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ABSTRACT. Genetic variability among pepper genotypes is essential 

in obtaining hybrid combinations with greater heterotic effect and in 

obtaining superior strains. This work’s goal was to evaluate the genetic 

diversity between accessions of Capsicum annuum L., indicating the 

selection of promising individuals for ornamental purposes. The 

experiment was carried out in at the Plant Biotechnology Laboratory of 

the Center of Agricultural Sciences, Federal University of Paraíba. The 

experiment was conducted in a completely randomized design with 16 

treatments and eight replications. The plants were evaluated for 28 

morphoagronomic traits. Data were submitted to analysis of variance 

and grouped according to Scott and Knott's test at 1% probability. The 

Tocher grouping was performed based on Mahalanobis distance and 

analysis of canonical variables was performed with graphical dispersion 

of the accessions. All variables were significant by the F test (p=0.01) 

and presented high heritability and a CVg/CVe ratio higher than 1.0 for 

most traits, indicating genetic divergence between accessions. In keeping 

with the Scott-Knott's test (p=0.01), the accessions were grouped into 

two to eight classes, varying according to the character. The of Tocher 

optimization method separated the accessions into five distinct groups. 

There is phenotypic divergence between the accessions of Capsicum 

annuum L. which can be used in ornamental peppers’ breeding 

programs. Only the number of stamens trait presented a heritability 

value (65.81%) lower than 70%. The characters that most contributed to 

divergence among the accessions were fresh fruit mass, stem diameter, 

widest fruit diameter and fruit weight. The accessions UFPB001, 

UFPB004, UFPB45, UFPB77.3, UFPB099, UFPB134, UFPB390 and 

Calypso are designated as potential accessions for ideal ornamental 

pepper plant with vigorous seedling, small port, large flowers and small 

fruits. Ornamental pepper accessions with larger anthers are indicated 

for selection, for facilitating the breeder’s work during flower 

emasculations for crossings.                                             
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INTRODUCTION 

Pepper plants (Capsicum annuum L.) belong to the family Solanaceae (Picksgill, 1997). They have edible fruits 

in addition to the ornamental potential (Stommel and Bosland, 2006; Rêgo et al. 2015a; Rêgo and Rêgo, 2016).  

Throughout the world, the C. annuum species is the most cultivated and the most important economically, 

presenting sweet and pungent fruits (Wang and Bosland, 2006). The morphological diversity of this species 

when it comes to fruit color, shape, texture, size, aroma, and even pungency of the fruits, makes the market for 

pepper a diversified segment due to the amount of by-products that can be produced (Rêgo et al., 2011a). 

The pepper agribusiness has great socioeconomic importance, since it encompasses family agriculture as well as 

small family-run, medium-sized and even multinational industries (Finger et al., 2012; Ulhoa et al., 2014; Rêgo 

et al. 2015a).  

The market of ornamental plants in pots is increasing at a higher rate than the cut flower market. Among the 

potted ornamental plants, peppers (Capsicum spp.) are very popular in the retail markets due to consumers 

looking for new products (Rêgo et al., 2009).  

Ornamental pepper offers a multitude of opportunities to develop unique cultivars, which can be 

commercialized in three ways: potted plants, garden plants and bouquets (Stommel and Bosland, 2006; Rêgo 

and Rêgo, 2016). 

In order to use genetic resources efficiently, knowledge and organization in germplasm banks is essential, 

allowing the exploration of genetic variability. The effective use of variability in breeding programs depends on 

the information available about the population being studied (Rêgo et al., 2009; Rêgo et al., 2015b). The 

information about a germplasm collection’s variability helps to make the breeding process more efficient by 

describing the different accessions in the collection and their traits of interest (Neto et al., 2014; Costa et al. 

2015; Neitzke et al. 2016). This will make possible to develop cultivars that meet the needs of the floriculture 

market, always looking for novelties and that present some characteristic that differentiates them in relation to 

the available cultivars.  

The Universidade Federal da Paraíba (UFPB) maintains an active Germplasm Banks of pepper with 500 

accessions, 290 hybrids and 1100 lineages in advanced generations. In the last two decades a breeding program 

of ornamental peppers has been developing at UFPB to evaluate and to select breeding lines and to promote the 

hybridization among the selected lines (Rêgo et al. 2015a; Rêgo and Rêgo, 2016).  

When starting a breeding program, one of the critical points is choosing the parents to be used in the crosses in 

order to obtain a broad genetic base population in which the selection will act (Correa and Gonçalves, 2012).  

The knowledge of diversity among accessions is fundamental since pepper breeding is based mainly on 

hybridization, generating segregating populations in order to obtain superior lines.  

The genetic variability of morpho-agronomic traits, within and between accessions from the germplasm bank 

and of commercial varieties, has been the focus of many studies, e.g.: Rêgo et al., (2003), Sudré et al. (2005), 

Rêgo et al. (2011a,b), Nascimento et al. (2014), Nascimento et al. (2015) and Rêgo et al. (2015a,b). 

Therefore, studies on genetic divergence are of great importance to breeding programs, as they allow the 

selection of superior parents to obtain hybrids with higher heterotic effect, which in turn allows the 

identification of plants with interesting characters in their segregating generations. Then, the objective of this 

work was to evaluate the genetic diversity among accessions of Capsicum annuum L. belong to Germaplasm 

Bank of Universidade Federal da Paraíba, in order to continue the breeding program of pepper with ornamental 

purposes. 

MATERIAL AND METHODS 

The experiment was carried out in a greenhouse at the Plant Biotechnology Laboratory of the Center of 

Agricultural Sciences, Federal University of Paraíba (CCA-UFPB), Areia, State of Paraíba, Brazil. 

Fifteen accessions of pepper plants (Capsicum annuum L.) belonging to CCA-UFPB’s Germplasm Bank were 

used: UFPB001, UFPB002, UFPB003, UFPB004, UFPB45, UFPB46, UFPB77.3, UFPB099, UFPB132, 
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UFPB134, UFPB137, UFPB356, UFPB390, UFPB443, UFPB449, and one commercial cultivar of ornamental 

pepper, Calypso. The phenotypic description of the accessions is shown in Table 1. 

