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Genotypes from Antioquia and Cordoba (Colombia)
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Abstract. The genus Hylocereus includes many important
species for human and animal nutrition, including those known
as dragon fruits. Although Colombia produces yellow pitaya on
a commercial scale, there have been no advances for the red
pitahaya crop. This study aimed to do an in situ evaluation of
genetic material of wild red pitahaya (Hylocereus spp.) from
three populations located in Antioquia and Cordoba; with special
interest for the fruits, taking into account the desired characteristics
by the market. To achieve this, 23 descriptors of stems and
fruits, measurable in the field, were chosen; and 35 individuals
where located, using GPS, and described. The populations
were compared using mean comparison and the similarity was
evaluated with cluster analysis. The stem descriptors differed in
spine number, contour and margin hardness, areole distance and
stem color; the first three are important for species distinction.
According to the fruit descriptors, populations 1 and 2 presented
similar fruits that were different from those of population 3, for
almost all variables except total soluble solids content. The fruits
of population 1 and 2 only differed for pulp weight. Individual 3
of population 1 presented fruits with the best characteristics for
the market.

Key words: Dragon fruit, phytogenetic resource, wild plants,
promising resources.

Resumen. El género Hylocereus presenta varias especies
importantes en la alimentacion humana y animal, incluyendo
aquellas conocidas como pitayas rojas. Aunque Colombia produce
comercialmente pitaya amarilla, no ha avanzado en el cultivo de
pitaya roja. Este trabajo se propuso caracterizar in situ materiales
geneéticos silvestres de pitaya roja (Hylocereus spp.) provenientes
de tres poblaciones de Antioquia y Cordoba, especialmente de sus
frutos, segun las caracteristicas deseables para el mercado. Para ello,
se eligieron 23 descriptores de tallos y frutos, medibles en campo;
se ubicaron y georeferenciaron 35 individuos y se describieron. Las
poblaciones fueron comparadas en cada uno de los descriptores
usando una comparacion de medias, ademas se evalud la similitud
entre poblaciones con un andlisis de agrupamiento. Segun los
descriptores de tallos, hubo diferencias en: numero de espinas,
contorno y dureza de las margenes, distancia entre areolas, altura y
espesor de la arista, longitud y color del cladodio; las tres primeras
caracteristicas son importantes para diferenciar especies. Segun los
descriptores de fruto, las poblaciones 1 y 2 presentaron frutos mas
similares entre s y diferentes de los de la poblacion 3, en casi todas
las variables excepto en el contenido de sdlidos solubles totales.
Los frutos de la poblacion 1 y 2 sdlo difirieron en el peso de la
pulpa. El individuo 3 de la poblacion 1 presento frutos con mejores
caracteristicas para el mercado.

Palabras clave: Pitaya roja, recursos fitogenéticos, plantas
silvestres, recursos promisorios.

Within the Cactaceae family, the Hylocereus genus
has some edible species, commonly known as dragon
fruits, pitahayas or pitayas, with actual and potential
value for human and animal nutrition (Mizrahi et al.,
1997; Castillo et al,, 2003; Castillo, 2006; Valiente et
al., 2007).

The Hylocereus species are epiphytes or hemi-
epiphytes; their stems are succulent, have three ribs
and produce aerial roots; the leaves, transformed into
spines, are grouped into areolas (specialized axillary
meristems of the Cactaceae, according to Simpson,
(2006); the flowers are the largest in the family, are

often white and fragrant, have numerous stamens
with nocturnal anthesis and are short-lived (Llamas,
2003; Grimaldo et al., 2007; Calix de Dios and Castillo,
2008; Cisneros et al., 2011).

The Hylocereus genus includes 19 species according
to Bauer (2003), who reviewed some species and
grouped them as one, including the yellow pitaya
H. megalanthus (K. Schum. Ex Vaupel) Moran. The
characteristics that are used for species identification
are the number of spines per areola, the shape of the
spines, the contour of the stem margin, the relative
hardness of the stem margin and the size and color
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of the fruit exocarp (Llamas, 2003; Calix de Dios,
2005). In the pitahaya, the pulp color may vary from
red to white or yellow, even within the same species,
so this characteristic is not considered a substantial
criterion to differentiate species (Bauer, 2003). Many
Hylocereus species are diploid, but H. megalanthus
is an allotetraploid, possibly derived from natural
hybridization between two diploid taxa (Tel-zur et al.,
2004).

