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Abstract

This study aimed to define a methodology that, when combined with temperature, can overcome the dormancy
and also to determine the adequate substrate and light conditions for germination of Colubrina glandulosa Perkins,
contributing to seed analysis and restoration projects. In the experiment of dormancy and temperature, seeds were
immersed in sulfuric acid for 30, 60, 90, 120 and 150 minutes and set to germinate at temperatures of 20-30 °C, 25 °C
and 30 °C. The used substrates were sand, vermiculite, Tropstrato” substrate, coconut powder, blotting paper and
paper towel. As for the light supplied, the seeds were subjected to four luminosity regimes: white light, far-red light,
red light and light absence. Temperatures of 20-30 °C and 30 °C achieved better results, with exposure in sulfuric
acid for 120 and 150 minutes. The substrates sand and vermiculite were the most suitable. The species germinated

in all light regimes treatments used.

Keywords: seed dormancy, seed germination, ecophysiology, restoration ecology.

1. INTRODUCTION AND OBJECTIVES

The subjugation of global ecosystems by human beings
has increased the rates of extinction, threatening not just
the well-being of people, but also affecting the natural
ecosystems services (Johnson et al., 2017). In Brazil, several
forest ecosystems are degraded as a result from the anthropic
activities. For this reason, restoring and expanding these
environments turned into an important task, which is
beneficial for biodiversity, climate, water quality, as well as
for providing other ecosystem services (Bright et al., 2017;
Houghton & Nassikas, 2018).

Due to the forest restoration expansion and the increasing
demand for seedlings production, studies focused on the
ecophysiology of seed germination in native forest species are
on the rise due to their environmental and economic potential
use. Moreover, it contributes to the rational exploitation and use

of these species (Rodrigues Filho et al., 2019; Santos et al., 2019;
Oliveira et al., 2020a).

Among the species that may be used on forest restoration
is Colubrina glandulosa Perkins (Rhamnaceae). This native
species is a pioneer that occurs from the eastern coast of
Brazil to Paraguay and Peru. It grows quickly, facilitating the
establishment of other species that require shading areas, thus
being important for the ecological succession. In addition, it
has a huge using potential in carbon compensation projects
and its seeds present physical dormancy, which allows them
to remain inactive in the seed bank, an important strategy
for the population dynamics (Silva et al., 2015; Marcos
Filho, 2015; Camara et al., 2017; Morais Janior et al., 2018;
Melo Junior et al., 2018). However, there is no methodology
available in the Rules for Seed Analysis (Brasil, 2009) that
determines procedures to be applied for germination tests
in this species (Melo Junior et al., 2018).
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Although seed dormancy works as an efficient mechanism
to ensure the species survival, it also may be a barrier for the
propagating plants with economic interest (Brito et al., 2016).
Physical dormancy is common in forest species, and different
methods can be used in order to overcome it, such as the
immersion in hot water and the mechanical or acidic scarification
(Guedes et al., 2013; Barbedo & Santos Janior, 2018).

The temperature is one of the main factors conditioning
the seeds germination process (Oliveira et al., 2020b). It affects
the water absorption rate and the biochemical reactions
that control germination, influencing both the germination
percentage and its speed index. In general, species demonstrate
physiological variations when exposed to different temperatures,
and for this very reason evaluating this germination aspect
is important (Marcos Filho et al., 2015; Araujo et al., 2016).

Substrates may be chosen when considering the seed
size, moisture requirement, light sensitivity and the ease in
counting and evaluating the seedlings (Abreu et al., 2017).
In the laboratory tests, the most used substrates are paper
towel, blotting paper, vermiculite and sand, with the last two
as the most indicated since they present lesser infestation by
microorganisms (Araujo et al., 2016).

Seed germination may be also influenced by light, which
can promote or inhibit it. Species can be classified in three
ways according to their light response: those that require
light to germinate (positive photoblastic); those that require
darkness to germinate (negative photoblastic); and those that
have a large percentage of their seeds neutral to light (neutral
photoblastic) (Baskin & Baskin, 2014; Flores et al., 2016).

The aim of this study was to determine a methodology that,
associated to the use of temperature, overcomes dormancy,
never before evaluated in other studies with this species, as
well as to establish ideal conditions of substrate and light for
the germination of Colubrina glandulosa Perkins seeds. The
results will contribute to determine adequate procedures for
seedlings production to be used in projects of forest recovery,
urban afforestation and restoration.

