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Abstract

Tabebuia rosea germination capacity and rate have been examined under light and dark conditions. However,
seeds responses to light quality, in particular to short and mid-wavelengths, are not well known. We hypothesized
that short wavelengths would have a positive effect on 1. rosea germination. The effects of short, mid and
long-wavelengths on germination capacity, rate (germination rate index, germination rate Rso, a devised index
of germination rate Rsy and peak value), mean daily germination and germination value were evaluated. Light
quality had little effect on germination capacity; it was reduced only in darkness. Seeds under short and mid-
wavelengths germinated faster (germination rate) than under any other light treatments. We concluded that
although T. rosea seeds respond to all light quality treatments, the short and mid-wavelengths are the cue for
increasing germination speed. For synchronizing germination, short and mid-wavelengths transmitted by red
cellophane paper can be used as a pre-germinative treatment for restoration and silvicultural purposes.
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Introduction

Tabebuia rosea (Bertol) DC., a member of the
Bignoniaceae family, is a tree growing in tropical
forests (Woodson et al. 1973) from the sea level to
1,200 m (Gentry 1992). This species is used for urban
ornamentation (Joselin et al. 2013), for furniture and
general construction (Petrone & Preti 2010, Joselin
et al. 2013), in agroforestry (Cajas-Giron & Sinclair
2001, Petrone & Preti 2010, Plath et al. 2011) and
as a medicinal plant (Ugbabe et al. 2010, Jiménez-
Gonzalez et al. 2013). Even some studies suggest
this species might be employed to develop anticancer
medicines (Sathiya & Muthuchelian 2010). T. rosea is
also important for its potential use in reforestation
and ecological restoration programs (Hernandez Gil
et al. 2010, Castro-Marin et al. 2011, Plath et al. 2011).
This utility is because its management is well-known
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(Suarez et al. 2012), it shows a high survival rate in
habitats with different environmental conditions
(Wishnie et al. 2007, Hernandez Gil et al. 2010, Plath
etal. 2011) and grows quickly during its first stages of
development (Wishnie et al. 2007). It is also suitable
for soil bioengineering techniques used on slopes for
restoration and disaster mitigation (Petrone & Preti,
2010). Because this species has both the potential
to be used in ecological restoration (Castro-Marin
et al. 2011; Plath et al. 2011) and a high commercial
value (Petrone & Preti 2010, Joselin et al. 2013), its
establishment on degraded areas may contribute to
ecosystem recovery and to improving the quality of
farmers lives (Plath et al. 2011).

Although, the use of local seeds decreases the
cost of restoration, most of the projects employ
commercial seeds (Prach et al. 2014). Before being
used, seeds are usually tested for light and darkness
requirements, however these kinds of tests provide
little information about the role of the light on
regeneration (Tiansawat & Dalling 2013). Actually,
light quality is a key mechanism used by seeds to detect
suitable microsites for germination (Tiansawat &
Dalling 2013). This is an important aspect to consider
during the restoration processes because in degraded
habitats, changes in factors such as light reduce
microsite availability and therefore, the possibility
of species regeneration and recovery is also limited
(Piqueray et al. 2013). Moreover, gaps are created after
disturbances that differ in the degree to which they
receive direct and transmitted light; large gaps receive
a higher R:F'R than the smallest (Tiansawat & Dalling
2013). Furthermore, the proportion of R and FR
are approximately equal in areas receiving unfiltered
daylight (Tiansawat & Dalling 2013).

