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Abstract

The objective of this study was to assess hypoxia tolerance in Gymnanthes klotzschiana seeds harvested in two areas
(Area 1 - subject to flooding; and Area 2 - not subject to flooding) by the imbibition curve, vigor and germination.
Seeds of the two areas were submitted to: one (T-1d), three (T-3d), five (T-5d), ten (T-10d) and twenty days under
hypoxia (T-20d); in addition to the control (T-0d). All treatments presented three germination stages. The highest
germination was achieved in Area 1 T-1d (90%) and the lowest in Area 2 T-20d (31%). The Area 1 seeds required less
time and water content to finish their germination, and they presented greater tolerance to hypoxia; a fact proven by
the germination and vigor results. G. klotzschiana seeds harvested in an area subject to flooding are more tolerant
to hypoxia and are recommended for restoration projects in this type of area.
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1. INTRODUCTION AND OBJECTIVES

Gymnanthes klotzschiana popularly known as branquilho,
is a tree species that belongs to the Euphorbiaceae family, and
it can be found in the Caatinga, Cerrado, and Atlantic Forest
biomes (JBRJ, [2018?]). Branquilho can occur naturally in wet
and alluvial soils (Silva et al., 2012), and this species has the
potential to recompose degraded areas (Ferreira etal., 2013).

Many forest recomposition projects are unsuccessful
(Brancalion et al., 2010; Rodrigues et al., 2009) due to the
poor knowledge about seeds and seedlings behavior in the
new colonization areas (Gattringer et al., 2017), among other
factors. Considering this, the selection of matrices and seeds
is fundamental in this process of reestablishing a new self-
sustaining mature forest, especially in flooded areas.

Germination is the resumption of embryonic axis growth
after the seed physiologically detaches from the mother plant
and finds favorable conditions to develop (Bewley et al., 2013).
Seeds usually have a three-phase imbibition pattern during
the germination process (Carvalho & Nakagawa, 2012).
The first phase is characterized by the reactivation of metabolism

by water intake. The next phase is mainly differentiated by
the low water intake in the seed. In the third phase more
intense water reentry occurs, which culminates in forming
a new seedling (Marcos-Filho, 2015).

Tropical and subtropical environments subject to flooding
vary greatly in terms of duration, frequency and amplitude of
flooding (Ferreira et al., 2009). As such, they create places with
different adaptive needs for species. According to Kozlowski
(1997), flooding can compromise germination by decreasing
available oxygen in the substrate (hypoxia). However, this
obstacles to germination depends on the species and also the
flood time (Crawford & Brandle, 1996). Hypoxia decreases
the energy produced by seeds during germination, as ATP
synthesis is less efficient when the fermentative route is
activated (Bailey-Serres et al., 2012). This fact is explained
for oxygen is the ultimate acceptor of electrons in the last
phase of aerobic respiration. Thus, cells tend to use the
fermentative route more often when oxygen is restricted or
lacking for energy production (Kato-Noguchi, 2006). Tolerance
to lack of oxygen on germination was tested on Carapa
guianensis Aubl. seeds, and germination was higher than 70%
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(Scarano et al., 2003). In Himatanthus succubus (Spruce ex
Miill. Arg.) Woodson seeds, a tree species typical of lowland
areas, seedling formation reached 84% (Ferreira et al., 2006).
The objective of this study was to evaluate the hypoxia
tolerance of G. klotzschiana seeds harvested in two areas
(Area 1 - subject to flooding; and Area 2 - not subject to
flooding) by the imbibition curve, vigor and germination.

2. MATERIALS AND METHODS

2.1. Matrix selection, harvesting, extraction
and seed processing

Ripe fruits (dark brown in color) were harvested from
selected mother trees without phytosanitary issues, with
diameter at breast height > 15 cm and at least 30 m apart,
in two areas (lots).

