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Olives and olive oil production in the Alto Ricaurte climate
region in Boyaca, Colombia

Produccion de aceitunas y aceite de oliva en el clima
de la region del alto Ricaurte en Boyaca Colombia
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Olive plants, fruits and flowers
under observation.
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ABSTRACT

The olive tree has expanded to several countries because of its easy adaptation to difficult edapho-climatic
zones and high culinary and medicinal interest given the physicochemical composition of its fruit, includ-
ing Argentina, Chile, Peru and Mexico, which have similar soil and climate conditions to the Mediterranean,
where the phenological stages correspond to clearly distinct climatic seasons. However, in the Alto Ricaurte
region in Boyaca, Colombia, olives do not set because of the tropical climate conditions. Because of these
characteristics, the behavior of some trees, sown 4 to 30 years ago in this region, were evaluated. The tem-
perature and precipitation were measured, and 20 branches were selected per tree, which were monitored
from appearance until development; the polar and equatorial diameter of the fruits were measured until
reaching maturation. A fruit and oil analysis was carried out with olives harvested in two maturation states
in 2017. The temperature had a positive correlation with the phenological stages in a range of 11 to 29°C,
which directly influenced the development of inflorescences and their performance. In the same year, there
were two or more blooms with different intervals, where the same branch had inflorescences, flowers, freshly
filled fruits and other mature fruits. As for the characteristics of the fruit and the oil, it was evident that the
content of fatty acids was within the parameters required by the International Olive Council.
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RESUMEN

El olivo por su f4cil adaptacion a zonas edafocliméticas dificiles, asi como por el interés gastronémico, medicinal, y
dada la composicién bromatoldgica del fruto, se expandié por diferentes paises como Argentina, Chile, Pert y Méxi-
co, que tienen condiciones de suelo y clima similares al Mediterraneo, donde sus estados fenoldgicos coinciden con
las estaciones climaticas que son bien marcadas, a diferencia de lo que ocurre en el Alto Ricaurte Boyacé -Colombia,
que por las condiciones del clima tropical, no le permiten estacionarse. Debido a estas caracteristicas se evalué el
comportamiento de &rboles de 4 y 30 afos sembrados en esta regién, donde se midié la temperatura y precipitacién
ademads de seleccionar 20 ramas por arbol, a las que se le hizo seguimiento desde el momento de la emergencia hasta
su desarrollo; a los frutos se les midié el didmetro polar y ecuatorial hasta llegar a maduracién, en cuento a los ana-
lisis de frutos y aceite se hizo una comparacién con aceitunas cosechadas en dos estados de maduracién y aceite del
2017. Arrojando como resultado que la temperatura tiene una correlacién positiva sobre los estados fenolégicos ya
que a rangos de 11y 29°C influyen directamente en el desarrollo de las inflorescencias y su comportamiento, ademas
durante el afo se presentan dos o més floraciones con intervalos de tiempo diverso donde se observé que en la mis-
ma rama existian inflorescencias, flores, frutos recién cuajados y otros maduros. En cuanto a las caracteristicas del
fruto y el aceite se evidencia que el contenido de 4cidos grasos se encuentra dentro de los pardmetros exigidos por el

Consejo Oleicola Internacional (COI).

Palabras clave adicionales: brotacion y floracion; envero; madurez fisiolégica; acidos grasos; aceite.
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The olive tree (Olea europaea L.) is an evergreen tree
that belongs to the species Olea, which has 35 spe-
cies, and the Oleaceae family. It has a unique edible
fruit (Kostelos and Kiritsakis, 2017). In addition, it
has had gastronomic and medicinal interest since the
fourth millennium before Christ. It has been used for
food, cosmetics, medicines and symbols because of
its physicochemical, nutraceutical, pharmaceutical
and chemical characteristics (Martinez et al., 2014).
Furthermore, its demand is based on positive effects
on human health, specifically its high content of nat-
ural antioxidants and monounsaturated fatty acids
(Bahloul et al., 2014).