 

Accessions PGH LC CC FAS FCI FCM 

UFPB001 Erect Light Green White Absent Green Yellow 

UFPB002 Erect Green White Absent Green Red 

UFPB003 Erect Green White Absent Green Orange 

UFPB004 Erect Green White Absent Green Red 

UFPB45 Erect Green and purple Purple Present Dark Purple Red 

UFPB46 Erect Light Green White Present Light Green Red 

UFPB77.3 Erect Variegated Purple Present Orange-yellow Red 

UFPB099 Erect Green White Absent Orange-yellow Orange 

UFPB132 Erect Light Green Purple Present Purple Red 

UFPB134 Intermediate Green White Absent Yellow Orange 

UFPB137 Intermediate Green White Absent Yellow Orange 

UFPB356 Intermediate Dark Green Purple Absent Green Red 

UFPB390 Intermediate Light Green White Absent Orange-yellow Red 

UFPB443 Erect Dark Green White Absent Yellow Orange 

UFPB449 Erect Dark Green White Absent Yellow Red 

Calypso Erect Green White Absent Green Yellow 

PGH – Plant Growth Habit; LC – Leaf Color; CC – Corolla Color; FAS – Fruit Anthocyanin spots; FCI – Fruit color at intermediate stage 

and FCM – Fruit Color at mature stage. 

The accessions were self-pollinated and sowed in polystyrene trays of 128 cells filled with commercial substrate 

(Plantmax®) then, when they had at least six definitive leaves, they were transplanted into a 900 mL plastic 

vase containing the same substrate. Culture treatments were made according to the needs of culture. 

Morphoagronomic characterization was based on the descriptor list suggested by IPGRI (1995). Twenty-eight 

quantitative traits were evaluated for seedling, plant, flower and fruit. The tools used to collect data were a 

digital caliper (Leetools® digital caliper) for measurements, a balance (Bel engineering®) for weight and a 

digital chlorophyllometer (ClorofiLOG - FALKER ®) for leaf chlorophyll content. Other quantitative data were 

taken by counting.  

Seedling characterization was performed when they were transplanted to the final site, after 30 days of 

germination. The evaluated seedling traits were: seedling height (SH), cotyledons leaf length (CLL) and 

cotyledons leaf width (CLW). The plant characteristics evaluated were: plant height (PH), stem diameter (SD), 

height of first branching (HFB), canopy diameter (CD), leaf length (LL), leaf width (LW), as well as two 

physiological traits, Chlorophyll a (CLA) and Chlorophyll b (CLB). 

Flower data were collected when they were fully opened. The variables analyzed were: flower diameter (FD), 

petal length (PL), number of petals (NP), number of stamens (NS), anther length (AL) and filament length (FL). 

Fruit data were collected when they were ripe and at first harvest. The evaluated characters were: number of 

fruits per plant (NFP), fruit weight (FW), fruit length (FL), widest fruit diameter (WFD), smallest fruit diameter 

(SFD), pedicel length (PDL), pericarp thickness (PT), placenta length (PLL), number seeds per fruit (NSF), 

fresh fruit mass (FFM) and dry matter content (DMC). 

The experimental design was completely randomized with 16 treatments (accessions) with eight replicates. The 

data were submitted to analysis of variance, with a subsequent grouping of the means by the Scott-Knott test, at 

1% probability. Estimates of heritability, genetic variance, and correlation between genetic and environmental 

coefficients were also calculated. The Tocher method (RAO, 1952), based on the generalized Mahalanobis 

distance and analysis of canonical variables with graphical dispersion of the genotypes, were used to analyze the 

genetic divergence. The relative importance of the variables was determined by the method described by Singh 

(1981) and by canonical variables. All analyses were performed with GENES computer software (Cruz, 2006). 

RESULTS 

Differences among accessions were significant (p=0.01) for the evaluated seedling, plant, flower and fruit traits 

(Table 2). 

Heritability values were high, above 70% for all variables except for number of stamens (65.81). The highest 

heritability values were for plant height (98.74%), stem diameter (99.34%), canopy diameter (98.62%), number 

Table 1. Description of six qualitative traits of the 16-ornamental pepper (Capsicum annuum L.) accessions used in this 

study. CCA/UFPB. 
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of fruit per plant (98.77%), fruit weight (99.25%), fruit length (98.44%), widest fruit diameter (99.35%) and 

fresh fruit weight (99.39%) (Table 2). The ratio between the genetic coefficient of variance/environmental 

coefficient of variance (CVg/CVe)was higher than 1 for most traits including seedling height, cotyledons leaf 

length, plant height, stem diameter, height of first branching, canopy diameter, leaf length, leaf width, 

chlorophyll a, chlorophyll b, number of fruit per plant, fruit weight, fruit length, widest fruit diameter, smallest 

fruit diameter, pericarp thickness, placenta length, number of seed per fruit, fresh fruit weight and dry matter 

content. The characters that presented a ratio lower than one were cotyledons leaf width, flower diameter, petal 

length, number of petal, number of stamens, anther length, filament length and pedicel length (Table 2). 

The coefficient of variance (CV) percentage varied between 7.50% and 30.04% for the number of petals and 

height of first branching, respectively (Table 2). 

 

F.V. Characters 

SH (cm) CLL (cm) CLW (cm) PH (cm) SD (cm) HFB (cm) CD (cm) 

Treatments 9.64** 1.62** 0.14** 892.58** 0.43** 120.15** 2081.91** 

h
2
(%) 95.82 94.23 88.64 98.74 99.34 94.10 98.62 

CVg/CVe 1.69 1.43 0.99 3.13 4.32 1.41 2.99 

C.V. (%) 14.28 13.05 16.21 12.76 12.24 30.04 13.34 

 

F.V. Characters 

LL (cm) LW (cm) CLA CLB FD (cm) PL (cm) NP 

Treatments 11.17** 1.46** 528.08** 72.92** 0.45** 0.07** 0.57** 

h
2
(%) 95.64 96.43 97.37 95.19 88.59 87.16 70.71 

CVg/CVe 1.65 1.84 2.15 1.57 0.98 0.92 0.55 

C.V. (%) 13.12 12.83 14.77 24.04 14.07 20.28 7.50 

 

F.V. Characters 

NS AL (cm) FL (cm) NFP FW (g) FL (cm) WFD (cm) 

Treatments 0.51** 0.01** 0.02** 8057.89** 66.89** 8.59** 2.63** 

h
2
(%) 65.81 82.51 74.02 98.77 99.25 98.44 99.35 

CVg/CVe 0.49 0.77 0.59 3.17 4.06 2.81 4.37 

C.V. (%) 7.67 16.87 15.78 27.25 25.85 14.11 10.11 

 

F.V. Characters 

SFD (cm) PDL (cm) PT (cm) PLL (cm) NSF FFM (g) DMC 

Treatments 0.63** 0.67** 0.02** 3.82** 5001.63** 50.61** 398.56** 

h
2
(%) 97.99 87.19 96.41 97.04 96.60 99.39 95.88 

CVg/CVe 2.47 0.92 1.83 2.02 1.89 4.51 1.70 

C.V. (%) 14.93 14.15 17.76 19.73 29.09 24.78 27.19 

** Significant at 1% of error probability by the F test.  

SH – Seedling Height; CLL – Cotyledons Leaf Length; CLW – Cotyledons Leaf Width; PH – Plant Height; SD – Stem Diameter; 

