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Morphological responses of Andean blueberry
(Vaccinium meridionale Swartz) plants growing
in three environments at different altitudes

Respuestas morfolégicas de plantas de agraz
(Vaccinium meridionale Swartz) bajo crecimiento
en tres ambientes diferentes en altitud
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The Andean blueberry plants growing in the Department
of Santander (Colombia).

Photo: S. Magnitskiy

ABSTRACT

The Andean blueberry (Vaccinium meridionale Swartz) is a promising fruit crop that has gained importance in
the market because of its nutritional and medicinal properties; however, there are few studies on the optimal
conditions for growth and production. In this study, the vegetative growth of Andean blueberry plants was
evaluated for 200 days in three sites at different altitudes in the Department of Cundinamarca (Colombia):
municipality of San Francisco (1,885 m a.s.l.), Bogota (Universidad Nacional de Colombia - UNAL, 2,556
m a.s.l.), and Cruz Verde paramo (3,298 m a.s.l.). For the evaluation, 2-year-old plants were used that were
propagated in vitro. The experiment had a repeated measures design, with 3 treatments (locations) and 5
data collection times, with destructive measurements at the beginning and at the end of the trial. Data for
leaf area per plant, plant height, stem width, number of primary branches, branch length, and chlorophyll
contents in leaves were taken. The tallest plants, with the largest leaf area and most dry matter, were found
at the UNAL (2,556 m a.s.l.). Morphological and physiological variations were observed in response to each
of the environments, with correlations between the growth variables and the environmental variables. The
highest percentage distribution of dry matter in leaves was in the plants from the Cruz Verde paramo (3,298
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m a.s.l.), while the percentage distribution of dry weight in the stem was higher in the plants from San Francisco
(1,885 m a.s.l.). The percentage distribution of root dry weight was greater in the plants from San Francisco than
those from other locations. The results indicated that the Andean blueberry plants had the most suitable conditions
for vegetative growth at altitudes close to 2,556 m a.s.l.

Additional keywords: ecophysiology; altitudinal gradient; phenotypic plasticity; Andean species; Ericaceae.

RESUMEN

El agraz (Vaccinium meridionale) es un frutal promisorio que ha adquirido importancia en el mercado por sus propie-
dades nutricionales y medicinales, sin embargo, existen pocos estudios acerca de las condiciones éptimas para su
crecimiento y produccién. En este trabajo se evalué el crecimiento vegetativo de plantas de agraz durante 200 dias
en el departamento de Cundinamarca (Colombia), donde se seleccionaron tres sitios con altitudes diferentes: mu-
nicipio de San Francisco (1.885 msnm), Universidad Nacional de Colombia — UNAL (2.556 msnm) y paramo Cruz
Verde (3.298 msnm). Para la evaluacién se utilizaron plantas de 2 afios de edad propagadas in vitro. El experimento
tuvo un disefio de medidas repetidas, con 3 tratamientos (localidades) y 5 muestreos de toma de datos, con medicio-
nes destructivas al inicio y al final del ensayo. Se tomaron datos de 4rea foliar por planta, grosor del tallo, altura de
la planta, nimero y longitud de ramas primarias y el contenido de clorofila en las hojas. Las plantas mas altas con
mayor area foliar y materia seca se presentaron en la UNAL (2.556 msnm). Se observaron variaciones morfolégicas
y fisiol6gicas en respuesta a cada uno de los ambientes, presentando correlaciones entre las variables de crecimiento
y las variables ambientales. La distribucién de materia seca en hojas presenté un mayor porcentaje en las plantas del
paramo (3.298 msnm), mientras que la distribucién de peso seco de tallo fue mayor en las plantas de San Francisco
(1.885 msnm). La distribucién de peso seco de raices fue mayor en las plantas de San Francisco con respecto a las de
otras localidades. Los resultados indicaron que las plantas de agraz en altitudes cercanas a los 2.556 msnm, posean
las condiciones mds adecuadas para su crecimiento vegetativo.

