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ABSTRACT: Capsicum species are very important in Brazil
because of economic, cultural and biological factors, and the country
is considered to be a diversity center for this genus. Collection and
maintenance of the genetic diversity in Capsicum are important
to avoid genetic erosion. Besides the identification of species, the
characterization and evaluation of accessions maintained in gene
banks are of fundamental importance. For this purpose, multivariate
methods have become an important tool in the classification of
conserved genotypes. The objectives of this study were: i) to identify
and characterize accessions of the Capsicum spp collection and draw
conclusions about the potential use of certain accessions in different
production sectors; ii) to estimate the genetic divergence among
accessions using the Ward-MLM procedure, and iii) to evaluate the
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efficiency of the analysis of continuous and categorical data using
the Ward-MLM procedure. Fifty-six Capsicum spp accessions were
evaluated based on 25 descriptors, 14 of which were morphological
and 11 agronomic. Based on the qualitative descriptors, it was
possible to identify all species and, together with the agronomic
descriptors, genotypes could be indicated with potential for use in
various production sectors. Five was determined as the ideal number
of groups by the criteria pseudo-F and pseudo-t>. The Ward-MLM
procedure allowed the differentiation of the species C. annuum, C.
frutescens, C. baccatum, and C. chinense in separate groups. The
Ward-MLM procedure showed some level of efficiency in clustering
Capsicum species analyzing morphological and agronomic data
simultaneously.

Key words: Germplasm characterization; Plant descriptors;
Categorical variables; Quantitative data; Ward-MLM procedure

INTRODUCTION

A correct botanical species classification is essential for the proper management
of a germplasm. An erroneous identification of species maintained in gene banks can lead
to losses ranging from the propagation and inadequate conservation of accessions to the
delivery of misidentified genetic material to other institutions, resulting in a waste of time
and financial resources (Gotor et al., 2008).

Capsicum species are traditionally identified by morphological descriptors or re-
lated traits. Flower morphology, including flower color, calyx constriction and the number
of flowers per axil, is most used in taxonomic descriptions (Pickersgill, 1971; Moscone et
al., 2007; Ince et al., 2009). However, other descriptors are considered essential for a more
accurate germplasm characterization, such as the ones indicated by the IPGRI (1995).

In this genus, native to the Americas, more than 30 species have been described,
but only five of them, Capsicum annuum var. annuum, C. chinense, C. frutescens, C.
baccatum var. pendulum, and C. pubescens are considered to be domesticated (Pozzobon
et al., 2006; Moscone et al., 2007). It is, however, expected that new Capsicum species
will be identified, especially in Atlantic Forest areas in Brazil (Bianchetti, 1996; Poz-
zobon et al., 2006). Moreover, in Brazil Capsicum plants are of economic, cultural and
biological importance due to the use of the fruits in preparing dishes of typical culinary
traditions, which is diverse among regions and sometimes unique in each region of the
country. The multiple and diverse ways to use these fruits are related to multicultural
and ethnic aspects, and it is probably the result of the genetic diversity observed in each
region of the country, since Brazil is considered to be one of the diversity centers of
Capsicum.

The characterization and the evaluation of the Capsicum domesticated species
are particularly interesting for gene bank curators, since a wide variability, not yet fully
known and exploited, is available in these species (Guzman et al., 2005; Sudré et al.,
2006; Ince et al., 2009). Despite the accuracy in estimating genetic divergence among
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accessions by molecular markers, knowledge of the phenotype given by morphological
and agronomical descriptors is still important. Besides the aspect of correct species iden-
tification, the characterization and evaluation of conserved genotypes are of fundamental
importance, by deepening our knowledge and making it possible to detect genotypes for
use in breeding programs and plant duplicates in gene banks (Franco et al., 2005; Gon-
¢alves et al., 2008; Laurentin, 2009).

With the advancement of computer technology, multivariate methods have become
an important tool for the classification of conserved genotypes (Ortiz et al., 2008; Gon-
calves et al., 2009). The statistical classification procedures require a data set based on a
number of variables. In general, hierarchical ranking only considers continuous or discrete
data separately. However, strategies for a hierarchical joint data analysis were proposed
by Gower (1971) and Wishart (1986), which are strategies associated with the use of the
unweighted pair group method with arithmetic mean (UPGMA) and the Ward, centroid and
median methods (Franco et al., 1998).