T. rosea seeds are easily available (Sudrez et al. 2012).
However, a high variability in germination rate has
been recorded, from 7 to 21 days (Sautu et al. 2000)
and in germination percentage from 17.7% (Sady et
al. 2010) to 95 % (Castro-Marin et al. 2011), which
poses a disadvantage for it's use in restoration. Usually,
degraded ecosystems lack safe sites or the set of
environmental factors that promote seed germination
(Young et al. 2005). So in order to understand the early
establishment requirements of this species during the
restoration of tropical areas, it is necessary to select
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the adequate conditions for germination (Celis & Jose
2011). Moreover, to obtain a source of homogeneous
plants to be used in the restoration strategies, the
understanding of how to synchronize germination
might apply. 1. rosea seeds are non-dormant with a
fully developed embryo and a permeable seed coat
(Sautu et al. 2007). Seeds germinate in a wide range of
temperatures (Socolowski & Takaki 2007), at constant
temperature from 20 to 35°C regardless of the light
conditions (Castro-Marin et al. 2011). The highest
synchronization of germination is recorded at 25°C
in white light and 30°C in darkness (Socolowski &
Takaki 2007). However, germination is inhibited by
alternating temperatures of 25/15°C and at constant
temperature of 15°C (Castro-Marin et al. 2011).
Temperature has a lesser effect on germination rate
than on germination capacity. There is no difference

in the speed of germination at constant temperature
between 20 and 35°C (Castro-Marin et al. 2011).

T. rosea light requirements for germination are also
variable. This species germinates bothin open areas and
in places where there is no light (Socolowski & Takaki
2007). Although, there are no changes in germination
capacity under light or dark conditions (Castro-Marin
et al. 2011), germination rate is higher in light than in
darkness (Socolowski & Takaki 2007). We know that T.
rosea germination is not light-dependent (Castro-Marin
et al. 2011), however, so far the effect of light quality
spectrum on the seed germination of this species has
not been recorded. Moreover, there are no studies in
the Bignoniaceae family about seed responses to short
and mid-wavelengths. However, there is evidence that
seeds of some tropical species can respond to blue
and green light (Goggin & Steadman 2012). Both
blue and green light may inhibit germination of some
herbaceous species (e.g. Amaranthus candatns (Nowak
et al. 1996) and Chondrilla juncea (Luna et al. 2004)
respectively). However, it seems that the main effect
of blue light is to promote germination of many
herbaceous species (e.g. Abysicarpus rugosus (Chaughtai
et al. 1983), Amarunthus tricolor (Singhal et al. 1983)
and Cyrtgpodinm glutinifernm (Vogel & Macedo 2011)).
Similar results have been recorded with green light (e.g:
Aeschynomene indica and Tephrosia purpurea (Chaughtai et
al. 1983). On tropical tree species, blue light increases
germination percentage (e.g. Acacia catechn and Butea
monosperma (Agrawal & Prakash 1978). Accordingly,
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we expected short wavelengths would have a positive
effect on T. rosea germination. Determining responses
to specific wavelengths of the visible spectrum can
greatly contribute to the achievement of high and fast
germination of seeds sown in the nursery, by easily
applying specific wavelengths of transmitted-light.
Therefore we conducted an experiment to test whether
light quality has an effect on T. rosea germination rate

and capacity.

Materials and methods

Seed moisture content and germination
conditions: Commercial seeds of T. rosea were used
to examine germination responses to light quality.
Because developing and mature seeds detect light in a
different way (Goggin & Steadman 2012), we ensured
that 1. rosea seeds exhibited a similar degree of
physiological maturity before being subjected to light
quality treatments. For this purpose, seed moisture
content was determined by using a digital moisture
analyser (O-Haus® MB45). Twenty five randomly
selected seeds were weighed and then heated at 105°C
until the weight stabilized. The measurement was
replicated four times following the same protocol.
Seed moisture content (MC %) was expressed on the
fresh weight basis (ISTA 2006). We recorded that the
average MC was 7.6% (£SE 0.1), which showed that
seeds were mature before they were hydrated. This

percentage is found in the range of maturity of tropical

tree species (Ramirez et al. 2008, Jiménez et al. 2009,
Pefia et al. 2009). Next, T. rosea seeds were sterilised
by soaking in a 2.5% solution of sodium hypochlorite
for ten minutes. The time was chosen according to
the results of a pre-assay. After rinsing with sterile
distilled water five times for one minute, 50 seeds were
placed in a Petri dish, for each light quality treatment,
with three layers of filter paper (Whatman No. 1) and
wetted with 2 ml of distilled water. Each treatment
was replicated four times. The Petri dishes were sealed
with Parafilm ‘M” (Pechiney Plastic Packing, Chicago,
Iinois, USA) and incubated in a germination chamber
at a constant temperature of 30 °C under twelve hours
photoperiod. Petri dishes were randomly distributed
inside the chamber. The experiment was replicated
once following the same protocol for sterilising and
germination conditions.