Studies on the different phonological phases, repro-
ductive blossom, morphology, physiology and flow-
ering stage, influenced by meteorological variables
(temperature, radiation, precipitation) that affect
induction, differentiation and flowering, have dem-
onstrated that these aspects directly determine the
number of fruits that can be harvested (Rojo and
Pérez-Badia, 2014). As a result, sprouting and flower-
ing can be carried out between late winter and early
spring with axillary buds that have a small struc-
ture and whose presence in leaves varies according to
the leaf type and stage of charge (Sotomayor, 2002).

INTRODUCTION

The importance of the accessory buds is based on
the growth of new leaves on laden trees because the
construction and rise of foliar mass increase possible
potential sites for the formation of the next inflores-
cences (Castillo-Llanque and Rapoport, 2011; Carva-
jal-R. et al., 2018).

As a consequence, in order for the tree to grow in
marginal situations, resist climate changes and adapt
to modern agronomic techniques of pruning, it needs
this type of buds, as seen in Peru (Tonconi, 2014).
However, in Colombia, a study has not been report-
ed because the High Ricaurte province in Boyaca is
a unique zone with productive advantages (Garcia-
Molano, 2010). According to Garcia-Molano et al.,
2012, the Olive tree in Colombia has difficulties be-
cause the seasonal differentiation during the year is
not adequate. There is not an accumulation of cold
hours for floral induction, with average temperatures
of 26 °C in the day and 7 °C at night; the photoperiod
is almost constant during the year, which does not
provide the plant a repose period because the photo-
synthetic activity is permanent (Garcia-Molano and
Jaramillo, 2012). Also, it has been found that floral
differentiation happens through hydric stress (Gar-
cfa-Molano and Cheverria, 2014).
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On the one hand, this situation influences the flow-
ering process throughout the year, which appears in
the different phenological stages (Garcia-Molano,
2012). The fruit quality and quantity are affected
because the vegetative and reproductive growth hap-
pen at the same time. This simultaneity provokes a
series of interactions between sinks (leaves, fruits,
and buds) that affects the fruiting tree during its pro-
ductive cycle (Castillo-Llanque and Rapoport, 2011).
According to Rapoport and Moreno-Alfas (2017), in
olive producing regions, inflorescences are developed
in the foliar axils of vegetative growth, and the knots
from previous year to the flowering between July and
October usually appear on the wood from last year
and, in some varieties, appear over the wood from 2
years prior; while, in the Alto Ricaurte region, this
situation does not occur.

On the other hand, in this region, the plants do
not have the pruning management used in produc-
ing zones, where, once the harvest is finished, the
plants are pruned to achieve a balance between the
vegetative and reproductive cycle because of the
physiological performance of the plants (Medina
and Perdomo, 2015; Pérez, 2017). For instance, in
Argentina, the harvest usually last over 5 months,
starting in February on the table olive plantations
and continuing until June and July on the olive oil
plantations (Gémez del Campo ez al., 2010). How-
ever, in Mexico, the harvest starts in August and
ends in November, depending on the variety (Gri-
jalva et al., 2014); while, in Chile, the harvest is
between middle April and middle June, depending
on the variety and the zone, and, in Peru, 97% of
the production is done between April and July, and,
from the end of February to April, green olives are
collected, and Black Olives are picked between May
and July (Cazanga et al., 2013).

The harvest is picked in just one period, depending
on the seasons, but this does not happen in the high
Andean tropics. In addition, in temperate regions,
floral induction in olive trees arises in the previous
summer, with temperatures between 25 and 40°C on
average, and floral initiation occurs in autumn; then,
in winter, the plant gets rest, where the temperature
falls below 0°C, and, in spring, the plant is activated
physiologically with temperatures between 25 and
20°C (Cazanga et al., 2013, Torres et al., 2017, Rallo
and Cuevas, 2017), which confirms that induction
and floral differentiation in Olive producing areas are
determined by thermic stress; while, in the tropics,
floral induction is unknown, but floral differentiation
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happens through hydric stress according to Garcia-
Molano and Jaramillo (2012).