New advances in joint and non-hierarchical analysis of multivariate data have been
achieved by Wolfe (1970) who proposed the Gaussian model, which examines only continu-
ous variables. This model was later modified by Lawrence and Krzanowski (1996) with the
proposal of the location model (LM), which classifies » individuals when p quantitative vari-
ables and ¢ qualitative variables are evaluated in an environment. LM combines all levels of
qualitative variables in a multinomial variable, W, with m levels. However, LM is a condi-
tional model since the mean estimates of the continuous variables depend on the values of
variable W (Franco et al., 1998; Crossa and Franco, 2004).

The modified location model (MLM) was proposed by Franco et al. (1998) as a
modification of LM, assuming that m levels of variable W and the p-multinormal vari-
ables for each sub-population are independent. MLM consists of two stages, where the
first groups are defined by the grouping method of Ward (Ward Jr., 1963) using the
dissimilarity matrix of Gower (Gower, 1971), and in the second stage, the mean of the
vector of the quantitative variable for each sub-population, independent of the W values,
is estimated by MLM.

The objectives of this study were: 1) to identify and to characterize accessions of
the Capsicum spp collection from different geographical regions of Brazil to detect potential
uses of certain accessions in different production segments, and ii) to estimate the genetic
divergence among accessions and to evaluate the efficiency of the analysis of continuous and
categorical data using the Ward-MLM procedure for classifying and measuring the diversity
among accessions.

MATERIAL AND METHODS

A collection of 56 Capsicum accessions of the gene bank of the Universidade
Estadual do Norte Fluminense Darcy Ribeiro (UENF) was used in this study. The gene
bank accessions were collected at local markets and fairs in different Brazilian states
and were donated by farmers from four of the five different geographic regions of the
country (North, Northeast, Central-West, and Southeast), and three commercial vari-
eties were included from donations by seed companies. Four accessions came from
Mexico (Table 1).
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Table 1. Code number, species identification, fruit type (chili or sweet pepper) and source (county, state and

country) of 56 Capsicum spp accessions.