Palabras clave adicionales: ecofisiologia; gradiente altitudinal; plasticidad fenotipica; especies Andinas; Ericaceae.
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INTRODUCTION

Vaccinium meridionale, known as the Andean blueber-  al., 2018; Garzén et al., 2020). These properties have

ry, agraz or mortifo, belongs to the Ericaceae fam-
ily and is distributed in northeast South America,
predominating in the cold and humid habitats of
montane forests between 1,500 and 3,000 m a.s.l. of
Colombia, Ecuador, Peru, and Venezuela. In Colom-
bia, wild populations can be found at an altitude up
to 3,200 m a.s.l. (Medina et al., 2015; Fischer er al.,
2022). The Andean blueberry makes up part of the
great natural diversity of plant species in Colombia.
This plant has gained importance as a potential prom-
ising fruit crop in this country because of nutraceuti-
cal and medicinal properties of the fruits, which have
a high content of antioxidants (Gaviria et al., 2009;
Ligarreto, 2011; Torres et al., 2012; Marin-Echeverri et
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positioned this plant in different links of the market-
ing chain since it is widely accepted by growers and
pickers and is experiencing growing demand for fresh
fruit consumption and processing in the food indus-
try (Quevedo-Rubiano et al., 2021).

This species, also known as the Colombian blue-
berry (Ligarreto, 2011), has a shrub-like morphol-
ogy (Avila et al., 2007) and fruits that are globose
berries, green when immature, and dark purple to
black when ripe (Magnitskiy and Ligarreto, 2009).
Mature fruits are 5 to 10 mm in diameter, with a
persistent calyx at the apex (Torres et al., 2012), and
contain numerous yellowish-gray to brown seeds.



ANDEAN BLUEBERRY PLANTS GROWING AT DIFFERENT ALTITUDES 3

Considering the importance of Vaccinium fruits for
human health, consumption of this species has in-
creased in recent years because of market trends
(Quevedo-Rubiano et al., 2021). The Andean blue-
berry is one of the so-called “potential new berries”
(Torres et al., 2009).

The antioxidant capacity of berries from the Vaccin-
fium genus, wild or commercially cultivated, depends
on the contents of anthocyanins and total phenolic
compounds, which, in turn, can be highly influenced
by genotype, variations in environmental conditions,
fruit maturity stage, and post-harvest storage condi-
tions (Beccaro et al., 2006; Celik et al., 2008; Vanekové
et al., 2020). The importance of the Andean blueberry
in the market and fruit nutraceutical and organolep-
tic characteristics depend on plant origin and territo-
rial biophysical conditions (Ligarreto, 2009; Torres et
al., 2009).

These properties mean that production and distribu-
tion translate into market potential, both domestic
and international, especially since it is marketable
internationally (Ligarreto, 2009). Therefore, inter-
est has increased in establishing production sys-
tems, to meet internal and external demand. More
knowledge on this species is needed to establish a
cultivation system under adequate climatic condi-
tions that favor the expression of its genetic poten-
tial, while considering all agronomic factors and the
adaptability of the taxon to different geographical
regions of Colombia (Garcifa and Ligarreto, 2014).
One of the main limitations for the commercializa-
tion of this fruit is the lack of knowledge on optimal
practices for crop management and the scarcity of
established crops. Since it is a wild species, there are
very few records on the relationship between alti-
tude and growth performance (Rada and Ciceres,
2011), with no detailed reports on climatic condi-
tions in Colombia. Therefore, the objective of this
study was to evaluate the vegetative growth of An-
dean blueberry plants at three different altitudes,
ranging from 1,885 to 3,298 m a.s.l,, in the Depart-
ment of Cundinamarca. This research sought the
least stressful conditions for plant growth along the
altitudinal range and practical knowledge on opti-
mal conditions of plant establishment in the field.
These data could help to establish optimal cultiva-
tion practices for this promising crop, such as select-
ing the site for crop establishment under favorable
climatic conditions.