For these reasons, this article intends to distinguish
the factors that theoretically define the optimal point
of harvest, as well as, the effect of pruning on the
physical-chemical characteristics of the fruits and
physiological maturity in the Alto Ricaurte region,
using the climatic conditions of olive-producing re-
gions in the world as a reference.

MATERIALS AND METHODS

Boyaca is located at 04° 3910” and 07° 03’ 17” north
latitude and 71° 57 ‘49" and 74° 41’ 35” west longi-
tude, in the middle of eastern Colombia. The region of
Alto Ricaurte contains the villages Villa de Leyva, Su-
tamarchan, Tinjaca, Sachica and Raquira, which are
located in the center of the department at a height of
2200 m asl on average, and the temperature is 18°C,
with an overnight temperature of 5.7°C. There are
also hot and dry days with an average temperature
of 27°C. Moreover, the rainfall is on average 993 mm,
and there are strong winds in the months of July and
August; the annual sun intensity is about 1869 h, the
relative humidity is 75%, and the cloudiness is six oc-
tas according to the reports of the Institute of Meteo-
rology and Land Adaptation IDEAM.

Firstly, the data stated in this article correspond to
research carried out on olive trees planted in the re-
gion of the Alto Ricaurte 4 to 30 years ago. The mea-
surable variables were temperature and precipitation
from 2009 and 2014. This information was collected
from the IDEAM Tintales weather station, using the
monthly average. Secondly, in 2016 and 2017, a data-
loger Exteeh-RHT20 (Extech Instruments, Waltham,
MA) was installed in Huerto Olivato, which obtained
the data of temperature and relative humidity. A rain
measurement instrument recorded data for daily pre-
cipitation, which was measured to get the annual
rate. In addition, 20 trees were selected to acquire
the inflorescence length, the number of flowers and
the fruit growth. 20 branches of each one were also
selected, which were tracked from sprouting until
development and fructification; length, number of
flowers and fruits were studied.

According to the process, in step one, the fruits
were measured; their polar and equatorial diameters
throughout growth until maturity were analyzed. In
step two, the fatty acids in the leaf were selected, 300
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g from the canopy of each one of the trees, 4 and 3
years old. Likewise, the fruits and oil were compared
with olives harvested in two maturity and oil stages
in 2017; moreover, the leaves, fruits and oil were pro-
cessed in a laboratory of the interdisciplinary research
group of molecular studies from the Universidad de
Antioquia, which were analyzed and interpreted.

RESULTS AND DISCUSSIONS

Flowering

The vegetative and reproductive growth of leaves,
as well as, the development of fruits, are a cyclical
phenomenon, both are repeated year after year. The
processes that lead to fructification need two con-
secutive seasons, while leaf growth is completed in
one year. Bud formation, floral induction and rest
take place in the first season. Inflorescences, flower-
ing, and fruit growth and development take place in
the second season and conclude at maturity (Oteros
et al., 2013; Trentacoste et al., 2017); however, accord-
ing to the region studied, flowering usually appears
in the branches that are growing, but not in those
that grew the previous year; that is why the biennial
cycle does not occur; additionally, there is evidence
that trees can have two or more flowerings and har-
vests, depending on the precipitation (Garcia-Molano
et al., 2012).