2. MATERIALS AND METHODS

Colubrina glandulosa Perkins fruits were collected in two
different trees located in Carpina, Pernambuco (7°50’42.4” S,
35°14’50.1” W). The climate of the region is classified as
As’ according to the Koppen classification. The fruits were
manually collected and then benefited, identified and stored
inside plastic bags under room temperature conditions.
Botanical fertile material was also collected for confirming
the identification of Colubrina glandulosa Perkins.

Moisture content of Colubrina glandulosa seeds was
performed by using the oven method at 105 °C for 24 hours.
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Four replicates composed by 2 g of seeds each were placed
in previously weighed aluminum capsules (6 cm of diameter
x 4 cm of height). After the elapsed time, the samples were
removed from the oven and placed in a desiccator for ten
minutes and then weighted on an analytical balance with
accuracy of 0.0001 g. The resulting water content was expressed
in percentage, as suggested by the Rules for Seeds Analysis
(Brasil, 2009) and the classification of seeds according to the
moisture content identified, as described by Chin et al., (1989).

C. glandulosa seeds were immersed in concentrated
sulfuric acid (H2SO4) under five different times: 30, 60,
90, 120 and 150 minutes. After that, they were disinfected
with 5% sodium hypochlorite for five minutes, washed
with distilled water and sown in transparent plastic boxes
containing vermiculite substrate, with four replicates of 25
seeds each. The plastic boxes were then kept in a germinating
chamber, Biochemical Oxygen Demand (B.O.D.) type, at
three different temperatures: 25 °C, 30 °C and 20-30 °C, as
suggested by Albuquerque et al. (1998).

As for the substrate evaluation, seeds were subjected to
the pre-germinative treatment of immersion in concentrated
H2S0O4 for 120 minutes. Substrates used in the sowing
were the following: sand (T1), vermiculite (T2), coconut
powder (T3), Tropstrato” substrate (T4), blotting paper (T5)
and paper towel (T6), with this last one arranged in rolls.
The substrates were previously autoclaved for two hours
at 120 °C, moistened with a 0.2% nystatin solution and
only then were placed in the plastic boxes (dimensions
11 x 11 x 3 cm) with four replicates of 25 seeds in each
treatment. Subsequently, these boxes were stored in the
B.O.D. set with an alternating temperature of 20-30°C and
under continuous light.

In relation to light quality, the seeds were subjected to
the same pre-germinative treatment of immersion in sulfuric
acid for 120 minutes. The blotting paper, with four replicates
of 25 seeds each, was used for sowing, and seeds were kept
in a B.O.D.-type germinating chamber. For evaluating the
germinative behavior of seeds, four different light conditions
were used: white light (WL), far-red light (FRL), red light (RL)
and no light (NL), as suggested by Silva and Matos (1998).

The evaluation of the germinated seeds occurred until
the 20th day after sowing, using as germination criterion the
hypocotyl appearance and the cotyledons emergence, as well
as the early epicotyl emission.

Evaluated parameters were the following: germination (G),
expressed in percentage; germination speed index (GSI), as
suggested by Maguire (1962); first germination count (FC),
corresponding to the percentage of seeds germinated in the
period of the first normal seedlings; mean germination time
(MGT), according to Silva and Nakagawa (1995); the shoot
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and root lengths of the seedlings, by using a ruler graduated
in centimeters, and the dry matters of their shoot and root
as well. Evaluation of the shoot and root dry matters of the
seedlings occurred after keeping them in a forced-ventilation
oven at 80 °C for 24 fours, and after this period, the seedlings
were kept in a desiccator for ten minutes and then weighted on
an analytical balance with accuracy of 0.0001 g, as suggested
by Nakagawa (1999).

The data were analyzed by using SISVAR (DEX/UFLA),
version 5.3. The analysis of variances (ANOVA) was performed
for all tests. Regarding the dormancy and temperature, a factorial
design of 3 x 5 (temperatures x time of immersion in sulfuric
acid) was used. The Scott-Knott test at 5% of probability was
applied to evaluate significant differences in the temperature.
As for the quantitative effects, a polynomial regression was
performed, testing the linear and quadratic models, selecting the
significant with higher R For the effects of substrate and light,
the Scott-Knott test at 5% of probability was also performed.

