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ABSTRACT: Understanding germination is extremely important for the production of seedlings that are used in revegetation of degraded
areas. Some species enter dormancy as a survival strategy to overcome adverse environmental conditions. Their seeds germinate only when
this process is interrupted, which can occur naturally when the conditions become more favorable for the survival of the species or by
induction. Studies showed that ultrasound can increase the germination rate of seeds. The objective of this research was to evaluate the effect
of an ultrasound probe and compare it with other methodologies implemented for seed germination of Senna multijuga (Rich.) H. S. Irwin &
Barneby, a species used in revegetation of degraded areas. The experiment evaluated the effect of the ultrasonic probe at different powers on
seeds that were placed to germinate in a gerbox on paper moistened with distilled water. Ninety-five percent of seeds treated with ultrasound
and only 14% of non-treated seeds (control) germinated. There was no significant difference in the germination among the treatments with
different powers. The speed of germination index (SGI) reached 4.7 in seeds that underwent the treatment, and 0.6 in the control group. From
the results it is possible to conclude that the ultrasound probe is an efficient treatment to accelerate seed germination in this species, and
consequently, contributed to production of a greater number of seedlings to be used in revegetation of degraded areas in a short period of time.
Key words: Senna multijuga (Rich.) H. S. Irwin & Barneby, germination, seeds, ultrasound, revegetation.

Superacdo da dorméncia de sementes de Senna multijuga com sonda ultrassonica
e a comparacio com banho de ultrassom e acido sulfiirico

RESUMO: Entender a germinagdo é extremamente importante para producdo de mudas utilizadas na revegeta¢do de dreas degradadas.
Algumas espécies sdo consideradas dormentes por apresentarem uma estratégia de sobrevivéncia para superar condi¢oes ambientais
adversas. Essas sementes germinam apenas quando esse processo é interrompido, o que pode ocorrer naturalmente quando as condigoes se
tornam mais favoraveis para a sobrevivéncia da espécie ou de forma induzida. Estudos demonstram que o ultrassom pode aumentar a taxa de
germinagdo das sementes. Esse trabalho teve como objetivo avaliar o efeito da sonda ultrassom e compara-la com outras metodologias utilizadas
para a germinagdo de sementes de Senna multijuga (Rich.) H. S. Irwin & Barneby, espécie utilizada na revegetagdo de dreas degradadas. O
experimento avaliou o efeito da sonda de ultrassom em diferentes poténcias sobre as sementes, que foram colocadas para germinar em gerbox
sobre papel umedecido com dgua destilada. Das sementes que sofreram o tratamento com a sonda de ultrassom 95% germinaram, ja das que
ndo sofreram nenhum tratamento apenas 14% delas germinaram. Nao houve diferenca significativa entre as diferentes poténcias avaliadas. O
indice de velocidade de germinagdo (IVG) chegou a 4,7 em sementes que sofieram o tratamento e 0,6 no grupo controle. A partir dos resultados é
possivel concluir que a sonda de ultrassom é um tratamento eficiente para acelerar a germinagdo de sementes desta espécie e, consequentemente,
contribuir para produgdo de um maior niimero de mudas em curto periodo para serem utilizadas na revegetagdo de dreas degradadas.
Palavras—chave: Senna multijuga (Rich.) H. S. Irwin & Barneby, germinagdo, sementes, ultrassom, revegetagdo.

INTRODUCTION biodiversity (CARNEIRO et al., 1998) and keep
the balance of physical, chemical and biological
processes in the soil (CASSIOLATO et al., 2010).

Understanding seed germination,

Senna multijuga (Rich.) H. S. Trwin &
Barneby (Pau-cigarra) is a tree species belonging to

the Fabaceae family and distributed in the Atlantic
Forest. It is of great environmental importance,
because as a pioneer species it is recommended in the
revegetation of degraded areas (LORENZI, 2008).
Native tree species are fundamental in the recovery
of degraded areas (BARBOSA et al., 2003), because
they reduce environmental impact and conserve

developing methods for fast production of a large
number of germinated seeds, and generating
seedlings with high vigor, are extremely important
for revegetation (VENANCIO et al., 2013).
Germination is nothing more than a
sequence of physiological events in the embryo
that begins with soaking of seeds and ends by the
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protrusion of the radicle through the seed coat
(FERREIRA et al., 2004).