Code number Species Fruit type Source

County (State) Country
UENF 1381 C. annuum var. annuum Chili pepper - Mexico
UENF 1417 C. baccatum var. pendulum Chili pepper Lavras (Minas Gerais) Brazil
UENF 1418 C. chinense Chili pepper Lavras (Minas Gerais) Brazil
UENF 1419 C. chinense Chili pepper Lavras (Minas Gerais) Brazil
UENF 1420 C. annuum var. annuum Sweet pepper ‘Apolo’ Commercial variety from seed company Brazil
UENF 1421 C. annuum var. annuum Sweet pepper ‘Hércules’ Commercial variety from seed company Brazil
UENF 1422 C. annuum var. annuum Sweet pepper ‘lkeda’ Commercial variety from seed company Brazil
UENF 1423 C. annuum var. annuum Chili pepper Aracaju (Sergipe) Brazil
UENF 1424 C. chinense Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1425 C. frutescens Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1426 C. baccatum var. pendulum Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1489 C. baccatum var. pendulum Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1490 C. baccatum var. pendulum Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1491 C. frutescens Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1492 C. baccatum var. pendulum Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1493 C. chinense Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1494 C. baccatum var. pendulum Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1495 C. baccatum var. baccatum Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1496 C. baccatum var. pendulum Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1497 C. chinense Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1498 C. chinense Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1499 C. baccatum var. pendulum Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1500 C. baccatum var. pendulum Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1501 C. baccatum var. pendulum Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1502 C. annuum var. annuum Chili pepper - Mexico
UENF 1503 C. annuum var. annuum Chili pepper - Mexico
UENF 1504 C. baccatum var. pendulum Chili pepper Vigosa (Minas Gerais) Brazil
UENF 1551 C. chinense Chili pepper (cheiro) Goiania (Goias) Brazil
UENF 1552 C. chinense Chili pepper (bode) Goiania (Goias) Brazil
UENF 1553 C. chinense Chili pepper (bode) Goiania (Goias) Brazil
UENF 1554 C. chinense Chili pepper (bode) Goiania (Goias) Brazil
UENF 1555 C. chinense Chili pepper (cumari) Goiania (Goias) Brazil
UENF 1556 C. baccatum var. pendulum  Chili pepper (dedo-de-moga) Goiania (Goias) Brazil
UENF 1557 C. frutescens Chili pepper (malagueta) Goiania (Goias) Brazil
UENF 1558 C. chinense Chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1559 C. annuum var. glabriusculum Ornamental chili pepper Cachoeiras de Macacu (Rio de Janeiro) Brazil
UENF 1560 C. frutescens Ornamental chili pepper Cachoeiras de Macacu (Rio de Janeiro) Brazil
UENF 1562 C. annuum var. annuum Sweet pepper Vigosa (Minas Gerais) Brazil
UENF 1565 C. annuum var. annuum Sweet pepper Vigosa (Minas Gerais) Brazil
UENF 1566 C. annuum var. annuum Sweet pepper Vigosa (Minas Gerais) Brazil
UENF 1567 C. annuum var. annuum Sweet pepper Vigosa (Minas Gerais) Brazil
UENF 1568 C. annuum var. annuum Sweet pepper Vigosa (Minas Gerais) Brazil
UENF 1569 C. annuum var. annuum Sweet pepper Vigosa (Minas Gerais) Brazil
UENF 1570 C. chinense Chili pepper Belém (Para) Brazil
UENF 1571 C. chinense Chili pepper Aracaju (Sergipe) Brazil
UENF 1572 C. chinense Chili pepper Aracaju (Sergipe) Brazil
UENF 1573 C. baccatum var. pendulum Chili pepper Duas Barras (Rio de Janeiro) Brazil
UENF 1575 C. annuum var. annuum Ornamental chili pepper Campos dos Goytacazes (Rio de Janeiro) Brazil
UENF 1576 C. annuum var. glabriusculum Ornamental chili pepper Rio das Ostras (Rio de Janeiro) Brazil
UENF 1577 C. chinense Chili pepper (cheiro) Goiania (Goias) Brazil
UENF 1578 C. annuum var. annuum Chili pepper - Mexico
UENF 1584 C. baccatum var. baccatum Chili pepper Rio das Ostras (Rio de Janeiro) Brazil
UENF 1585 C. chinense Chili pepper Parintins (Amazonas) Brazil
UENF 1586 C. chinense Chili pepper Parintins (Amazonas) Brazil
UENF 1587 C. frutescens Chili pepper Parintins (Amazonas) Brazil
UENF 1588 C. frutescens Chili pepper Parintins (Amazonas) Brazil
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The accessions were characterized and evaluated based on morphological and agronomic de-
scriptors. For the morpho-agronomic characterization and evaluation, an experiment was conducted
under field conditions in UENF in Campos dos Goytacazes, Rio de Janeiro, Brazil (21°45°S, 41°18°W)
using a randomized block design, with 56 accessions, three replications and 10 plants per plot.

Sowing was performed in polystyrene trays (polystyrene) of 128 cells with organic
plant substrate. The seedlings were transplanted when they had grown two pairs of definitive
leaves. Spacing was 1.00 m between rows and 0.50 m between plants. The calculation of fer-
tilization was based on soil analysis and the needs of the crop.

For the morpho-agronomic characterization and evaluation, 25 descriptors were
considered, with 14 morphological and 11 agronomic traits proposed for Capsicum by the
IPGRI (1995) (Table 2).

Table 2. Descriptors studied and discrimination of the classes observed for 56 Capsicum accessions according
to the IPGRI (1995).

Descriptor Classes observed according to descriptors for Capsicum (IPGRI, 1995)

Morphological traits

Stem color green; 2: green with purple stripes; 3: purple
Anther color yellow; 3: pale blue; 4: blue; 5: purple
Corolla color white; 8: purple; 9: white with yellow-green spots; 10: white-green; 11: yellow with purple base; 12: purple with yellow base

Number of flowers per axil one; 2: two; 3: three or more

Flower position

Plant growth habit

Immature fruit color

Fruit color at mature stage

Fruit shape

Fruit surface

Number of locules

Cotyledon color

Calyx annular constriction

Neck at base of fruit
Agronomic traits

Plant height (cm)

Plant canopy width (cm)

Days to flowering

Days to fruiting

Fruit length (cm)

Fruit width (cm)

Mean fruit weight (g)

1000-seed weight (g)

