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Abstract: The significant presence of Albizia polycephala (Benth) Killip in various forest ecosystems
Received: highlights its potential to play a crucial role in biodiversity conservation and ecosystem stability.
12/07/2024 Understanding and promoting the use of this species can greatly contribute to the preservation and
restoration of natural environments, as well as sustainable agricultural practices. Seed germination is a
complex process influenced by several abiotic factors, notably moisture and temperature. These factors are

5;/‘;';;2%24 critical, and under extreme conditions, they can cause irreparable damage to seeds. Therefore, this study
aimed to assess the impact of varying water volumes in the substrate and temperatures on the physiological
viability of A. polycephala seeds. The interaction between ecology and agriculture is essential to promote

Accepted: sustainable agricultural practices that respect natural ecosystems. Proper forest management can ensure

13/12/2024 biodiversity conservation and agroecosystem stability. Investing in agroforestry systems can contribute to

the restoration of degraded landscapes, fostering harmonious coexistence between agricultural production
and environmental preservation.The experiment was conducted at the Fitotechnology Laboratory, Campus
of Engineering and Agricultural Sciences, Federal University of Alagoas (CECA-UFAL), in Rio Largo — AL.
Treatments included water volumes equivalent to 1.5, 2.0, 2.5, 3.0, and 3.5 times the dry mass of the substrate,
with constant temperatures of 30°C and alternating temperatures of 20-30°C. Substrates were not rewetted
during the experiment. A completely randomized design (CRD) was employed, and when significance was
observed in the F-test, means were compared using Tukey's test at a 5% probability level. Additionally,
regression analysis was conducted to analyze quantitative effects. The alternating temperature regime of
20-30°C and a water volume of 3.5 times the mass of the dry substrate proved to be the most favorable
combination for conducting germination and vigor tests of A. polycephala seeds. These findings can inform
ecological restoration projects and agricultural strategies aimed at enhancing seed viability and supporting
ecosystem resilience.

Keywords: Agroecosystem, Ecological impact, Restoration of degraded areas.
Abbreviations: BOD_Biochemical Oxygen Demand; IVG_Index of speed of germination; UFAL_Federal University of Alagoas;
CRD_completely randomized design.

Introduction

Albizia polycephala (Benth) Killip, popularly known as angico- promoting metabolism. In the context of seeds, water is crucial
branco, belongs to the Fabaceae — Mimosoideae family and is a for the germination process, activating their metabolic system
pioneer species with multiple uses, including environmental through physiological and biochemical changes (Paiva et al.,
restoration, ornamentation, and urban afforestation (Silva et al., 2019). This activation results in cell division and expansion,
2023). Species of the genus Albizia, particularly A. polycephala, enabling the growth of the embryo and the protrusion of the
are widely recognized for their potential in forestry and primary root (Gongalves et al, 2015). For this metabolic
agroforestry practices. They are considered excellent options for activation to occur, seeds need to reach an appropriate level of
the restoration of successional areas and forest formations, hydration. However, excess water can be detrimental to the
playing a crucial role in natural ecosystems, such as the Atlantic germination process (Taiz et al, 2017). Understanding the
Forest, where they exhibit high frequency, density, and relative optimal water conditions in germination tests ensures greater
dominance (Sartori et al., 2018). Their presence in various forest seed trade security through standardized analyses for evaluating
types underscores their ability to maintain biodiversity and different seed lots (Brasil, 2009; Ledo et al., 2019). Excessively
stabilize agroecosystems (Melo et al, 2018). Therefore, waterlogged substrates reduce aeration, hinder oxygen
understanding and promoting the use of native species can penetration, and decrease metabolic processes, leading to a
significantly contribute to the conservation and restoration of reduction in the physiological potential of seeds. Additionally,
natural environments (Melo et al., 2021). excess water can increase fungal incidence, contributing to seed
Water is a fundamental solvent for biological processes, essential deterioration (Melo et al., 2017). Therefore, during germination
for the movement of molecules within and between cells, tests, it is crucial to maintain the substrate uniformly moist to
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provide seeds with the necessary amount of water for proper
germination and development, ensuring favorable conditions for
germination success and seedling establishment (Oliveira et al.,
2022; Silva et al., 2024).