HFB – Height of First Branching; CD – Canopy Diameter; LL – Leaf Length; LW – Leaf Width; CLA – Chlorophyll a; CLB – 

Chlorophyll b; FD – Flower Diameter; PL – Petal Length; NP – Number of Petals; NS – Number of Stamens; AL – Anther Length; 

FL – Filament Length; NFP – Number of Fruits per Plant; FW – Fruit Weight; FL – Fruit Length; WFD – Widest Fruit Diameter; 

SFD – Smallest Fruit Diameter; PDL – Pedicel Length; PT – Pericarp Thickness; PLL – Placenta Length; NSF – Number of Seeds per 

Fruit; FFM – Fresh Fruit Mass; DMC – Dry Matter Content. Cm (centimeter) and g (grams). 

The accessions were grouped by Scott-Knott test at 1% of probability (Table 3) into classes that varied from two 

to eight depending on the analyzed character. The variable with the highest number of distinct groups was 

widest fruit diameter, forming eight groups, with mean values varying from 0.63 cm for UFPB132 access to 

2.49 cm for UFPB001 (Table 3). 

Stem diameter was divided into seven classes with the highest mean value for accessions UFPB099 (0.74), 

UFPB137 (0.74) and UFPB356 (0.71) (Table 3). Plant height, canopy diameter and number of fruits per plant 

formed six groups each (Table 3). Commercial variety Calypso showed smallest plant height (12.50), followed 

by accessions UFPB001 (16.87), UFPB443 (17.25), UFPB134 (17.56), UFPB099 (18.44), UFPB004 (19.00) 

Table 2. Analysis of variance summary: mean squares (MS), heritability (h²%), genetic and environmental coefficient of 

variance ratio (CVg/CVe) and coefficient of variance (CV%) for 28 quantitative variables of ornamental pepper 

(Capsicum annuum L.) seedlings, plants, flower and fruits. CCA/UFPB. 
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and UFPB449 (19.06) (Table 3). Accessions UFPB004 (23.42), UFPB099 (24.00), UFPB001 (24.06), UFPB134 

(24.37), UFPB356 (26.12) and UFPB390 (27.37) presented lowest mean values for canopy diameter (Table 3). 

Accessions UFPB390 (102.12) and UFPB77.3 (119.37) were the ones with the highest number of fruits per 

plant. As to the fruit length trait, accessions UFPB356 (0.97) and UFPB77.3 (0.99) had the lowest mean values 

(Table 3). Five groups were formed for seedling height, leaf width, chlorophyll a, smallest fruit diameter, fruit 

weight, placenta length and fresh fruit mass (Table 3). Accessions UFPB449 (5.74), UFPB134 (5.85), UFPB132 

(6.11) and UFPB45 (6.15) presented the tallest seedlings (Table 3). Leaf width was smaller in accessions 

UFPB003, UFPB132 and UFPB443 with mean values of 1.19, 1.25 and 1.26, respectively (Table 3). Accessions 

UFPB137 (31.94), UFPB356 (32.18), UFPB77.3 (34.66) and UFPB134 (36.42) presented the highest values of 

chlorophyll a (Table 3). 

The treatments with the lowest mean values for smallest fruit diameter were UFPB390 (0.42), UFPB443 (0.43), 

UFPB134 (0.46), UFPB77.3 (0.47) and UFPB45 (0.57) (Table 3).The accessions with the lowest values for fruit 

weight were UFPB77.3 (0.39), UFPB390 (0.49), UFPB356 (0.56), UFPB443 (0.85), UFPB132 (0.89), 

UFPB002 (1.08) UFPB003 (1.34) (Table 3).Accessions UFPB001, UFPB004 and UFPB099 had the highest 

means for placenta length (2.67, 2.83 and 2.84, respectively), and UFPB77.3 had the lowest mean value (0.65) 

(Table 3). 

Accessions with the highest values for fresh fruit mass were UFPB001 (7.39) and UFPB004 (7.90) (Table 

3).The following characters were grouped into four classes: cotyledons leaf length, height of first branching, leaf 

length, chlorophyll b, petal length, pericarp thickness and number of seeds per fruit. Accession UFPB134 

presented the lowest mean value of 3.50 for cotyledons leaf length.Accession UFPB003 (2.50) and Calypso 

(4.12) showed the lowest mean values for height of first branching (Table 3). As to leaf length, accessions 

UFPB45, UFPB443 and UFPB132 had the lowest mean values of 3.04, 3.62 and 3.85, respectively. 

Accessions UFPB134 (12.94) and UFPB77.3 (13.23) had the highest values of chlorophyll b. For petal length, 

the Calypso variety and the UFPB003 accession presented the longest petals, with mean values of 0.65 and 0.66, 

respectively. As to pericarp thickness, accession UFPB449 (0.27) presented the highest mean value for this 

characteristic (Table 3). Accession UFPB001 (108.08) had the highest mean value for the number of seed per 

fruit trait.Cotyledons leaf width, flower diameter, anther length, pedicel length and dry matter content formed 

three groups (Table 3). Accessions UFPB137 (0.91), UFPB001 (1.00) and Calypso (0.88) had the highest mean 

values for the characteristic cotyledons leaf width (Table 3).Accessions UFPB001 (1.84), UFPB004 (1.85), 

UFPB099 (1.91), UFPB45 (1.77) and UFPB003 (1.85) had the highest mean values for flower diameter. 

Regarding anther length, accession UFPB449 (0.36) was the one with the highest mean value.The highest means 

for pedicel length were from accessions UFPB001 (2.14 cm), UFPB002 (2.15 cm), UFPB099 (2.19 cm), 

UFPB137 (2.26 cm), Calypso (2.41 cm), UFPB46 (2.42 cm) and UFPB45 (2.45 cm). 