Number of seeds per fruit

Fruit number per plant

Fruit yield per plant (g)

pendant; 5: intermediate; 7: erect

intermediate (compact); 7: erect

: yellow; 3: green; 4: orange; 5: purple; 7: other

white; 3: pale orange-yellow; 4: orange-yellow; 5: pale orange; 6: orange; 7: light red; 8: red; 9: dark red; 10: purple
elongate; 2: almost round; 3: triangular; 4: campanulate; 5: blocky; 6: tomato-pepper; 7: ellipse; 8: Scotch bonnet

TSN W T T

: smooth; 2: semi-wrinkled; 3: wrinkled
Observed cross-section of 10 cut fruits

1: light green; 5: purple; 7: variegated

0: absent; 1: present

0: absent; 1: present

Recorded when in 50% of plants the first fruit has begun to ripen

Measured immediately after first harvest, at the widest point

Number of days from transplanting until 50% of plants have at least one open flower
Number of days from transplanting until 50% of plants bear mature fruits

Measured at the largest point in 10 ripe fruits

Measured at the widest point, as an average of 10 ripe fruits

Ratio of total fruit weight/total fruit number

Estimated counting 250 seeds

Counting the total number of seeds per fruit. Average of at least 10 fruits from 10 random plants
Total number of fruits harvested in each plant

Total weight of all harvested fruits in each plant

The significances of the continuous variables were initially analyzed by the F-test.
Subsequently, the continuous and discrete variables were assessed simultaneously using the
Ward-MLM procedure for the formation of accession groups by the CLUSTER and IML pro-
cedures of the SAS program (SAS Institute, 2000). To use the Ward clustering method, the dis-
tance matrix was obtained by Gower’s algorithm (Gower, 1971). The ideal number of groups
was defined based on the criteria pseudo-F and pseudo-t> (SAS Institute, 2000).

The difference between groups and correlation of variables with the canonical vari-
able was graphically represented using the CANDISC procedure of the SAS program (SAS
Institute, 2000). The distance proposed by Matusita (1956), adapted by Krzanowski (1983)
and later by Franco et al. (1998) for the distribution of the joint variables (categorical and
continuous) was used to determine the dissimilarity between the groups formed.
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RESULTS AND DISCUSSION

Based on characterization by flower morphology, anther color was predominantly
blue (36%), followed by yellow, purple and light blue, with 27, 25 and 12%, respectively.
This descriptor is important for the identification of Capsicum species. The IPGRI descriptor
list for Capsicum includes this trait as an essential descriptor because it is highly discrimina-
tory among accessions (IPGRI, 1995). Of all accessions studied, 27% had yellow anthers, and
therefore, they belong to C. baccatum. According to Andrews (1995), although C. baccatum
belongs to the white-flowered group, its flowers have yellow spots and anthers. Of the 14 ac-
cessions with purple anthers, 12 belong to C. chinense and two accessions were recognized as
belonging to the species C. annuum var. glabriusculum.

Regarding the corolla color, greenish white was predominate (34%), followed by
white spots and white with yellow/green (with 25% each). By this descriptor alone, 57% of
the accessions of the species could be identified. It can be used to characterize the cultivated
species and wild relatives. However, corolla color is less suitable when the variation of the
flower color of more distant wild species is described (Moscone et al., 2007).

Most accessions (62.50%) had only one flower per axil, a typical trait of C. annuum, but
also observed in C. baccatum var. pendulum. It should be noted that the descriptor number of flow-
ers per axil is extremely important in differentiating the botanical varieties C. baccatum var. bac-
catum from C. baccatum var. pendulum, since the latter is characterized by bearing only one flower
per node, while nodes with two flowers predominate in the variety C. baccatum var. baccatum.

Most accessions (63%) were classified as intermediate with regard to the trait growth
habit, followed by erect habit (37%). This descriptor is important in terms of crop manage-
ment because it can help in terms of defining the area for each plant, harvesting, weed control
and feasibility to calculate the volume of chemical spray.

The immature fruit color was highly variable, especially when the fruit was observed
in the different developmental stages. For some accessions, more than six different colors were
reported until reaching the final color (mature stage), e.g., in UENF 1423 and UENF 1575.
Other accessions, in turn, only varied in color intensity (UENF 1503, UENF 1565, UENF
1576, UENF 1585, and UENF 1586). The descriptor immature fruit color, as proposed by the
IPGRI (1995), does not consider all maturation stages, but rather the phase prior to maturation
only. Nevertheless, based on the description of the IPGRI, divergence was observed among
accessions in the immature fruits; most were orange (52%), followed by green (29%), brown
(10.3%), yellow (7%), and purple immature fruits (1.7%).