External factors are necessary for
germination to commence, such as the presence of
light, water and oxygen. However, even when those
conditions are met, viable seeds of many species will
not germinate when they are in the state of dormancy.

Dormancy can be defined as an
evolutionary mechanism that aims to protect and
insure species perpetuation. It is a survival strategy
adopted to overcome adverse environmental
conditions and ensure seed germination only when
the conditions adequate for the species survival
(MORI et al., 2012).

Seeds of S. multijuga enter physical
dormancy, rendering their use for revegetation
challenging. This dormancy is caused by a water-
impermeable layer (a layer in the integument of the
seed), preventing the imbibition and; consequently, the
beginning of the germination (BASKIN et al., 2000).

There are several techniques developed
to break seed dormancy and accelerate germination.
Seed immersion in water that was heated to 100 °C
(MORI et al., 2012) and scarification with sulfuric
acid (PINTO, 2013) are the most used treatments to
break dormancy of S. multijuga seeds.

Seed dormancy prevents germination from
occurring simultaneously in all seeds; and therefore,
there is a need to create low-cost, fast, and highly
efficient techniques for breaking seed dormancy.
One such methodology capable of breaking seed
dormancy is low-frequency ultrasound.

Application of low-frequency ultrasound
in liquid media facilitates the uptake of water by the
seeds; consequently, increasing the rate of germination
and growth (YALDAGARD et al., 2008; VENANCIO
et al., 2015). Ultrasonic vibrations in liquid media
generate cavitation bubbles, which are responsible
for the release of large amounts of energy (FU, 2009;
WHEATLEY, 1990), contributing to the breakdown of
seed dormancy. However, the applied dosage and the
length of exposure to ultrasonic waves have different
degrees of influence on the germination process
(PASSOS et al., 2013; VENANCIO et al., 2016).

Usually, two types of equipment capable of
generating ultrasound waves are used in laboratory: a
bath and a probe. The bath is usually used to clean
the materials; its energy is transmitted through a
liquid from a piezoelectric transducer located on the
bottom of the tank, which ensures that energy is more
dispersed. The probe is generally used to break cell
membranes, thus freeing the intracellular material
to be investigated. The probe is attached to the end

of the amplifier of the transducer and has a direct
contact with the sample. Therefore, it is considered
more efficient than the bath, as bath energy is more
dispersed (BARBOZA et al., 1992; VENANCIO et
al., 2015).

The objective of this research was to
evaluate the effects of ultrasonic probe on seed
germination of S. multijuga and to compare them
with the effects of ultrasonic bath and chemical
scarification with sulfuric acid.

MATERIALS AND METHODS

The study was carried out from October
2016 to April 2017, at the Sdo Paulo State University
(UNESP) in Sorocaba, SP. Seed lots of S. multijuga
were purchased from the supplier Toca do Verde,
located in the state of Parand/Brazil. After receiving
the seeds, they were conditioned in a refrigerator at
10 °C until their use.

The experimental design was completely
randomized, with treatments distributed in a 3 x 2
factorial arrangement (three powers of the ultrasound
probe and two treatment times in the ultrasound bath)
with five replicates, each containing 35 seeds.

For germination, the seeds were distributed
in gerbox, on top of two sheets of filter paper that
were moistened with distilled water in an amount
equivalent to 2.5 times the dry weight of the paper
(BRASIL, 2009). Fungicide was applied and the
boxes were kept in a germination chamber at 30 °C
for 35 days under constant white light.

