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ABSTRACT

Keywords: Mortifio, Vaccinium meridionale Swartz, represents a viable alternative for fruit growing because of
Andean blueberry the presence of appropriate ecological niches and spontaneous populations in the Colombian Andean
Branching zone. The knowledge of plants’ phenology is useful to identify the response to critical periods (stages
Flowering and phases) to different biotic or abiotic factors and to define agronomic practices adjusted to their
Fructification requirements. Only the different phenological stages have been recognized in the mortifio; therefore, it
Promising species is necessary to detail the phases within each one of them. The identification of the phenological stages
Sprouting and phases of the mortifio’s canopy evolution was based on the scale of the blueberries Vaccinium
corymbosum. It was adjusted between 2008 and 2011 to describe in detail the phenological stages
of mortifio through monthly photographic records in five natural populations of three Colombian
departments; where 48 individuals were randomly identified in each one. The purpose of the elaboration
of this scale was to describe and visually identify the phenological phases of natural populations in similar
climatic conditions. Four stages were found, the first one comprised the vegetative button formation (VB)
with 5 phases, which ends with the formation of shoots. The second stage was the development of the
inflorescence (ID) distributed in 5 phases as well, from floral bud to floral anthesis. In the third stage,
the floral development (FD) took place, also with 5 phases, from flowering to the beginning of berry
formation. The last stage, the berries were developed (BD) through 4 phases, from fruit formation until
harvest maturity.
RESUMEN
Palabras clave: El mortifio, Vaccinium meridionale Swartz es una alternativa fruticola viable por la presencia de nichos
Arandano andino ecologicos apropiados y poblaciones espontaneas en la zona andina colombiana. El conocimiento de
Ramificacién la fenologia de las plantas es Util para identificar la respuesta a épocas criticas (etapas y fases) a
Floracién distintos factores bidticos o abitticos y definir practicas agrondmicas ajustadas a sus requerimientos.
Fructificacion En el mortifio solo se reconocen las distintas etapas fenolégicas; por tanto, se requiere detallar las fases
Especie promisoria de cada una de aquellas. La identificacion de las etapas y fases fenologicas de evolucion del dosel del
Brotacion mortifio se fundament6 en la escala de los arandanos, Vaccinium corymbosum; la que se ajustd entre

2008 y 2011 para describir, detalladamente, los estados fenologicos del mortifio, a través de un registro
fotografico, con observaciones mensuales, en cinco poblaciones naturales de cuatro departamentos
colombianos; donde se identificaron, al azar, 48 individuos en cada una. La elaboracion de esta escala
tuvo como objetivo describir e identificar, visualmente, las fases fenolégicas de poblaciones naturales,
en condiciones climaticas similares. Se encontraron 4 etapas: la primera comprendi6 formacion del
boton vegetativo (VB) con 5 fases, la que finaliza con la formacion de brotes; la segunda fue el desarrollo
de la inflorescencia (ID) distribuida en 5 fases, de botdn floral hasta antesis floral; en la tercera sucedié
el desarrollo floral (FD), con 5 fases, desde florescencia hasta inicio de formacion de bayas; en la Ultima
se desarrollaron las bayas (BD), a través de 4 fases, de formacion de frutos hasta madurez de cosecha.
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he word mortifiois described by Castilian language

as a term applied to plants of the genus Vaccinium,

name imposed by the Spanish in America; the first

reference of the expression mortifio dates from
1548, which was used in the region of Guaca, current
province of Carchi, Ecuador, a village inhabited by the
"Pastos" indigenous(Patifio, 2002).

The agraz, mortifio or vichachd, Vaccinium meridionale
Swartz, is a clonal plant belonging to the tribe Vaccinieae
Rehb. and Ericaceae Juss. family; it comprises about 35
genera and more than 1000 species. Also, the genus
Vaccinium has registered between 400 and 450 species,
distributed in the northern hemisphere and in the mountains
of the tropical regions of the Andes, South Africa and
Madagascar (Luteyn, 2002; Smith et al., 2004). On the
other hand, the mountains of northwestern South America
and especially on the Pacific slope are rich in this group of
plants (Salinas and Betancur, 2007). In the High Andean
Area, there is information available on five species: V.
corymbodendrom Klotzsch, V. floribundum Kunth, V.
meridionale Swartz, V. euryanthum A.C. Smith, and
V. singularis Salinas & Betancur; the last mentioned
is only known in the Pacific slope of the department
of Narifio (Salinas and Betancur, 2007). According to
Ligarreto (2009), the species of the genus Vaccinium
are distributed in the Departments of Antioquia, Boyaca,
Cauca, Choc6, Cundinamarca, Magdalena, Meta, Narifio,
Norte de Santander, Putumayo, Quindio, Santander, and
Tolima; with the highest number of reports in Antioquia,
Boyacéa and Cundinamarca.

The mortifio represents a viable alternative for fruit growing
with possibilities of development in the country in similar
climatic conditions. This is based on a series of aspects
such as international and national demand for berries, the
presence of ecological niches suitable for their production,
spontaneous populations in the Andean area with various
forms of agro-industrial use. It is also a plant of great
agro-industrial interest for the antioxidant activity of its
berries, which includes this species in the category of
nutraceutical products. Additionally, the taxon provides
ecosystem services in wild environments (Medina et al.,
2005; Zapata et al., 2015).