3. RESULTS AND DISCUSSION

For this research, the moisture content of C. glandulosa
seeds was 12.79%, classifying these seeds as orthodoxies.
It demonstrates the species tolerance to desiccation during
its development. Seeds may be also stored in dry and cold
places to be conserved (Chin et al., 1989).

The water content also is related to the longevity, as seeds
that have better protection against damage occurring in dry
conditions survive longer. Understanding seed longevity and
storage help in developing better tools for management and
conservation of the species (Walters, 2015).

3.1. Influence of dormancy and temperature on
germination

Germination, germination speed index, first germination
count and shoot dry matter did not have significant interactions
between the immersion time in sulfuric acid and the three
temperatures for C. glandulosa seeds.

For germination, there was no significant difference
between the temperatures. On the other hand, the germination
speed index, first germination count and shoot dry matter all
had signifcant differences for temperature (Table 1). Seeds
kept at 20-30 °C and 30 °C demonstrated higher results
regarding their germination speed index. The occurrence of
germination at both constant and alternating temperature
demonstrates adaptations of Colubrina glandulosa for
temperature variations (Medeiros, 2019). The alternating and
high temperatures probably stimulated the seeds, promoting
a faster germination process.
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Table 1. Germination Speed Index (GSI), First Germination Count
(FGC) and Shoot Dry Matter (SDM) of Colubrina glandulosa seeds
subjected to different temperatures.

Temperature
Variables
20-30 °C 30°C CV%
GSI 1.491 A 1.271 B 1.422 A 17.32
FGC 43.8 A 374 B 362 B 21.40
SDM 0045 B 0.055 A 0.063 A 33.25

Means followed by the same letter in the row do not differ from each other by
the Scott-Knott test at 5% probability.

There are species that germinate better at alternating
temperature, and this behavior may be associated to dormant
seeds. However, there is no comprehension of the alternating
temperatures effects on seeds, but probably this thermal
varjation promotes a change in the germination promoters/
inhibitors balance (Marcos Filho, 2015).

According to Brancalion et al. (2010), the optimal
temperature for germination is related to seed physiological
adaptations, besides of the biome where the seeds were
produced. Ecological characterization, as the successional
group, may influence on the determination of the optimal
temperature for the germinative process. For germination
of Colubrina glandulosa Perkins seeds, Albuquerque et al.
(1998) also recommended the temperatures of 25 °C, 30 °C
and 20-30 °C.

Regarding the first germination count, the alternating
temperature had the highest percentage, with 43.8%. On
the other hand, the shoot dry matter of the seedlings kept at
25 °C and 30 °C produced higher results (Table 1).

In relation to the immersion time in sulfuric acid, the
percentage of germinated seeds were higher in 120 and
150 minutes. Results illustrated by Figure 1A demonstrate
an increasing germination of C. glandulosa seeds as the
permanence time in sulfuric acid grows. Speed germination
index also reached higher results in the longer periods of
seeds immersion in H,SO, (Figure 1B).

The increasing germination of C. glandulosa seeds as the
immersion time in sulfuric acid increased demonstrates that,
for this species, dormancy overcoming is not only related to
the contact of the substance with the seed coat, but to the
contact period between seeds and acid. There was also an
increase in the germination speed index with the increasing
seed immersion time in sulfuric acid. Garcia et al. (2009)
reported that sulfuric acid accelerates the germination speed
of C. glandulosa seeds.
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Figure 1. A- Germination; B- germination speed index (GSI); C- first germination count (FGC); and D- shoot dry matter (SDM) of
Colubrina glandulosa Perkins seedlings subjected to different immersion times in sulfuric acid (H,SO,).

Sulfuric acid causes a corrosive effect on the seed
coat, changing the membrane permeability and allowing
the entrance of water, an essential factor for starting
the germination process (Dousseau et al., 2007).
In addition, according to Smychniuk et al. (2020),
specialized anatomical structures (water gaps) in seeds with
physical dormancy, may allow the water entrance to begin
the imbibition.

The percentage of first germination count was higher in
the treatment of 120 minutes (Figure 1C). As for shoot dry
matter of C. glandulosa seedlings, its content increased as the
immersion time in sulfuric acid was longer; however, there
was stabilization between 120 and 150 minutes (Figure 1D).