On the other hand, in traditional olive-growing re-
gions, winter temperature influences the flowering

rate of the next season because trees are not fruitful
unless they are exposed to a certain cold temperature;
therefore, winter cold is the natural factor that pro-
vides the repose period to floral buds (Urbina, 2015);
at the same time, dry and warm winds during the
flowering period are associated with a reduction in
fruit setting because the stigma is dried off, and the
pollen is dehydrated (Bueno and Oviedo, 2014). Nev-
ertheless, in the studied region, the trees were not
influenced in this way because, according to the IDE-
AM, (2012) the temperature oscillates between 25.2
and 29.9°C throughout the day, with an average of
27.6°C, and between 6.21 and 12.3°C at night, with
an average of 9.51°C (Fig. 1). Subsequently, there is
not accumulation of cold hours, which determine
flowering; Furthermore, the 68% relative humidity
maintained pollen feasibility. This condition is an ad-
vantage because the stigma is receptive, and it helps
pollination; as a consequence, harvests are matched
with higher precipitation years.

Inflorescence

Temperature is the main factor, which allows the
development of the Inflorescences, 72°C are re-
quired in the months of April and May to induce
Inflorescence, as well as, a long exposure to cold for
the optimum level of floral buds. Also, there is a
dependent effect of the genotype (Rapoport, 2014;
Carvajal-R. er al., 2018). Latitude does not have
any effect on the induction of floral buds (Breton
and Berville, 2013). The most fruitful buds are in
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Figure 1. Performance of the average temperature and precipitation from 2009 until 2014 and from 2016 to 2017 in Alto Ricaurte
(Colombia), with a 27.6°C average temperature and an average temperature of 9.51°C during the night. The higher
observed precipitations were 918.9 mm in 2010 and 1063.73 mm in 2011, and the lowest value was 450.4 mm in 2009,
followed by 546.4 mm in 2014
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the central area of the branch; nevertheless, in the
tropics, this is not its performance, because, there
is a pattern, to bloom in new branches according to
Garcia-Molano et al. (2012).

Summer in the Northern and Southern Hemispheres
does not have an observable effect on olives; nev-
ertheless, it has been discovered along the study,
and this effect is the floral induction phenomenon,
that means the heat and the drought produce on the
tree a series of chemical incentives, which are con-
venient for the tree. This is why, the next year will
again produce plentiful flowering, as a result, the
olive tree does not adapt to humid climates (Mar-
cos, 2012).

The floral beginning includes two processes: the first
one is bud predisposition to developing floral struc-
tures in the next year because of a hormonal stimulus
in the induction moment, generated by the presence
of fruits that have grown in the branch the previous
year. This situation was not clear in the Alto Ricaurte
region because the fruits grew in emerging branches.
The second one is differentiation of the inflorescence
and flower structures, which happens in the next
year’s spring in the branch that grew the previous
year (Rojo and Pérez-Badia, 2014). Nonetheless, in
the tropics, floral differentiation happens when pre-
cipitation starts, as was observed in the years 2001
and 2007 (Garcia-Molano and Jaramillo, 2012). Simi-
larly, it has been observed that olives trees have not
grown because of the “El Nilo” phenomenon, which

happened in 2009 with longs periods of drought and
rainfall of about 872.3 mm (IDEAM, 2009).

The trees stopped growth, and the apical meristems
were dehydrated, which demonstrated that the ol-
ives were set, but, then in the winter of 2010 - 2011
with rainfall of 1546-1732 mm, the olive trees again
began the vegetative growth, followed by flowering
that would have become fruits if the winter lasted
at least two months, coinciding with the study by
Tapia (2012).

The floral structure called “Mifolatura” is green at
first and then becomes white because of the presence
of petals, with a central axis (raquis) and diverse ram-
ifications where several flowers are located that mea-
sure between 10 and 70 mm and contain between
10 and 40 flowers. The inserted inflorescences in the
proximal and distal sides of the branches have smaller
dimensions (Toscano et al., 2015). The floral structure
in the Alto Ricaurte was between 22 and 66 mm and
contained between 20 and 27 flowers on average (Fig.
2). Also, the floral structure changed intensity among
the varieties, tree ages, and times that tree bloomed
during the year because the bloom appeared two or
more times, with intervals between 6 and 8 weeks
with respect to the beginning of the process (Fig. 2).
This situation was observed in the years 2010 and
2011 because of rainfall in both years, as observed by
(Torreset al., 2017), who worked with flowering, wa-
ter requirements and olive oil quality as responses to
new crops.
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Figure 2. Growth of inflorescences olive trees in four periods
gust, 2011, where trees arrive to measure hetween