Area 1, where 20 matrices were selected (Lat.: —27.841221°
and Long.: —50.234878°), is classified as an Alluvial Mixed
Ombrophilous Forest (IBGE, 2012), and it is located in the
municipality of Lages, SC. Area 1 is characterized by being
an environment subject to periodic flooding, being in a
lowland, following a river course. Area 2, where eight matrices
were selected (Lat.: —28.196411° and Long.: —50.752545°),
is classified as Montana Semi-deciduous Seasonal Forest
(IBGE, 2012), and it is located in Capio Alto, SC. This area
is upstream from the Barra Grande hydroelectric dam, and
it is not subject to periodic flooding because it is steep and
higher. A larger number of matrices were selected in Area
1 as it presents high relative density of branquilho, aiming
at greater sample representativeness. Approximately 350 g
of seeds were collected per selected matrix in both areas.

After harvesting, the fruits were placed in plastic bags and
sent to the Seed Laboratory of Santa Catarina State University
to extract the seeds under shade of a canvas. The processing was
performed using sieves and manually. The seeds were subsequently
placed in glass containers, properly closed, and stored in a cold
chamber (10 °C and RH = 65%) for a maximum of five days.

2.2. Hypoxia treatment

In order to simulate water stress by flooding, 100 seeds
were divided into four repetitions and placed in plastic cups
with 60 mL of distilled water, which was renewed every 72
hours (h). Six treatments were defined: one day (T-1d), three
days (T-3d), five days (T-5d), ten days (T-10d) and twenty days
of hypoxia (T-20d), in addition to the treatment without the

effect of simulated flooding (T-0d). The treatment definition
was based on the study developed by Barddal (2006).

2.3. Obtaining imbibition curves

The imbibition curves were established during the
germination process to verify the water absorption behavior in
the different proposed treatments. The curves were obtained
by the Equation 1 for each treatment:

Initial weight x (100 initial water level)

(1)

Final weight =
inal weig 100 — Final water level

Weighing was performed within the first 24 h every 6 h,
and thereafter every 12 h. Each curve was completed when
atleast 40% of the seeds of each repetition presented a 3 mm
primary root.

2.4. Physical and physiological analyses

The following method was determined according to the
rules for seed analysis (Regras para Andlise de Sementes —
RAS) (Brasil, 2009): the dry mass before hypoxia treatments,
in four replications of 50 seeds; and the water content of the
seeds before and after each treatment, in two repetitions of
five grams each. An electronic scale accurate to 0.001 g was
used for weighing the samples, and an oven at 60 °C for 24 h
for drying to determine dry mass and an oven at 105 °C for
24 h was used to obtain initial and final seed water content.
After the drying period, the containers were placed in a
desiccator containing silica gel for 10 minutes until they
reached room temperature.

After exposure to hypoxia, the seeds were placed to
germinate in plastic boxes (11.0 x 11.0 x 3.5 cm) on a blotter
substrate and they were moistened to 2.5 times their weight.
Germination was performed in a growth chamber containing
four 25 W lamps, alternating temperature (20/30 °C) and
12 h photoperiod (Santos & Aguiar, 2005). Only seeds that
generated normal seedlings were considered for the sum of
the final germination percentage (Brasil, 2009).

Seeds that did not generate normal seedlings were classified
as abnormal seedlings (rootless and/or without cotyledons
and necrotized hypocotyl) and empty seeds as dead and
non-germinated seeds. Seeds were sectioned longitudinally
and immersed in a solution of 2,3,5 triphenyl chloride
0.1% tetrazolium for 2 h at 30 °C to verify the viability of
ungerminated seeds, according to the methodology suggested by
Cosmo et al. (2010). The seeds that fully colored the hypocotyl
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radicle axis and the cotyledons were considered viable.
Unstained seeds were classified as unviable.

Germination was monitored daily and the following tests
were used to determine seed vigor: first germination count -
FGC (five days after the end of each treatment period); and
germination speed index (GSI), which assessed as germinated
the seeds that expanded the first pair of cotyledonary leaves.
The GSI calculation was performed according to the equation
proposed by Maguire (1962). All physiological analyzes were
completed at 21 days after the submersion period.