MATERIALS AND METHODS

Cultivation sires and plant material

This study was carried out under field conditions at
three sites with different altitudes: i) the township of
El Pefién in the municipality of San Francisco — “San
Francisco” location at 1,885 m a.s.l. ( 4°57°35.35” N,
74°15'25.28” W), ii) the Faculty of Agricultural Sci-
ences of the Universidad Nacional de Colombia, Bo-
gota — “UNAL” location, at 2,556 m a.s.l. (4°3879.15”
N, 74°5’ 25.28” W), and iii) the Cruz Verde paramo
— “Paramo” location in the municipality of Choachi at
3,298 ma.s.l. (4°35733.99” N, 73°59'15.84” W). For the
evaluation, 2-year-old plants were used, which were
reproduced with 7n vitro mericlonal propagation. Af-
ter 10 d of acclimatization in the greenhouse of the
Faculty of Agricultural Sciences, Universidad Nacio-
nal de Colombia, in Bogota (UNAL location), the
plants were planted in plastic pots (35 cm in diameter
and 31 cm in height), one plant per pot, to eliminate
the influence of the soil factor on plant growth. All
pots contained the same soil, with a loamy texture,
pH 5.1, organic matter of 9.4%, and an exchange-
able acidity of 0.91 cmol, kg'. In each location, the
pots were established in plain-relief sites under free
sunlight exposure on December 22 and 26, 2015. At
planting in each location, the pots with plants were
spaced 30 cm apart to avoid plant shading and incor-
porated in the soil at a depth of 30 cm. The experi-
ment evaluated vegetative growth for 200 days (d),
with measurements taken 18, 70, 114, 163, and 198 d
after planting in field.

The experiment was developed with a simple facto-
rial design of repeated measures, with 3 treatments
(locations at different altitudes) and 5 samplings,
with destructive measurements at the beginning
(Tab. 1) and at the end of the trial. In each loca-
tion, 9 plants were planted in their respective pots.
On each measurement date, the following variables
were measured: leaf area per plant and plant height
according to the methodology described by Lanche-
ros et al. (2012), main stem diameter at the middle-
third of the stem (mm), number of primary branches,
length of primary branches, and relative chlorophyll
content (SPAD) in 5 fully-expanded leaves per plant
at the middle-third of the plants. The dry weight of
the plants (leaves, stem, roots) was determined at
the beginning of the experiment and with the final
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measurement (198 d) by drying plant organs in oven Data Logger® 100 thermo-hygrometers (Spectrum
at 70°C to constant weight. Technologies, Inc., Aurora, IL) placed in each location
during the experiment, obtaining data at 30 min in-
. - tervals. The data were analyzed as an adjusted time
EnV|r_0nmenta| characteristics of the three series with moving averages to calculate the trend of
locations each climatic variable using the eXtensile Time Se-

ries (xts) statistical package in the R software (Ryan
The environmental conditions relative air humidity — and Ulrich, 2012). During the plant growth experi-
and air temperature were recorded using Watch Dog  ment, the UV solar radiation was measured using an

‘ Table 1. Initial characteristics of plants at establishment of the experiment at three locations with different altitudes. ‘

Plant height Number of primary ~ Number Leaf area sl 00 el el iyl
(cm) branches of leaves (cm?) (leaves + stems) B E
(SPAD units)
135 8 62 65.73 1.147 0.696 1.843 33.7
17.0 2 42 4453 0.736 0171 0.907 15.4
16.5 2 54 57.25 0.273 0.227 0.5 22.6
15.6% 4 52.6* 55.84* 0.719* 0.364* 1.083* 23.9*

* Mean at the beginning of the experiment. DW, dry weight.
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Figure 1. A) Air temperature and B) Relative air humidity recorded over time at the three altitudes (San Francisco, 1,885 m a.s.l.;
UNAL, 2,556 m a.s.l.; Paramo, 3,298 m a.s.l.).
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Apogee MU-100 Portable Integrated UV Meter® (ICT
International, Armidale, Australia), and the wind
speed was measured with a Kestrel 4500 Weather
Meter® (Nielsen-Kellerman Company, Boothwyn, PA)
at an interval of 10 min. The data were analyzed
with descriptive statistics.

The values of air temperature and relative air humidi-
ty measured over time for the three locations showed
that Paramo (3,298 m a.s.l) presented the lowest
temperature data, with values between 8°C and 10°C
on average; UNAL (2,556 m a.s.l.) and San Francisco
(1,885 m a.s.l.) presented similar data, with values
between 15°C and 22°C. However, in San Francisco,
higher temperatures were recorded, where the after-
noon hours had average temperatures of 21.0°C. On
the other hand, the highest relative humidity was re-
corded in the Paramo location, with values close to
100%, in contrast to UNAL and San Francisco, with
averages of 75.3 and 66.5%, respectively (Fig. 1B).