Nine categories were found for fruit color in the mature stage, confirming the divergence
among the genotypes studied regarding the diversity of pigments observed in the fruits. The color
red was predominant (34%), followed by light red (23%) and dark red (18%). The wine color was
observed in only two accessions (UENF 1585 and UENF 1586) from the Amazon region, with
plants that also have a purplish color of some plant parts (leaf and stem). There was variation in the
color hues, ranging from white to orange, with colors close to yellow totaling 21.4%.

Fruit shape was determined based on comparison with the shapes proposed in the list of
descriptors of the IPGRI (1995), and three fruit shapes observed did not match with any of the
shapes described in this list. However, the fruit shapes had already been described: one of them
is a C. baccatum fruit similar to C. annuum tomato-pepper or tomato (Andrews, 1995), with
flattened fruits and several locules. The second fruit type not found in IPGRI descriptors had an
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ellipse shape; the third one resembles the “Scotch bonnet” type, but flattened at its apex. The
three fruit shapes received the categorical numbers, 6, 7 and 8, respectively. The predominant
shape was elongate (35.7%) followed by triangular (23.2%) and square/block (12.5%).

The descriptor calyx constriction was not detected in 66% of the accessions and ob-
served in 34%. This descriptor is of great importance in differentiating C. chinense from C.
frutescens, since it is present in the first and absent in the second species (Pickersgill, 1971),
and it is used to separate these two species from each other.

Based on the qualitative descriptors evaluated, it was possible to identify all spe-
cies, because 50% of the accessions of the collection had not been properly classified from a
botanical point of view. Besides species identification, it was also possible to distinguish two
botanical varieties of C. baccatum (C. baccatum var. pendulum from C. baccatum var. bac-
catum) and two of C. annuum (C. annuum var. annuum from C. annuum var. glabriusculum).
The collection of morphological data is practical and economical, compared to the collection
of quantitative and molecular data (Sudré et al., 2006). However, each strategy has a specific
value, and it is preferable that a germplasm collection be widely based for a solid support of
research work and database of the collection.

In univariate analysis of variance of the 11 continuous variables, a significant effect (P
< 0.01) for all traits was observed, demonstrating the existence of genetic variability among
the accessions studied. On the basis of the means of agronomic and morphological traits,
genotypes with potential for use in various production sectors can be indicated, e.g., for the
use in sauces, canned food and raw, as well as in Capsicum-breeding programs.

The accessions of chili pepper UENF 1557 and UENF 1570 (both C. frutescens) and
UENF 1490, UENF 1492, and UENF 1496 (C. baccatum var. pendulum), which have a pe-
culiar aroma apart from high pungency, are suitable for use as condiments and dressings.
Similarly, the C. chinense accessions UENF 1551 and UENF 1577 (pimenta-de-cheiro) may
also be indicated for use as a spice; however, they have a strong aroma associated with little
pungency. The accessions UENF 1559 and UENF 1576 (both C. annuum var. glabriusculum)
have a greater decorative value, with purple flowers, fruits with varied colors and short plant
height. Lastly, the accessions UENF 1423 and UENF 1575 (both C. annuum var. annuum)
produce more than six fruit colors in the ripening stage, white flowers and short plant height,
and also have a potential ornamental use.

Mainly due to the versatility of application, Capsicum plants have become important
from an economic point of view in several countries since their fruits can be used for different
purposes, such as in cooking (raw or processed), in industry (e.g., production of “pepper spray”)
and for medicinal and ornamental purposes (Pickersgill, 1971; Moscone et al., 2007). In Brazil,
this vegetable is of great importance, ranking second in the generation of foreign currency among
exported vegetables (Embrapa, 2009). Another highly relevant aspect is the social and economic
importance, since the crop contributes to a higher income for farmers of small properties and helps
maintain workers in the rural areas, mainly due to the high-labor demand during harvest.

In terms of diversity, both continuous and categorical variables were used for group-
ing the 56 accessions into homogeneous groups by the Ward-MLM procedure. First, the value
of five was determined as the optimal number of groups based on the criteria of pseudo-F and
pseudo-t%, since the maximum value was reached at this point.