The two species of pitahaya most traded in the world
are the yellow pitaya H. megalanthus and the pitahaya
H. undatus (Haw.) Britton and Rose (Nerd et al,
2002). The latter is highly appreciated for its fruits,
ornamental value, medicinal value and its potential as
a pigment (Castillo, 2006; Valiente et al., 2007) and,
unlike the first one, does not have spines (Betancourt
et al., 2010). Other species of the genus also produce
edible red fruits and are cultivated in Central America,
such as H. polyrhizus (sin. H. monacanthus, H.
costaricensis, according to Bauer, 2003) and H.
purpusii (sin. H. ocamponis, according to Bauer, 2003)
(Grimaldo et al., 2007); and in Brazil, Bolivia, northern
Argentina and Paraguay, i.e. H. setaceus (Pereira et
al., 2002), although it is not cultivated commercially.

Commercial plantations of H. unadatus were established
in Central America with plants from home gardens and,
to a lesser extent, wild plants, which has resulted in
fruits that have a high heterogeneity in characteristics
such as color, size and shape, among others (Castillo
et al, 2005). In Colombia, there are both yellow
pitaya and red pitahaya. Although the first is grown
even in small areas, it is very valuable, since the
country is recognized internationally as a pioneer in its
cultivation, technological development and as one of
its largest producers (Pereira et al., 2002; Betancourt
et al.,, 2010; Delgado et al.,, 2010, Garcia and Quiros,
2010). The red pitahaya, however, mainly grows wild
in the settled areas of Antioquia (tropical dry forest
zone), the Atlantic coast, Tolima, Santander and Valle
del Cauca.

The separation of species and varieties in the genus
Hylocereus is difficult due to the high intra- and
interspecific hybridization (Tel-zur et al., 2004), which
has caused some taxonomic confusion. Therefore,
there have been several studies on morphological
characterization of the genotypes. For the first,
done in Nicaragua, 50 qualitative and quantitative
characteristics capable of measuring the phenotypic
variability of H. undatus were evaluated (Gonzalez
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and Alvarado, 2004). The authors proposed a detailed
guide of morphological descriptors and recognized
14 characteristics that could be used to differentiate
pitahaya materials (Gonzalez and Alvarado, 2004).
Another study evaluated the diversity of H. undatus
through morphological characterization and sexual
compatibility of 6 genotypes (Castillo et al., 2005), the
authors concluded that the reproductive characteristics
were the most important to separate the genotypes.
A third study conducted a morphometric analysis of
21 genotypes of H. undatus using 47 characteristics
in @ multivariate analysis (Grimaldo et al., 2007) but,
unlike the previous studies, the authors found that
the most important variables to separate genotypes
were those of the stems (Grimaldo et al, 2007).
Finally, in a study conducted in Israel, a morphological
and genetic characterization of 64 accessions of
Hylocereus, Selenicereus and Epiphyllum was carried
out, including variables such as: nuclear DNA content,
stomatal density and length and plant production
parameters, and found that there is high genetic
variability among accessions and therefore, excellent
prospects for domestication and conservation of these
genetic resources (Tel-zur et al., 2011).

In Colombia, little is known about the species of
red pitahaya and it is not known if there is natural
hybridization between them, as recorded in Mexico and
Central America (Tel-zur et al., 2004). It is necessary
to carry out Hylocereus characterization because this
resource could be a potential crop in dry tropical
habitats or in those with irregular rainfall. So far, only
one study has evaluated methods of propagation for
the two species (Suarez, 2011). Therefore, the aim of
this study was to describe different genetic materials
of the red pitahaya (Hylocereus spp.) from three wild
populations of Antioquia and Cdrdoba, and to carry
out an in situ assessment of them and especially of
the fruits in terms of the most desirable characteristics
for the market.