For UV radiation, the highest values were registered
in Paramo and UNAL, with means of 81.35 and 82.49
wmol cm? s, respectively. However, there was a dif-
ference in the interquartile range, 41 to 122 umol cm?
s for Paramo, and 60 to 99 umol cm? s'in UNAL.
San Francisco had the lowest mean for UV radiation,
with a value of 59.9 umol cm? s (Fig. 2A).

Paramo had the lowest wind speed values. In con-
trast, UNAL and San Francisco had means and in-
terquartile ranges that were very similar, registering

a mean of 1.84 and 1.85 m s for San Francisco and
UNAL, respectively (Fig. 2B).

The graphical comparisons were made with variation
curves as a function of time. The graphs show the
data as the means * standard deviation; n = 9. The
Pearson correlations between the selected variables
were calculated, and differences with P<0.05 were
significantly different.

RESULTS AND DISCUSSION

Plant growth variables

The plants grown in UNAL and San Francisco had
the highest height and largest leaf area with respect
to the plants from Paramo (Fig. 3). The accumulation
of DW after 198 d of growth in each location was
higher for the plants from UNAL than those from
San Francisco, and Paramo had averages of 17.6, 12.9,
and 7.8 g DW per plant, respectively. Likewise, the
plant height, number of branches, and leaf area had
the highest values in plants grown in the UNAL loca-
tion (Fig. 3).

None of the environments had a significant effect
on the length of the primary branches (Fig. 3D).
However, the plants in UNAL and Paramo tended
to have longer primary branches, while the plants in
San Francisco had the shortest primary branches on
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Figure 2. Boxplot of UV radiation (A) and wind speed (B) data recorded at the three altitudes (San Francisco, 1,885 m a.s.l.;
UNAL, 2,556 m a.s.l.; Paramo, 3,298 m a.s.l.). The lower base of the box corresponds to @1, the upper base of the box
corresponds to @3, the line inside the box is the median or Q2 and the point is the arithmetic mean, the upper limit cor-
responds to Q3 +interquartile range (@3-Q1) *1.5, and the lower limit corresponds to Q1-interquartile range (Q3-Q1)
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Figure 3. Plant height (A), total leaf area per plant (B), number of primary branches (C) and length of primary branches (D) for
the Andean blueberry plants grown at three different altitudes (San Francisco, 1,885 m a.s.l.; UNAL, 2,556 m a.s.l.;
Paramo, 3,298 m a.s.l.). Data are means (n=9) + standard deviation.

average (Fig 3D). However, the plants in San Fran- 11
cisco and in UNAL wrere taller than those grown in 10
Paramo, where the plants had shorter internodes. 09 [
This indicated that the architecture of these clonal | =
: S £ 08 <
plants was influenced by solar radiation and other |< 07
climatic factors of the environments (Kawamura and g 0' 6 . .
Takeada, 2004). UV-light is a known signal to induce | g ° *
plant morphological responses (Qian et al., 2020). In- | # 05 . i \
creased solar radiation at high altitudes commonly 0.4 I
reduces internode growth, so plants become shorter 03

0.2

“ 7 : T T
and have a “stocky” appearance (Berlia et al., 2013). Paramo San Francisco UNAL

On the other hand, although the plants from UNAL
tended to accumulate a greater average leaf area in re-
lation to the plants from Paramo (Fig. 3B), the UNAL

Figure 4. Boxplot of the stem width measurements recorded
on day 198 of the experiment in the Andean blue-
berry plants grown at the three altitudes (San

plants had a smaller number of leaves per plant (data Francisco, 1,885 m a.s.l: UNAL, 2,556 m a.s.l.
not presented). The area of individual leaves was the Paramo, 3,298 m a.s.l.). The lower base of the hox
highest in San Francisco, and the lowest area was in corresponds to Q1, the upper base of the box cor-
Paramo (data not presented), indicating that, at high- responds to @3, the line inside the box is the me-
er altitudes, there was a reduction in the leaf area of dian or 02 and the point is the arithmetic mean, the
individual leaves. The plants in the Paramo environ- upper limit corresponds to the Q3+interquartile
ment had the lowest height (Fig. 3A) and the smallest range (03-Q1) *1.5, and the lower limit corre-

sponds to the Q1-interquartile range (@3-Q1) *1.5.