The sequence of the strategy of the Ward-MLM classification allowed a separation
of the species C. annuum, C. frutescens, C. baccatum, and C. chinense into separate clusters
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(Tables 3 and 4). However, only in two groups (G3 and G5), the accessions clustered belonged
to the same species, with G3 grouping only C. baccatum accessions and G5 clustering just C.
annuum accessions. Group G1 was formed by 12 accessions of C. annuum var. annuum and
only one accession of C. baccatum var. pendulum. Of the 12 accessions of C. annuum var. an-
nuum, aleven are sweet peppers because UENF 1381 is pungent. Group G2 was represented
by six accessions, five C. frutescens and one C. chinense. Group G3 consisted of 13 accessions
of C. baccatum, of which 11 belonged to C. baccatum var. pendulum and two to C. baccatum
var. baccatum. Group G4 joined 19 accessions, with 17 C. chinense, one C. frutescens and
one C. baccatum var. pendulum. Group G5 was composed of only five accessions, three C.
annuum var. annuum and two C. annuum var. glabriusculum. Also, there was no association
between clusters formed with geographic location where the accessions were collected.

Table 3. Variables and accession number per group for categorical traits in each of the five groups (G1, G2, G3, G4, and G5) formed by
the Ward-MLM strategy from 56 Capsicum spp accessions.

Variable Group

G1(13) G2 (6) G3 (13) G4 (19) G5 (5)

Stem color
Green 12 6 12 8 1
Green with purple stripes 1 - 1 8 3
Purple - - - 3 1

Anther color
Yellow 1
Pale blue -
Blue 12
Purple

Corolla color
‘White 12 - - - 3
‘White with yellow-green spots 1 - 13 1 -
White-green - 6 - 14 -
Purple - - - - 2
Yellow with purple base - - - 2 -
Purple with yellow base - - - 2 -

Number of flowers per axil
One 13 4 11 2 5
Two - - 2 7 -
Three - 2 - 10 -

Flower position
Pendant 1 - - - -
Intermediate 9 - - 10 1
Erect 3 6 13 9 4

Plant growth habit
Intermediate 1 4 13 13 4
Erect 12 2 - 6 1

Immature fruit color
Yellow - 1

Green 8 1 -

4

_—
.

Z o= =

[T

Orange 2
Purple -
Other 3 - -

Fruit color at mature stage
‘White - 1 - 1 -
Pale orange-yellow - 1 - - -
Orange-yellow - - -
Pale orange - -
Orange - -
Light red - 3
1

w
[ N
—_ W o=

Red 4
Dark red 9
Purple - -
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'
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2
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Table 3. Continued.

Variable Group
Gl (13) G2 (6) G3(13) G4 (19) G5 (5)

Fruit shape

Elongate 6 5 6 2 1

Almost round - - - 5 -

Triangular 6 - 2 2 3

Campanulate - - - 5 -

Blocky 1 - 3 3 -

Other — Tomato-pepper - - 1 1 -

Other — Ellipse - 1 - 1 1

Other — Scotch bonnet - - 1 -
Fruit surface

Smooth 9 1 3 12 3

Semi-wrinkled 3 1 6 5 2

Wrinkled 1 4 4 2 -
Number of locules

Two 7 4 3 2 4

Three 5 2 9 14 1

Four 1 - 1 3 -
Cotyledon color

Light green 13 5 13 15 3

Purple - 1 - 3 2

Variegated - - - 1 -
Calix annular constriction

Present - 1 1 17 -

Absent 13 5 12 2 5
Neck at base of fruit

Present 3 1 3 2 -

Absent 10 5 10 17 5

Table 4. Means for continuous traits for each of the five groups (A-E) formed by the Ward-MLM strategy and
the first two canonical variables determined from 56 Capsicum spp accessions.

