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APRESENTAÇÃO
Com a vertiginosa perda da biodiversidade que assola o país e o mundo, cada vez 

torna-se necessário conhecer cientificamente os organismos vivos, tanto do ponto de vista 
da sua forma e composição corporal quanto do seu papel ecológico nos ecossistemas. 
As plantas, base da cadeia trófica, neste sentido, são organismos que devem, ainda 
mais, receberem atenção no que se refere à aquisição de informações, para que possam 
ser somadas ao que já existe, encorpando o cenário e proporcionando uma visão mais 
abrangente da biota do planeta.

Neste raciocínio, o E-book “Tópicos Integrados em Botânica” permeia por diversas 
subáreas do conhecimento da Botânica, com pesquisas de perfis que vão de revisões 
temáticas a investigação de potencial tecnológico e de aquisição de informações da 
diversidade de grupos vegetais, trazendo, no todo, pesquisas Básicas e Aplicadas. Neste 
sentido, como o próprio título sugere, tem-se uma integralização e interdisciplinaridade de 
informações científicas recentes envolvendo estes organismos.

Para ter-se uma fluência didática, os capítulos foram trazidos no sequenciamento 
de pesquisas desenvolvidas a nível microscópico e macroscópico, o que, também, como já 
esperado, denota a heterogeneidade deste volume, extremamente rico, o qual contribuirá, 
indubitavelmente, tanto com a formação de jovens graduandos e pós-graduandos, quanto 
com a atualização de profissionais já experientes no seu campo de saber. Ademais, poderá 
também acrescentar conhecimento ao leitor extra-acadêmico interessado nas temáticas 
aqui abordadas.

Assim, bom proveito na aquisição e/ou complemento de novos conhecimentos!

Jesus Rodrigues Lemos
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ABSTRACT: Andean blueberry Vaccinium 
meridionale Sw. is a species that produces 
edible fruits of the Ericaceae family, considered 
promising in the national and international market 
due to its high nutritional quality and medicinal 
properties. This species grows spontaneously 

in the Colombian Andean region; however, the 
absence of viable protocols for its propagation 
and or the lack of knowledge of its agronomic 
management makes it difficult to introduce this 
species as a commercial crop. This research 
work was carried out under controlled conditions 
of temperature and humidity in the Physics and 
Chemistry laboratory of the Popayãn University 
Foundation.  The behavior of the berry seeds 
germination from large (> 8.0 mm), medium 
(6.6 - 7.9 mm) and small (<6.5 mm) fruits 
has been identified in germination levels with 
different concentrations of gibberellic acid AG3 
(300 ppm, 400 ppm and 500 ppm) through a 
completely randomized experimental design with 
three repetitions and an experimental unit of 50 
seeds, in a factorial arrangement of 3 x 4. Data 
were recorded every eight days for a period of 
30 days and subjected to an analysis of variance 
(ANOVA) with an acceptability of 10% error 
value, and Duncan averages. The germination 
of the seeds did not show significant statistical 
differences in any of the treatments; however, the 
medium fruits yielded a greater number of seeds; 
the seeds of large fruits showed greater viability; 
and the concentration of 500 ppm obtained the 
highest percentage of germination.
KEYWORDS: Ericaceae, gibberellic acid, 
dormancy, germination, concentration