2.5. Statistical analysis

Germination and vigor data were initially submitted to
normality analysis by the Shapiro-Wilk Test, and then the
factor analysis was performed (six treatments x two areas).
The values generated were assessed by the F-Test and the
means by the Scott-Knott Test (1974), both at a significance
level of a = 0.05. Regression analysis was used to adjust the
imbibition curves (a = 0.05). The Sisvar statistical program
was used for statistical analyzes.

3. RESULTS AND DISCUSSION

The seeds collected in Area 1 (subject to periodic flooding)
presented initial water content of 8.9% and germination of 85%.
Seeds from Area 2 (not subject to periodic flooding) had 9.2%
initial water content and 84% germination. Water content and
control germination did not differ statistically between areas.
The dry mass at both collection sites was 0.085 g/50 seeds.

The seeds of all treatments followed the three-phase
imbibition pattern for both collection areas (Figure 1).
Considering only Area 1, the seeds reached 30% of water
content in approximately 30 h at the end of the germination
Phase I. The seeds presented low water uptake during Phase
I1. This phase was proportionally longer in treatments exposed
to oxygen restriction for a longer period. The seeds of all
treatments started Phase III germination with water content
near to 35%. Seeds that were not exposed to hypoxia (T-0d)
began Phase III at approximately 70 h (radicle emission)
after germination began. In seeds that remained for one day
(T-1d), three days (T-3d), five days (T-5d), ten days (T-10d)
and twenty days (T-20d) under hypoxia, Phase III started at
approximately 84, 132, 160, 252 and 580 h, respectively, after
the beginning of the germination process.

The seeds collected in Area 2 completed germination
Phase I with around 40% of water content, which was reached
in approximately 24 h in all treatments. The seeds had a low

Floresta e Ambiente 2020; 27(3): 20170923

Imbibition, Germination and Vigor... 3-8

water uptake during Phase II (similar behavior to Area 1
seeds). The seeds of all treatments presented water content
close to 45% at the beginning of Phase III. Seeds that were
not exposed to controlled flooding (T-0d) reached Phase
III in approximately 100 h. Phase III began at 124, 172, 220,
300 and 540 h, for the T-1d, T-3d, T-5d, T-10d and T20d
treatments, respectively (Figure 1).

The imbibition curve showed that seeds collected in
Area 1 germinated faster and at the same time needed a
lower water content to start and finish their germination
process, regardless of the treatments assessed, compared to
seeds harvested in Area 2. This is probably an adaptation
developed by the species to flooding, because the faster the
germination and formation of a seedling, the greater their
chances to tolerate a flooded environment, as well as oxygen
restriction. Seeds in this stress condition tend to increase
the activity of some anaerobic respiration-related enzymes,
such as alcohol dehydrogenase and pyruvate decarboxylase
(Magneschi & Perata, 2009). Metabolic and molecular
reprogramming becomes critical to generate energy necessary
for rapid germination and stretching of plants under hypoxic
conditions (Narsai & Whelan, 2013).

In relation to the germination stages, Phase I is a
physical process, independent of seed viability (Wang et al.,
2015). The water intake in the seeds at this stage was fast
in all treatments and in the two lots assessed — possibly
because the large difference in water potential between
the seed and the substrate. This accelerated water intake
did not affect the seed germination of either collection
area, since they presented similar germination to the
treatment without the influence of simulated flooding
(T-0d) as shown in Table 1.

This may show a positive ability of G. klotzschiana seeds
to efficiently rearrange their membrane structures. According
to Bewley et al. (2013), seeds that support low water contents
at the end of the maturation process (orthodox), such as
branquilho, present reducing sugars and oligosaccharides
that interact with proteins and hydrophilic functional groups
in the membranes, maintaining compartmentalization and
cellular functionality. Maintaining cell integrity is associated
with the ability of seeds to reorganize more efficiently and
thus preserve their physiological quality (Villa-Hernandez
et al., 2013; Weitbrecht et al., 2011).