Temperature plays a key role in seedling and plant development,
influencing cellular metabolic reactions and significantly
impacting physiological activities in both natural environments
and controlled cultivation conditions (Melo Junior et al., 2018;
Aradjo et al., 2014). Research by Melo et al. (2021) investigates
the effects of different temperature ranges on the development
of cultivated forest species, aiming to optimize seed germination.
The optimal temperature range is the one that allows the highest
percentage of germination in the shortest period of time
(Crisostomo et al., 2021). Managing temperature during the
germination process can be an efficient strategy to maximize the
percentage, speed, and uniformity of germination, resulting in
more vigorous plants and increased efficiency in seedling
production (Melo et al., 2021). The temperature during the seed
hydration phase plays a critical role, influencing the viscosity of
water and, consequently, the water flow from the environment
to the seed, directly affecting the metabolic reactions associated
with the germination process (Ledo et al., 2019).

Based on this, the objective of the present work was to evaluate
the influence of different volumes of water in the substrate and
temperatures on the physiological potential of A. polycephala by
understanding these ecological factors, we aim to enhance the
effectiveness of seed germination and contribute to both
ecological restoration efforts and sustainable agricultural
practices.

Results and Discussion

Seed moisture content and vigor

At the time of harvest, the moisture content of Albizia
polycephala seeds was 12.4%. Analyzing the results regarding
seed vigor defined by the first germination count (Figure 1), it
can be seen that seed vigor was higher (52%) when using a
volume of 3.5 times the mass of dry paper at an alternating
temperature of 20-30°C, which differed statistically from the
constant temperature of 30°C. At a temperature of 30°C, the
maximum percentage (45%) was also recorded when the
substrate was moistened with a volume of water equivalent to
3.5 times the weight of the dry substrate. Previous studies have
found similar results across different types of seeds. For example,
Aratjo et al. (2014) observed that Luffa operculata seeds had a
higher germination rate in the first count when exposed to
temperatures of 20-30°C and 35°C, and subjected to volumes of
water equivalent to 2.3 and 3.5 times the weight of the dry paper,
respectively. Similarly, Oliveira Junior et al. (2015) discovered
that seeds of Hylocereus costaricensis had a higher germination
rate at the first count when subjected to a temperature of 30°C
and water volumes exceeding 3.0 times the weight of the dry
paper. Additionally, José et al. (2011), also supporting the present
study, found that moistening at 3.0 times the mass of the dry
paper yielded good results in the first germination count for
Apuleia leiocarpa.

Effects of substrate moistening levels

Melo (2017) reported that higher levels of substrate moistening
when sowing between paper had a positive effect on the
germination performance of Mimosa bimucronata seeds.
Conversely, Martins et al. (2009) studied substrate moistening
levels on the germination of Bactris gasipae seeds and found a
deleterious effect due to increasing water levels. Such studies are
essential, as the amount of water in the substrate that enables
good germination performance of seeds depends on the species'
tolerance to extreme water conditions—whether excess or lack—
due to ecological adaptation to their place of origin (Silva et al.,
2017). Lower germination performance was observed in
substrates moistened with less than 2.0 times the mass of dry
paper. At moisture levels of 2.0 and 1.5 mL/g right on the date of
the first count, the substrate had already dehydrated after four
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Figure 1. First germination count (%) of Albizia polycephala
(Benth.) Killip ex Record seeds, subjected to different
temperatures and volumes of water in the substrate
(CECA/UFAL, 2024).
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Figure 2. Germination percentage (%) of Albizia polycephala
(Benth.) Killip ex Record seeds, subjected to different

temperatures and volumes of water in the substrate.
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Figure 3. Germination speed index of Albizia polycephala

(Benth.) Killip ex Record seeds, subjected to different

temperatures and volumes of water in the substrate.

days, making it difficult to continue the test. Thus, these
moisture levels are not suitable for routine work. Neves (2021), in
research with different volumes of water in the substrate,
concluded that moistening levels below 2.0 times its weight in
water hindered handling and were not suitable for routine work
in a seed analysis laboratory, confirming the findings of this
research. Padilha et al. (2018) used the first germination count as
a method to evaluate differences in the amount of water in the
Apuleia leiocarpa seed germination test. In this sense, the
substrate between germitest paper favors the expression of vigor
in Albizia polycephala seeds, possibly related to the greater
contact surface that the substrate provides.