average stem width (Fig. 4).
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Dry weight accumulation in plants

The distribution of DW in plants after 198 d of
growth in each of the locations is shown in figure
5. In San Francisco, there was a greater distribution
of dry weight towards the roots (34.1%) than in the
other locations (23.1-33.5%). In Paramo and UNAL, a
greater distribution of dry matter was seen towards
the leaves. Plants from San Francisco had a higher
percentage of stem dry weight than the other loca-
tions (Fig. 5), implying that plants in San Francisco
presented more secondary growth than plants from
other sites. At the same time, the plants from San
Francisco had a lower percentage of dry weight of
leaves than the other locations (Fig. 5), which could
be attributed to an environmental limitation for
emission and growth of leaves at this altitude. An al-
location of dry matter towards the stem in the San
Francisco plants was, possibly, due to an increase in
the efficient use of water (Rodriguez-Castillo and
Melgarejo, 2015) under the adverse conditions of San
Francisco, contrasting with the other two sites.

20
18
16
— 14
=aF) 43.8%
§ 10 35.7%
> 8 22.7%
e % 30.2%
4 53.8%
) 231% 33.5% 3419%
0 23.1%
Péramo UNAL San Francisco
O Leaves [ Stems [ Roots

Figure 5. Distribution of dry weight between organs of An-
dean blueberry plants recorded on day 198 of the
experiment at the three altitudes (San Francisco,
1,885 m a.s.l.; UNAL, 2,556 m a.s.l.; Paramo, 3,298
m a.s.l.). Each bar corresponds to the arithmetic
mean and shows the percentage distribution over
the total.

The average length of primary branches was higher
for the UNAL plants at the end of the experiment,
and the UNAL plants tended to produce more branch-
es (Fig. 3C-D). Thus, the UNAL location had an in-
creased number of branches and increased branch
length, which explained the greater leaf area per

plant (Fig. 3B) and the greater percentage of biomass
accumulated in leaves (Fig. 5). These results were
similar to those reported by Kawamura and Takeada
(2004), who indicated that architecture is influenced
by stress and solar radiation, with the influence ob-
served for the average number of branches.

Chlorophyll contents in leaves

The relative content of chlorophyll in leaves (SPAD)
was higher in UNAL than in San Francisco after
the 4% sampling on day 114 (Fig. 6). Higher aver-
age chlorophyll contents on day 198 were found in
the plants from UNAL, with a mean of 50.9 and a
standard deviation of 8.5, followed by the plants
from San Francisco and Paramo, with means of 43.4
and 36.5 and with deviations of 12.8 and 9.9, respec-
tively. Likewise, after the acclimatization process of
the first sampling, the plants had an increase in the
anthocyanin contents in leaves (data not present),
with greater anthocyanin accumulation in plants
in Paramo and San Francisco because of the envi-
ronmental stimulus. This effect could be attributed
to a higher incidence of UV light in the Cruz Verde
paramo environment (3,298 m a.s.l.) and the stress-
ful conditions (e.g., elevated air temperatures) in the
San Franscisco location (1,885 m a.s.l.). In Vaccinium
plants, air temperature and light conditions play an
important role in synthesis of phenolic compounds,
such as anthocyanins (Karppinen ez al., 2016), where
plants increase the accumulation of anthocyanins as
altitude increases (Zoratti et al., 2015).