There was an interaction between temperature and
immersion time in sulfuric acid for the mean germination
time, shoot length, root length and root dry matter. In
general, the germination of C. glandulosa seeds were
slower during the 30 minutes of exposition to acid, and
took longer at 30 °C.

For the mean germination time (Table 2), there were no
differences between treatments; only the immersion of seeds
for 30 minutes of H,SO, at 30 °C had statistical difference,
with a slower seed germination. Satisfactory results of GSI
and MGT were found in 120 minutes of immersion in sulfuric
acid at 20-30 °C, indicating the efficiency of this treatment.

In relation to the shoot length of C. glandulosa seedlings,
higher results were observed at 30 °C by immersing the
seeds in acid for 90 minutes, as well as for 60 minutes at
the same temperature (Table 2). Results found by Alves
et al. (2006) reported higher growth in Zizyphus joazeiro
Mart with 95 minutes of seeds immersion in acid. In this
study, exposition for more than 120 minutes compromised
the shoot development.

Considering the root length, the combination that produced
the highest result was the immersion in acid for 90 minutes at
30 °C (Table 2). The exposition times of 30, 60, 120 and 150
minutes did not present any statistical differences between
the temperatures.

Floresta e Ambiente 2021; 28(1): 20200049
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Table 2. Means from the germination time (MGT), shoot length (SL), root length (RL) and root dry matter (RDM) of Colubrina glandulosa
Perkins seeds under different temperatures and subjected to five sulfuric acid immersion times.

20-30 °C

Time in H,SO,

Mean Germination Time (days)

30 142 B
60’ 11.3 A
920’ 8.7 A
120° 85A
150’ 10.1 A

11.9B 20.08 A
10.5 A 11.2 A
13.2 A 9.9 A
119 A 9.1 A
122 A 9.9 A

Shoot length (cm)

30’ 2.0625 A
60’ 2.7929 B
920’ 3.1344 B
120 3.2869 A
150 2.7902 A

1.7667 A 1.7000 A
2.0232 C 4.3389 A
1.8069 C 4.5323 A
2.0246 B 2.0309 B
1.9413 B 1.6386 B

Root length (cm)

30 1.6387 A
60’ 2.1832 A
920’ 2.2420 B
120 1.9461 A
150° 1.7155 A

1.6229 A 1.3833 A
2.1111 A 2.1516 A
2.0121 B 3.0556 A
1.8122 A 2.1240 A
1.9487 A 1.8673 A

Root dry matter (mg)

30’ 0.0027 A
60’ 0.0112 B
90’ 0.0097 B
120 0.0192 A
150 0.0207 A

0.0020 A 0.0025 A
0.0122 B 0.0245 A
0.0127 B 0.0370 A
0.0172 A 0.0210 A
0.0192 A 0.0167 A

Means followed by the same letter in the row do not differ from each other by the Scott-Knott test at 5% probability. CV(%): MGT=29.43; SL=14.89; RL=13.58 and

RDM= 36.00.

In relation to the root dry matter of the seedlings, higher
results were attained by using 60 and 90 minutes of acid
immersion at 30 °C, as Table 1 indicates. Melo Junior et al.
(2018), during their study, found dry matter content to be higher
in 60 minutes of immersion in H_SO, for the same species.
In their research, the authors suggested, for the germination
of seeds, the time of 60 minutes in sulfuric acid.

Regression analysis did not present any significant differences
at 25 °C for MGT. However, at 30 °C and 20-30 °C a shorter
mean germination time was observed in seeds immersed for
120 minutes in sulfuric acid (Figure 2A). Thus, it is possible

Floresta e Ambiente 2021; 28(1): €20200049

noticing that the mean germination time decreases as the
exposition time to the acid increases. These results differ from
what was found by Carvalheiro et al. (2007) and Melo Janior et
al. (2018), who reported an increased mean germination time
of C. glandulosa seeds germination as the exposition time in
H,SO, also increased. These differences may be explained due
to some reasons, such as the environmental factors, genetic
factors and nutritional status (Miiller et al., 2016).

In relation to the analysis of immersion time in acid at the
different temperatures for shoot length (Figure 2B), it is possible
noticing that at 20-30 °C the exponential growth occurred as

[$3]
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the immersion time increased until 120 minutes, and after that
there was a short growth reduction in the last time. At 30 °C, it
was possible observing the shoot growth of Colubrina glandulosa
seedlings until the time of 90 minutes, and then there was a decline
in the time of 120 minutes. There were no significative differences
between the treatments for shoot length of seedlings at 25 °C.