Impact of water volume on germination speed index and
seedling growth

Germination percentages were higher when a water volume of
3.5 times the mass of the dry substrate was used at both
temperatures (30°C and 20-30°C), statistically differing from each
other, reaching 90% and 97%, respectively (Figure 2). Gongalves
et al. (2015), studying Parkia platycephala seeds, found that using
different water volumes (2.0, 2.5, 3.0, and 3.5 times the mass of
dry paper) and temperatures (25, 30, and 20-30°C) enabled better
expression of the physiological potential of the seeds. For
Amburana cearensis seeds, a volume of water equivalent to 3.25
times the weight of the dry substrate at a temperature of 30°C
provided a higher percentage of germination (Guedes et al.,
2010). Despite the differences among species, the need for a
greater amount of water in the substrate for the good
development of A. polycephala is evident. High humidity
conditions may lead to a lack of O2 during the germination
process, reducing respiration, delaying, or even arresting the
development of the embryonic axis, potentially increasing the
occurrence of abnormal seedlings (Carvalho & Nakagawa, 2012);
however, this did not occur in this research.

A linear increase in the germination speed index (GSI) was
observed at temperatures of 30°C and 20-30°C (Figure 3),
corresponding to the gradual increase in the volume of water
used to moisten the paper, with statistical differences observed.
This increase occurred from a volume of 2.0 times the mass of
dry paper; lower water volumes did not allow for observations,
as no seeds germinated due to the insufficient water supply. It is
likely that the substrate used in this research provided less water
to the seeds when below the volume of 2.0 times the mass of dry
paper, prolonging phase Il of the germination process, which
depends on the substrate's water potential, thereby delaying
germination. As reported by Padilha et al. (2018), lower water
potential in the substrate extends this phase.

Alves & Cardoso (2020) found different results with Leucaena
leucocephala, where the lowest germination speed index was
observed when using a water proportion equivalent to 3.0 times
the weight of the dry substrate. The hydration temperature can
significantly alter seed viability and vigor. Water plays a critical
role in the development process, as seeds transition from a
metabolically active state to an inactive one after maturation due
to desiccation, returning to a metabolically active state during
germination (Rahman et al., 2011). Melo (2017) found, with
Mimosa bimucronata seeds, a linear increase in GSI at
temperatures of 30°C and 20-30°C, due to increased water
volumes used to moisten the substrate, results consistent with
this research.

The use of water volumes of 1.5 and 2.0 times the mass of the dry
substrate (Figures 1, 2, 3, 4, and 5) did not yield any germinated
seedlings at both temperatures studied, highlighting a more
pronounced effect of temperature on germination as water levels
were gradually raised. Generally, Taiz et al. (2017) noted that
water deficit interferes not only with the germination process of
seeds but also diminishes seedling development by reducing
cellular pressure. Based on Bewley & Black (1994), the reduction
in seedling dry mass due to water deficiency occurs from delays
in biochemical and physiological processes or difficulties in
hydrolysis and the mobilization of reserves stored in the seeds.
Regarding the growth and dry mass of A. polycephala seedlings,
with a water volume of 3.5 times the mass of the dry substrate,
seedlings achieved lengths of 132 c¢cm and 14.0 cm at
temperatures of 30°C and 20-30°C, respectively (Figure 4). For dry
mass, seedlings reached 0.101 g and 0.132 g (3.5 times the mass
of the dry substrate) at temperatures of 30°C and 20-30°C,
respectively (Figure 5). Silva et al. (2018) and Oliveira et al. (2019)
found that hydration temperature can significantly modify seed
prediction and vigor; therefore, rehydration is considered
essential in the development process (Duarte et al., 2018).

When the substrate was moistened below 2.0 mL/g, a negative
impact on A. polycephala seeds was observed, affecting both
germination and seedling growth regardless of the temperature
used (Figures 1, 2, 3, 4, and 5). This effect can be attributed to
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Figure 4. Length of seedlings from Albizia polycephala (Benth.)
Killip ex Record seeds, subjected to different temperatures and

volumes of water in the substrate.
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Figure 5. Dry mass of seedlings from Albizia polycephala I
(Benth.) Killip ex Record seeds, subjected to different

temperatures and volumes of water in the substrate.

potential water restrictions due to inadequate water in the
germination environment, leading to reduced respiration and,
consequently, delays or interruptions in germination (Carvalho
& Nakagawa, 2012; Marcos Filho, 2015). In studies with
Amburana cearenses seeds, Guedes et al. (2010) found that a
water volume of 3.5 times the mass of the dry substrate and a
temperature of 30°C were optimal for seedling growth, resulting
in higher dry mass content. The same trend was observed in this
experiment for the alternating temperature of 20-30°C.