The higher water content presented by seeds collected in
Area 2 at the end of Phase I and until the end of germination
could be explained by the lower restriction to water entry by
the seed coat, probably due to the lower vigor of these seeds
(Table 1) (Bewley et al.,, 2013; Li et al., 2014).
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Figure 1. Imbibition curves during germination of G. klotzschiana seeds collected in Area 1 (area subject to periodic flooding) and in
Area 2 (area not subject to periodic flooding), when submitted to different hypoxia periods.

Hypoxia periods (number of days under controlled flooding): (a) T-0d: control; (b) T-1d: one day; (c) T-3d: three days; (d) T-5d: five days; (e) T-10d: ten days; (f)
T-20d: twenty days.

Table 1. Germination, first germination count and germination speed index in G. klotzschiana seeds submitted to different hypoxia
periods, originating from two areas after 21 days of germination testing.

Germination
Treatments
Area 1 Area 2
seedlings.day’
T-0d 85aA* 84aA 80aA 12aB 2.26aA 1.61aB
T-1d 90aA 81laA 86aA 19aB 2.78aA 1.62aB
T-3d 84aA 66bB 80aA 7aB 2.71aA 1.19bB
T-5d 78aA 63bB 75aA 5aB 2.68aA 1.14bB
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Table 1. Continued...

Germination
Area 1 Area 2

Treatments
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seedlings.day!

T-10d 70aA 63bA
T-20d 45bA 31cB
CV (%) 13.5

66bA 10aB
5cA O0bA

2.68aA
0.77bA
21.7 13.7

1.32bB
0.58cA

* Lowercase letters compare values in the same column and uppercase letters in the same row, per test; means followed by distinct letters differ significantly by the Scott-
Knott test (a = 0.05). FGC: first germination count; GSI: germination speed index. Area 1: area subject to periodic flooding; Area 2: area not subject to periodic flooding;
treatments with the number of days under controlled flooding: T-0d: control; T-1d: one day; T-3d: three days; T-5d: five days; T-10d: ten days; T-20d: twenty days.

Stability in the water absorption during Phase IT is common
in species that have well-defined three-phase germination
(Bewley et al.,, 2013). It was observed that seeds remaining
for a longer period under oxygen restriction extended this
phase proportionally. Seeds from treatment T-20d had the
highest mortality rates (flaccid and yellowish internal tissues)
and the lowest germination (Table 1). In this case, the death
of some seeds could have started by lipid peroxidation caused
by free radicals (Palermo et al., 2015; Sevcikova et al., 2011),
which possibly caused the loss of cell turgor by induced death.
Biological membranes are semipermeable barriers and the
maintenance of their functions depends on their integrity
(Kraffe et al., 2007).

The onset of root protrusion (Phase III) is basically a
physical process (Bewley et al., 2013) and water ingress is
essential for cell expansion. Later, the higher water absorption
is justified by the need to transport previously hydrolyzed
compounds to the embryonic axis, which are necessary for
forming a new seedling.

Seeds from both areas had different behaviors in the
control treatment regarding Phase III, whereas those
from Area 1 started this phase 30 h before seeds from the
other area. This is an indication of the higher quality and
probably greater tolerance to hypoxia of the seeds in this lot
(Area 1). Considering all treatments, seeds collected in Area 1
generally reached Phase III before those collected in Area 2,
showing greater vigor of Area 1 seeds. Vigor involves energy
biosynthesis and associated metabolic compounds to cellular
activity and membrane integrity (AOSA, 1983), which are
critical in tolerating environmental stresses during germination
(Xiaolin et al., 2017).