EFECTO DEL ÁCIDO GIBERELICO EN 
LA GERMINACIÓN DE SEMILLAS DE 

VACCINIUM MERIDIONALE SW
RESUMEN: El agraz Vaccinium meridionale Sw. 
es una especie que produce frutos comestibles de 
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la familia Ericaceae, considerada promisoria en el mercado nacional e internacional por su alta 
calidad nutricional y sus propiedades medicinales. Esta especie crece de forma espontánea 
en la zona alto andina de Colombia; sin embargo, la ausencia de protocolos viables para su 
propagación y el desconocimiento de su manejo agronómico, dificultan la introducción de 
esta especie como cultivo comercial. Este trabajo de investigación se realizó bajo condiciones 
controladas de temperatura y humedad en el laboratorio de Física y Química de la Fundación 
Universitaria de Popayán; se identificó el comportamiento de la germinación de semillas de 
agraz procedentes de  frutos grandes (> 8,0 mm), medianos (6,6 – 7,9 mm) y pequeños (< 
6,5 mm) en medios de germinación con diferentes concentraciones de ácido giberélico AG3 
(300 ppm, 400 ppm y 500 ppm) a través de en un diseño experimental completamente al azar 
con tres repeticiones y unida experimental de 50 semillas, en un arreglo factorial de 3 x 4. 
Los datos se registraron cada ocho días durante un periodo de 30 días y se sometieron a un 
análisis de varianza (ANOVA) con una aceptabilidad de error del 10% y de promedios según 
Duncan. La germinación de las semillas no demostró diferencias estadísticas significativas 
en ninguno de los tratamientos, sin embargo, los frutos medianos arrojaron mayor número de 
semillas, las semillas de frutos grandes demostraron mayor viabilidad y la concentración de 
500 ppm obtuvo el más alto porcentaje de germinación.
PALABRAS CLAVE: Ericaceae, ácido-giberélico, latencia, germinación, concentración

EFEITO DO ÁCIDO GIBBERÉLICO NA GERMINAÇÃO DE SEMENTES DE 
VACCINIUM MERIDIONALE SW.

RESUMO: O agraz Vaccinium meridionale Sw. é uma espécie produtora de frutos comestíveis 
da família Ericaceae, considerada promissora no mercado nacional e internacional por sua alta 
qualidade nutricional e propriedades medicinais. Esta espécie cresce espontaneamente na 
zona alta andina da Colômbia; porém, a ausência de protocolos viáveis   para sua propagação 
e o desconhecimento de seu manejo agronômico dificultam a introdução desta espécie 
como cultura comercial. Este trabalho de pesquisa foi realizado em condições controladas 
de temperatura e umidade no laboratório de Física e Química da Fundação Universitária de 
Popayán. O comportamento da germinação de sementes de agraz de frutos grandes (> 8,0 
mm), médios (6,6 - 7,9 mm) e pequenos (<6,5 mm) foi identificado em meios de germinação 
com diferentes concentrações de ácido giberélico AG3 (300 ppm, 400 ppm e 500 ppm) através 
de delineamento experimental com três repetições e unidade experimental de 50 sementes, 
em arranjo fatorial 3x4. Os dados foram registrados a cada oito dias durante um período de 
30 dias e foram submetidos a uma análise de variância (ANOVA) com uma aceitabilidade de 
erro de 10% e médias de Duncan. A germinação das sementes não apresentou diferenças 
estatísticas significativas em nenhum dos tratamentos; porém, os frutos médios renderam 
maior número de sementes, as sementes de frutos grandes apresentaram maior viabilidade 
e a concentração de 500 ppm obteve a maior porcentagem de germinação.
PALAVRAS-CHAVE: Ericaceae, ácido giberélico, latência, germinação, concentração

1 |  INTRODUCTION
The berry Vaccinium meridionale Sw., popularly known as ‘mortiño’ or ‘uvito de 
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monte’, is an exotic species belonging to the same botanical family of the berry Vaccinium 
ashei Reade. This one has an outstanding commercial interest in national and international 
markets for its medicinal and food properties once provides beneficial for human health due 
to the antioxidants, vitamins, and minerals it contains, and for agricultural products as an 
economic alternative (SUÁREZ-BALLESTEROS, CALDERÓN-HERNÁNDEZ, MANCIPE-
MURILLO, 2018). The berry Vaccinium meridionale Sw. is a wild shrub that reaches 4 m 
in height and is easily adapted to high mountain climates. In Colombia, this species lives 
in conditions provided by the high Andean ecosystem in the tropical zone from 2300 to 
3300 meters above sea level (HERNÁNDEZ, LOBO, MEDINA, CARTAGENA, DELGADO, 
2009). It is characterized by the production of red grapes, with a bittersweet taste that can 
be used in the confectionery industry or as in natural consumption (ZAPATA, SEPÚLVEDA-
VALENCIA, ROJANO, 2015).