(Olivanto Orchard, Alto Ricaurte, Colombia): from January to Au-
22 and 26 mm in length and contain between 20 and 27 flowers,

featuring 4 times of flowering, with intervals of 6 to 8 weeks.
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Flower, pollination and fertilization

The olive tree has perfect and imperfect flowers
(Rapoport and Moreno-Alfas, 2017); the imperfect
ones have a rudimentary or absent ovary; this is a
very common phenomenon of morphological steril-
ity, as well as, stamina or masculine gender flowers,
which are fruitless (Rapoport, 2014). In the studied
region, a lot of perfect and imperfect flowers were
observed. For instance, for four periods marked by
flowering (Fig. 3): in the first one, there were 26
flowers in inflorescence, from which 11 unfolded
petals. The second one had 23 flowers with 10 that
opened petals. In the third one, there were found 22
flowers, with 9 that unfolded petals, and, in the last
one, there were 13 flowers, where 11 flowers were
open. These data allowed us to confirm that the
production of inflorescences and flowers in tropical
zones has been inconstant because it is influenced
by climatic, physiological and genetic factors (Beghe
etal., 2015).

The variability and performance of flowers in the
inflorescences and the opening capacity did not
exceed 50% (Fig. 3), as compared to those that ac-
complished growth, pollination and fruit set cycle.
Likewise, many of the flowers became parthenocar-
pic fruits and small drupes with a black color that
did not grow because they were affected by the
temperature, photoperiod, soil water availability,
variety and low supply of pollen (because of the dis-
crepancy of flowering). But inside, they had seeds

that fell off 15 to 30 d after fruit set (Carvajal-Rodri-
guez and Garcfa-Molano, 2017). According to Rojo
and Pérez-Badia (2014), when environmental condi-
tion are adverse or there is competition between the
different organs of the plants, the premature ab-
scission of fruits or the development parthenocarpic
fruits can be induced, which may have occurred in
the present study because the trees had water stress
in 2009, with rainfall lower than 450.4 mm, IDEAM
(2011), which provoked a prolonged vegetative re-
covery and then vegetative reproduction when plen-
tiful rainfall did occur.

The olive tree needs cross-pollination, with pollen
grains spread over 12 km (Seifi e al., 2015). Addition-
ally, the self-incompatibility pollen-pistil is a feature
of the pollination on the flowers. Hence, the flower
pistil biochemically recognizes and rejects the pol-
len that has the same genotype (Rallo and Cuevas,
2017). Also, the olive flower has pollen a day after
of another dehiscence and ends up 48 h later, conse-
quently, the plant has viable pollen until 3 or 4 d after
flowering, making sure that the pollen gets to recep-
tive stigmas (Zhu et al., 2013). Nevertheless, this situ-
ation is unknown in the studied region because it has
spread only by productive trees, without knowledge
on compatibility between pollinating varieties or ol-
ive varieties. The duration and viability of pollen has
not been identified. In the case of Huerto Olivanto,
two varieties were identified; “Picual” and “Azapa”,
but the variety of other trees is unknown because
many of them are not fruitful.
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Figure 3. Number of flowers and inflorescences olive trees in four periods (Alto Ricaurte, Colombia). Bloom periods from Janu-
ary to August 2011, with 25, 2-23, 4-21, and 5-27, with a number of open inflorescences of 10, 6-10, 1-9, 14-12, and 6,
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Fruit set and fruit growth

The abscission process of the unfertilized ovaries and
some less developed ones is triggered by fruit-setting
and the growth principle (Rallo and Cuevas, 2017),
and only 2% of the total flowers are set (Gémez-del-
Campo and Rapoport, 2008; Rapoport and Moreno-
Alfas, 2017). This process shaped the drupe, which
had an endocarp. Then, it started growing since the
fertilization and rising size increased during the next
2 months. The mesocarp or fleshy tissue has vacu-
oles, where it stores the oil (Rapoport and Moreno-
Alias, 2017). The outer layer or exocarp is strongly
welded to the mesocarp. This tissue is composed of
the monolayer epidermis with its cuticle (Beltran ez
al., 2017) and, depending on maturity, changes color.