Secondary metabolites, including flavonoids, play an
important role in the physiology of these plants because

they are synthesized in response to stress to defend
against biotic and abiotic agents (Zakaryan et al., 2017).
Drézdz et al. (2017) found different phenolic compounds
inthe diversity of species of the genus Vaccinium, as well
as in the different varieties, phenological stages and in
the post-harvest of the berries. Vaccinium species are
recognized as a functional food because its high content
and structural diversity of secondary metabolites. They have
an important content of phenolic compounds, flavonoids,
and anthocyanins (Gaviria et al., 2012; Lopera et al., 2013;
Maldonado et.al., 2018; Tian et al., 2017). Likewise, the
previous authors, with Krikorian et al. (2010) and Liu et
al. (2011), stated that these substances have beneficial
effects on health; for their action at ocular level, against
degenerative diseases; certain types of cancer; memory
impairment; and protection of the cardiovascular system.
Additionally, they act as reducing agents for donating
hydrogen that inhibits singlet oxygen, metal ion chelators;
preventing the formation of free radicals (Galleano et al.,
2010; Ghasemzadeh and Ghasemzadeh, 2011).

Phenology is defined as the study of the periodic and
repetitive phases or activities of the life cycle of plants, both
in their development and in their growth, due to the diurnal
and annual temporal variations (Cook et al., 2012). The
knowledge of the phenology of plants is useful to identify
critical periods where plants develop appropriate strategies
to face the effect of biotic or abiotic factors, stressors or
not (Valbuena et al., 2009). Phenology is useful to know
the differences among plant's genotypes and develop
agronomic practices adjusted to plant’s requirements
(Martinez-Adriano et al., 2016). Additionally, it helps to
recognize the plasticity between plants and identify the
different environments to which they have adapted (Harder
and Johnson, 2005).

It must be considered that climate is the main factor
controlling and regulating phenological events (Menzel
et al., 2006) since plants are affected by environmental
changes, within and between years, such as temperature,
relative and soil humidity, nutrient availability, light and
CO, increase (Nord and Lynch, 2009; Nijlanda et al., 2014;
Martinez-Adriano et al., 2016). The phenology responds to
the climate for the following reasons: for gene flow to occur
between individuals for the same population and to avoid
damage due to unfavorable changes over time (Jianwu
et al., 2016). Besides, to face this climatic and genetic
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variability, plants adopt different phenological strategies
(Kérner et al., 2016). Rainfall is generally considered as
an environmental signal for the variation of phenological
events in tropical regions (Morellato et al., 2013, 2006). It
is also related to the interpretation of the variability of these
phases and their events, which originates the adaptation
of plants to diverse environments (Martinez-Adriano et
al.,, 2013, 2016).

For certain species of the Vaccinium group, Antunes et al.
(2008) suggested that the choice of cultivars is based on
the identification of the species’ phenological phases. This
description can allow obtaining a staggering production and
an increase of the same in strategic periods of supply and
demand of the fruit. Also, Kron et al. (2002), in a study of
the phylogenetic relationships carried out with the tribe of
blueberry species (Vaccineae, Ericaceae) concluded that
in the genus Vacciniumthere is not a very clear grouping
among taxa from different continents, or between those of
tropical and temperate climate origin. Also, these authors
tend to recognize several small groups (clades), rather
than a large set of Vaccinium species, which would be
essentially redundant to the Vaccinieae tribe.

Studies carried out by Ligarreto et al. (2011) revealed a
wide morphological variation in the metapopulation of V.
meridionale by quantitative and qualitative factors of the
species, highly influenced by the environment. There is
also an important wild genetic resource for V. meridionale
that could cement the introduction of this species in the
agricultural world. In a commercial cultivation of blueberries
in Guasca (Colombia), with the Biloxi and Sharpblue
cultivars, follow-ups were advanced in batches of 20 and
36 months, where it was identified that this last clone
presented a superior yield because of a greater number
of fruits and an increase in total soluble solids (Cortés-
Rojas et al., 2014).

For this species, information on phenological studies has
been obtained, such as the one described by Gémez (2004),
where certain development events are detailed; among
them, the sprouting of leaves, floral button, open flower,
flowering, fruiting, and green and ripe fruits. Other works
describe six stages of maturity of the berries (Buitrago et
al., 2015). The peasant communities of Guarne, Antioquia,
have expressed that there occurs biannual fruiting, which
is a product of the bimodal rainfall of this area. For the area
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of the Antilles, Berazain (2006) has identified that flowering
occurs from the beginning of winter in the Ericaceae
family. This phenological phase extends throughout the
spring, until the beginning of summer; likewise, fruiting
lasts from the beginning of autumn, continues throughout
the winter, with a maximum in the spring-summer period.
These are plants with abundant flowering and fruiting
throughout the year.

Consequently, because the mortifio belongs to a
group of species of the genus Vaccinium, it presents
phenological stages and phases similar to blueberries,
but not evaluated in conditions of the high Andean zone.
Therefore, the objective of developing this scale was
designed to describe and visually identify in the stages
already known, the phenological phases that natural
populations present in climatic conditions similar to the
high Andean area studied.

MATERIALS AND METHODS

Locality

The monitoring in the different phenological stages of
the mortifio was carried out between 2008 - 2011, in
five natural populations selected in the Departments of
Antioquia (Santa Rosa de Osos and Medellin, township of
Santa Elena), Cundinamarca (Guacheta) and Santander
(California), whose geographic coordinates and climatic
characteristics are detailed in Table 1. It should be
noted that precipitation is bimodal in all locations, and
they are located between 2400 and 2900 masl, except
California (Santander), where a natural population was
identified at almost 3500 m of altitude. These locations
are characterized by fluctuating minimum temperatures
between 7.0 and 13.2 °C, maximum temperature from
20 to 25 °C, and relative humidity between 43 and 91%.

Identification of the phases and phenological phases
of the canopy

The categorization of the growth states of Vaccinium
meridionale was based on the phenological scale of
blueberries, Vaccinium corymbosum (Michigan State
University, 2003), which describes and includes graphs on
the development of foliar, floral, flower and fruit buttons.
Additionally, a scale was constructed with the description
of the phenological stages of this Andean species, through
a photographic record and monthly observations for 26
months in the five natural populations previously described,
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and on 48 individuals, between 100 to 150 buds were
marked randomly. The phases of development of the

berries were identified based on the photographic scale
achieved by Hernandez et al. (2012).

