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The genus Capsicum presents a wide genetic variability. The most common way to determine this
variability has been based upon morphological descriptors. We studied the genetic divergence among
populations of ornamental pepper (Capsicum annuum L.) using two different multivariate techniques:
Cluster analysis and canonical discriminant variables. The analyses enabled us to determine the
morphological descriptors that contributed most to the genetic divergence. The study was carried out
in a greenhouse in the Northeastern Brazil, in two years: 2013 and 2014. The experimental design was
the completely randomized design, considering two crossed factors: Population and years. Thirteen
populations of ornamental pepper were evaluated based on sixteen plant descriptors, six flower
descriptors and ten fruit descriptors; eight F; populations, resulting from crossing the accessions 134
(P-9) and 77.1 (P-10), and five additional control populations: P-9, P-10, P-11, P-12 and P-13. There was
an agreement between the two multivariate techniques in terms of distance between populations. Fruit
descriptors contributed most to the genetic divergence, separating the populations used as control (P-
11, P-12 and P-13) from the others. This separation is due to the uniformity of these populations in
terms of fruit size and weight.
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INTRODUCTION

Pepper belongs to the genus Capsicum and features
wide morphological variability present in plants, flowers
and fruits. This variability in fruit is portrayed by the
differences in colors, shapes, sizes and flavors. The
variability present in plant architecture gives the pepper

high potential for use as ornamental plants because this
sector of the market prefers short plants with colorful and
erect fruits, as well as plants resistant to diseases, pests
and abiotic stress (Carvalho and Bianchetti, 2007; Régo
et al., 2009).
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Despite this potential, the Capsicum improvement in
Brazil is still not compatible with the relevance of pepper
in the production chain (Reifschneider, 2000). However,
this scenario is changing, considering the concern of
breeders to develop cultivars with main focus on the fruit
characteristics such as size, shape, capsaicin content,
color, firmness, vitamin content and uniformity (Luz,
2007).

Thus, the study of genetic diversity is critical to the
understanding of the genetic variability in populations or
genotypes kept in Active Germplasm Banks (AGB). As it
is known, in general, the morphologically far are the
parents to be used in breeding programs the greater the
heterotic effect (Goncalves et al,, 2008; Régo et al.,
2011b; Sudré et al., 2005). However, some factors, such
as lack of documentation, description and evaluation of
collections of genetic materials, may hinder the use of
AGB, which limits the action of breeders (Gepts, 2006).

The use of morphological descriptors has been a
common way to qualitatively and quantitatively
characterize the variability in AGBs. According to Sudré
et al. (2010), characterization of domesticated Capsicum
species is of great interest, particularly for the AGB, as
the wide variability in species is not yet fully known and
exploited. Gongalves et al. (2008) emphasize the
importance of characterization of AGBs, as it makes the
variability between populations or accession available to
researchers, which allows the selection of superior
genotypes and enables the increase of frequency of
favorable alleles. These genotypes can also be used in
hybrid combinations of high heterosis for future use in
selecting segregating generations (Régo et al., 2011a,
2012b).

To determine the genetic distance between individuals,
a group of individuals or populations, biometric models
are used. In general, these models are based on
multivariate techniques which allow a combining multiple
information from a set of characteristics. Several
multivariate methods can be used on studies of genetic
diversity, such as cluster analysis, principal components
and canonical discriminant variables. Considerations of
using these methods include what is the most appropriate
to get a desired accuracy, interpretation of results and
how the data were obtained (Cruz and Carneiro, 2006).

We aimed to study the genetic divergence among F3
populations of ornamental pepper through multivariate
methods, as well as to determine the morphoagronomic
descriptors that contributed most to the genetic
divergence.

MATERIALS AND METHOD

The study was conducted in a greenhouse in the Northeastern
Brazil. Thirteen populations of ornamental pepper belonging to the
Active Germplasm Bank (AGB) of the Laboratory of Plant
Biotechnology of the Federal University of Paraiba were used.
These populations consisted of eight Fs populations: F21 (P-1), F24
(P-2), F25 (P-3), F27 (P-4), F29 (P-5), F210 (P-6), F211 (P-7) and

F231 (P-8), originated from crossing the accessions 134 (P-9) and
77.2 (P-10), and five populations used as additional control,
accessions 134 (P-9), 77.2 (P-10), 10.1 (P-11), 10.2 (P-12) and
10.3 (P-13).