Accessions Characters 

SH SLL CLW PH SD HFB CD LL LW CLA CLB FD PL NP 

UFPB001 3.69d 2.75b 1.00a 16.87e 0.65b 5.50c 24.06f 6.56 a 2.09 b 30.03 b 8.11 c 1.84 a 0.50 c 5.83 a 

UFPB002 4.70c 1.77d 0.71b 40.50b 0.25f 9.82b 67.25a 5.79 b 1.49 d 20.80 d 5.23 d 1.66 b 0.45 c 5.37 b 

UFPB003 5.06b 2.05d 0.73b 35.87c 0. 17g 2.50d 59.25b 4.31 c 1.19 e 26.18 c 6.45 c 1.85 a 0.66 a 5.75 a 

UFPB004 3.06e 2.11d 0.56c 19.00e 0.59c 5.66c 23.42f 6.82 a 2.11 b 28.57 b 7.56 c 1.85 a 0.56 b 5.66 a 

UFPB45 6.15a 2.34c 0.82b 47.87a 0.36e 12.56b 44.25d 3.04 d 1.51 d 11.40 e 3.63 d 1.77 a 0.54 b 5.50 a 

UFPB46 4.10d 2.07d 0.81b 40.50b 0.26f 11.06b 67.50a 4.79 c 1.88 c 23.76 c 7.01 c 1.70 b 0.43 c 5.62 a 

UFPB77.3 2.94e 2.22c 0.60c 32.25c 0.64b 15.87a 35.12e 5.68 b 1.87 c 34.66 a 13.23 a 1.28 c 0.35 d 5.12 b 

UFPB099 2.87e 2.06d 0.75b 18.44e 0.74a 5.81c 24.00f 7.15 a 2.24 b 29.18 b 7.72 c 1.91 a 0.52 b 5.87 a 

UFPB132 6.11a 2.31c 0.82b 33.00c 0.23f 11.19b 48.50d 3.85 d 1.25 e 12.72 e 3.59 d 1.15 c 0.40 d 5.00 b 

UFPB134 5.85 a 3.50a 0.76b 17.56e 0.52d 8.19c 24.37f 6.13 b 1.59 d 36.42 a 12.94 a 1.59 b 0.46 c 5.33 b 

UFPB137 4.44c 2.90b 0.91a 22.69d 0.74a 10.69b 30.50e 5.86 b 1.83 c 31.94 a 10.07 b 1.59 b 0.42 c 5.33 b 

UFPB356 3.75d 2.27c 0.81b 23.87d 0.71a 14.60a 26.12f 5.25 b 1.72 d 32.18 a 10.76 b 1.51 b 0.48 c 5.24 b 

UFPB390 4.25c 2.75c 0.85b 23.31d 0.65b 11.44b 27.37f 5.42 b 1.56 d 28.65 b 7.52 c 1.51 b 0.36 d 5.16 b 

UFPB443 4.62c 1.76d 0.53c 17.25e 0.19g 5.44c 56.00c 3.62 d 1.26 e 14.65 e 4.86 d 1.17 c 0.34 d 5.50 a 

UFPB449 5.74a 2.47c 0.96c 19.06e 0.18g 7.31c 32.37e 6.08 b 2.82 a 14.00 e 5.25 d 1.71 b 0.49 c 5.37 b 

Calypso 3.81d 2.09d 0.88a 12.50f 0.13g 4.12d 51.62c 4.69 c 1.99 c 28.77 b 10.52 b 1.58 b 0.65 a 5.12 b 

 

SH – Seedling Height; CLL – Cotyledons Leaf Length; CLW – Cotyledons Leaf Width; PH – Plant Height; SD – Stem Diameter; HFB – 

Height of First Branching; CD – Canopy Diameter; LL – Leaf Length; LW – Leaf Width; CLA – Chlorophyll a; CLB – Chlorophyll b; 

FD – Flower Diameter; PL – Petal Length; NP – Number of Petals. Means followed by the same letter do not differ statistically among 

themselves, in the same column, by the Scott-Knott criteria (p=0.01).  

 

Tables  3a and 3b. Means of 28 quantitative characters for seedling, plant, flower, and fruit evaluated in 16 accessions 

of ornamental pepper (Capsicum annuum L.). CCA/UFPB. 
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Accessions Characters 

NS AL FL NFP FW FL WFD SFD PDL PT PLL NSF FFM DMC 

UFPB001 5.83a 0.25b 0.41b 12.78f 8.73a 3.89b 2.49ª 1.12a 2.14a 0.23b 2.67ª 108.08a 7.39a 10.85c 

UFPB002 5.37b 0.26b 0.46b 36.25d 1.08e 2.47d 0.85g 0.79c 2.15a 0.12d 1.65c 26.50d 0.79e 38.05a 

UFPB003 5.75a 0.27b 0.55a 18.50f 1.34e 2.72c 0.94g 0.74c 2.04b 0.12d 1.73c 30.00d 1.06e 24.38b 

UFPB004 5.62a 0.25b 0.42b 14.00f 9.07a 4.43a 2.24b 1.22a 1.97b 0.23b 2.83ª 75.71b 7.90a 9.89c 

UFPB45 5.50a 0.28b 0.56a 17.25f 1.81d 2.75c 1.09f 0.57e 2.45a 0.16c 1.97b 19.75d 1.50d 13.96c 

UFPB46 5.62a 0.28b 0.43b 16.75f 2.99c 2.75c 1.50e 0.65d 2.42a 0.12d 2.03b 48.41d 2.10c 13.54c 

UFPB77.3 5.12b 0.21c 0.39b 119.37a 0.39e 0.99f 0.72h 0.47e 1.86b 0.09d 0.65e 29.00d 0.21e 9.79c 

UFPB099 5.83a 0.25b 0.42b 13.12f 7.05b 4.33a 2.07c 0.94b 2.19a 0.21b 2.84a 77.29b 5.92b 11.04c 

UFPB132 5.12b 0.22c 0.44b 25.37e 0.89e 2.76c 0.63h 0.62d 1.68c 0.13c 2.01b 20.75d 0.62e 14.98c 

UFPB134 528b 0.27b 0.46b 38.50d 1.65d 2.45d 1.18f 0.46e 2.00b 0.16c 1.59c 58.92c 1.25d 15.19c 

UFPB137 5.33b 0.23c 0.52a 42.62d 1.76d 2.28d 1.24f 0.61d 2.26a 0.16c 1.63c 61.04c 1.40d 12.08c 

UFPB356 5.24b 0.23c 0.47b 54.62c 0.56e 0.97f 0.89g 0.70c 1.51c 0.11d 0.66e 25.50d 0.36e 15.44c 

UFPB390 5.12b 0.22c 0.43b 102.12b 0.49e 1.52e 0.75h 0.42e 2.01b 0.10d 1.03d 33.21d 0.36e 11.64c 

UFPB443 5.50a 0.23c 0.44b 33.50d 0.85e 1.46e 0.93g 0.43e 1.66c 0.14c 1.01d 29.87d 0.67e 11.81c 

UFPB449 5.37b 0.36a 0.52a 10.87f 3.13c 3.06c 1.78d 1.15a 2.42a 0.27a 1.21d 36.25d 2.77c 13.02c 

Calypso 5.12b 0.27b 0.49b 27.62e 2.09d 2.67c 1.41e 1.14a 2.41a 0.13c 1.75c 36.20d 1.59d 12.84c 

 

 NS – Number of Stamens; AL – Anther Length; FL – Filament Length; NFP – Number of Fruits per Plant; FW – Fruit Weight; 

FL – Fruit Length; WFD – Widest Fruit Diameter; SFD – Smallest Fruit Diameter; PDL – Pedicel Length; PT – Pericarp 

Thickness; PLL – Placenta Length; NSF – Number of Seeds per Fruit; FFM – Fresh Fruit Mass; DMC – Dry Matter Content. 