Table 1. Geographic location and climatic conditions of the natural populations of mortifio Vaccinium meridionale evaluated in Antioquia,

Cundinamarca, and Santander.

Locality Geographic Altitude  1emperature (°C)  Relative Humidity (%)
Department Town location (masl) Min.  Méx. Min. Max.
Antioquia Medellin (Santa Elena) 6°15'57"N, 2.475 11.5 24.7 53.0 86.5
75°29'47" W
Santa Rosa de Osos 6°4'30"N 2.555 13.2 22.9 63.5 85.8
75°25'22"W
Cundinamarca Guacheta 5°27'47"N, 2.872 8.75 20.5 48.8 89.9
73°39'52"W
Santander Callifornia 7°22'39"N, 2.737
72°54'49"W 7.70 22.8 42.6 90.7
7°23'16"N, 3.439
72°53'22"W

RESULTS AND DISCUSSION

According to Halle et al. (1978), the mortifio presents a
simplified branch, by abortion of the terminal buds at the
end of each growth period. This model was called George
Mangenot, which is initially orthotropic. Then, it leads to
a plagiotropic development of the branches by replacing
the lateral buds, which simultaneously show different
phenological stages (Medina, 2010). Consequently, in this

set of taxa, during the growth periods, reproductive and
vegetative stems are observed simultaneously (Kawamura
and Takeda, 2002).

The growth periods were continuous; so that in the dry
season 75% of the structures were in the vegetative
stage (VB), and the rainy season they increased up to
80% (Figure 1). On the other hand, in the dry season,
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Figure 1. Percentage of mortifio’s structures in vegetative stage (VB) according to both dry and rainy seasons.
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25% were reproductive structures, of which 15% were  of the berries (BD). Besides, in the rainy season, the
in the development of the inflorescence (ID), 7% were ~ proportion of these was 20%, of which 6% was DI, 7%
floral development (FD), and 8% were the development  FD and 7% BD (Figure 2).

Buds percentage (%)

Dry

Climate conditions

oD afFD @BD

Figure 2. Percentage of moritfio’s reproductive structures according to both dry and rainy seasons. BD: development of the berries; FD: floral

development; ID: inflorescence.

The canopy of the Vaccinium has the property of being
evergreen (Kawamura and Takeda, 2002), and to last all
year long (Gémez, 2004); as foliage, its main characteristic
is the predominance of mature leaves in all phases of tree
development, which last around one to four years in tropical
forests (Coley, 1988).

On the other hand, the role of leaves, besides carrying
out the photosynthetic process, is the storage of nutrients
and photo-assimilates and as a source of nutrients in the
process of remobilization during senescence (Severino
and Auld, 2013). It is also important to identify the period
of foliage formation since this process has consequences
inthe interactions between plants and herbivores (Novotny
etal., 2006); it is the case between the natural populations
and the phytophagous insects where the present study
was carried out.

For the mortifio, a detailed description of the evolution of
the canopy is not known. In research carried out in the
municipality of Guarne, Antioquia, it was found that the
growth and development of the foliage are permanent.
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However, it increases up to a maximum in the rainy season
and high relative humidity, which coincides with the decrease
in flowering and the formation of new berries (Gémez, 2004);
unlike the mortifio, cranberry in Chile has two marked periods
in leaf development, one for induction of leaf shoots and
another for vegetative development (Bafiados et al., 2007).

Stages and phases of canopy development

Under the climatic conditions of this study (Table 1), the
phenological development of mortifio’s canopy extended
from the sprouting of the meristems, with the later formation
of the vegetative structures until the maturity of the fruits.
The first stage included the development of vegetative
bud (VB) or foliar shoots and the formation of leaves and
branches, which was subdivided into 5 phases. The second
was related to the evolution of the inflorescence (ID), also
distributed in 5 phases. In the third, floral development (FD)
occurred, which extended into 5 phases. Finally, the berries
were formed through 4 phases (BD).

Vegetative bud (VB) or foliar sprouts. The development
phases of the vegetative buds originated from the point
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of non-visible growth (VBO), which is characterized by
being dormant axillary buds (meristems) and ended with
the formation of young buds (YB), not lignified, located in
the terminal part of the branches (Figure 3). They do not

possess dominant apical bud, with anthocyanin pigments
in the leaves, very sensitive to the attack of foliage-eating
insects and the damage caused by frost; from these young
buds, reproductive shoots will be formed (Medina, 2010).

VB0 VB1 VB2 VB3 YB
Point of non-visible Lateral buds in Late green buds Expanding buds Young buds
growth development

Axillary foliar buds not
sprouted

Sprouting of the leaf bud,
between 1 and 5 mm

Expansion of the leaf
buds (between 6 and 13
mm), with the beginning

Complete development of
the leaves and separation
of the leaf blades present

Leaves not leathery,
elongation of the branch,
with senescence of the

of the separation of the in the axil apical meristem and
leaf blades that make up formation of axillary buds;
the bud in some cases, presence of

anthocyanins in leaf blades

Figure 3. Stage of development of vegetative bud (VB) or foliar sprouts, where the leaves and branches are formed subdivided into 5 phases.