The seeds were sown in polystyrene trays with 200 cells filled in
with commercial substrate Plantmax HT®. Thirty-five days after
sowing, when the seedlings had three true leaves they were
transplanted to plastic pots with volume capacity of 800 mL
containing the same commercial substrate. The plants were
watered daily, on alternate days with nutrient solution consisting of
the following composition (g/1000 L): 1000 g of calcium nitrate;
1250 g of potassium nitrate; 250 g of MKP; 500 g of magnesium
sulfate; 1.5 g of boric acid; 25 g of quelatec AZ; 25 g of ultraferro;
110 g of potassium chloride and 150 g of potassium sulphate.
Phytosanitary treatment was carried out when necessary,
throughout the growing cycle, in order to minimize the damage
caused by pests and diseases.

The experimental design was completely randomized design.
The experimental unit consisted of one plant per pot. Fifty plants of
each of the eight F3; populations were assessed, as well as ten
plants of the additional controls.

The morphoagronomic characterization was performed in
accordance with the recommendations of the Capsicum descriptors
proposed by IPGRI (1995). Sixteen morphological descriptors (6 of
vegetatives and 10 of reprodutives) were used: PH (plant height),
CD (canopy diameter), FFH (first fork height), SD (stem diameter),
LL (leaf length), LW (leaf width), FL (fruit length), FLD (fruit largest
diameter), FSD (fruit smallest diameter), PL (peduncle length), PT
(pericarp thickness), PCL (placenta length), the ratio FL/FLD, FW
(fruit weight), DMC (dry matter content), and NSF (the number of
seeds per fruit), in two years: 2013 and 2014.

The data were subjected to multivariate analysis of variance
according to a two two-way MANOVA model with the factors years
and populations. The effect of the interaction between these factors
was analyzed. To quantify the relative contribution of the descriptors
to the genetic divergence we used the criterion of Singh (1981).
The canonical discriminant variables were then constructed, whose
average scores for each combination of factors were presented in
two-dimensional plane through the biplot technique (Gabriel, 1971).
From the loadings of the canonical variables, we evaluated the
importance of each characteristic related to plant and fruit on the
genetic divergence among populations. Furthermore, a cluster
analysis was also performed via Ward algorithm, based on the
squared generalized Mahalanobis distance. All analyzes were
performed using R version 3.2.1 software (R Core Team, 2015).

RESULTS AND DISCUSSION

The result of the multivariate analysis of variance shows
that there is interaction between the two factors (p <
0.01), indicating that the populations of ornamental
pepper used in this experiment responded differently in
each year.

Based on Singh (1981) criterion (Table 1), it can be
seen that the descriptor that contributed most to the
genetic divergence was FW, with 44.7 and 38.8% for the
first and second year, respectively. This slight decrease
in contribution is probably due to the different accu-
mulations of fresh fruit weight. The higher contribution in
the first year was also high for the FL (15.1%) and low
(7.8%) in the second year. The fact that FL is a descriptor
closely related to the production (FW) or is a production
component explains the changing in the contribution of
FL to discriminate the populations, and will affect the
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Table 1. Relative contribution of morphological descriptors with the calculation of Mahalanobis distances, according
to Singh'’s criterion, for two years of evaluation of 13 populations of ornamental pepper (C. annuum L.).

. 2013 2014

Descriptor - —
Relative participation (%)

FW 44.7 38.8
CD 2.7 11.0
FSD 9.5 9.6
FL 15.1 7.8
FLD 1.7 7.0
Lw 4.6 5.7
NSF 4.9 5.0
PT 5.7 0.0
LL 5.2 3.5
Other descriptors 5.9 11.6

FW, fruit weight; CD, canopy diameter; FSD, fruit smallest diameter; FL, fruit length; FLD, fruit largest diameter; LW, leaf
width; NSF, the number of seeds per fruit; PT, pericarp thickness; LL, leaf length.

contribution of the FW (Table 1). This confirms the results
obtained from the scores associated with the canonical
variables, in which the contribution of the descriptors of
fruit was decisive for determining the distance among
populations. Sudré et al. (2006) reported that the most
important descriptors were the length and the diameter of
the fruit, and this is probably related to the number of
species studied, since it is expected more differences in
fruit morphology as the number of species increases.