The present results align with those reported by Afonso et al.
(2017), who, while analyzing Jacaranda copaia seeds, found that
the greatest seedling lengths were achieved when seeds were
germinated at temperatures of 25°C and 30°C, with no statistical
differences in the amount of water or the interaction between
factors. Working with Amburana cearensis seeds, Medeiros et al.
(2020) observed that a water volume of 3.5 times the mass of the
dry substrate led to better seedling growth, a result similar to
what was found in this experiment.

The volume of water also influences the imbibition process.
Although each species has unique characteristics, imbibition
involves the process of water absorption by the seed, consisting
of three phases, which provides an increase in the respiratory
rate, ultimately leading to the rupture of the seed coat through
the root axis. This process is crucial for initiating germination, as
it activates metabolic pathways necessary for the development
of the seedling. The efficient uptake of water during imbibition
can significantly affect the timing and success of germination,
highlighting the importance of optimal moisture levels for
different seed species.



Materials and methods

Location and seed collection

The experiment was conducted at the Phytotechnics Laboratory
of the Agricultural Engineering and Sciences Campus at the
Federal University of Alagoas (CECA-UFAL), Rio Largo - AL,
Brazil. Seeds of Albizia polycephala(Benth.) Killip ex Record were
obtained from ripe fruits harvested from nine mother trees in
Recife — PE (latitude 8° 04' 03"S, longitude 34° 55' 00"W). After
harvesting, the fruits were manually processed by making a
longitudinal cut in the pod to extract the seeds. These seeds were
then used for germination and vigor tests.

Experimental design

The experimental design was completely randomized (CRD),
with four replications of 25 seeds per treatment. Seeds were
placed to germinate between two sheets of Germitest paper in
transparent Gerbox® plastic boxes (SILVA et al., 2023). The paper
was moistened with distilled water at volumes equivalent to 1.5,
2.0, 2.5, 3.0, and 3.5 times the dry weight of the paper, with no
subsequent water addition (Melo, 2017). Germination occurred
in a Biochemical Oxygen Demand (B.O.D.) chamber set at a
constant temperature of 30°C and alternating temperatures of
20-30°C, with an 8-hour photoperiod. The Gerbox® containers
were stored in transparent plastic bags to prevent moisture loss.

Germination evaluation

Evaluations were performed daily over 15 days, after which
germination stabilized. Seeds were considered germinated if they
produced a primary root, hypocotyl, and epicotyl, all free of
defects and viable for field planting (Brasil, 2009).

Physiological quality assessments

Germination: Daily counts were made for 15 days, with seeds
considered germinated when the primary root reached = 2 mm
(Silva et al., 2023).

First Germination Count: This was performed on the fourth day
after sowing, providing an accumulated percentage of
germinated seeds (Melo et al., 2018).

Germination Speed Index (GSI): Germination counts were
conducted daily until stabilization, and the GSI was calculated
using the formula proposed by Maguire (1962).

Seedling Length: At the end of the germination test, the shoot
and root lengths of seedlings were measured with a ruler, and
the results were expressed in centimeters per seedling (Melo et
al., 2021).

Seedling Dry Mass: After the germination test, normal seedlings
were dried in Kraft paper bags in a forced-air oven at 80°C for 24
hours. The dried samples were then placed in desiccators and
weighed on an analytical balance with an accuracy of 0.0001g,
with the results expressed in g/seedling (Nakawaga, 1999).

Statistical analysis

Where the F-test indicated significance, means were compared
using Tukey's test at 5% probability. For quantitative effects,
polynomial regression analysis was applied to assess linear,
quadratic, and cubic effects of the variables. The model with the
highest order and the greatest determination value was chosen
to represent the behavior of each variable. Statistical analyses
were performed using SISVAR 5.6 software from the Federal
University of Lavras (Ferreira, 2014).

Conclusion

The temperature alternately of 20-30°C and the water volume of
3.5 times the mass of the dry substrate is the most suitable
combination for carrying out germination and vigor tests on
Albizia polycephala seeds.
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