The main problem faced by this species, concerning the management of wild plant 
species, is the limited information on agronomic management and the difficult propagation, 
therefore its establishment and productive use (GARCÍA, LIGARRETO, 2014). Likewise, 
Hernández, Lobo, Medina, Cartagena, and Delgado (2009) indicate that populations have 
been reduced in their natural habitat due to deforestation and productive reconversion, 
deterioration, and death of plants due to improper harvesting practices and overexploitation.

According to the Food and Agriculture Organization report (FAO, 1996), the losses 
of genetic diversity are serious and continuous; (JARVIS, WILLIAMS D., WILLIAMS L. et 
al. 2005). The previous authors indicate that the preservation of gene pools should be a 
constant task, even more so, the genetic sets of wild ones that are generally little observed, 
collected, and described.

For the conservation and sowing of wild species, it is important to determine the 
germination and dormancy of the seeds. Regarding this, the fruits of berry have a high 
number of seeds, and present low percentages of germination, related to the state of 
maturity of the fruit (CASTRILLON, CARVAJAL, LIGARRETO et al., 2008). It means on 
a scale of 1 to 5, 3 is the optimal state, for which fruit harvested below or above 3 have 
a low percentage of germination. Due to this, was chosen the usage of auxins that allow 
increasing germination in less temperature; likewise, break the dormancy of the seeds to 
improve the adaptability conditions of the species (RACHE, PACHECO, 2010).

It is also important to mention that the size of the fruit is essential for the germination 
and dormancy of seeds; this favors their quantity and quality. According to Estanislao 
(2014), it has been found that larger fruit presents better percentages of germination and 
latency breaking.

Taking it into account, this research process was established to analyze the 
germination potential of berry seeds from the fruit of different diameters and potentiated 
with the use of three concentrations of auxin (Gibberellic acid).
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2 |  METHODOLOGY
Location. The research work was carried out in the chemistry and physics laboratory 

of the Popayãn University Foundation, Timbío, Cauca, Colombia, at 1780 meters above 
sea level, an average temperature of 21°C and relative humidity of 80%; under laboratory 
conditions with humidity of the 85% and average temperature of 22°C + 1.

Seed source. The fruits were obtained from wild plants (Figure 1) located in the 
Arrayanales farm, Quintana village of the city of Popayán, located at longitude 76 ° 26’17.01 
“and latitude 2 ° 26’37.17”, 2762 meters above sea level with an average temperature 
between 16 and 17ºC and average relative humidity of 85%. 

Figure 1. Biological Material: a) Plants of Vaccinium meridionale Sw.; b) Fruits of Vaccinium 
meridionale Sw

Source: Authors

The collected fruits were classified according to their diameter into large (> 8 mm), 
medium (6.6 - 7.9 mm), and small (<6.5 mm); then extracted the seeds by manual pressure 
from previously moistened fruits; washed with distilled water through an 8 mm gauge sieve to 
separate the seeds from the pulp and the exocarp until completely cleaning. Subsequently, 
subjected to one-minute immersion disinfection in 1% sodium hypochlorite, and for storage, 
refrigerated at a temperature of 1°C, according to Hernández, Lobo, Medina, Cartagena, 
Delgado (2009). 

Feasibility test. It was evaluated with the tetrazolium test (TZ). To do this, the seeds 
were moistened for 24 hours in distilled water, a longitudinal cut was made to facilitate the 
absorption of the tetrazolium and they were left immersed in a solution of 2, 3.5 triphenyl 
tetrazolium at 1%, for 3 hours at a 45 ° C temperature; later, the embryo staining was 
observed in a stereoscope. Three replicas were made with 50 seeds each.
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Seed germination. The research was developed under a completely randomized 
DCA experimental design with a 3x4 factorial arrangement, three categories of seed 
diameter (large, medium, and small), and four concentrations of gibberellic acid (0 ppm, 
300 ppm, 400 ppm, and 500 ppm); each one with three repetitions and 50 seeds as an 
experimental unit. Then we determined the germination percentage (GP) with the following 
formula (SUÁREZ-BALLESTEROS, CALDERÓN-HERNÁNDEZ et al., 2018):

Where “Sg” is the number of germinated seeds, and “St” is the total number of seeds.
The sowing was carried out in Petri dishes on filter paper moistened with the 

solution according to the concentration of AG3, remaining in a laminar flow chamber with 
temperature 21°C + 1, the humidity of 85% and with the light condition: the darkness of 
12:12 h, according to Hernández, Lobo, Medina, Cartagena, Delgado (2009).