One can also highlight the participation of the variables
FL (15.1%, year 1) and (7.8%, year 2) and FSD (9.5%,
year 1) and (9.6% year 2). This decrease on FL is due to
differences in the growth rate and greater uniformity of
fruits observed in the second year, as well as the fact that
populations used as control (P-11, P-12 and P-13) have
heavier fruits, thus contributing to a smaller distance
among these populations and the greater distance from
them to other populations. This could be explained by the
fact that the diversity contributed by cannopy diameter
(CD) was low (2.7) in the first year and high (11.0) in the
second year. The lower the use of assimilate for the
vegetative growth (CD) might contribute to the higher the
use for reproductive growth (FL and FW) and vise versa
(Table 1).

The CD showed no effective contribution to the
divergence among the populations, in both vyears.
However, in the second year, it reached 11%. Probably,
this major contribution is due to the fact that some
populations naturally present different rates of develop-
ment of plant canopy. According to Barbosa et al. (2002),
Stommel and Bosland (2006), Régo et al. (2009) and
Barroso et al. (2012), plants with compact size, lower
height and smaller canopy diameter are of interest for
selection of pepper plants with ornamental use purpose.

In Figures 1A and B, through the scores associated
with the first two canonical variables (Canl and Can2),
the populations seem dispersed, although some form

coherent clusters. The variability retained at the first
canonical variable (Canl) was 58.4%, in the first year.
The variables that contributed most to this canonical
variable, in descending order of importance, were: FW,
FLD, FL, FSD, PCL, LL and LW.

The canonical discriminant analysis showed that, in
general, the variables associated with fruit (FW, FLD,
FSD, FL and PCL) contributed most to the distance
between populations, both in the first (Figure 1A) and in
second (Figure 1B) year. These results coincide with
those obtained by Hand et al. (2011), who reported that
the two variables that contributed most to the divergence
were variables of fruit.

It is noteworthy to highlight the behavior of populations
P-11, P-12 and P-13 (Figure 1). They presented fruits
significantly greater than the others. The aforementioned
fruit characteristics were also responsible for the
proximity between the populations (P-8 and P-5) (P-2 and
P-1) (P-3 and P-7), (P-7 and P -2), (P-4 and P-2), (P-4
and P-1) and (P-6 and P-3), which are thus clustered for
presenting, in general, smaller fruits.

In the first year, the variability retained by the second
canonical variable (Can2) was 18.2%, mainly due to the
contribution of CD, FFH, PH, PT, SD, CD and LW (Figure
1A). Silva Neto et al. (2014), working with C. annuum,
reported that the characteristics that contributed most to
the diversity were: stem diameter, canopy diameter and
the first fork height. It is also observed that the
populations P-4, P-1, P-2, P-7, P-3 and P-11 showed
lower values for variables related to the size of plants,
while populations P-5 and P-8 showed the highest
values. According to Régo et al. (201l1a), variables
related to growth habit and harmony between plant
canopy and vase size are crucial for the potential of
pepper as ornamental plant. Thus, populations presenting
lower contribution to that characteristic can be selected
for cultivation in vase, whereas when they have higher
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Figure 1. Scattering of scores of the first two canonical
variables (Canl and Can2), obtained from morphoagronomic
descriptors of 13 populations of ornamental pepper (C. annuum
L.), in 2013 (A) and 2014 (B). PH, plant height; CD, canopy
diameter; FFH, first fork height; SD, stem diameter; LL, leaf
length; LW, leaf width; FL, fruit length; FLD, fruit largest
diameter; FSD, fruit smallest diameter; PL, peduncle length; PT,
pericarp thickness; PCL, placenta length; the ratio FL/FLD;
dimensionless; FW, fruit weight; DMC, dry matter content; and
NSF, the number of seeds per fruit.

values, should be discarded.
The first two canonical variables retained together
76.6% of the variability between populations (Figure 1A)

and, then, it was possible to identify two clusters of F3
populations: Cluster 1: P-1, P-2, P-3 and P-7; Cluster 2:
P-8 and P-5. The distance between these two clusters
and the populations P-11, P-12 and P-13 is evident.
According to Cruz and Regazzi (2004), the formation of
clusters with intracluster homogeneity and heterogeneity
intercluter is the starting point for a more thorough
assessment thereof, for use in future breeding programs.