Seeds were divided into there groups: the
control group, the treated with the ultrasound bath
and the group treated with the ultrasound probe.
The control group was composed of two subgroups:
GCl1, composed of seeds that did not undergo any
type of treatment, and GC2, composed of seeds
that were immersed in concentrated sulfuric acid
for 5 minutes and then washed with running water
(PINTO, 2013).

The second group was treated with an
ultrasound bath (model STD; BioWash) with a tank
capacity of 2.5 L, power of 160 W, and a constant
frequency of 42 kHz. Treatment was performed at
constant room temperature for different immersion
times (2 and 4 minutes) in 1000 mL of purified water.
To avoid energy dispersion, seeds were concentrated
in the central region of the bath with the aid of an
acrylic container, where the greatest amount of
cavitation energy of the equipment was released.

The third group consisted of seeds that
underwent treatment with ultrasound probe (model
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QR500; Eco-Sonics) with macropoint, power of 500
W, and constant frequency of 20 kHz. The probe was
attached to the end of the piezoelectric transducer
amplifier, allowing direct contact with the sample and
lower energy dispersion. Treatment was conducted
at different powers (250, 350, and 450 W) with
immersion in 70 mL of distilled water for 5 minutes.

Seeds were considered germinated when
the radicle emergence occurred and the seedlings
were regarded normal if they could present potential
to continue their development and give rise to normal
plants, that is, they did not develop any malformations
(BRASIL, 2009).

Number of germinated seeds, percentage
of normal seedlings and speed of germination index
(SGI) were analyzed using the following equation:

SGI=G/N,+G/N,+..+G/N,

Where:

G, G,, G, are respectively, the number of
germinated seeds computed at the first, second, and
last count, and N, N,, N are the number of sowing
days at the first, second, and last count, respectively
(LIN, 1988).

The obtained data were evaluated with the
analysis of variance (Anova), and the means were
compared with the Tukey test at 5% probability.
The analyses were performed with the PAST wv.
2.17¢ program. (HAMMER et al., 2001).

RESULTS AND DISCUSSION

The was no significant difference in the seed
germination rate between the two treatments (2 and 4
minutes) in the ultrasonic bath: 65% of the seeds that
were kept for 2 minutes in the bath and 68% of the seeds
kept for 4 minutes germinated after the treatment. Only
20% of the seeds from the control group germinated,
highlighting the need for a treatment to break seed
dormancy in this species (Figure 1).

VENANCIO et al. (2016), who conducted
a similar study with the same species using ultrasonic
bath with different times (1, 2, 4, 8, and 10 minutes)
to break the seed dormancy, reported the highest
percentage of germination in seeds that were kept
2 and 4 minutes in the ultrasound bath. They also
observed that seed germination was affected by the
duration of the treatment in the ultrasound bath:
shorter treatment failed to break the dormancy and a
longer treatment resulted in death of the embryo.

PASSOS et al. (2013) exposed the seeds
of Gliricidia sepium (Jacq.) Steud. to different times
(2, 4, 8 and 16 minutes) in the ultrasound bath and
reported the highest germination percentage and
SGI in seeds that were treated for 2 minutes. Other
studies showed that the ultrasonic bath is also
efficient in the germination of grass seeds where
it promotes the absorption of water by the seeds,

Figure 1 - Accumulating germination of seeds of S. multijuga, submitted to ultrasound
bath for 2 ( ) and 4 (w) minutes; GC1 (o).
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reducing the germination period (CHEN et al., 2012;
KRATOVALIEVA et al., 2012).

The highest percentage of germination,
95% was obtained with the ultrasound probe. The
seed germination rate after exposure to 250 W,
350 W, and 450 W of ultrasound probe was 94%,
100% and 97%, respectively (Figure 2). There was
no significant difference in the germination rate
between the different powers, but the differences
was significant between the seeds treated with the
ultrasound probe and the control seeds that did not
undergo any treatment.