The growth phases of the VB were characterized by the
budding of the lateral buds (VB1), which can reach up to
5mmin length. The late green buds (VB2) expanded with
the corresponding separation of the leaf blades that formed
the buds. It continues with the bud’s expansion (VB3),
leaves development, and the separation of the leaf blades
present in the axils. Finally, they became young buds (YB),
characterized by having non-leathery leaves, prominent
elongation of the branch and leaves, and formation of other
axillary buds that can be differentiated into vegetative or
reproductive. YB leads to the senescence of the apical
meristem; in some cases, anthocyanin pigments were
present in the leaf blades from the VB3. Feng et al.
(2017) and Mazza and Miniati (1993) stated that these
secondary metabolites are important in plants because
they serve as attractants, protect against ultraviolet rays.
They are correlated with an increase in the concentration
of them regarding altitude, are associated with resistance

of pathogens, are enhancers of photosynthesis in plants
of tropical forests, and they regulate gas exchange in
woody plants.

In the southern hemisphere, in Vaccinium corymbosum
L., Rivadeneira and Carlazara (2011) described four
stages of growth of the vegetative buds: One with
short internodes, later the lengthening of these and
leaf expansion occurs. Finally, the branches are fully
formed. The vegetative growth is usually by periods, and
it stops to start the development of inflorescences and
subsequently, the flowers (Bafiados et al., 2007).

In other evergreen Vaccinium spp., as in the case of V.
bracteatum, the branches do not necessarily grow every
year (Kawamura and Takeda, 2002), an aspect that also
occurs in V. meridionale. It may be affected by climatic
events such as the global warming that has affected
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both the distribution of species and leaf senescence
and reproduction (Menzel et al., 2006). The most critical
factor that affects plant cycles for high-latitude areas is
temperature. However, in the tropics, it is the periodicity
between dry and rainy seasons (Mendoza et al., 2017).

Development of the inflorescence (ID). As seen in
Figure 4, in this stage, the inflorescence develops. It
extends from the budding of the floral bud (ID1) to a fully
developed elongated structure (ID5), to start flowering
later.

ID1 D2 ID3 ID4 ID5
Sprouting of the Growth of the Growth of the flower  Appearance of the floral Fully developed
floral bud inflorescence bud apices inflorescence

Sprouting and swelling  Growth of the inflorescence
of the floral bud, with its elongation and
closed bracteoles differentiation of floral

structures

Growth of floral
structures, through
which the thickening of
bunches occurs

Separation of bracteoles
with the emergence of
apices of some flowers

Separation of almost all
flowers, whose bracteoles
are in the process of
opening. Emergence of
individual flowers

Figure 4. Stage of development of the inflorescence (ID) where the emergence of individual flowers occurs subdivided into 5 phases.

During inflorescence’s growth and development, the
budding of the floral bud (ID1) occurred because of its
hydration and swelling. Subsequently, the elongated
and differentiated inflorescence was observed in
the different floral structures (ID2); after which, the
development of the buds (ID3) and all floral structures
was triggered, causing the thickening of the bunches.
Once this happened, the floral apices emerged (ID4),
with the separation of the bracteoles and emergence of
some flowers. In the fully developed inflorescence (ID5)
appeared the separated flowers, whose bracteoles
were in the process of opening with the corresponding
emergence of individual flowers.

In other Vaccinium, it has been expressed that the
periods of flowering and ripening of fruits may vary
according to the year and the location (Antunes et al.,
2008). In the zone of San Miguel de Sema (Boyaca),
there are two periods of flowering, the first from February
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to April and the second from July to September; likewise,
the individuals that bloom in each period are different
(Chamorro, 2014). In V. corymbosum a swollen bud
that will give rise to the flowers was described as the
beginning of the inflorescence formation (Meyer and
Prinsloo, 2003). These structures are bunches of simple
lateral buds that are found in the ending part of the
branch; an inflorescence is formed by a knot, but in thick
buds, it can be up to two (Gil, 2006).

Floral development (FD). In this stage, the evolution
of flower development was described. It elapses from
florescence (FD1) to corollas fall, and the beginning of
the berries formation (FD5).

During the floral development (FD) (Figure 5), the closed
corollas were observed white with slight reddish tints and
grouped in bunches (FD1). Later, the flowers separated
from the main axis, and reddish tones appeared on the
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upper half of the floral apices (FD2). Then, the opening
of some flowers of the bunches (FD3) began; followed by
a number of open flowers in most of the inflorescences,
whose apices are curved upwards (FD4). In the last phase,
the fall of the senescent corollas was observed, whose

rudimentary pistils remained adhered to the pedicel,
and the green fruit exhibition occurred (FD5). Although,
Chamorro (2014) described ten floral states that range
from its opening to floral senescence, under the conditions
of this research, only 5 phases were seen in the FD.

FD1 FD2 FD3 FD4 FD5
Florescence Anthesis floral Floral Opening Full flowering Fall of corollas and
start of formation

of the berries

Visible flowers, white
corollas, and apices
with anthocyanin
pigments, grouped
to the axis of the
inflorescence

Growth of the flowers,
with the development of
the corollas, which remain
closed. A segment of the
corolla’s apices.

The opening of some Most of the floral Fall of the senescent
flowers of the bunches  bunches of the bush are  corollas, the green
is observed completely open fruits in the process

of formation can be
seen

Figure 5. Stage of floral development (FD) subdivided into 5 phases, which end with the formation of the berries.

The flowers’ colors are signals given by plants to interact with
pollinators and seed dispersers. In addition, another of these
colors functions is the protection against abiotic stressors
that could interfere with their signaling function to pollinate
and disperse animals (Stournaras and Schaefer, 2017).

For the area of eastern Antioquia, Corantioquia (2003)
reported that the mortifio flowers twice a year, from
February to May and from August to November, which
coincides with what was found in this research. According
to Gomez (2004), the flowering coincides with the dry
seasons and is inversely related to the foliage sprouting
and expansion in this region. In San Miguel de Sema
(Boyaca) and Guacheta (Cundinamarca), the presence of
mortino’s blooms is identified between January to March
and June to August (Chamorro and Nates-Parra, 2015).
Studies conducted in Japan suggested that individuals
with early blooms are disadvantaged by the availability of
pollinators (Suzuki, 2002).