In the second year of evaluation (Figure 1B), the
variability retained in Canl increased to 66.2%, and the
descriptors that contributed to the distancing of the
populations were: FW, FLD, FL, PCL, LW and FSD. In
relation to Can2, which retained 13.5% of the total
variability, the variables that contributed most were: SD,
CD, FFH, PH, FSD and FL/FLD (Figure 1B). It highlights
the phenotypic proximity between P-2 and P-7, also
found in the first year, and the proximity of P-6, P-8 and
P-10. This last cluster was formed probably due to the
higher contribution of the characteristics relating to the
size of the plant, presented by the populations P-6 and P-
10, higher than that observed in plants of P-8, in the
second year.

The first two canonical variables retained together
79.7% of the variability among populations (Figure 1B).
The relationship between the characteristics studied and
the evaluation period (first and second year) decisively
influenced the behavior of the populations, because it is
observed that in the first year, the P-1 population had one
of the lowest values for the size of plant characteristics
while in the second year, showed relatively larger plants.
Figure 1A can be seen that the P-5 and P-8 populations
showed a similar behavior to that seen in the first year of
assessment. Nevertheless, in the second year, both had
increased relative to the size characteristics. It is worth
noting the behavior exhibited by the population P-2, P-3,
P-4, P-7, P-9, P-12 and P-13, which did not change when
evaluated in the first and second years. Probably this fact
is related with genetic factor, since there were no drastic
changes in environmental issues.

In Figure 2A and B we present the dendrograms
obtained with Ward's algorithm, for the first and second
year, respectively. In both years, only two clusters of
populations were identified: (i) Populations from P-1 to P-
10, and (ii) P-11, P-12 and P-13. These clustering were
also identified by the canonical variables. Therefore, the
canonical discriminant variables were more effective than
the cluster analysis via Ward algorithm based on
Mahalanobis distance. For instance, it can be seen
through the canonical scores that P-6 diverges from P-9
(Figure 1A). This result was not verified using the cluster
analysis (Figure 2A).

According to Bosland (1993), low-sized plants that
produce small fruits, are considered promising for
ornamental pepper agribusiness. One can also point out
that plants with low-size and small canopy diameter are
more harmonics. Furthermore, it is important to consider
the relationship between plant architecture and vase size.
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Figure 2. Dendrogram obtained using Ward’s algorithm based on Mahalanobis distance
from morphoagronomic data of 13 populations of ornamental pepper (C. annuum L.), in

2013 (A) and 2014 (B).

The plant height and canopy diameter should be 1.5 to 2
times larger than the size of the vase (Barbosa et al.,
2002; Barroso et al., 2012).

Conclusions

It can be inferred that the populations are divergent,
enabling the formation of different clusters, with the
multivariate techniques - canonical discriminant variables
and cluster analysis - presenting considerable agreement
on the composition of the main clusters and on the
contribution of the descriptors. Nonetheless, the canonical
discriminant variables were more effective than the
cluster analysis via Ward algorithm based on Mahalanobis
distance. Fruit weight, fruit smallest diameter, fruit length
and fruit largest diameter explained most of the variation
among the populations, in the two years of evaluation. In
breeding programs aimed at obtaining ornamental sized
pepper, one should give importance to populations P-2,
P-3, P-4 and P-7, with small values for plant and fruit
size, that is, it is recommended to carry out selection
within these populations, in order to continue the
ornamental pepper breeding program.

Abbreviation

PH, plant height; CD, canopy diameter; FFH, first fork
height; SD, stem diameter; LL, leaf length; LW, leaf

width; FL, fruit length; FLD, fruit largest diameter; FSD,
fruit smallest diameter; PL, peduncle length; PT, pericarp
thickness; PCL, placenta length; FL/FLD, the ratio
between fruit length and fruit largest diameter; FW, fruit
weight; DMC, dry matter content; NSF, the number of
seeds per fruit; MANOVA, multivariate analysis of
variance; Canl, first canonical variable; Can2, Second
canonical variable.
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