Variable Group CAN1 CAN2
Gl G2 G3 G4 G5
Fruit length (cm) 10.3 2.7 4.8 33 33 -0.484 0.682
Fruit diameter (cm) 35 1.0 2.5 24 14 -0.195 0.504
Seed number per fruit 155.5 26.2 61.2 48.5 55.4 -0.612 0.685
Plant height (cm) 80.4 84.7 92.7 90.6 383 0.538 0.353
Canopy diameter (cm) 59.7 79.6 114.4 93.5 45.5 0.869 0.112
Weight of 1000 seeds (g) 5.7 33 4.8 4.0 35 -0.296 0.798
Days to flowering 41.7 71.3 58.2 55.2 36.6 0.779 -0.088
Days to fruiting 129.8 160.7 140.9 136.2 118.8 0.466 0.047
Fruit number per plant 39.8 381.5 265.6 289.7 126.6 0.425 -0.231
Fruit weight per plant (g) 599.4 238.2 1063.0 688.7 238.9 0.413 0.361
Fruit mean weight (g) 29.2 0.6 49 4.6 2.7 -0.529 0.605

The Ward-MLM methodology in data analysis for morpho-agronomic characteriza-
tion of accessions allowed, with some level of efficiency, the separation of Capsicum species
with the simultaneous use of morphological and agronomic variables. Most of the C. annuum
(12 accessions) were clustered in the same group (G1), although one C. baccatum accession
was also clustered in that group. Also, for C. baccatum, 13 of 15 accessions were grouped to-
gether (G3). C. frutescens and C. chinense accessions were grouped together into two different
clusters (G2 and G4). Not surprisingly, these two species have been considered part of the C.
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annuum complex and the most important trait to separate the two of them is the calyx con-
striction, as already mentioned before. Some authors even considered that C. chinense and C.
frutescens should probably be combined into one species (Heiser Jr., 1976; Andrews, 1995).

Apart from G2 and G4, all others were separated by the graphical representation of
the first two canonical variables (Figure 1). These two groups (G2 and G4) united accessions
of the species C. frutescens and C. chinense, which have great similarity in morphological
and agronomic characteristics and are distinguished only by the morphological descriptor ca-
lyx constriction (Pickersgill, 1971). Nevertheless, the first two canonical variables explained
90.5% of the variability among groups (Figure 1). This high value indicates that the graphi-
cal representation of the first two canonical variables is appropriate to show the relationship
among groups and among accessions within a group. The best correlations of variables with
the first canonical variable were plant canopy width, days to flowering, number of seeds, plant
height, and fruit weight, and with the second canonical variable, weight of 1000 seeds, number
of seeds per fruit, fruit length, fruit weight, and fruit diameter (Table 4).
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Figure 1. Plot of the first two canonical variables of the five groups (G1-G5) formed with the Ward-MLM strategy,
considering 56 Capsicum spp accessions.

The shortest distance among groups was observed between G2 (C. frutescens)
and G4 (C. chinense), with a distance of 13.82 (Table 5), confirming the high similarity
between the two species in morphological and agronomic traits. The greatest dissimilarity
between groups, with a distance of 128.11, was observed between G3 (C. baccatum) and
G5 (C. annuum), corroborating the proposed classification of these species into different
gene complexes by Moscone et al. (2007) in investigations based on cytogenetic aspects
and botanical characters.
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Table 5. Distance among clusters formed by the Ward-MLM based on Mahalanobis distance, for five clusters of
56 Capsicum spp accessions.

Group Gl G2 G3 G4 G5
Gl - 64.04 60.86 50.62 73.14
G2 64.04 - 26.35 13.82 88.98
G3 60.86 26.35 - 17.25 128.11
G4 50.62 13.82 17.25 - 63.22
G5 73.14 88.98 128.11 63.22 -

Similar results were obtained for other crops with the use of morphological and ag-
ronomic data only. Ortiz et al. (2008), working with 50 accessions of eight maize races from
high-altitude regions in Peru, based on six agronomic descriptors, concluded that the Ward-
MLM procedure produced an adequate genotype classification and that this analysis can be an
additional refinement and a complement to the racial classification based on visual evaluation.
Padilla et al. (2005), in studying genetic diversity and morphological similarities of 120 lo-
cal Brassica rapa subsp. rapa L. varieties, concluded that the use of the Ward-MLM strategy
results in the formation of homogeneous groups.

Considering the complexity of the taxonomic classification of the genus Capsicum
(Hunziker, 2001; Barboza et al., 2005), morphological and agronomic data were sufficient for
a good discrimination of the accessions. The strategy of analysis based on the Ward-MLM
procedure was helpful in classifying and grouping the Capsicum species.
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