MATERIALS AND METHODS

The plant material was obtained from three wild
populations: the first population is found among the
municipalities of San Jerénimo, Sopetran and Santa
Fe de Antioquia (Antioquia Department) (between
06°34'20,1”"N, 75°48'00,8"W and 06°2843,9"N,
75°44'49,7" W), whose average annual temperature is
27.4 °C and average rainfall is 1,097 mm (average data
for the years 1990-2010, 26225030 station Cotové,
IDEAM). The second population is comprised of plants
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established on the eastern sector of the Cauca river in the
municipalities of Salgar, Bolombolo, Titiribi and Concordia
(Antioquia  Department) (between 06°32'09,7"N,
75949'57,2"W and 0693022,1"N, 75°46'05,8"W), whose
average temperature is 26 °C and precipitation is less
than 1,500 mm (Department of Antioguia, 2012). The

+population 3

\'E population 1

population 2
1
J

third population is located in the municipality of Monteria
(Cérdoba Department) (08°72'08,1”"N 75°59'55,98"W),
whose average temperature is 27.9 °C and annual
average rainfall is 1,285 mm (The National Weather
Service, 2012). All locations correspond to a tropical dry
forest zone (Figure 1).

Colombia

500 Krn Efﬁvrf1u;i;?
———a  Google map. 2012

Figure 1. Location of three populations of red pitahaya (Hylocereus spp.) collected in different regions of

Colombia.

For the definition of the descriptors, the work of
Gonzalez and Alvarado (2004) was taken as the
reference, from which 23 descriptors of stems and
fruits that are measurable in the field were selected;
the variables of pulp color, fruit bract number,
direction of the curvature of the lobe and stem color
were later added because of the variation found. The
information was recorded onto a previously prepared
sheet, as recommended by Rios (2006).

The description was performed in situ, in regions
where individuals were found, between March
and June 2011. At each site, observation tours
were carried out along with consultations with the
local people about the location of wild specimens.
Individuals were randomly selected at each site
and were georeferenced using global positioning
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equipment (GPS Garmin®) and described. Additionally,
the passport data of the evaluated individual was
produced.

For the identity of the species, an expert was
consulted (Dr. Salvador Arias from the Botanical
Garden of Instituto de Biologia, Universidad Nacional
Auténoma de México), who identified the first two
populations as belonging to the species H. undatus
and the third population as belonging to another
species, H. monacanthus (Lem.) Britton and Rose;
however, it is necessary to study the flowers for
confirmation.

Four stems were taken from each described individual,

which were labeled with a sequence number (accession
number) that described where the accession was
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collected. Each stem was measured lengthwise and
then fractionated by cutting 25 cm from each one,
as described by Costa et al. (2006), for a high power
of rooting. The collected stems were transported to
El Politécnico Colombiano Jaime Isaza Cadavid (Sede
Niquia) where they were disinfected with a solution of
sodium hypochlorite 6% and seeded in one-kg nursery
bags with a previous application of rooting hormone
(alpha-naphthaleneacetic acid). The substrate for
the bags consisted of disinfected, coarse sand. From
population 1, ten fruits were obtained, which were
suitable for evaluation at the time of gathering,
from ten individuals. From population 2, seven fruits
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were obtained: six acquired through a local person
and the seventh from one of the described plants;
and from population 3, five fruits were obtained
from two different plants, which were measured in
the laboratory. The seeds extracted from the fruits
were washed and dried under natural environment
conditions and stored in transparent plastic bags
labeled and stored for further studies.

The method of measuring each descriptor is recorded
in Table 1. A database of described individuals was
created and the populations were compared by a mean
comparison for each descriptor. A Tukey test was carried

Table 1. Descriptors of the red pitahaya (Hylocereus spp.) collected in the departments of Antioquia and

Cordoba (Colombia).

Variable

Method

Units

Fruit length
Fruit diameter

Fruit weight

Pulp weight

Thickness of outer layer (peel)
Seed Weight

Content of soluble solids
Fruit color

Fruit shape

Pulp Color

Number of fruit bracteoles
Distance between areoles

Rib height

Rib thickness

Number of spines/areole

Spine length
Stem length
Stem width

Direction of the curvature of
stem

Hardness of stem margin
Stem color

Measure from insertion site of the fruit on the stem to the
apex, when it is at physiological maturity.