Light quality experiment: The coloured light was
obtained by covering Petri dishes with two layers of
coloured cellophane filter sheets (Dissanayake et al.
2010, Galindo et al. 2012) of red, blue, green and a
combination of blue and red. To test germination in
the darkness, Petri dishes were covered with two sheets
of aluminium foil (Souza et al. 2013). Direct white
light (uncovered Petri dishes) was used as the control
treatment. Wavelengths absorbed and transmitted by
each set of cellophane filter sheets were determined
by using a Thermo Scientific Genesys 10S UV-Vis
spectrophotometer (Table 1).

Table 1. Wavelengths absorbed and transmitted by two layers of coloured cellophane sheets used as filter to evaluate the effect

of light quality on the germination of Tabebuia rosea seeds.

Coloured  Spectrophotometer Transmitted Representative
" P P Expected wavelength (nm) wavelength/peak
cellophane readings (nm) wavelength (nm) absorbance (nm)
Red (400-580 nm) 640-740 (Nobel 2005) Violet (400-425) 660 nm
Blue (425-490) (Goggin & Steadman 2012)
Yellow (560-585)
Blue (570-680 nm) 425-490 (Nobel 2005) Yellow (560-585) 460 nm
445 (Goggin & Steadman 2012) Orange (585-640) (Nobel 2005)
Red (640-740)
Green (380-800 nm) 490-560 (Nobel 2005) UV (250-400) 520 nm
526-532 (Goggin & Steadman 2012) Violet (400-425) (Nobel 2005)
530-580 (Goggin & Steadman 2012) Blue (425-490)
577-597 (Dissanayake et al. 2010) Green (500-600)
500-600 (Walck et al. 2000, Folta & Maruhnich 2007) Red (640-730)
Far red (730-780)
Blue + Red (380-580 nm) Above 740 (Nobel 2005) UV (250-400) 730 nm
730-780 (Goggin & Steadman 2012) Blue (425-490) (Goggin & Steadman 2012)

Green (500-600)
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Data collection: Germination was recorded daily
for 33 days in a dark room under green light (Souza
et al. 2013). The protrusion of the radicle was the
critetion for germination. The response variable,
number of germinated seeds, was used to calculate the
next germination indices, which have been applied to
evaluate germination responses of other tropical trees
(Jiménez et al. 2009, Pefia et al. 2009, Tamayo-Rincon
etal. 2010):

a) Germination capacity (GC): shows the
percentage of seeds that germinate at the end of

the test (Edwards & El-Kassaby 1990).

b) Germination rate index (GRI): expresses the
rate of germination according to the total number
of seeds that germinate in a time interval, it is
calculated by the formula: GRI = G1/T1 + G2/
T2 + G3/T3 +..Gn/Tn, where, G1=number of
germinated seeds on T1; T1=day of first count;
Gn=number of germinated seeds between tn-1
and Tn; Tn=day of final count (Maguire 1962).

¢) Germination rate Rso: indicates the number of
days that are required for 50% of the seeds to
germinate (Edwards & El-Kassaby 1996).

d) A devised index of germination rate Rso:
indicates the number of days required for 50% of
the germinating seeds to germinate (Thomson &
El-Kassaby 1993).

e) Peak value (PV): expresses the maximum
quotient derived from the cumulative germination
percentage by the number of days required to
reach this percentage (Czabator 1962).

f) Mean daily germination (MDG): is the average
number of seeds germinating per day of the
definite test period (Czabator 1962).

¢ Germination value (GV): is an index that
combines speed and total germination and it is
calculated with the formula GV = PV x MDG
(Czabator 1962).