Means followed by the same letter do not differ statistically among themselves, in the same column, by the Scott-Knott criteria 

(p=0.01). 

Accession UFPB002 (38.05) showed the highest mean value for dry matter content.The characteristics of 

number of petals, number of stamens and filament length, formed only two groups, presenting lower variability 

among the evaluated accessions (Table 3). For all three traits, accessions UFPB001, UFPB002, UFPB004, 

UFPB46, UFPB77.3, UFPB099, UFPB132, UFPB134, UFPB356, UFPB390, UFPB443 and Calypso had the 

highest mean values (Table 3). 

After the analysis of variance, through the Tocher method, the accessions were divided into five groups (Table 

4) Group I is composed of three accessions (18.75%), UFPB001, UFPB004 and UFPB099. This group 

presented similar means for port characters (plant height, height of first branching, canopy diameter, leaf length 

and width), chlorophyll (a and b), flower characters (flower diameter, number of petals, number of stamens, 

anther length and filament length) and fruit characters (number of fruits per plant, pericarp thickness, placenta 

length and dry matter content). 

Group II consisted of five accessions, UFPB77.3, UFPB134, UFPB137, UFPB356 and UFPB390, gathering 

31.25% of the total evaluated. These accessions presented similar mean data for leaf length, number of petals 

and dry matter content. Group III comprised four accessions, UFPB002, UFPB003, UFPB45 and UFPB46, 

representing 25% of the individuals analyzed. In this group, similar mean values were found for cotyledons leaf 

width, anther length and number of seeds per fruit. Group IV consisted of two accessions, UFPB132 and 

UFPB443 (12.5%), which presented similar mean values for leaf length and width, chlorophyll (a and b), flower 

diameter, petal length, anther length, filament length, fruit weight, fruit length, pericarp thickness, number of 

seeds per fruit, fresh fruit mass and dry matter content. 

Group V is composed of two accessions, UFPB449 and the Calypso variety (12.5%), which showed similarities 

in the following traits: stem diameter, flower diameter, number of petals, number of stamens, fruit length, 

smallest fruit, pedicel length, number of seeds per fruit and dry matter content. 

Groups Accessions 

1 UFPB001, UFPB004 e UFPB099 

2 UFPB77.3, UFPB134, UFPB137, UFPB390 e UFPB356 

3 UFPB002, UFPB003, UFPB45 e UFPB46 

4 UFPB132 e UFPB443 

5 UFPB449 e Calypso 

 

Table 4. Clustering of 16 accessions, based on 28 quantitive traits of ornamental pepper (Capsicum annuum L.) by the 

Tocher method. CCA /UFPB. Areia, 2016. 
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Through the Singh method (1981), it was determined that eight of the 28 characteristics contributed with 

76.85% of the genetic divergence, while 20 contributed with only 23.15% (Table 5). Among the studied 

characters, the ones that most contributed to the genetic divergence between accessions were: fresh fruit mass 

(24.38%), stem diameter (14.85%), widest fruit diameter (11.68%), fruit weight (11.29%), plant height (6.67%), 

canopy diameter (5.24%), chlorophyll a (4.93%) and number of fruits per plant (4.68%) (Table 5). 

The variables that least contributed to the divergence were cotyledonous leaf width, leaf length, chlorophyll b, 

flower diameter, petal length, number of stamens, anther length, filament length, smallest fruit diameter, pedicel 

length, pericarp thickness and placenta length (Table 5). 

 

Variables Relative contribution 

S. j Value in % 

Seedling height 1039.69 1.86 

Cotyledons leaf length 681.29 1.22 

Cotyledons leaf width 324.68 0.58 

Plant height 3718.68 6.67 

Stem diameter 8279.52 14.85 

Height of first branching 764.78 1.37 

Canopy diameter 2920.24 5.24 

Leaf length 302.86 0.54 

Leaf width 929.71 1.67 

Chlorophyll a 2752.23 4.93 

Chlorophyll b 183.68 0.33 

Flower diameter 62.41 0.11 

Petal length 221.54 0.39 

Number of petals 227.72 0.41 

Number of stamens 191.17 0.34 

Anther length 158.07 0.28 

Filament length 228.21 0.41 

Number of fruits per plant 2609.45 4.68 

Fruit weight 6295.44 11.29 

Fruit length 598.80 1.08 

Widest fruit diameter 6514.96 11.68 

Smallest fruit diameter 133.13 0.24 

Pedicel length 246.64 0.44 

Pericarp thickness 516.51 0.93 

Placenta length 151.83 0.27 

Number of seeds per fruit 1126.55 2.02 

Fresh fruit mass 13596.11 24.38 

Dry matter content 993.48 1.78 

 

The first two canonical variances of the canonical variables represent 70.4% of the total variation (Table 6). 

 

Canonic Variables Eigenvalues Eigenvalues % Accumulated % 

CV1 75.08 46.12 46.12 

CV2 39.53 24.28 70.41 

CV3 13.82 8.49 78.90 

CV4 9.16 5.62 84.53 

CV5 7.07 4.34 88.88 

CV6 4.81 2.96 91.84 

CV7 3.74 2.29 94.14 

CV8 2.99 1.84 95.98 

CV9 2.28 1.40 97.38 

CV10 1.40 0.86 98.24 

CV11 1.17 0.72 98.96 

CV12 0.83 0.51 99.48 

CV13 0.38 0.23 99.72 

CV14 0.30 0.18 99.90 

CV15 0.15 0.09 100.00 

CV16 0.00 0.00 100.00 

CV17 0.00 0.00 100.00 

Table 5. Estimates of the realtive contribution of each variable (S.j) to the genetic diversion among Capsicum annuum L. 

accessions, based on the total D² Mahalanobis distance for 28 morphoagronomic variables of ornamental pepper seedling, 

plant, flower and fruit. CCA/UFPB. 