Regarding the flowering registered in the present study,
it was observed that it occurred between February
to May and August to November in Santa Elena
(Antioquia), and from November to January and April to
June in Santa Rosa de Osos (Antioquia). Likewise, from
January to April and from June to August in Guacheta
(Cundinamarca), and from March to May in California
(Santander).

Development of berries (BD). The phases of this stage
(Figure 6) were exhibited from the beginning of the
fructification (BD1) to the harvest maturity of the berries
(BD4). It began with the elongation of the green fruits
(BD1) of variable size. Later, the berries began to develop
anthocyanins (BD2), which were identified by their reddish
coloration from the apical to the basal part of the fruit.
They reached their physiological maturity when 25% of
the bunch berries had developed reddish, anthocyanin
colorations; covering 75 to 100% of the epicarp (BD3).
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BD1
Beginning of fruiting

BD2
Berry development

.

Berries in the process of

development, they begin

to form anthocyanin
pigments

The berries are in elongation;
they are green fruits of
variable size.

25% of the bunch berries have
reddish anthocyanin colorations,
covering 50 to 75% of the epicarp

BD3
Physiological maturity
of the fruits

BD4
Harvest maturity of the fruits

100% of the epicarp of the bunch
of berries is purple, as a result
of the content of anthocyanin
pigments that make them up; In
addition, they can be harvested
periodically.

of the fruit

Figure 6. Stage of development of the berries (BD) subdivided into 4 phases, from the beginning of the fructification to the harvest. Adjusted

by Hernandez et al. (2012).

This phase is considered by Hernandez et al. (2012) as
the state Il of fruit development.

The last phenological phase is harvest maturity of the
fruits (BD4), which is characterized by the purple color
throughout the epicarp and indicates the appropriate time
for collection and consumption. The harvest is carried
out periodically in the months of production because of
formation of the reproductive structures of this perennial
plant. According to these ripeness states of the berry,
Hernandez et al. (2012) identified that the seeds increase
their weight as they develop, and the BD4 phase is the
most appropriate time for their extraction.

According to Maldonado et al. (2018) and Gaviria et al.
(2012), the berries in BD4 have high anthocyanin content
and antioxidant activity. They also have a content of total
phenols and natural colors comparable or superior to
other Vaccinium; therefore, it is a promising fruit for its
production and sale as a nutraceutical source to develop
functional foods, or for the fresh fruit market.

The fruit is a rounded-shape and fleshy berry of 8-14
mm, with peduncle of 1 cm long. The fruits are green
in the immature state (BD1) and purple or black when
ripe (BD4). In certain occasions, they are covered by
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a waxy layer, they conserve rudiments of the calyx in
the apex, and they possess numerous small seeds
(Toro, 2012). The size of the berries is also related to
the increase of seeds per fruit (Retamales and Hancock,
2012). Fruiting occurs in eastern Antioquia in two main
periods, from April to June and September to December
(Corantioquia, 2003); however, Gémez (2004) found
that in natural populations, fruiting occurred throughout
the year, with percentages ranging from 17% to 39%.

Regarding the reproductive phase of this plant (FD and
BD), Chamorro and Nates-Parra (2015), in Guacheta
(Cundinamarca) and San Miguel de Sema (Boyacd),
found that a bud develops completely when its flowers
bloom, 18 days after beginning its formation and six days
later the senescence of this organ occurs. However,
Chamorro (2014) stated that the flowers’ duration was
only six to ten days, which it is considered a long floral
longevity characteristic of the Ericaceae family (Primack,
1985), and these are mechanisms to increase the
attraction of pollinators. Rathcke (2003), Torres-Diaz et
al. (2011), Chamorro (2014) and Chamorro and Nates-
Parra (2015) found that the species produces a high
quantity of flowers and low fruit production, which has
been evidenced by selective abortion of self-pollinated
fruits.




8906

The growth stages in V. corymbosum were identified
in leaves, inflorescences, flowers, and fruits. Thus, the
development of the vegetative or foliar bud presented
four phases, the floral button four, flowering five, and the
development of the fruits five phases as well (Michigan
State University, 2003). This scale served as the basis
for the categorization of the growth stages of Vaccinium
meridionale.

CONCLUSIONS

The growth periods were continuous, such that in the dry
season the proportion of vegetative structures was 75%
and the other 25% were reproductive organs distributed
in the following proportions: 15% ID, 7% FD, 8% BD. In
the rainy season, the vegetative organs reached 80%
and 20% the reproductive organs, whose proportions
were 6% ID, 7% FD and 7% BD. V. meriodionale
Swartz expressed four phenological stages similar
to V. corymbosum: development of vegetative buds,
basic tissues for the formation of leaves and branches,
development of the inflorescence, floral and berry
development. Each of these stages was made up of
five phases, except the last one that only exhibited
four phases. The V. meridionale expressed a growth
by continuous periods, in such a way that different
vegetative and reproductive phases were appreciated,
simultaneously. The phenological scale achieved in
the five evaluated Colombian high Andean natural
populations can be applied to other regions with similar
climatic characteristics.