Measure at the widest part of the fruit (equatorial diameter),
when it is at physiological maturity

Total weigh, when is at physiological maturity
Total weigh without seeds
It was measured in equatorial part of fruit

500 seeds were weighed, when they had a moisture content
of 7 to 10%

It was measured in the pulp of ripe fruits

7 categories, the color varied from red to pink, and the inten-
sity varied from intense and very intense

3 categories: rounded, ovoid or oblong
2 categories: white or red
Count

In developed stems, distance between a spine group and
another group.

In developed stems, from stem center (woody part) to the
top of the rib (average number of three measures)

Measure in the media part of rib, on developed stems

Average number of spines in 10 randomly areoles, on develo-
ped stems

From base to apex of the spine

Measure from basal insertion to apex of stem

Measure on a flattest face of stem

Stem curvature within two near areoles: concave or convex

Present (lignified) or absent (no-lignified)
Green and hard intensity or blue-green and weak intensity

Centimeters (cm)
Centimeters (cm)

Grams (g)
Grams (g)
Millimeters (mm)
Grams (g)

Brix grades (°Brix)
Reference colors

Unit
Centimeters (cm)

Centimeters (cm)

Centimeters (cm)
Unit

Millimeters (mm)
Centimeters (cm)
Centimeters (cm)

Present or absent
Reference colors
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out to determine the difference in the mean values of
the two groups. Additionally, there was a cluster analysis
to identify the most similar accessions according to the
set of characteristics evaluated by the Nearest Neighbor
Method, based on the Squared Euclidian Distance,
with the program MVSP 3.21. Prior to this analysis, an
evaluation was carried out for the correlation between
some variables that, in the opinion of the researchers,
could have been measuring the same characteristics
and those that presented correlation were removed.
For conducting the analysis, all the variables were
standardized according to the formula: xi-X / S, where xi
is the value of variable, X is the average of the variable
and S is the standard deviation.

RESULTS AND DISCUSSION

A total of 35 materials were described in the field, of
which 25 were from population 1, five from population
2 (both from the Department of Antioquia) and five from
population 3 (Department of Coérdoba). The individuals
were mainly found on isolated trees in pastures and
roadsides, with heights between 3 and 30 m, especially

above saman (Pithecellobium saman (Jacq.) Benth.),
pifion de oreja (Enterolobium cyclocarpum (Jacq.) Griseb.)
and matarratdn (Gliricidia sepium (Jacg.) Kunth ex Walp.).

According to the stem descriptors, there were significant
differences between populations for the variables:
direction of curvature of the stem, margin hardness
(presence of sclerenchyma), distance between areoles,
number of spines, rib height, rib thickness, length
and color of the stem (Table 2); the first three were
considered important for species differentiation. The
largest differences occurred between populations 1 and 3;
and 2 and 3, in almost all characteristics except rib height
and spine length. Populations 1 and 2 differed only in rib
height and stem width, which was because the individuals
in population 1 had thicker and more succulent stems.
Castillo et al. (2005) found that the major differences
between accessions were presented in the characteristics
of reproductive structures, so it will be necessary to
conduct a study of this material in the flowering season.

The cluster analysis of the stem descriptors (Figure
2), at a Euclidian distance of 9, separated two

Table 2. Evaluated stem descriptors for three populations of Hylocereus spp. collected in the departments of
Antioquia and Cdrdoba (Colombia). (p1=population 1, p2= population 2, p3= population 3)

Variable Population 1 Population 2 Population 3 Valor F Different Groups
(p) (test Tukey)