Germination showed significant differences between
treatments in the same area and between areas. For Area 1,
only treatment T-20d was inferior to the others (45%), and
T-1d seeds had the highest index (90%). For Area 2, seed
germination of treatments T-0d and T-1d were higher, with
84% and 81%, respectively; T-3d, T-5d and T-10d were
statistically equal and higher than T-20d, for which 31%
germination was verified. Considering the same treatment
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between areas, only the control (T-0d) and T-1d did not
differ statistically (Table 1).

Seeds from the two collection areas submitted to the
treatments also presented different results regarding vigor.
For Area 1, the FGC was significantly higher for T-0d (80%),
T-1d (86%), T-3d (80%) and T-5d (75%) treatments from
stress due to hypoxia; these differed from T-10d (66%) and
T-20d (5%). For Area 2 seeds, only seeds that remained for
20 days under oxygen restriction (T-0d) presented different
results from the others. When FGC from the same treatments
in relation to the two areas was compared, seeds from Area 1
were superior to those from Area 2 in most treatments, except
for T-20d (Table 1).

The GSI of seeds from Area 1 was higher than in T-1d
(2.78), and they were statistically different from the others only
in T-20d. This test showed higher values for T-0d (1.61) and
T-1d (1.62) seeds in Area 2, and the lowest index was found
for T-20d (0.58), which was inferior to the others. When the
GSI was compared between the same treatments in relation
to the areas, only T-20d seeds showed values which did not
differ statistically (Table 1).

Germination was similar in both areas when there was no
stress effect, but slower for Area 2 seeds. Higher germination
values and mainly seed vigor for most treatments applied to
Area 1 seeds indicated that germination velocity, especially
revealed by the FGC, is the most important factor to be
considered in branquilho’s adaptability to flooding (Table 1).
Seeds with greater vigor are more tolerant to environmental
stresses, because these seeds need to germinate rapidly after
dispersal under a probable oxygen restriction condition.
Greater tolerance to flooding in germination is genetically
regulated (Colmer et al., 2013), and it includes the ability to
initiate and maintain the carbohydrate catabolism required
for anaerobic respiration and thus sustain energy supply
and maintenance (Colmer et al., 2013; Kirk et al., 2013).
The importance of carbohydrate utilization during germination
under hypoxia condition was addressed by Ferreira et al.
(2009) in Himatanthus succubus seeds, a typical tree species
of periodically flooded areas.



6-8 Rocha EC, Oliveira LM, Fantinel VS, Dias RAR

When analyzing the T-1d treatment in relation to the
T-0d, it was observed that the application period of seed
stress occurred during Phase I and consequently the effect of
this adverse factor was low or null. The controlled flooding
stress effect reached a longer period in Phase II germination
for the T-3d, T-5d and T-10d treatments. Although Phase II
is characterized as a physiological rest period, it is important
in the physiological response of seeds, since in this period
begins the hydrolysis of the reserves and the fight against free
radicals (Wang et al., 2015). The low hypoxia effect on seeds
from Area 1 for these treatments (T-3d, T-5d and T-10d)
was possibly due to the greater efficiency in controlling
reactive oxygen species (ROS) present in the cells during
the treatment period with lower oxygen availability in the
environment. However, cellular damage due to the lower
efficiency in controlling ROS may have occurred in the seeds
of these same treatments from Area 2, and mainly in the
T-20d treatment of both areas, where the lowest germination
and vigor indices occurred.

Thus, maintaining cellular integrity throughout the stress
period in which Area 1 seeds were exposed is possibly related
to the time when this adverse effect was present during
germination and the ability of the seeds to counteract this adverse
condition. As Phase II is a preparatory step for germination
(Bewley et al., 2013), the lack of oxygen only delayed this
process. Maintaining seed quality during this period is probably
linked to the synthesis of antioxidant compounds (Lépez et al.,
2011; Sharma et al., 2012), such as superoxide dismutase and
catalase enzymes (Tannone et al, 2012; Luo et al., 2013).