The data collection was done in an Excel matrix, for each of the germination variables 
according to size and according to the concentration of AG3. The data were subjected to an 
Analysis of Variance (ANOVA) with a margin of error of 10%.

3 |  RESULTS AND DISCUSSION
Number of seeds per fruit. Statistically speaking, was not reported any difference in 

the number of seeds according to the size of the fruit. Although, the berries with the highest 
number of seeds were obtained from the fruits with 6.6 - 7.9 mm diameter, with an average 
of 15, 11 seeds (Figure 2). Valencia and Ramírez (1993) found fruits with an average of 15 
seeds, and De Valencia and De Lozano (1995) state that large fruits with diameters between 
10-12 mm, contained 10 and up to 55 seeds (with an average of 37). Likewise, García and 
Ligarreto (2014) and Castro et al. (2012) point out that large fruits contain a greater quantity 
of seeds, stating that climatic conditions interfere in the production of higher quality fruits, 
which influences the number of seeds. 
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Figure 2. Number of seeds according to fruit size.

Source: Authors

Valencia and Ramírez (1993) state that some fruits have underdeveloped seeds 
and whitish rudiments that would not be considered as a seed; thus, reducing the number 
of seeds per fruit. As a determining factor. Buitrago et al (2015) raise the number of seeds 
per fruit by its color; it means green fruits have poorly developed white seeds indicating that 
they are not yet viable, and a purple color indicates a greater quantity of physiologically 
viable seeds.

a) Viability of berry seeds. 68% of the viability of berry seeds was considered 
high for lignified those from wild plants (Figure 3). 18% did not show staining in the 
embryo, indicating that they are non-viable seeds, possibly because they are in a type of 
dormancy that can be induced by structural conditions of them or physiological conditions 
(HERNÁNDEZ et al, 2009); the same author affirms that ‘mortiño’ seeds do not present 
exogenous latency, therefore it may be influenced by innate conditions.

Figure 3. Percentage of viability of V. meridionale.

Source: Authors
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According to Suárez, Calderón, and Mancipe (2018), the berry seeds lose viability 
when stored; likewise, De Armas, Martín, Rangel (2020) report that the fruits are climacteric 
and when stored for several days, they start a process of dehydration that causes the 
phenological characteristics of the seeds to be lost. Valencia and Ramírez (1993) explain 
that small seeds present lignified endosperm and no embryo, causing loss of viability, 
and they state that viability is also influenced by climatic conditions, such as temperature, 
interfering in the process of filling the fruits; therefore, in the development of the seeds.  

Calderón (2019) highlights that the storage temperature is a determining variable to 
maintain the viability of seeds. Therefore, storage in laboratory conditions for long periods 
is not recommended for more than a week because it decreases viability. Likewise, Espitia, 
Cardona, Campo, Armendiz, and Correa (2017) state that the deterioration of the seed 
coat of the seed during storage produces changes in enzymatic activity, reducing nutritional 
substances and losing viability.

However, Balaguera et al (2010) also state that cold stratification in seeds is an 
alternative to increase the synthesis of gibberellins and reduces the concentration of 
germination inhibitors, inducing an increase in the percentages of germinated plants.

a) Germination according to the size of the fruit. According to the size of the fruit, 
the analysis of variance for the germination of the seeds did not show significant statistical 
differences. However, the medium size was the one that obtained the highest germination 
percentage at 41%. García and Ligarreto (2014) report similar results when evaluating the 
effect of fruit size on the development of berry seedlings, where no significant differences 
were found between the germination rates of seeds of fruits of different sizes.