;‘Zﬁgge between from 2.83 to 4.64 cm  From 2.86 to 4.41 cm  From 2.11t0 2.97 cm  10.53 (0.00)  pl # p3, p2 # p3
Rib height From 0.85t0 2.45cm  From 0.98to 1.34cm  From 1.52to 1.73cm  5.13 (0.01) pl # p2,
Rib thickness From 29 to 75 mm From 3.5 to 6.1 mm. From 6.5t0 9.3 mm  13.15(0.00) pl # p3, p2 # p3
Nu_mber of Frqm 1.33t0 7 Fr_om 3to4 From 1.5to0 3.25 11.49 (0.00) pl # p3, p2 # p3
spines/areole spines/ areole spines/areole spines/areole
Spine length From 0.8 to 6.7 mm From 2.0 to 2.6 mm From 1.85t0 3.2 mm  2.78 (0.07) ---
Stem length From 30 to 126.5cm  From 31.67 to 82.25 cm From 27 to 41 cm 6.64 (0.00) pl # p3
Stem width From 2.09 to 5.43 cm 2.33t0 3.16 cm From 3.02to 3.52cm  4.00 (0.03)  pl # p3, pl # p2

Direction of the
curvature of the lobe
and margin hardness

Stem color

Convex, margin
lignified

Green and hard
intensity

Convex, margin
lignified

Green and hard
intensity

Concave, margin
no-lignified

Blue-green and
weak intensity

pl # p3, p2 # p3

pl # p3, p2 # p3

distinct groups: the first consisting of individuals of
populations 1 and 2; and the second formed by the
individuals of population 3, which differed from the
other two by having a smaller number of spines, a
different curvature of the lobe and a different stem
color, among others. At a Euclidian distance of 6, it was
observed that the first subgroup was subdivided into
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two, the first subgroup consisted of mixed individuals
of populations 1 and 2, so it can be said that they
were more similar. While the second subgroup was
formed by individuals 17 and 21 from population 1
and the variable that determined this separation was
the length of the spines, because these individuals had
spines longer than the others.
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According to the fruit descriptors, there were significant
differences between the populations for all the measured
variables (Table 3). Population 3 differed with respect
to populations 1 and 2 for all the characteristics, and
formed a homogeneous group. Fruits of populations 1
and 2 differed only in the pulp, which weighed more in
population 2. The cluster analysis of the fruits separated
them into two groups, at a Euclidean distance of 4. The

Mejia, H.A.; Muriel, S.B.; Montoya, C.A.; Reyes, C.

first group consisted of the fruits from populations 3,
which were characterized by: having a medium length,
and medium and small diameters, being very light, as
well as moderately sweet to very sweet, and having
few bracts and white-colored pulp. The second group
consisted of fruits of population 1 and 2, which were
characterized as fruits of a medium to large size that
were light in weight and moderately sweet to very
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Figure 2. Stem dendrogram of the three wild populations of Hylocereus spp. collected in the departments of
Antioquia and Cordoba (Colombia). (p1 =population1; p2= population 2; p3=population 3).

sweet, with abundant bracts and bright red pulp (Figure
3, Table 3).

Colombia has Technical Standard NTC 1993-3554
(ICONTEC, 1996) for the commercialization of the
yellow pitaya, in which 6 fruit weight categories are
established, ranging from those less than or equal to
110 g to fruits of more than 631 g. Taking this standard
as a reference for the red pitahaya, the collected fruits
occupy 5 of 6 categories, except the largest one. Also,
Nicaragua 's standard defines two weight categories for
the international market of the red pitahaya (Republic
of Nicaragua-Ministry of Development, Industry and
Trade, 2001), the first of which includes fruits between
250 and 300 g in weight, according to which, only 18%
of the collected fruits would meet the requirements of
appropriate size for the market.

The highest percentage of soluble solids in the fruits
was 18 °Brix for one fruit of population 2, but for the
characteristics of size, this accession had low values.
45% of the fruits showed the average values required
by the international market, which range between
13 and 15 ©Brix (Stuber and Mojica, 1997, cited by
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Gonzalez and Alvarado, 2004). Initial results of the
water requirements and nutritional levels in the yellow
pitaya showed an improvement in fruit quality and
higher than average Brix (Mosquera et al., 2011). In the
future, through the modification of water requirements
and nutritional levels in the pitahaya, the effect of both
on the characteristics of red pitahaya fruit could be
evaluated.