Table 6. Estimates of variance (eigenvalues) associated to canonic variables, related to 28 morphoagronomic characters 

of ornamental pepper (Capsicum annuum L.) seedling, plant, flower and fruit. CCA/UFPB. 
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CV18 0.00 0.00 100.00 

CV19 0.00 0.00 100.00 

CV20 0.00 0.00 100.00 

CV21 0.00 0.00 100.00 

CV22 0.00 0.00 100.00 

CV23 0.00 0.00 100.00 

CV24 0.00 0.00 100.00 

CV25 0.00 0.00 100.00 

CV26 0.00 0.00 100.00 

CV27 0.00 0.00 100.00 

CV28 0.00 0.00 100.00 

 

The graphic dispersion of the accessions, using the canonical variables’ scores, formed five groups (Figure 1). 

The first group gathered the most accessions: UFPB45, UFPB46, UFPB443, UFPB449 and the cultivar Calypso. 

The second group consisted of four accessions: UFPB77.3, UFPB137, UFPB390 and UFPB356.Accessions 

UFPB001, UFPB004 and UFPB099 made up the third group.The fourth group comprised the accessions 

UFPB002, UFPB003 and UFPB132.Accession UFPB134 formed the fifth group. 

 

Figure 1. Graphical dispersion of accessions based on the scores in relation to the representative axes of canonical variables for 

28 quantitative variables of ornamental pepper (Capsicum annuum L.), CCA/UFPB, 2016. Genotypes: 1=UFPB134, 

2=UFPB137, 3=UFPB390, 4=UFPB77.3, 5=UFPB001, 6=UFPB004, 7=UFPB099, 8=UFPB356, 9=UFPB45, 10=UFPB46, 

11=UFPB132, 12=UFPB443, 13=UFPB449, 14=Calypso, 15=UFPB002 e 16=UFPB003. 

DISCUSSION 

The significant difference observed among treatments for all evaluated characters confirms the genetic diversity 

between accessions. The results show that the accessions behaved differently for each evaluated trait, which 

allows gain in the selection process. Leite et al. (2016) and Martinez et al. (2017) found genetic variability 

among accessions of C. baccatum to quantitative traits related to plant, flower and fruits. Neitzke et al. (2010) 

reported divergence among genotypes for plant and fruit traits in pepper with ornamental potential. All these 

results demonstrate the existence of variability between the evaluated genotypes and, consequently, the 

possibility of obtaining genetic gains in breeding programs (Elias et al., 2007). 

The importance of genetic diversity for breeding lies in the fact that crosses involving genetically divergent 

parents are the most appropriate to produce a high heterotic effect, as well as greater genetic variability in 

segregating generations (Rao et al., 1981; Bahia et al., 2008). 

High heritability values found among the accessions for the evaluated characteristics indicate that the 

differences found between them are due to genetic variation rather than to environmental variation. The genetic 

value is then transmitted to the next generation, and the higher a trait’s heritability is the more reliable is the 

selection. These results were confirmed by Silva et al. (2016), in a study on the correlation network analysis 

between phenotypic and genotypic characters of pepper plants, which obtained high heritability values, that is to 

say, the phenotypic variability in these genotypes is mainly determined by genotypic variability. 
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High heritability values show a high genetic control and favor the selection of traits under study (Rosado et al., 

2009). Medeiros et al. (2015) and Pessoa et al. (2015a) also verified high heritability values (upwards of 70%) 

for characters related to seed germination in pepper plants. Fortunato et al. (2015) and Pessoa et al. (2015b) also 

found high values of heritability for port characters, demonstrating that most of the observed phenotypic 

variation is of genetic origin. Rêgo et al. (2011) found heritability values higher than 80% for characters related 

to pepper fruits as well. These results indicate that different pepper characters present high heritability values 

and that selection can be focused on these phenotypes, which is favorable for genetic breeding. 

Heritability values vary according to the characteristic, with populations formed from divergent parents 

presenting greater variability (Borém and Miranda, 2013). Heritability is one of the most important genetic 

parameters, as it quantifies the fraction of phenotypic variation that is inheritable and can be explored in 

selection (Rosado et al., 2012; Moraes et al., 2015). Thus, it is recommended to select accessions that present 

characteristics with high heritability values. 

The values found for the CVg/CVe ratio were higher than 1 for most characteristics (seedling height, cotyledons 

leaf length, plant height, stem diameter, height of first branching, canopy diameter, leaf length and width, 

chlorophyll a and b, number of fruits per plant, fruit weight, fruit length, widest and smallest fruit diameter, 

pericarp thickness, placenta length, number of seeds per fruit, fresh fruit mass and dry matter content), which 

evidences the existence of genetic variability and reinforces the indicative that much of  the variation observed 

is genetic in nature. Similar results were found by Rêgo et al. (2010) and Nascimento et al. (2012) when 

working with port and flower traits in Capsicum, these authors indicated characters with greater genetic 

variation in order to obtain favorable gains with the selection. 

When the values of the genetic coefficient of variance/environmental coefficient of variance (CVg/CVe) are 

greater than 1, it is an indication that the chances of genetic gain will be high for the evaluated characteristics 

(Cruz et al., 2012; Leite et al., 2015). In this work, it is possible to predict the possibility of gain in the selection 

of ornamental pepper accessions in breeding programs, due to high estimates of heritability and genetic variance 

obtained for most of the evaluated traits for seedlings, plant, flower and fruits. 

The variables (cotyledons leaf width, flower diameter, flower length, number of petals, number of stamens, 

anther length, filament length and pedicel length) that presented values lower than 1 were not favorable for 

selection, since the genetic gain will be low. They can be used in indirect selection (Cruz et al., 2012) or 

selection in advanced generations (Nascimento et al., 2012), where it is possible to obtain long-term gain based 

on these characters. A greater proportion of environmental variation is evidenced in these traits, which makes 

the situation less favorable for breeding. 

The coefficient of variation values found for the traits though low (ranging from 7.50% to 30.04%) are 

considered satisfactory. Similar results were found by Medeiros et al. (2014) in a study with fruit characters in 

Capsicum baccatum which reported good experimental precision of data, with a variation of 6% to 24.92%, 

assuring the validity of the inferred conclusions. CV values lower than 30% are considered low, since the 

coefficient of variation gives an idea of the experimental precision (Gomes and Garcia, 2002). However, 

research that is more recent has shown that CV classification must consider the species, the evaluated 

characteristic, the number of repetitions, the experimental design, among other important aspects (Silva et al., 

2011). 

The difference found by the mean test (Scott-Knott) between the genotypes confirms the existence of variability 

among them. This variability is fundamental in genetic breeding programs in order to identify superior plants in 

segregating progeny (Neto et al., 2010). Rêgo et al. (2010a) found results similar to these in a study about the 

phenotypic characterization of ornamental pepper plants, detecting through the Scott-Knott test the variability 

and potential of plants for ornamental use. 