In the case of fruits from the Alto Ricaurte region,
growth started 8 d after fruit-set, until weeks 15
and 18. Then, it began a color change. Growth was
slow for four weeks approximately. After this, it in-
creased in size for the next 2 or 3 weeks, and finally
stopped at the eighth week. Subsequently, the pits
began lignifying and growing, and the pulp increased
in volume for nearly 30 d. Then, it started changing
color, with sigmoidal growth, normal for these types
of fruits (Fig. 4).

The performance of the olive trees in the tropics
was special because, in the same growing period, the
fruiting period may happen two or more times in the
same year; consequently, when the tree flourished in

two stages, it was observed that the maturity state
began a week apart. That means that the harvest of
these fruits can be done in the same period. Nonethe-
less, when 3 or more stages present in the fruiting
period, its maturity is seven weeks apart from the
second one. Therefore, there were different harvests
in the same tree (Fig. 5), unlike regions where the ol-
ive is traditionally cultivated because flowering and
harvest are concentrated in a single period.

Conversely, Navarro-Ainza and Lépez-Carvajal
(2013) confirmed that a temperature above 30°C re-
stricts fruit-setting, and Navarro-Ainza et al. (2016)
determined that the ideal temperature is 25°C; in
this sense, the temperature in the Alto Ricaurte is
on average 27.6°C, consequently, it stimulates fruit-
setting, but the olive varieties in this region are not
accurately known.

Summer cessation

After the pit has become hard, and the fruits have an
intense green color and an expected size, they will
gradually begin to accumulate reserves until matu-
rity. At first, the fruit will accumulate reserves, such
as sugar, and then it will convert them into fatty ac-
ids that will form the oil. This process is not directly
formed in the fruit; it is produced by the transforma-
tion of the sugary reserves. Therefore, maturation is
a process that takes place during the autumn, up to
winter, in the Mediterranean region (Marcos, 2012;
Seifier al., 2015).
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maturing for bloom 2 was extended over time.
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Figure 5. Different stages in the olive tree fruiting in Alto Ricaurte, Colombia. The time that elapsed between the maturing of
fruits from the first flowering and the second, with 6 weeks of difference in bloom and a week difference in maturing.

Table 1. Average fatty acids contained in the olive leaves.
Age of olive Methyl Methyl Methyl Methyl Methyl oleate Methyl Methyl
trees laureate meristato palmitate stearate linoleate linolenate
4 years 0.17 1.15 14.56 2.59 14.53 6.22 26.8
>30 years 0.25 1.14 16.78 3.21 19.94 10.72 3012

It has not been determined whether, in the tropics,
there is summer cessation as a result of fructifica-
tion spreading occurs throughout the year. But, ac-
cording to physicochemical analysis in the leaves, it
was found that the sugars moved by themselves to
the fruits, which were sinks, forming fatty acids; this
situation can happen throughout the cycle. With the
climate conditions in the region, the olive can perma-
nently do photosynthesis; it was observed that, in
the leaves of the trees, more fatty acids were synthe-
sized in the 4-year-old trees and trees older than 30
years old (Tab. 1), which may result from a mecha-
nism of the leaves for resisting variable conditions
such as temperature, intense solar radiation, and alti-
tude, which is 2200 m.