~
o

60 ‘

50 UNAL

40 San Francisco
ﬁ Paramo

30

~nNo
o
[R—

Chlorophyll content (SPAD units)

o

o

0 18 70 114 163 198
Time (d)

Figure 6. Changes in relative leaf chlorophyll content
(SPAD) in the Andean blueberry plants grown at
different altitudes (San Francisco, 1,885 m a.s.l.;
UNAL, 2,556 m a.s.l.; Paramo, 3,298 m a.s.l.). Each
sampling date corresponds to the arithmetic mean,
the bar in each point corresponds to the standard
deviation (n=9).
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In general, when comparing plants from the three
altitudes, average data of plant height, number of pri-
mary branches, leaf area per plant (Fig. 3), plant dry
matter (Fig. 5), and relative content of chlorophyll
(Fig. 6) were higher in the plants from UNAL. The
chlorophyll readings in the leaves of Andean blueber-
ry at the beginning of the experiment (Tab. 1; Fig. 6)
were comparable with the relative chlorophyll con-
tents in leaves of deciduous Vaccinium species (Han et
al., 2022; Retamal-Saldago et al., 2022). In the UNAL
location, the relative chlorophyll contents in leaves
tended to increase during the experiment (Fig. 6).

Favorable environmental conditions, such as ad-
equate solar radiation, benefit photosynthetic ac-
tivity in Vaccinium corymbosum plants (Petridis et al.,
2021). According to our results, San Francisco had
less solar radiation and less light energy that might
reach the reaction centers, generating a lower pho-
tosynthetic activity in the PSII (Rodriguez-Castillo
and Melgarejo, 2015). Also, in stressful environ-
ments, the decomposition of chlorophyll is possible
due to a higher activity of chlorophyllase (Kim et al.,
2011). As reported by Kim et al. (2011) for blueberry
plants, leaves acclimatized to low solar radiation
have a larger area than leaves subjected to higher
levels of radiation. This could be the case in the dif-
ferences in leaf area found between the plants from
Paramo and UNAL (Fig. 3B). In the Paramo location,
the synthesis of chlorophylls may be affected by low
temperatures, as reported by Baizan er al. (2013),
while the production of anthocyanins is favored by
increasing altitude, which is accompanied by low
temperatures (Wang et al., 2014). Additionally, the
synthesis of flavonoids is affected by stress condi-
tions since they are antioxidants that protect fatty
acids, proteins, and other cell components from oxi-
dative damage (Valledor et al., 2012).

The vegetative growth in the Andean blueberry
plants was modified by the environmental factors
that exerted continuous pressure on the plants, where
light, apparently, was one of the determining factors
of growth changes because it affects the carbohy-
drate synthesis, which would be further reflected in
dry matter accumulation (Retamal, 2014). However,
photosynthesis is influenced by other climatic factors
that affect gas exchange, as indicated by Muraoka
and Koizumi (2005). This was observed in the Ande-
an blueberry plants in Paramo, where an average ra-
diation of 81.35 umol cm s was recorded; however,
these plants presented the lowest height and smallest
leaf area for the three locations. A reduction in leaf

Rev. Colomb. Cienc. Hortic.

area because of increased solar radiation with increas-
ing altitudes has been observed earlier in other species
(Derebe et al., 2019; Fischer et al., 2022).

For the distribution of dry weight, the San Francisco
plants evidenced dry matter accumulation in the
roots, which can be an adaptation attributed to an
increase in the efficient use of water under adverse
conditions. Also, the elevated soil temperatures in
San Francisco, might have benefited root growth. In
San Francisco, formation of extensive leaf area would
imply increased losses of water during stomatal tran-
spiration. This could be one of reasons for the smaller
leaf area in San Francisco than in UNAL. For tran-
spiration, the concentration of water in a stomatal
cavity should be greater than the concentration of
water vapor in the atmosphere (Rodriguez-Castillo
and Melgarejo, 2015); here, San Francisco was differ-
ent from the other two locations, especially Paramo,
where relative humidity values were close to 100%

(Fig. 1B).

Correlations between the variables

Significant correlations were found between several
morphological variables in the plants (Iab. 2). The
stomatal density in the leaves presented a positive
correlation with plant height (data not presented),
and a positive correlation was found between leaf
area and plant height (Tab. 2). Additionally, positive
correlations were observed between leaf area and root
dry weight, and leaf area and total plant dry weight
(Tab. 2). Finally, positive correlations were found be-
tween environmental factors, such as UV radiation
and air temperature, with total plant dry weight, but
relative air humidity negatively correlated with total
plant dry weight (Tab. 3).