The variability identified among the accessions is important in the identification of pepper plants with 

ornamental potential. Accession UFPB134 is recommended when it comes to seedling traits since it presented 

high performance for seedling height and cotyledons leaf length, forming vigorous seedlings suitable for 

transplanting, which in turn allows greater success in establishing the plant and maximizes its growth by 

decreasing the time of transplantation to the field, according to Pastorinil et al. (2016). 

The values found for plant characters evidenced the ornamental potential of some accessions such as UFPB001, 

UFPB004 UFPB099 and UFPB134, which performed well in plant height and canopy diameter and, therefore, 

are recommended for selection ir order to develop hybrids or lines of small port pepper plants. In addition to 

plant height and canopy diameter, height of first branching is also an important trait in the determination of plant 

port; accession UFPB003 can be selected for these characters. The afore mentioned accessions presented values 

for plant height and height of first branching similar to the values found for Calypso, which is a commercial 
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cultivar variety of ornamental pepper and presents ideal characteristics for cultivation in vases and is used as 

indoor decoration. 

Ideal height in ornamental pepper can be a difficult parameter to define since it may vary according to the taste 

of the consumer (Lima et al., 2013). Smaller plants are indicated for cultivation in small vases while larger 

plants can be grown in larger pots or as outdoor crops. It is recommended that accessions selected for 

ornamental use have canopy diameter and plant height 1.5 to 2 times larger than the pot it is planted in (Barbosa 

et al., 2003; Barroso et al., 2012). In this respect, accessions UFPB001, UFPB004, UFPB099 and UFPB134 are 

indicated for selection, in order to obtain smaller plants that can be grown in small pots and used as interior 

decoration. 

Plants with the highest mean values for stem diameter, such as accessions UFPB 099, UFPB 137 and UFPB356, 

are recommended for selection. Nascimento et al. (2011) and Neto et al. (2014) when working with ornamental 

pepper found results similar to this paper’s, indicating for selection genotypes that presented the highest mean 

values for this trait. This character is important in the selection of genotypes since the stem diameter must be 

large enough to support the weight of the plant and the fruits (Ferreira et al., 2015). 

The variation observed in leaf length and leaf width means allowed us to indicate accession UFPB132 for 

selection because it presented the smallest leaves in both length and width. According to Barroso et al. (2012), 

small leaves are of interest for ornamental peppers, in order to maintain harmony with the small sized plant.In 

addition to the plant characters, the levels of chlorophyll a and chlorophyll b also differed among the genotypes, 

which indicates influence from the treatments on the pigment production. Accessions UFPB77.3 and UFPB134 

are recommended for selection since they presented the highest levels of chlorophyll a and b. Pessoa et al. 

(2015b) also reported variability for chlorophyll a and b contents in ornamental pepper population, indicating 

for selection the accessions that showed the highest levels. Chlorophyll content varies greatly among species 

and among genotypes of the same species (LEE et al., 1988). Chlorophyll is present in all green vegetables and 

is one of the factors related to the photosynthetic efficiency of plants and, consequently, to plant growth (Engel 

and Poggiani, 1991). Hence, the accessions that presented the highest levels of chlorophyll (UFPB77.3 and 

UFPB134) have higher photosynthetic efficiency. 

Variability among accessions was also demonstrated among flower characters that formed three or four 

phenotypic groups. This variability makes it possible to obtain genetic gains in breeding programs (Santos et al., 

2011). The selection of genotypes with large flowers is important not only in the ornamental aspect (Santos et 

al., 2013). The analysis of flower traits is fundamental in all phases of genetic breeding given the need to carry 

out segregating generations, as well as to produce hybrid and genetic seeds (Rêgo et al., 2012). Taking this into 

consideration, accessions UFPB001, UFPB003, UFPB004, UFPB45 and UFPB099 are indicated for the 

selection, because they present larger flowers; also accession UFPB003 and the cultivar Calypso, because they 

presented the largest petals. 

Neto et al. (2014) and Fortunato et al. (2015) found similar results for variability in flower characters in pepper. 

These results indicate that there are different sized flowers among the genotypes and the one with the largest 

flowers can be selected. Santos et al. (2013) reported that plants with large flowers have potential for use in 

ornamental pepper breeding programs because they provide beauty to the plant and are striking and attractive to 

consumers. 

Accession UFPB449 is recommended for selection for anther length since it has the highest value for this 

characteristic. The results of this research differ from those found by Vasconcelos et al. (2012), which obtained 

homogeneous values between the accessions of pepper for anther length, evidencing that there were no 

significant differences for this trait among the genotypes. The importance of anther length as a character lays in 

the fact that larger anthers make it easier for breeders to emasculate flowers for crossing. 

The flower characteristics that formed two groups (number of petals, number of stamens and filament length) 

indicate little variability among accessions. Some plants showed variation in the number of petals and number of 

stamens, ranging from five to seven petals and/or stamens. Nascimento et al. (2012) found results similar to this 

one for filament length, with the formation of two groups for this trait, showing little variability. That evidences 

low genetic variability for this character, and therefore, little expectation of gain with the selection. 

Differences observed for fruit characters indicate that the analyzed accessions present genetic variability and are 

not the same for these traits. Other than the port and flower characteristics, fruits are one of the main attractions 
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in ornamental pepper (Silva et al., 2015). The fruits’ different forms, sizes and colors make the plants more 

attractive to consumers (Carvalho et al., 2006). 

Accessions UFPB 77.3 and UFPB390 are indicated for selection for the characters number of fruits per plant, 

fruit weight, fruit length, widest and smallest fruit diameter, because they present the highest number of fruits 

per plant and small fruits. Generally, fruits with reduced diameters are small and less heavy. Accessions with 

small fruits in large quantities are recommended for use in ornamental pepper breeding, since they stand out in 

the foliage (Bosland, 1993; Sudré et al., 2005; Büttow et al. 2016). 

Accessions UFPB001, UFPB002, UFPB45, UFPB46, UFPB099, UFPB137 and UFPB449, as well as the 

Calypso cultivar are indicated for selection in pedicel length. Pedicel length is an interesting characteristic in 

ornamental peppers because fruits with greater length are more prominent in relation to the leaves, which is 

attention-grabbing in potted plants (Melo et al., 2014) and also facilitates fruit harvesting. Büttow et al. (2010) 

reported similar observations, studying genetic diversity between accessions of chili peppers and peppers, 

suggesting the selection of plants whose fruits stood out in the foliage, with long pedicels. 