Statistical analysis: The germination indices data were
analysed by one-way ANOVA using the General Linear
Models (GLM) procedure of the the Statistical Analysis
System program (SAS version 9.2, SAS Institute, Cary,
NC, USA). Each calculated index with significant
F-tests (P = 0.05) were compared using Duncan’s
multiple range test of the same statistical package.
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To explain the response of each germination index
to the light treatments applied, and to find differences

between them, the results were analyzed according to
this model:

Yj=u+Fl+e
where,
Yij = Germination responses (germination indices)
i = General media effect
F1 = Treatment effect (light quality)
e = Experimental error

According to this design, in which the variation is
due only to the treatment (light quality), the statistical
analysis indicate the behaviour of each index in
relation to the treatment. Therefore, the indices were
analysed independently.

Results

The results indicate that the seed moisture content,
recorded before they were hydrated and light treatments
were applied, was suitable for the germination process.
Moreover, these results indicate that 1. rosea seeds
were not dormant.

Spectrophotometer readings: In most cases,
spectrophotometer readings indicated that there were
differences between the absorbed and the expected
wavelengths for each coloured cellophane filter sheet.
Absorbed, expected and transmitted wavelengths are
shown in Table 1. Red cellophane did not absorb light
from the representative wavelength (absorption peak
to 660 nm); however, it transmitted a radiation in the
range of 400-580 nm, corresponding to short and mid-
wavelengths (Table 1). When blue cellophane was used,
aradiation in the range of 570-680 nm was transmitted,
corresponding to mid and long-wavelengths (Table
1). Green cellophane transmitted a wide radiation in
the range of 380-800 nm, corresponding to short,
mid and long-wavelengths (Table 1). In addition, this
cellophane paper transmitted wavelengths similar to
the range of the visible spectrum (400-700 nm). The
combination of blue and red cellophane transmitted
a radiation range of 380-580 nm, corresponding to
short and mid-wavelengths of the spectrum (Table 1).
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Light quality effect on cumulative germination
of T resea: Germination cutves for light treatments
showed a sigmoidal pattern with three well-defined
phases (Figure 1). The three phases started eatly
with red cellophane filter sheets (short and mid-
wavelengths). The first, covering the period between
sowing and the start of germination, lasted five days.
The second, comprising the petiod in which most
seeds germinated, lasted between six and thirteen
days. The third phase, covering the period in which
the maximum number of germinated seeds has been
reached, started from the thirteenth day.
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Table 2. Effect of light quality on Tabebuia rosea
germination indices. GC: germination capacity, GRI:
germination rate, Rso: germination rate, Rso: devised
index of germination rate, PV: peak value, MDG: mean
daily germination and GV: germination value. (See
methods for details on germination indices). Means
with different letters indicate significant differences
according to Duncan's test (P<0.05). The colours are
those of the coloured cellophane filter sheets. Red
(short and mid-wavelengths), blue (mid and long-
wavelengths), blue+red (short and mid-wavelengths)
and green (short, mid and long wavelengths)
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Fig. 1. Cumulative germination curves for 1. rosea seeds
under light quality treatments. Germination cutves
showed a sigmoidal pattern with three phases. The first
includes the period from the beginning of sowing to the
onset of germination; the second covers the period in
which most seeds germinated and, the third indicates the
period in which the maximum number of germinated
seeds has been reached. The three germination phases
started early with the red cellophane filter. The colours
are those of the coloured cellophane filter sheets. Red
(short and mid-wavelengths), blue (mid and long-
wavelengths), bluetred (short and mid-wavelengths)
and green (short, mid and long wavelengths).

Light quality effect on the capacity and rate of
germination of 1. resea: The main effect of light
quality was recorded on germination rate. Seeds under
red cellophane filter (short and mid-wavelengths)
germinated faster than seeds under any other light
treatments, and longer in darkness. Significant
differences were recorded for the indices Rso
(One-way ANOVA; F = 7.8; df = 5, 23; p < 0.001),
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Rso (One-way ANOVA; F = 6.1; df = 5,23; p <0.01)
and PV (One-way ANOVA; F = 5.3; df = 5, 23; p
< 0.05) (Table 2). Moreover, on each observation
time interval, as GRI index showed, the total number
of germinating seeds was reduced significantly in
darkness (One-way ANOVA; F = 3.4; df =5, 23; p
< 0.05) (Table 2). The lack of light also significantly
reduced other germination parameters (Table 2).
MDG (One-way ANOVA; F = 4.4; df =5, 23; p <
0.05), GV (One-way ANOVA; F = 3.4; df =5, 23; p
< 0.001) and GC (One-way ANOVA; F = 3.4; df =
5, 23; p < 0.05) (Figure 2) showed the lowest values
in darkness.
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Fig. 2. Effect of light quality on Tabebuia rosea seed
germination capacity (GC). GC was significantly
reduced when seeds were incubated in darkness. Bars
indicate mean + SE. Means with the same letters do
not differ significantly (P>0.05) according to Duncan’s
multiple range test. The colours are those of the
coloured cellophane filter sheets. Red (short and
mid-wavelengths), blue (mid and long-wavelengths),
blue+red (short and mid-wavelengths) and green (short,
mid and long wavelengths).