ACKNOWLEDGEMENTS

This research was carried out the execution of Contract
number 052-2008L1363-3473 signed between Centro
Internacional de Agricultura Tropical (CIAT) and
Corporacion Colombiana de Investigacion Agropecuaria
(AGROSAVIA). It was carried out in the framework
of the “National call for the co-financing of research
programs and projects, technological development
and innovation for the agricultural sector by productive
chains, 2008”, with the project “Pruning and levels of
shading in the mortifio (Agraz) and blueberry and its
relationship with productive and phenological behavior
in different environments.” This work was also possible
thanks to the support of the Vice-Rector for Research,
in its 2007 national research convocation modality 6
“Support to thesis of postgraduate programs”, with the

project “Population and eco-physiological variability
of the mortifio (Vaccinium meridionale Sw), species
with productive potential and agro-exporter in the high
Andean tropics for use in sustainable agriculture”

REFERENCES

Antunes LEC, Gongalves ED, Ristow NC, Carpenedo S and
Trevisan R. 2008. Fenologia, produgdo e qualidade de frutos de
mirtilo. Pesquisa Agropecuéria Brasileira 43(8): 1011-1015. doi:
10.1590/S0100-204X2008000800009

Bafados P, Donnay D and Uribe P. 2007. Poda en verde en
arandanos. Revista Agronomia y Forestal Pontificia Universidad
Catolica de Chile (31): 17-19

Berazain R. 2006. Comentarios sobre los géneros endémicos
cubanos. Revista del Jardin Botanico Nacional 27/28: 23-31

Buitrago CM, Rincon MC, Balaguera HE and Ligarreto GA.
2015. Tipificacion de diferentes estados de madurez del fruto de
agraz (Vaccinium meridionale Swartz). Revista Facultad Nacional
de Agronomia Medellin 68(1): 7521-7531. doi: 10.15446/rfnam.
v68n1.47840

Chamorro FJ. 2014. Influencia de la polinizacion por abejas
sobre la produccidn y caracteristicas de frutos y semillas de
Vaccinium meridionale Sw. (Ericaceae) en los Andes Orientales
de Colombia. Tesis Magister en Ciencias-Biologia. Facultad de
Ciencias, Departamento de Biologia. Universidad Nacional de
Colombia, Bogota. 71 p.

Chamorro FJ and Nates-Parra G. 2015. Biologia floral y
reproductiva de Vaccinium meridionale (Ericaceae) en los Andes
orientales de Colombia. Revista Biologia Tropical 63(4): 1197-1212
doi: 10.15517/rbt.v63i4.18022

Coley PD.1988. Effect of plant growth and leaf lifetime on the
amount and type of anti-herbivore defense. Oecologia 74(4): 531-536.
doi: 10.1007/BF00380050

Corantioquia. 2003. Conozcamos y usemos el mortifio. Primera
edicion. Corantioquia, Medellin. 24 p.

Cortés-Rojas ME, Mesa-Torres PA, Grijalba-Rativa CM and
Pérez-Trujillo MM. 2016. Yield and fruit quality of the blueberry cultivars
Biloxi and Sharpblue in Guasca, Colombia. Agronomia Colombiana
34(1) 33-41. doi: 10.15446/agron.colomb.v34n1.54897

Cook BI, Wolkovichc EM and Parmesan C. 2012. Divergent
responses to spring and winter warming drive community level
flowering trends. Proceedings of the National Academy of Sciences
of the United States of America 109(23): 9000-9005. doi: 10.1073/
pnas.1118364109

Drézdz P, Siené V and Pyrzynsk K. 2017. Phytochemical
properties and antioxidant activities of extracts from wild blueberries
and lingonberries. Plant Foods for Human Nutrition 72(4): 360-364
doi: 10.1007/s11130-017-0640-3

Feng CY, Wang WW, Ye JF, Li SS, Wu Q, Yin DD, Li B, Xu YJ and
Wang LS. 2017. Polyphenol profile and antioxidant activity of the fruit
and leaf of Vaccinium glaucoalbum from the Tibetan Himalayas. Food
Chemistry 219(15): 490-95. doi: 10.1016/j.foodchem.2016.09.083

Galleano M, Verstraeten SV, Oteiza Pl and Fraga CG. 2010
Antioxidant actions of flavonoids: thermodynamic and kinetic
analysis. Archives of Biochemistry and Biophysics 501(1): 23-30.
doi: 10.1016/j.abb.2010.04.005

Rev. Fac. Nac. Agron. Medellin 72(3): 8897-8908. 2019



Gaviria C, Hernandez JD, Lobo M, Medina CI and Rojano BA.
2012. Cambios en la actividad antioxidante en frutos de mortifio
(Vaccinium meridionale Sw.) durante su desarrollo y maduracion.
Revista Facultad Nacional de Agronomia Medellin 65(1): 6487-6495.

Ghasemzadeh A and Ghasemzadeh N. 2011. Flavonoids and
phenolic acids: Role and biochemical activity in plants and humans.
Journal of Medicinal Plants Research 5: 6697-6703. doi: 10.5897/
JMPR11.1404

Gil GF. 2006. Fruticultura: La produccién de Fruta. CIP-Pontificia
Universidad Catdlica de Chile. Segunda edicion. Ediciones UC,
Santiago de Chile. 590 p.

Gomez C. 2004. Autoecologia de mortifio (Vaccinium
meridionale Swartz Ericaceae). Tesis de Maestria en Ciencias
Forestales y Conservacion Ambiental. Facultad de Ciencias
Agrarias. Universidad Nacional de Colombia. Medellin. 78 p.

Halle F, Oldeman RAA and Tomlinson PB. 1978. Tropical trees
and forests: An architectural analysis. Springer, Berlin. 441 p.

Harder LD and Johnson SD. 2005. Adaptive plasticity of
floral display size in animal-pollinated plants. Proceedings of the
Royal Society of London. 272(1581): 2651-2657. doi: 10.1098/
rspb.2005.3268

Hemandez MI, Lobo M, Medina Cl and Cartagena JR. 2012.
Andean blueberry (Vaccinium meridionale Swartz) seed storage
behaviour characterization under low temperature conservation.
Revista Facultad Nacional de Agronomia Medellin 65(2): 6627- 6635.