The presence of correlations between the variables
related to the photosynthetic organs and the envi-
ronmental factors indicated that the environmental
conditions were determinants of the variabilities and
morphological and physiological responses of the
plants. The fact that branches (ramification) and leaf
area are fundamental in the photosynthetic processes
of plants indicates that the greater their number is,
the greater the carbohydrate synthesis is, favoring
the accumulation of dry matter in Andean blueberry
plants, depending on the environment.

Plants respond to environmental factors, which can
promote or restrict the photosynthetic activity and
chlorophyll content needed for optimal growth and
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Table 2. Correlations between response variables in Andean blueberry plants grown at three different altitudes.

Plant height Leaf area Relative chlorophyll Root dry weight Total plant dry
(cm) (cm?) content (SPAD) (g) weight (g)
Plant height (cm) Rho=0.63 Rho=0.13 Rho=0.68 Rho=0.63
g P=0.0001 P=0.11 P=0.003 P=0.002
Leaf area (cm?) Rho=0.63 Rho=0.18 Rho=0.66 Rho=0.75
P=0.0001 P=0.05 P=0.001 P=0.0001
. Rho=0.13 Rho=0.18 Rho=0.43 Rho=0.57
Relative chlorophyll content (SPAD) P—0.11 P—0.05 P—0.05 P—0.001
Root dry weight (q) Rho=0.68 Rho=0.66 Rho=0.43 Rho=0.94
fy weight 19 P=0.003 P=0.001 P=0.05 P=0.0001
Total plant dry weight (q) Rho=0.63 Rho=0.75 Rho=0.57 Rho=0.94
plant dry weight {9 P=0002 | P=0.0001 P=0.001 P=0.0001

Rho is the Pearson correlation coefficient; P is the P-value with a significance of 0.05.

ronmental factors.

Table 3. Correlations between the morphological variables of Andean blueberry plants grown at different altitudes and envi-

Plant height Plant dry weight Relative chlorophyll content
(cm)
L . Rho=0.017 Rho=-0.64 Rho=-0.27
0,
Relative air humidity (%) P—085 P—0.002 P—0.002
Air temperature (°C) Rho=0.22 Rho=0.59 Rho=0.18
P P=0.01 P=0.005 P=0.05
- Rho=0.13 Rho=0.52 Rho=-0.015
2 -1
UV radiation (umol cm?s™) P—0.13 P—0.01 P—0.89
) ) Rho=0.07 Rho=0.44 Rho=0.17
Wind speed (m s P=0.42 P=0.05 P=0.05

Rho is the Pearson correlation coefficient; P is the P-value with a significance of 0.05.

development (Rodriguez-Castillo and Melgarejo,
2015). It was evidenced that the plants established at
the altitude of Paramo (3,298 m a.s.1.) had less growth
than plants from UNAL. This could be explained by
the interaction between plants and their respective
environments. The metabolic processes of the plants
in Paramo diminished, affected by environmental
conditions. In contrast, the production of anthocya-
nins was favored by the increase in altitude, which
was accompanied by low temperatures (Wang et al.,
2014), as reflected in the reddish tones of the leaves
on plants from Paramo.

CONCLUSIONS

Environmental factors affect the morphological
responses of the Andean blueberry plants, where
plant height, dry matter accumulation, leaf area,

and relative chlorophyll content were favored by the
UNAL environment at an altitude of 2,556 m a.s.l.
On the other hand, San Francisco (1,885 m a.s.l.)
had plants that directed their assimilates mainly to-
wards the stem and roots, probably, to avoid losses
of water involving the emission and maintenance of
new leaves, because of the stressful conditions of this
location.

Likewise, although the Andean blueberry plants tend-
ed to adapt their growth to the conditions of Paramo
(altitudes higher than 3,000 m), in the Cruz Verde
paramo, they did not express their physiological po-
tential in terms of growth and, possibly, production.

Changes in growth and fruit production during the
reproductive phase of Andean blueberry plants under
different environmental conditions need to be evalu-
ated considering the results this study.

Vol. 16 - No. 3 - 2022
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