Abnormal seedling formation was low, ranging from
0 to 9%, with the maximum being recorded for T-10d
(Area 1) and T-3d (Area 2). The number of dead seeds
(DS) was highlighted for the treatments in which the
seeds remained up to twenty days under hypoxia (T-20d).
The number of non-germinated seeds (NGS) in this treatment

represented 24% and 22% (DS) for Area 1. In Area 2, T-20d
presented 22% NGS and 37% DS. The amount of empty seeds
was similar in all treatments in both areas. Seed viability was
between 0 and 4% of total germination. Thus, the number of
dormant seeds had little influence on the distinction between
treatments and lots (Table 2).

The number of non-germinated and dead seeds increased
overall in both evaluated areas as stress was more pronounced,
especially for T-20d. Seeds in this oxygen-restricted condition
may limit cell division and elongation due to energy scarcity
(Takahashi et al., 2011), as well as damage by the presence of
reactive oxygen species (Andrade et al., 2010).

Seeds eventually enter into dormancy when some
environmental stress occurs (Finch-Savage & Leubner-
Metzger, 2006), at least until environmental conditions
become favorable (Huang et al., 2010). However, stress due
to lack of oxygen for the seeds of this species, especially for a
period longer than ten days, represented a loss in viability for
most seeds. Hypoxia stress can influence seed germination
(Ferreira et al., 2009; Gongalves et al., 2012), and depending
on the flooding time seedlings may lose their viability
(Medina et al., 2009) and/or its development may be
compromised (Pisicchio et al., 2010).

Species adapted to periodically flooded environments,
such as G. klotzschiana, develop strategies that allow them
to establish and survive at environments with low oxygen
concentrations (Jackson & Ram, 2003). Seeds need to take
advantage of the short and unpredictable periods when
the water level drops to germinate (Marques & Joly, 2000).
Therefore, high seed vigor becomes essential in plant
establishment, especially for branquilho that has autochoric
dispersion, in which seeds can remain in a flooded site for
some days. Note that seeds are first released by “bursting”
of fruits (spring/summer) and may eventually colonize by
hydrochory in other places less prone to flooding.

Table 2. Percentage of abnormal seedlings, dead seeds, empty seeds, non-germinated seeds, and viable G. klotzschiana seeds harvested
in two areas under different flooding regimes and submitted to six periods of hypoxia.

AS
Area 1l Area 2

DS
Area 2

Treatments

Area 1

T-0d 0* 0 1 2
T-1d 4 1 0 4
T-3d 2 9 3 3
T-5d 0 7 2 11
T-10d 9 5 1 18
T-20d 0 3 22 37

Area 1l

ES
Area 2

NGS

Areal Area 2 Area 1 Area 2

%

4 9 10 1 4
8 1 6 0 1
5 5 17 2 2
6 7 13 1 0
7 12 7 2 0
7 24 22 0 0

* Percentage values; Area 1: area subject to periodic flooding; Area 2: area not subject to periodic flooding; AS: abnormal seedlings; DS: dead seeds; ES: empty seeds;
NGS: non-germinated seeds; VS: viable G. klotzschiana seeds (VS); treatments with the number of days under controlled flooding: T-0d: control; T-1d: one day;

T-3d: three days; T-5d: five days; T-10d: ten days; T-20d: twenty days.
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In projects to recompose flood-prone areas, such results
suggest that selecting seeds from oxygen-restricted sites may
be fundamental for branquilho plants to grow. Schmiede
et al. (2009) and Gattringer et al. (2017) highlight that the
restoration of flooded areas should contain seeds and/or
seedlings adapted to this condition. Moreover, flooding may
intensify in the next years due to climate change (Frigerio et
al,, 2018), further increasing the importance of this strategy
of matrix selection for rebuilding these environments.

4. CONCLUSION

Gymnanthes klotzschiana seeds harvested from areas
subject to flooding are more tolerant to hypoxia, thus, they
are recommended for reforestation projects in this area.
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