PINTO et al. (2013) examined the effect
of different treatments on seed dormancy in S.
multijuga and obtained the highest germination rate
of 92% in seeds that were immersed in concentrated
sulfuric acid for 5 minutes. In the present study,
97% of the seeds germinated after being treated with
concentrated sulfuric acid for 5 minutes.

The results in this study showed that the
ultrasonic probe with of 350 W and the treatment
with sulfuric acid resulted in the highest germination
percentage for S. multijuga, both methods produced
results that were not significantly different (Figure 3).
However, because of the damage that sulfuric acid
can cause to the environment and human health, the

ultrasound probe is a preferred clean technology as it
does not generate toxic waste in the environment and
does not endanger human health.

Accelerating seed germination is extremely
important for species used in the revegetation of
degraded areas, because the faster the revegetation,
the faster the recovery of the ecosystem.

Seeds of S. multijuga that underwent
ultrasonic probe treatment showed a higher
germination speed, reaching an SGI of 4.7, a very
similar result was observed in seeds immersed
in concentrated sulfuric acid. Statistical analysis
showed no significant difference in the germination
speed between the different powers tested, but there
was a significant difference in SGI between the
seeds treated with ultrasonic probe and those that did
not undergo any treatment (SGI of 0.6) (Figure 4).
Similarly, there was no significant difference in SGI
between the different time with the ultrasound bath,
but the difference was significant when compared
with the SGI results of the seeds treatment with the
ultrasound probe and seeds that were not subjected
to any treatment.

Evaluating the formation of normal
seedlings from those that had been treated with the
bath and the ultrasound probe, with concentrated

Figure 2 - Accumulated germination of seeds of S. multijuga, submitted to ultrasound probe with powers
0f 250 (0), 350 (V) ¢ 450 (A) W; GC1 (e).
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Figure 3 - Accumulated germination of seeds of S. multijuga, submitted to different treatments:
4 minutes in the ultrasound bath (o), concentrated sulfuric acid for five minutes (V)
and ultrasound probe with powers of 350 W (A); GC1 (e).

sulfuric acid and those that did not undergone any
treatment, the results followed the same pattern. The
highest percentage of normal seedlings was obtained
from seeds that underwent treatment with ultrasound

probe and those that were treated with concentrated
sulfuric acid. These data suggested that the treatment
with ultrasound probe for 5 minutes, which resulted
in the formation of larger percentage of normal

Figure 4 - The speed of germination index (SGI) of S. multijuga seeds, submitted to different
treatments: untreated (GC1), concentrated sulfuric acid for five minutes (GC2), 2 (B2)
and 4 (B4) minutes in the ultrasound bath , and ultrasound probe with power of 250
(S50), 350 (S70) and 450 (S90) W. Equal letters indicate that there are no significant
differences between means, according to the Tukey test at 5% of probability.
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seedlings, favor the elimination of the causes
responsible for dormancy considering the formation
of larger percentages of normal seedlings. Thus,
5 minutes long treatment of seeds with ultrasound
probe is probably the best suited method for the
seedling production of S. multijuga.

In general, these results demonstrated that
ultrasonic radiation accelerates the seed germination
process of S. multijuga, contributing to the fast
production of seedlings with high vigor that can in a
short time be used in revegetation of degraded areas.

Although, the application of sulfuric
acid also presented optimal results, it should be
emphasized that its application can cause serious
damage to the health of the researcher and pose a
risks to the environment.

Besides being very efficient in breaking seed
dormancy, the ultrasound probe treatment is low cost,
it does not generate residues that can be released into
the environment, and it is easy to handle, and thus very
promising for the production of seedlings of species that
are used for revegetation of degraded areas.

CONCLUSION

Results of the tests conducted in this study
suggested ultrasound probe is a well suited treatment
for breaking seed dormancy in S. multijuga and no
significant difference between different ultrasound
probe powers was reported in the experiments.

Ultrasound  probe  increaseds  the
germination rate when compared with ultrasound
bath and produces similar results to those obtained
with the sulfuric acid bath, but with the advantage of
being more environmentally friendly.
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