7

	
h

	
317.4

	
d

	
2.4

	
fghi

	
1.0

	
bcdef

	
7.0

	
d

	
6.0

	
a




	
A24

	
32.0

	
h

	
41.3

	
h

	
76.3

	
efg

	
187.8

	
fg

	
2.0

	
fghij

	
1.5

	
ab

	
7.0

	
d

	
5.0

	
b




	
A25

	
40.0

	
a

	
50.7

	
a

	
85.0

	
ab

	
722.7

	
a

	
2.5

	
fgh

	
0.6

	
ef

	
8.0

	
c

	
1.0

	
e




	
A27

	
39.0

	
b

	
48.7

	
abc

	
86.3

	
a

	
474.5

	
c

	
2.7

	
defg

	
0.8

	
bcdef

	
9.0

	
b

	
6.0

	
a




	
A29

	
27.7

	
j

	
34.7

	
j

	
61.7

	
ij

	
618.8

	
b

	
1.1

	
ij

	
0.7

	
def

	
10.0

	
a

	
3.0

	
c




	
A32

	
34.0

	
f

	
50.0

	
a

	
84.3

	
ab

	
601.9

	
b

	
0.8

	
j

	
0.4

	
f

	
7.0

	
d

	
3.0

	
c




	
A33

	
33.0

	
g

	
45.0

	
efg

	
80.0

	
cd

	
161.4

	
g

	
4.3

	
abc

	
1.1

	
abcdef

	
4.0

	
f

	
6.0

	
a




	
Significance

	
***

	
***

	
***

	
***

	
***

	
***

	
***

	
***








Data within a column followed by the same letter are not significantly different at p ≤ 0.05 according to Tukey HSD Test. The significance is designated by asterisks as follows: ***, statistically significant differences at p-value below 0.001.
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