Phase where the olive changes from green
to dark violet

This is the phase in which olives change their color
because of their last maturing process (Jiménez-Her-
rera et al., 2012). Hence, it is not a sudden process.
The olive is green at the beginning, then, it turns yel-
low as a result of a strong reduction in the content of
chlorophyll. Afterwards, the cells start accumulating

anthocyanin, and the concentration determines the
intensity of the color, from reddish to intense violet
and black (Deaquiz-Oyola, 2014; Marcos, 2012). In
most crops, the coloring of olives starts in the apex
and keeps going until the pendulum. Then, the me-
socarp gains color from outside to the violet part un-
til the pit is formed (Beltrdn ez al., 2017). However,
each kind of olive changes its color in a different way;
therefore, this phase is where the olive tree variety
can be recognized. For instance, some change their
color earlier, as many types of ‘Manzanilla’ olives
do, and others do so later, such as the ‘Cornicabra’
of Toledo. The diversity of color manifestations is so
evident that some varieties can be named, such as
the Royal variety (red tones) or the ‘Veridical’, which
takes a long time to mature and many times it can be
picked while still green (Marcos, 2012).

Some olives turn from green to violaceous preco-
ciously, and others keep a predominantly green color
even in advanced maturity phases. This feature is
affected by the charging of fruits and the watering
system. Correspondingly, the color of the oil depends
on the color of the olive because part of the chloro-
phyll remains in the oil. On the contrary, in oil made
with olives that have already turned into the color
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expected, the yellow and orange pigments prevail.
However, bitter and spicy flavors are characteristics
in olive oil from premature harvests (Youssef et al.,
2010; Jiménez-Herrera et al., 2012). Therefore, the pe-
riod in which the olive changes the color matches the
end of summer in the Mediterranean (Marcos, 2012).

This phenomenon has not been determined in the
Alto Ricaurte region because the flowering and fruit-
ing period are not uniform, which is why a tree may
have inflorescences, flowers, green and mature fruits;
however, in some years, there was no harvest because
of the edapho-climatic conditions, as happened in
2012, 2013, 2014, 2016 and at the beginning of 2016;
in this period, the trees physiologically stopped be-
cause of low precipitation (917.7 mm), a result of “La
Nifia” phenomenon. That is to say, in those years, the
harvest was null, and the flowering fell. In general, in
this region, the olives do not have diversity in color;
only green (green and violet) and black have been
identified in this stage; likewise, when the epicarp
is totally or partially black, the fruit can be picked.
It would be suitable to highlight that this behavior
is proper because there is an average temperature of

27.6°C, with 13 h of light in the day.

Maturing

One of the most important parameters to indicate
maturity is color variation, which is related compo-
sition (Rallo and Cuevas, 2017). In this stage, there
was not only water and oil in the fruits, but also
sugars, proteins, pectin, organic acids, tannins, oleu-
ropein and inorganic components; this elements can
change according to the crop, weather conditions
and, maturity level (Rallo and Cuevas, 2017). Because
of the phenology advance in the northwest of Argen-
tina, the synthesis of olive takes place in the sum-
mer, when the temperatures are higher; meanwhile,
in the Mediterranean, synthesis is carried out in the
autumn, when the temperature is moderated; for this
reason, changes in the quality of the olive oil and low
levels of oleic acid are related to this phenomenon
(Searles et al., 2011).

The qualitative components in the olive can be in-
fluenced by the environmental conditions of the pro-
duction year (De La Rosa et al., 2015), in reference
to the absolute fatty acids variations and the rela-
tion among these individual components, as well as,
the relation between the oleic acid and linoleic acid
ratio, and the relation among oleic acid and the pal-
mitic and linoleic acids; by the same token, a high
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temperature may decrease the level of oleic acid,
which is connected to an increase in palmitic acid
or linoleic acids, which reduce the content of total
polyphenols; while, low temperatures increase their
content (Beltran er al., 2017).