Discussion

Evidence shown blue and green light has a role in the
regulation of several vegetative developmental and
physiological processes (Wang & Folta 2013, Goggin &
Steadman 2012, Folta & Maruhnich 2007, Christophe
et al. 2000). However, few studies addressed the effect
of these wavebands on seeds (Goggin & Steadman
2012). Our study contributes to the understanding of
the responses of seeds of tropical trees to short and
mid-wavelengths. 1. rosea germination rate was higher
with short and mid-wavelengths. We suggest that
seed responses to blue light may be due to the action
of one or more specific blue-light photoreceptors
(cryptochromes and  phototropins). Blue light
receptors have been well studied in vegetative tissues,
however their role in seed light perception is largely
unknown (Goggin et al. 2008, Goggin & Steadman
2012). Furthermore, evidence has shown that green
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light induces several responses in plants that cannot
be explained by the action of any of the known
photoreceptors and some seeds, apparently, are
capable of perceiving green light (Goggin & Steadman
2012, Wang & Folta 2013, Christophe et al. 2000,
Luna et al. 2004). By cryptochrome-dependent and
cryptochrome-independent mechanisms, green light
has an effect on plant processes which are opposite
to those caused by red and blue wavebands (Folta &
Maruhnich 2007). However, according to our results,
short and mid-wavelengths promote 1. rosea seed
responses.

On the other hand, darkness had a negative
effect on seed germination. Unlike other studies
(Castro-Marin et al. 2011), we recorded a decrease
in germination capacity under dark conditions.
However, germination rate was lower in darkness
than in light as it has been recorded previously
(Socolowski & Takaki 2007). Together, our results
suggest that the mechanism of dark reversion, the
slow conversion of Pfr form of phytochrome into
the Pr form, was maybe attenuated (Kircher et al.
2012), and therefore darkness did not completely
inhibit T rosea germination. Overall, T. rosea showed
a high germination percentage under all light quality
treatments. This result indicates that the germination
responses of this species may be mediated by both the
phytochrome and other photoreceptors. Although
members of the phytochrome family efficiently
perceive red and far-red light, they are also capable
of absorbing other wavelengths (Goggin et al. 2008,
Goggin & Steadman 2012).

Our approach can be applied to accelerate and
synchronize germination of T. rosea, which is useful
in silviculture to increase the production of plant
material in nurseries, and to define arrangements and
densities for the establishment of plantations. Mostly,
our study has some implications for restoration.
Although the light requirement for germination of its
seeds is wide, short and mid-wavelengths contribute
to speeding up and synchronizing germination.
Specifically, the results suggest that restoration
practices of tropical degraded-habitats with T. rosea
would highly benefit if seeds are sowed: 1) during
the intermediate stages of the restoration; 2) near
other plants or under foliage; and 3) under blue light
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or by using red cellophane paper in a greenhouse
or at nursery stage to increase and synchronize
germination, which is highly recommended in
restoration projects (Prach et al. 2007). Moreover, our
results can be used to select appropriate microsites to
sow seeds in the field for the restoration of tropical
degraded-habitats, and to increase natural population
sizes of T. rosea. Finally, a similar approach may be
addressed during the planning stage of restoration
projects to identify species with the highest potential
to be successfully established from seeds in degraded
ecosystems.