For root length, there was no significant difference between
immersion times at 25 °C. At 20-30 °C, the root length grew
until 90 minutes, having a decline in the other times, as
illustrated in Figure 2C. The same behavior was observed at
30 °C, but this temperature demonstrated higher variance
between results for root length in the different immersion
times in sulfuric acid. According to Rorato et al. (2018), plants
with well-developed root system have better conditions to
settle in the field, promoting greater survival, maintenance
ease and greater nutrient and water absorption.

The regression analysis (Figure 2D) demonstrated that at
20-30 °C and 25 °C there was linear growth of the seedlings
dry matter content as the immersion time increased, reaching
higher results at 120 and 150 minutes.
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On the other hand, at 30 °C, it is possible observing the root
dry matter growth until 90 minutes, the highest result, followed
by a seedlings growth reduction in 120 and 150 minutes. It
is possible inferring that C. glandulosa seeds generally need a
minimum of 90 minutes of immersion in sulfuric acid in order
to obtain satisfactory contents of root dry matter.

The results presented here in this research confirm dormancy
caused by the impermeability of seed coat in Colubrina
glandulosa. Thus, the efficiency of sulfuric acid in overcoming
dormancy is proven by being responsible for the appearance
of cracks around the hilar slit and porosity of the integument,
allowing water absorption and, consequently, the germination.

Chemical scarification with sulfuric acid cannot be used
for all the seed species, because there are different dormancy
levels that need to be identified in order to determine a more
adequate immersion time for promoting higher germination
results (Guedes et al., 2013). In the case of Colubrina glandulosa,
using sulfuric acid is necessary because its seeds are too small
and other methods, such as the mechanical scarification
of the seed coat, are not practical (Brancalion et al., 2011).
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Figure 2. A- Mean germination time (MGT); B- shoot length (SL); C- root length (RL) and D- root dry matter (RDM) of Colubrina
glandulosa Perkins under different immersion times in sulfuric acid at the temperatures of 20-30 °C (), 25 °C (®) and 30 °C (m).
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3.2. Influence of the substrate on germination

Sand (T1) and vermiculite (T2) promoted higher germination
percentages for seeds (Figure 3A), with no statistical differences
between both. The germination percentage is a satisfactory
index to evaluate the ability of a species in occupying a natural
habitat as a rapid germination strategy allows establishment
in the environment as quickly as possible, taking advantage
of favorable environmental conditions (Melo et al., 2018).
Seeds sowed on coconut powder (T3) had lower results,
differing from all the other treatments. The low germination
in coconut powder may have occurred because of the high
fungi intensity in this treatment, even with the sterilization
of substrate, which probably influenced the seed germination
and the development of seedlings.

The first germination count, in vermiculite (T2), found a
higher percentage, which differed this treatment from the others.
It probably happened because vermiculite has low density,
porosity and water-holding capacity (Martins et al., 2009).
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Sand (T1), Tropstrato substrate (T4), blotting paper (T5)
and paper towel (T6) did not have any statistical differences
between each other, while coconut powder (T3) promoted a
lower result (Figure 3B). In relation to the germination speed,
higher indexes were found for vermiculite and sand (Figure 3C).

There were statistical differences between treatments for
mean germination time (Figure 3D). Seedlings growing in
vermiculite had the lowest time, followed by blotting paper,
paper towel, sand and Tropstrato’ substrate. Coconut powder
did not present satisfactory results.

In relation to the shoot length, the highest seedlings
development occurred when sowing the seeds on sand (T1),
Tropstrato” substrate (T4), coconut powder (T3) and
vermiculite (T2), with no statistical difference among each
other (Figure 4A). The substrates that promoted adequate
seedling development, sand and vermiculite, probably offered
the necessary conditions to a quickly and uniform germination,
causing a suitable initial growth of Colubrina glandulosa, as
mentioned by Nascimento et al. (2014).
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Figure 3. A- Means of germination ; B- first count (FC); C- germination speed index (GSI) and D- mean germination time (MGT) of
Colubrina glandulosa Perkins seeds. CV=11.88%, 26.02%, 11.94% and 9.48%, respectively. Treatments: T1 - sand; T2 - vermiculite; T3 -
coconut powder; T4 - Tropstrato; T5 - blotting paper; T6 — paper towel.
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Figure 4. Means of A- shoot length (SL); B- root length (RL); C- shoot dry matter (SDM) and D- root dry matter (RDM) of Colubrina
glandulosa Perkins seedlings sowed in different substrates. CV = 17.91%, 12.14%, 22.09% and 30.01%, respectively. Treatments: T1 - sand;
T2 - vermiculite; T3 - coconut powder; T4 - Tropstrato; T5 - blotting paper; T6 — paper towel.