Another important trait to be considered in the selection of accessions is pericarp thickness. Access UFPB449 is 

indicated for selection because it has a thicker pericarp. This character is directly correlated with the production 

(Rêgo et al., 2011) and influences increase in fruit firmness. It is an important aspect in fruit quality, since firm 

fruits tolerate damages better, allowing commercialization for longer periods of time (Ferrão et al., 2011). 

The highest mean values for placenta length, number of seeds per fruit and fresh fruit matter indicate accessions 

UFPB001, UFPB004 and UFPB099 for selection. These characteristics varied according to fruit size.The sorting 

of genotypes into five groups by the Tocher optimization method indicates the existence of variability for the 

characteristics evaluated. Accessions that are part of the same group are more similar but are not recommended 

for use in hybrid breeding programs, so that the variability, which is indispensable in any breeding program, is 

not restricted and gains in selection made unviable (Correa and Gonçalves, 2012). 

Group I accessions (UFPB001, UFPB004 and UFPB099) are promising for ornamental use in vases because 

they are small plants with large flowers. In ornamental pepper it is recommended to select plants with small port 

(Finger et al., 2012), large flowers and small fruits. Accessions in group II (UFPB77.3, UFPB134, UFPB137, 

UFPB390 and UFPB356) had better performances for fruit characters, such as higher quantity of fruits per 

plants and small fruits, aspects of interest for ornamental pepper breeding focused on cultivation in pots and use 

in interior decorating. In this case, we suggest that this group’s genotypes are crossed with genotypes from 

group I in order to incorporate these aesthetic values to the characteristics of that group. 

Group III accessions (UFPB002, UFPB003, UFPB45 and UFPB46) are indicated for selection of high plants. 

These characteristics are not indicated for ornamental purposes, because tall plants are undesirable for 

cultivation in small pots, but they are recommended for outdoor crops. Neitzke et al. (2010) report that high 

pepper plants can be grown in functional gardens, such as spices, medicinal and aromatic gardens. The 

accessions that constituted group IV (UFPB132 and UFPB443) presented characteristics of interest for 

ornamental pepper breeding, such as small leaves and fruits. Barroso et al. (2012) reported that small leaves are 

preferred for ornamental pepper because they maintain harmony with the plant’s port. Small fruits, on the other 

hand, indicate a greater possibility of obtaining erect fruits, which are more prominent among the foliage. These 

fruits are ideal for cultivation in small pots, due to the small size of the plants (Silva et al., 2015). 

Group V accessions (UFPB449 and Calypso) presented characteristics of interest for ornamental purposes, such 

as small port plants and large pedicels. These traits are important for potted crops because large pedicels can 

highlight flowers and fruits among the foliage (Melo et al., 2014). Besides the afore mentioned characters, the 

cultivar Calypso also stands out for showing larger petals and smaller fruits when compared to the genotypes 

UFPB001, UFPB004 and UFPB099. This cultivar is very popular among ornamental pepper plants, and it is 

cultivated in Brazil and other countries (Finger et al., 2015). 

The directed crossing between genotypes belonging to contrasting groups may lead to creation of segregating 

families with high productive potential and an increase in the probability of recovering superior genotypes in 

segregating generations (Stähelin et al., 2011). There is a growing demand for new ornamental pepper cultivars 

that have small port, fruit that stands out among the leaves, and post-production quality (Rêgo and Rêgo, 2016). 

Other works with Capsicum have shown variability among genotypes through Tocher grouping. Rêgo et al. 

(2010) while working on the diversity among six ornamental pepper genotypes formed 3 groups consisting of 

different accessions. Faria et al. (2012) in a work about clustering methods applied in a study of genetic 

divergence of pepper plants reported the formation of four groups for 49 evaluated genotypes. Neto et al. (2014) 

working with ornamental pepper population, reported the formation of eight groups in a study of 54 genotypes. 

All these researches demonstrated the existence of variability among the genotypes. Bianchi et al. (2016) in a 
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study with pepper, report that morphoagronomic characterization is efficient in estimating genetic diversity 

among genotypes, since it illustrates divergence, which is an important tool for breeding. 

A group of genotypes is divided into subgroups by the Tocher optimization method, based on the criterion that 

the average dissimilarity measurements within each group should be smaller than the average distances between 

any groups (Vasconcelos et al., 2007). 

The characters (fresh fruit mass, stem diameter, largest fruit diameter, fruit weight, plant height, canopy 

diameter, chlorophyll a and number of fruits per plant) contributed the most to genetic divergence, according to 

the results from Singh’s method (1981), indicating that these traits are more efficient in explaining the 

dissimilarity among the 16 evaluated genotypes. Rêgo et al. (2011) in a study with Capsicum baccatum, 

reported that widest fruit diameter was one of the characteristics that had greater degree of contribution to 

divergence among genotypes as well. This find indicates that the mentioned traits should be prioritized in 

studies of divergence among ornamental pepper accessions. 

According to the results found in this study, the characters for cotyledonous leaf length, leaf length, chlorophyll 

b, flower diameter, petal length, number of stamens, anther length, filament length, smallest fruit diameter, 

pedicel length, pericarp thickness and placenta length, can be discarded in future researches, since they did not 

contribute to the differentiation of genotypes in a diversity study. To discard variables, we try to identify the 

traits whose variance is zero or very close to zero (Cruz et al., 2011). 

The results from the canonical variables were satisfactory with total variations above 70% obtained in the first 

three canonical variables, which allowed the analysis of accessions groups through graphic dispersion, therefore 

this method can be used in future studies. Bento et al. (2007) observed similar results in a study on phenotypic 

variability in peppers, where they found values in which the first three canonical variables explained more than 

70% of the data variation. Ferrão et al. (2011) also used canonical variables to complement the grouping 

analysis in a research on genetic divergence among pepper genotypes with formation of dispersion graphs. This 

shows that the employed traits discriminated the analyzed genotypes satisfactorily (Carmona et al., 2015). 

The amount of groups formed in the accessions dispersion graph were consistent with the amounts formed 

through Tocher clustering. However, the composition of each group differed and only group 5 (UFPB001, 

UFPB004 and UFPB099) was the same in both methods. The analysis of the clusters established by the Tocher 

method and canonical variable allows the identification of the genotypes that can result in variability in 

segregating generations. 

CONCLUSION 

There is genetic divergence among accessions, thus enhancing their use in breeding programs. Accessions 

UFPB001, UFPB004, UFPB45, UFPB77.3, UFPB099, UFPB134, UFPB390 and Calypso are indicated as 

potential ornamental pepper ideal, with vigorou seedlings, small port, large flowers and small fruits. Ornamental 

pepper accessions with longer anthers are indicated for selection because they make it easier for breeders to 

emasculate flowers for crossing. 
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