Jianwu T, Korner C, Muraoka H, Piao S, Shen M, Thackeray
SJ and Yang X. 2016. Emerging opportunities and challenges in
phenology: A review. Ecosphere 7(8):1-17 doi: 10.1002/ecs2.1436

Kawamura K and Takeda H. 2002. Light environment and crown
architecture of two temperate Vaccinium species: inherent growth
rules versus degree of plasticity in light response. Canadian Journal
of Botany 80(10): 1063-1077. doi: 10.1139/b02-096

Korner C, Basler D, Hoch G, Kollas C, Lenz A, Randin CF, Vitasse
Y and Zimmermann NE. 2016. Where, why and how? Explaining the
low temperature range limits of temperate tree species. Journal of
Ecology 104(4): 1076-1088. doi: 10.1111/1365-2745.12574

Krikorian R, Shidler MD, Nash TA, Kalt W, Vinquist-Tymchuk
MR, ShukittHale B and Joseph JA. 2010. Blueberry supplementation
improves memory in older adults. Journal of Agricultural and Food
Chemistry 58(7): 3996-4000. doi: 10.1021/jf9029332

Kron KA, Powell EA and Luteyn JL. 2002. Phylogenetic
relationships within the blueberry tribe (Vaccinieae, Ericaceae)
based on sequence data from matK and nuclear ribosomal ITS
regions, with comments on the placement of Satyria. American
Journal of Botany 89: 327-336. doi: 10.3732/ajb.89.2.327

Ligarreto G. 2009. Descripcion del género Vaccinium, estudio de
caso: agraz o mortifio (Vaccinum meridionale Swartz). pp 13-28. In:
Ligarreto (ed) Perspectivas del cultivo de agraz o mortifio (Vaccinium
meridionale Swartz) en la zona altoandina colombiana. Primera
edicion. Universidad Nacional de Colombia, Bogota.

Ligarreto G, Patiio MP and Magnitskiy SV. 2011. Phenotypic
plasticity of Vaccinium meridionale (Ericaceae) in wild populations of
mountain forests in Colombia. Revista de Biologia Tropical 59(2): 569-
583.

Liu Y, Song X, Han Y, Zhou F, Zhang D, Ji B, and Jia X. 2011.
Identification of anthocyanin components of wild Chinese blueberries
and amelioration of lightinduced retinal damage in pigmented rabbit

Rev. Fac. Nac. Agron. Medellin 72(3): 8897-8908. 2019

using whole berries. Journal of Agricultural and Food Chemistry
59(1): 356-363. doi: 10.1021/jf103852s

Lopera Y, Fantinelli J, Gonzalez Arbelaez LF, Rojano B,
Rios JL, Schinella G, and Mosca S. 2013. Antioxidant activity
and cardioprotective effect of a nonalcoholic extract of Vaccinium
meridionale Swartz during Ischemia-Reperfusion in rats. Evidence-
Based Complementary and Alternative Medicine 2013: 1- 10 doi:
10.1155/2013/516727

Luteyn JL. 2002. Diversity, adaptation, and endemism in
Neotropical Ericaceae: Biogeograplhical Patterns in the Vaccinieae.
The Botanical Review 68(1): 55-87.

Maldonado ME, Franco YN, Agudelo C, Arango SS and Rojano
B. 2018. Andean berry (Vaccinium meridionale Swartz). pp. 869-881.
In: Yahia EM (ed.). Fruit and Vegetable phytochemicals: chemistry
and human health. Vol 2. Second edition. John Wiley & Sons Ltd,
Singapore. 1357 p.

Martinez-Adriano CA, Jurado E, Flores J, Gonzélez-Rodriguez
H and Cuéllar-Rodriguez G. 2016. Flower, fruit phenology and flower
traits in Cordia boissieri (Boraginaceae) from northeastern Mexico.
PeerJ 4: €2033 doi: 10.7717/peer].2033

Mazza G and Miniati E. 1993. Antocyanins in fruits, vegetables
and Grains. CRC Press, Boca Raton, FA 384 p.

Medina CI, Lobo M, Lopera SA, Zapata J and Toro JL. 2005.
Mortifio 0 agraz (Vaccinium meridionale Sw.) Frutal con Potencial
para el agro colombiano altoandino. pp. 110. En: Memorias IX
Congreso de la Asociacion Colombiana de Fitomejoramiento y
Produccion de Cultivos.

Medina Cl. 2010. Variabilidad poblacional y ecofisiologica
del mortifio (Vaccinium meridionales Sw.), especie con potencial
productivo y agroexportador en el tropico altoandino. Tesis en
Doctoral en Ciencias Agropecuarias. Universidad Nacional de
Colombia, Medellin. 290 p.

Mendoza |, Peres CA and Morellato LP. 2017. Continental-scale
patterns and climatic drivers of fruiting phenology: A quantitative
Neotropical review. Global and Planetary Change 148: 227-241. doi:
10.1016/j.gloplacha.2016.12.001

Menzel A, Sparks TH, Estrella N, Koch E, Aasa A, Ahas R,
Alm-Kuebler K, Bissolli P, Braslavska OG, Briede A, Chmielewski
FM, Crepinsek Z, Curnel Y, Dahl A, Defila C, Donnelly A, Filella
Y, Jatcza K, Mage F, Mestre A, Nordli O, Penuelas J, Pirinen P,
Remisova V, Scheifinger H, Striz M, Susnik A, Van Vliet AJH,
Wielgolaski FE, Zach S and Zust A. 2006. European phenological
response to climate change matches the warming pattern.
Global Change Biology 12(10): 1969-1976. doi: 10.1111/j.1365-
2486.2006.01193.x

Meyer HJ and Prinsloo N. 2008. Assessment of the potential
of blueberry production in South Africa. Small Fruits Review 2(3):
3-21. doi: 10.1300/J301v02n03_02

Michigan State University. 2003. Blueberry growth stage. In
MSU Extension Blueberries, https://www.canr.msu.edu/blueberries/
growing_blueberries/growth-stages. Accessed: December, 2007.