Fatty acid components depend on the geographical
olive origin and especially the latitude, climate con-
ditions, variety and maturity (Surra et al., 2015). In
the Alto Ricaurte region, the temperature was about
27.6°C on average (Fig. 1) even though these temper-
atures were lower than summer temperatures in olive
producing regions. Hence, it influenced the organo-
leptic composition (Tab. 2).

Table 2. Fatty acid content in fruits of the Picual variety

compared with the International Olive Council.

Fatty acid content in fruits of the Picual variety

Sample Palmitic Oleic Linoleic
Picual of 4 years 12625 74,285 0,615
Picual of 30 years 13,225 AR 0,534
Fresh olives® 12,97 73,0 0.865
Ripe olives™* 13,31 72,29 0,762
[0C*** 7,5-20 55,83 3.5-21

* Picual of 10 years
** Picual of 30 years
*** Parameters International Olive Council (I0C, 2015)

Quality of the olive oil

The composition of the olive oil is determined by va-
riety, edapho-climatic and agronomic conditions in
the zone and maturity state of the fruits (Bajoub et
al., 2015; Bakhouche ez al., 2015). The high fatty acids
of olive oil are composed of palmitic, stearic, oleic and
linoleic acids (Boskou et al., 2006). Oleate acid is the
most important component in olive oil because its
quantity is higher; comparing the data of the study
area with the IOC, they were within the established
range and above that found by Orsavova et al. (2015),
which was 66.4%, with the variety being unknown.

Additionally, linolenate acid is found in less quantity
in olive oil; for this reason, this acid is part of the
polyunsaturated fatty acids, at a proportion of 2.5
to 21% (I0C, 2015), which the European Economic
Community (EEC) also established on November 6,
2003. This study showed a percentage of 3.79, which
compared with the study performed by Pérez-Arquil-
lué er al. (2003), whose results were 9.46%, showing
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that the results in this study were lower. Mean-
while, the olive oil had a lower quantity of Linolenate
acid, where the content must be less or equal to 0.9,
but, it is within the range according to the EEC (Tab.
3).

Table 3. Relative percentage composition of Alto Ricaurte
olive oil compared to international parameters.

(0] 2012 2017 Ranges I0C
Myristrate NR 0.017012 0.00-0.05*
Palmitate 14.21 13.3697 7.50-20.00
Stearate 1.668 1.06746 0.5-5.0
Oleate 71.18 73.756 55-83
Linoleate 4.365 3.79 2.5-21.0
Linoleate 0.945 0.77073 <6=10""
*Ruiz (2015)

** European Economic Community

Myristic acid is part of the long chain of saturated
fatty acids, and its appropriate range, according to
Ruiz (2015), is between 0.0 and 0.05; the suitable
range, according to Jamienson et al. (1927), must be
0.82. In both cases, the percentage was higher than
the figure obtained for the Alto Ricaurte olive olil,
which was 0.017%. However, Orsavova et al. (2015)
did not report this acid either for analyses carried out
in the study area in 2012.

In addition, the concentration of palmitate acid was
13.36% for the olive oil, which was between the
range established by the IOC (2015); however, San-
chez er al. (2003) reported that the content changes
depending on the variety. In the case of the Picual
variety, the percentage is 11.85%, and the Morisca va-
riety has 14.34%. Since the variety in the study area
is Picual, the olive oil would have this acid within
the range required by the IOC. For stearate acid, the
concentration was 1.06%, within the range reported
by Osada (2010), which is 0.5-5.0% according to the
IOC, which, for the tropics, is within range and be-
low that reported by (Pérez-Arquillué et al., 2003),
which was 2.10%.

CONCLUSIONS

The production of table olives or oil in the Alto
Ricaurte region is affected by the climatic condi-
tions of the region, which result in photosynthesis
throughout the year, which is why the trees do not

rest and the olive color changing phase does not stop.
Since the precipitation is bimodal, these plants can
be fructified twice a year. However, annual rainfall
below 1000 mm causes suspension of physiological
activities.
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