As for the root length, only the blotting paper (T5)
demonstrated statistical difference, having the lowest root
system development (Figure 4B).

The different substrate types used for germination of
Colubrina glandulosa seeds did not influence the shoot dry
matter content, as there were no statistical differences between
treatments (Figure 4C). Regarding the root dry matter, sand (T1)
promoted higher results, as well as Tropstrato’ substrate (T4),
vermiculite (T2) and paper towel (T6) (Figure 4D).

The results obtained for root dry matter in sand,
vermiculite, Tropstrato” substrate and paper towel were
caused, probably, by the higher substrate aeration, with
more efficient degradation of seed reserves (Guedes et al.,
2010). The inferior results shown by blotting paper and
coconut powder may have possibly occurred due to their
physical properties, which were not compatible with the seed
requirements on the water availability (Ferreira et al., 2008).

Germination, time, germination speed index and the
seeds physiological quality are all influenced by the substrate

used, and for this reason is essential studying its effects on
the germination process (Abreu et al., 2017). A suitable
substrate must promote higher seed germination, as well as
favor seedling growth and development (Ferreira et al. 2008).
In addition, it is also important mentioning that the substrate
is very important for the water supply (Arantes et al., 2019).
Therefore, according to the results obtained with the analyzed
parameters, sand and vermiculite are the suggested substrates
to be used for germination of Colubrina glandulosa seeds.
Albuquerque et al. (1998) also concluded that sand and
vermiculite are some of the more adequate substrates to be
used in the germination of this species.

3.3. Influence of the light on germination
There was no difference between treatments on all variables
analyzed. For this reason, Colubrina glandulosa may be classified

as indifferent to light (Silva et al. 2014). Light-indifferent
species may germinate under low concentrations of Fvd, the
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active form of phytochrome, a pigment responsible for the
photoreaction. This may indicate that Fvd already exists in
the seeds and may be related to the chlorophyll content of
the extraembryonic tissue (Marcos Filho 2015).

The strong physical dormancy may also determine this
condition. According to Azevedo (2015), many species from
the Cerrado, one of the environments which C. glandulosa is
found, are indifferent to light, due to the dormancy caused
by their coat.

Although there was germination under light absence, almost
all seedlings in this treatment presented yellowish or translucent
hypocotyl and cotyledons, showing that chlorophyll synthesis
did not occur, since production occurs when phytochromes
are in their active form (Fvd). Hence, the seedlings presented
a deficiency in their photosynthetic apparatus.

Results obtained for shoot and root length demonstrate
that seedlings shoot and root system development of C.
glandulosa may occur in a wide range of light conditions,
contributing to the natural regeneration of this species.

The capacity of germinating regardless of the light quality
is an essential adaptation of Colubrina glandulosa, as it ensures
seed dispersion and colonization in areas with different
environmental conditions (Ramos et al., 2020). Furthermore,
from the ecological viewpoint, this is an important feature for
it allows seedling development in environments with different
successional stages (Holanda et al., 2015; Medeiros et al., 2019).

4. CONCLUSIONS

Temperatures of 20-30 °C and 30 °C are indicated for
conducting experiments with Colubrina glandulosa Perkins,
with immersion in sulfuric acid for 120 and 150 minutes. The
necessity and efficiency of the chemical scarification method
with sulfuric acid was proven for overcoming dormancy of
C. glandulosa, which is caused by the coat impermeability.

Sand and vermiculite may be used for seedling production
of C. glandulosa, as it offers ideal conditions for the species
development. Light did not influence the germination of
Colubrina glandulosa Perkins seeds, classifying the species as
indifferent to light, demonstrating its establishment capacity
in environments with different luminosities.

Colubrina glandulosa Perkins has high potential to be
used in programs of recovering degraded areas, restoration
and urban afforestation because this species can adapt to a
wide range of environmental conditions.
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