Morellato LPC, Talora DC, Takahasi A, Bencke CC, Romera
EC and Zipparro VB. 2006. Phenology of Atlantic rain forest trees: a
comparative study. Biotropica 32(4b): 811-823. doi: 10.1111/j.1744-
7429.2000.tb00620.x

Morellato LPC, Camargo MGG and Gressler E. 2013. A review
of plant phenology in South and Central America. pp. 91-113. In:




8908

Schwartz MD. (ed.). Phenology: An Integrative environmental science.
Springer, Dordrecht. 564 p. doi: 1007/978-94-007-6925-0_6

Nijlanda W, de Jong R, de Jongc S, Wulder M, Bater C and Coops N.
2014. Monitoring plant condition and phenology using infrared sensitive
consumer grade digital cameras. Agricultural and Forest Meteorology
184: 98-106. doi: 10.1016/j.agrformet.2013.09.007

Nord EA and Lynch JP. 2009. Plant phenology: a critical controller
of soil resource acquisition. Journal of Experimental Botany 60(7):
1927-1937. doi: 10.1093/jxb/erp018

Novotny V, Drozd P, Miller SE, Kulfan M, Janda M, Basset Y and
Weiblen GD. 2006. Why are there so many species of herbivorous
insects in tropical rainforests? Science 313(5790): 1115-1118. doi:
10.1126/science. 1129237

Patifio VM. 2002. Historia y dispersion de los frutales nativos del
Neotropico. Centro Internacional de Agricultura Tropical (CIAT), Cali.
665 p.

Primack RB. 1985. Longevity of individual flowers. Annual Review
of Ecology and Systematics 16(1): 15-37. doi: 10.1146/annurev.
€s.16.110185.000311

Rathcke BJ. 2003. Floral longevity and reproductive assurance:
seasonal patterns and an experimental test with Kalmia latifolia
(Ericaceae). American Journal of Botany 90(9): 1328-1332. doi:
10.3732/ajb.90.9.1328

Retamales J and Hancock J. 2012. Blueberries. Second edition.
CABI, Cambridge. 323 p.

Rivadeneira M and Carlazara G. 2011. Comportamiento
fenoldgico de variedades tradicionales y nuevas de arandanos. En:
Instituto Nacional de Tecnologia Agropecuaria. https:/inta.gob.ar/
documentos/comportamiento-fenologico-de-variedades-tradicionales-
y-nuevas-de-arandano. Consultado: abril, 2017.

Salinas NR y Betancur J. 2007. Novedades taxonémicas de las
ericaceas del suroccidente de Colombia. Caldasia 29(1): 51-58. doi:
10.15446/caldasia

Severino LS and Auld DL. 2013. A framework for the study of the
growth and development of castor plant. Industrial Crops and Products
46: 25-38. doi: 10.1016/j.indcrop.2013.01.006

Smith N, Mori S, Henderson A, Stevenson D and Heald S.
2004. Flowering plants of the Neotropics. Princeton University
Press, United States. 594 p.

Stournaras KE and Schaefer M. 2017. Does flower and fruit
conspicuousness affect plant fitness? Contrast, color coupling and the
interplay of pollination and seed dispersal in two Vaccinium species.
Evolutionary Ecology 31(2): 229-247. doi: 10.1007/s10682-016-9864-1

Suzuki M. 2002. Individual flowering schedule, fruit set, and
flower and seed predation in Vaccinium hirtum Thunb. (Ericaceae).
Canadian Journal of Botany 80(1): 82-92. doi: 10.1139/b01-136

Tian Y, Liimatainen J, Alanne A, Lindstedt A, Liu P, Sinkkonen
JH, Kallio and Yang B. 2017. Phenolic compounds extracted
by acidic aqueous ethanol from berries and leaves of different
berry plants. Food Chemistry 220: 266-281. doi: 10.1016/j.
foodchem.2016.09.145

Toro JL. 2012. Arboles de Antioquia. Corporacién Auténoma
Regional del Centro de Antioquia, CORANTIOQUIA, Medellin. 260 p.

Torres-Diaz C, Gémez-Gonzalez S, Stotz GC, Torres-Morales
P, Paredes B, Pérez-Millaqueo M and Gianoli E. 2011. Extremely
long-lived stigmas allow extended cross-pollination opportunities in
a high andean plant. PlosONE 6(5): €19497. doi: 10.1371/journal.
pone.0019497

Valbuena RI, Roveda G, Bolafios A, Zapata JL, Medina
Cl, Almanza PL y Porras PD. 2009. Escalas fenoldgicas de las
variedades de papa parda pastusa, diacol capiro y criolla “yema de
huevo” en las zonas productoras de Narifio, Cundimarca, Boyaca,
Narifio y Antioquia. Corpoica, UPTC, MADR, Asofrucol, Cevipapa,
Fedepapa. Colombia, 34 p.

Zakaryan H, Arabyan E, Oo A and Keivan Z. 2017. Flavonoids:
promising natural compounds against viral infections. Archives of
Virology 162(9): 2539-2551. doi: 10.1007/s00705-017-3417-y

Zapata IC, Sepulveda-Valencia Uy Rojano AR. 2015. Efecto del
tiempo de almacenamiento sobre las propiedades fisicoquimicas,
probidticas y antioxidantes de yogurt saborizado con mortifio
(Vaccinium meridionale Sw). Informacion Tecnolodgica 2(2): 17-28
doi: 10.4067/S0718-07642015000200

Rev. Fac. Nac. Agron. Medellin 72(3): 8897-8908. 2019