The variable of fruit weight presented at least 156 g and
a maximum of 290 g in populations 1 and 2; placing all
the fruits in the light-weight category (Gonzalez and
Alvarado, 2004), probably this variable is influenced by
natural conditions faced by wild materials. Since this is
an important variable for marketing, it is necessary to
evaluate their behavior when establishing a culture of
collected materials, with applied fertilization and proper
handling. Individual 3 from population 1 presented the
best characteristics for the market, such as fruit weight,
pulp weight, fruit diameter and a high content of
soluble solids (17.5 °Brix), which would be of interest
for its distribution. The fruit weight from population
3 ranged between 37 and 68 g, reflecting smaller
sizes than those of Antioquia.
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This study demonstrates that the studied natural
populations of pitahaya from the two departments show
high variation in the morphological characteristics that

Table 3. Evaluated descriptors for fruit of Hylocereus spp. collected

were evaluated /n situ. Although the three studied sites
have the same climatic conditions, to fortify the results,
the same variables should be evaluated in accessions

Cordoba (Colombia). (p1 =population 1; p2= population 2; p3=population 3).)

in the departments of Antioquia and

Variable Population 1 Population 2 Population 3 Valor F (p) Different Groups
(test Tukey)

Fruit length From 8.13t0 8.61 cm From 7.37 t0 9.53 cm From 4.15t0 6.1 cm  44.54 (0.00) pl # p3, p2 # p3
Fruit diameter From 6.43 to 8 cm From 6.28 to 7.67 cm From 3.78 to 4.85 cm  54.47 (0.00) pl # p3, p2 # p3
Fruit weight From 178 to 290. From 156 to 287 g From 37 to 68 g 41.04 (0.00) pl #p3, p2 #p3
Pulp weight From85t0163.2g  From103t0220g  Fromilto25g 3543 (0.00) PL17*P% ip;; P3, p2
Width of outer From2.2to7.9mm  From22to47mm  From 4to8mm  8.05 (0.00) pl # p3, p2 # p3
layer (peel)
Seed weigt From1to2g From1to2g From2.5t04.3 g - -
Content of soluble ¢, 10 t0 175 Brix.  From 10.5to 18 0Brix | OM 10-5t0 14 4 96 g 40) -
solids OBrix

. From light pink to From light pink to . .
Fruit color intense red intense red Light pink pl # p3, p2 # p3
Pulp color From red to intense From red to intense White p1 % p3, p2 # p3

red red

Fruit shape From ovoid to From ovoid to Ovoid bl # p3, p2 # p3

rounded

rounded

established in a single environment; thereby, confirming
if the variation found might have been affected by
uncontrolled environmental factors in this observational
study, such as different soil types, among others.

Studies in other countries have found high variation in
characteristics of agronomic importance, even within the
same species H. undatus (Tel-zur et al,, 2011), which is
considered favorable for future breeding studies.
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Figure 3. Dendrogram of the fruit of two wild populations of Hyocereus spp. collected in the department of
Antioquia (Colombia). (pl = population 1; p2 = population 2; p3 = population 3)
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In this study, a collection of 35 accessions was made
from two departments of Colombia. A characterization
of wild populations of red pitahaya from other regions
will give fuller knowledge of these phytogenetic
resources, which are little known in the country
(Fernandez, 2006), which could be an economical
option for rural communities in dry regions, where
climatic conditions are restrictive for other crops.

According to the field observations, it is recommended
that research start with the identification of pathogens
and insects associated with the plants because
symptoms were registered that could be limiting
factors for projected commercial cultivation.

CONCLUSIONS

The 35 materials described in situ showed variation in
their morphological characteristics of stems and fruits,
mainly for population 3 with respect to populations
1 and 2, which formed a homogeneous group. The
material collected in the department of Cordoba
showed significant differences in three important
characteristics for the identification of species: number
of spines by areole, edge hardness and edge contour.
The inclusion of other characteristics associated with
the flowers of all the populations would confirm the
magnitude of the differences and establish whether
they are intra- or interspecific variations.

The red pitahaya fruits were found to have a content
of soluble solids favorable to the market, although
their size was small. Individual 3 from population 1
presented the best characteristics for the market;
therefore, this material could be promising for further
multiplication and evaluation in commercial cultivation.

It is important to note that this was a in situ
morphological characterization study. The differences
are a guide to determine if the most promising
accession characteristics are maintained when setting
in a single environment where there is no interference
from uncontrolled variation.
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