For future studies, we recommend confirmation
of the results of the effect of light quality on seed
germination, by using filters that guarantee the
absorption and transmission of the wavelengths of
each representative radiation of the visible spectrum.
Moreover, we suggest conducting studies leading to
the understanding of the seed responses to flow rate
and photon flux density.

Conclusions

T. rosea seeds respond to all light quality treatments.
According to our hypothesis, short and mid-
wavelengths have a positive effect on T. rosea
germination, specifically on parameters related to
cumulative germination, capacity and germination
rate. This knowledge contributes to our understanding
of tropical tree seed responses to wavelengths other
than the long-wavelengths, which have been studied
more. In addition, the lack of light has a negative
impact on 1. resea germination responses. Moreover,
determining responses to specific wavelengths of
the visible spectrum can greatly contribute to the
achievement of a high and fast germination of
seeds sown in the nursery, by easily applying specific
wavelengths of transmitted-light.
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Efecto de la calidad de la luz en la germinacién de Tabebuia
rosea (Bignoniaceae)

Resumen. La capacidad y tasa de germinacion de las semillas
de Tabebuia rosea han sido evaluadas bajo condiciones de luz
y oscuridad. Sin embargo, aun se desconocen las respuestas
a la calidad de la luz, particularmente a las longitudes de
onda corta y media del espectro. Nuestra hipotesis fue que
las longitudes de onda corta podtfan tener un efecto positivo
en la germinacion de T. rosea. Se evaluaron los efectos de las
longitudes de onda corta, media y larga sobre la capacidad
germinativa, la tasa de germinacién (indice de la tasa de
germinacion, tasa de germinaciéon Rso y Rso y valor pico),
germinacion media diaria y valor de germinacién. La calidad
de la luz tuvo poco efecto en la capacidad de germinacion,
la cual se redujo Gnicamente en condiciones de oscuridad.
Aunque las semillas de T. rosea respondieron de manera
similar en todas las condiciones de luz evaluadas, se present6
un incremento en la velocidad de germinacién cuando las
semillas se sometieron a longitudes de onda corta y media, las
cuales incidieron de manera positiva en la sincronizacién del
proceso de germinacion. Estos hallazgos son aplicables para la
restauracion y en estrategias de produccion de plantulas para
proyectos de silvicultura.

Palabras clave: Bignoniaceae; longitudes de onda corta;
longitudes de onda media; capacidad de germinacion; tasa de
germinacion; tratamientos pregerminativos
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Efeito da qualidade da luz na germinacao de Tabebuia rosea
(Bignoniaceae)

Resumo. Examinou-se a taxa e a capacidade de germinacao
de Tabebuia rosea em condigoes de luz y escuridio; no entanto, a
resposta das sementes para da qualidade da luz, em particular aos
comprimentos de onda curto e médio ndao sao bem conhecidos.
Nossa hipdtese é que os comprimentos de onda curtos tém um
efeito positivo sobre a germinacio de 1. rosea. Os efeitos de curto,
médio e longo comprimentos de onda sobte a capacidade de
germinacao, taxa ({ndice de velocidade de germinacdo, velocidade
de germinagdo Rso e Rso- e valor de pico), média de germinacao
diaria e valores de germinagdo foram avaliados. A qualidade
da luz teve pouco efeito sobre a capacidade de germinagio; a
germinacao decresceu apenas na escuridio. A taxa de germinacio
de sementes sob curto e médio comprimentos de onda foi
mais rapido do que em quaisquer outras condi¢ces de luz;
comptimento de onda curto nio teve nenhum efeito significativo
sobre os parametros de germinacao. Concluimos que, embora as
sementes 1. rosea respondem a todos os tratamentos de qualidade
de luz, os comprimentos de onda curto e médio aceleram a
velocidade de germinagdo. Para sincronizar a germinagio, ondas
de curto e médio comprimento transmitidas através de papel
celofane vermelho podem ser usadas como um tratamento pré-
germinativo para a restauragao e para fins silvicolas.

Palavras-chave: Bignoniaceae; comprimentos de onda curta;
comprimentos de onda médios; capacidade de germinagio; taxa
de germinacao; pré-germinativo
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