Figure 4. Percentage of germination of V. meridionale seeds vs fruit size

Source: Authors

According to Suárez, Calderón, and Mancipe (2018) reveal that the germination 
process of berry is slow, obtaining germination percentages of 38% in seeds extracted 
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from fruits evaluated for 35 days only with water. The previous authors found that fruits with 
sizes <1 cm presented 82.64% germination and fruits > 1 cm presented 90.4% germination 
with seeds obtained from the Purace region in the department of Cauca; very high results 
compared to those obtained in this research.

The low percentage of germination, according to Doria (2010), is because viability 
is determined by the physiology of the seed. That means the permeability of water is 
prevented if a seed has a hard seed coat; therefore, the embryo remains in a slow dormant 
state that makes impossible the starting of the germination process. Besides, if the embryo 
does not complete its morphological stage, it is not yet in optimal conditions to germinate. 
Furthermore, Nin (2017) points out that the majority of seeds to start the germination process 
require a sufficiently aerated environment with which the embryo obtains the energy to 
maintain its constant metabolic activity in the first germination phase.

On the other hand, Buitrago et al (2015) explain that the low germination of the 
seeds of some species is influenced by the size of the embryo being very small compared 
to the size of the seed and has a large amount of endosperm. Even though the cotyledon 
and radicle are developed, the endosperm must grow to a critical length for the radicle to 
emerge from the seed.

a) Influence of Gibberellic Acid in germination.  When performing the germination 
variance analysis, were not found any statistically significant differences for the concentrations 
of the hormone. However, in graph 9, it is evident in observation 5 with a concentration of 
400ppm, 26.67 seeds out of 50 germinated, the highest germination number corresponding 
to 88.9% of the total seeds.

The previous results agree with that reported by Hernández et al (2009) who found 
germination percentages of 97, 98, and 93% for concentrations of 500, 1000, and 2000 mg 
L-1 of gibberellic acid respectively and 84% for the control treatment.

Figure 5. Germination according to the concentration of AG3

Source: Authors
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Regarding the germination days of this research, and according to what was stated 
by Buitrago et al (2015) about the seeds germinated 20 days after sowing, it stated that 
began the appearance of the radicle after 20 days of establishing the experiment in the first 
germinated seeds.

According to Hernández et al (2009), the imbibition of the seeds in gibberellic acid 
allows the removal of dormancy, which is not deep. Also, the berry seeds are photoelastic, 
and when placed in periods of light, with a temperature of 20°C, they present high 
percentages of germination; and Magnitskiy and Ligarreto (2011) point out that gibberellic 
acid increases the growth of the embryo and helps to break the resistance surrounding 
the radicle, which facilitates germination. However, in the test, no significant differences 
were obtained from the seeds treated with AG3 and the control, using water, which allows 
inferring that the berry seeds from the Quintana village can germinate under the influence 
of water only. It coincides with what was reported about the application of gibberellic acid 
rather than an increase in germination produces greater speed in the process, reducing the 
light needs (HERNÁNDEZ et al, 2009).

Seeds obtained from wild species contain substances such as tannins that inhibit 
seed germination (AGUILAR, MELGAREJO, ROMERO, 2012). Additionally, the berry has a 
hard and impermeable covered layer which makes it difficult for the hormone to be absorbed 
through the other ones, although it also depends on the entry of oxygen, therefore, if the 
seminal covers are intact, it is difficult for the seed to start with germination metabolism 
(DORIA, 2010).

4 |  CONCLUSION
The berry seed has a high percentage of viability, indicating that sexual propagation 

can be an effective method for this species. Regarding the sexual reproduction of berries, 
the concentration that showed the highest number of germinated seeds was 400 ppm at 
the end of the evaluation. However, the control treatment presented similar results, which 
indicates that the use of gibberellic acid on berry seeds is not profitable.

For the size of the fruit, there is no significant difference in germination. However, 
the seeds of medium berries obtained a higher percentage concerning the other size, which 
means that a characteristic to take into account is the selection of medium fruits to increase 
the probability of germination.
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