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Abstract

Light is considered a factor that influences the seed germination of many weed species, and it can signal whether the
environmental conditions are favorable or are not favorable for germination. We aimed to study if there is an influence of
light quality and dormancy overcoming in seed germination of Echium plantagineum L. We carried out a 2 x 6 factorial
experiment, with and without dormancy overcoming with potassium nitrate followed by immersion in gibberellic
acid; six light qualities, obtained through the light filters: blue, green, red, far-red, white light and absence of light.
The evaluations performed were germination speed index (GSI), average germination time (AGT), germination at the
four and 14 days after seeding (DAS), accumulated germination and relative frequency of germination. We observed
significant interaction among the light qualities and seed dormancy overcoming or not for the studied variables.
There was no significant effect of light qualities, in the evaluated variables, when performing dormancy overcoming,
presenting germination above 90% in all the light qualities. However, without dormancy overcoming, we observed
greater GSI, germination at four and 14 DAS for the red light filter with 5, 4, 29 and 45%, respectively. When the
seeds were submitted to the absence of light, and without dormancy overcoming, there was only 7% of germination at
14 DAS. The seeds of E. plantagineum presented greater germination under incidence of red light, without dormancy
overcoming, being classified as preferably positively photoblastics, provided that the dormancy is not overcome.

Keywords: purple flower, photoblastism, phytochrome, cellophane paper, weed.

Qualidade da luz e superac¢ao de dorméncia na germinacio de sementes de
Echium plantagineum L. (Boraginaceae)

Resumo

A luz ¢ considerada um fator que influencia a germinac¢do das sementes de muitas espécies de plantas daninhas, podendo
sinalizar se as condi¢des ambientais sdo favoraveis ou ndo para a germinagao. Objetivou-se estudar se ha influéncia
da qualidade da luz e superagdo de dorméncia na germinagao de sementes de Echium plantagineum L. Realizou-se
um experimento fatorial 2 x 6, com e sem superagdo de dorméncia com nitrato de potassio seguido pela imersdo em
acido giberélico; seis qualidades de luz, obtidas através de filtros de luz: azul, verde, vermelho, vermelho-distante, luz
branca e auséncia de luz. As avaliagdes realizadas foram indice de velocidade de germinagao (IVG), tempo médio de
germinagdo (TMG), germinag@o aos quatro e 14 dias apds a semeadura (DAS), germinag@o acumulada e frequéncia
relativa de germinacdo. Observou-se interagao significativa entre as qualidades de luz e a superagdo ou nao de
dorméncia das sementes para as variaveis estudadas. Nao houve efeito significativo das qualidades de luz, nas variaveis
avaliadas, ao realizar supera¢do de dorméncia, apresentando germinagdo acima de 90% em todas as qualidades de
luz. Todavia, sem superacdo de dorméncia, observou-se maior IVG, germinagdo aos quatro e¢ 14 DAS para o filtro de
luz vermelha com 5.4, 29 e 45%, respectivamente. Quando as sementes foram submetidas a auséncia de luz, e sem
superagdo de dorméncia, houve apenas 7% de germinacdo aos 14 DAS. As sementes de E. plantagineum apresentam
maior germinacao sob incidéncia de luz vermelha, sem superacdo de dorméncia, sendo classificadas como fotoblasticas
positivas preferenciais, desde que ndo seja superada a dorméncia.

Palavras-chave: flor roxa, fotoblastismo, fitocromo, papel celofane, planta daninha.
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Seed germination of Echium plantagineum L.

1. Introduction

Echium plantagineum L., Boraginaceae, known in the
South of Brazil as purple flower or “soagem”, characterizes
itself as an important weed of winter, infesting annual crop
areas, as well as pastures and roadsides. This species is
native from European countries near the Mediterranean
and North Africa, being considered weed with economical
importance in Australia, South Africa, Canada, New Zealand
and South America (Weston et al., 2012; Florentine et al.,
2018).

It presents fast growth, high leaf area production,
aggressive root system, adaptability to water deficiency
conditions, temperature variations and photoperiod, and
also, elevated ability of competition for water and nutrients
(Sharma and Esler, 2008; Konarzewski et al., 2012).
Besides, it has phenotypic plasticity demonstrated by the
variation of morphological characteristics, plant height,
size and fruit mass, triggered in response to abiotic factors
(Piggin, 1976; Konarzewski et al., 2012). Another form of
adaptability to the environmental conditions is its capacity
of seed production, which can exceed 6000 seeds per
square meter in high infestations, presenting dormancy
that contributes for the distribution of the emergence flows
in time and permanence in soil seed bank (Piggin, 1976;
Roso etal., 2017; Florentine et al., 2018). It characterizes
itself by the scorpioid inflorescence and fruit denominated
carcerulus (indehiscent dry fruit and one-seeded), whose
seed remains united to the fruit, being a unit of dissemination
and propagation (Moreira and Braganca, 2010; Souza and
Lorenzi, 2012).

The seed germination is the result of the balance between
the intrinsic characteristics of the same and the favorable
environmental conditions, which result in the resumption
of the embryo growth originating a seedling (Orzari et al.,
2013). In this sense, the reduction of germination and
emergence can be attributed to the low vigor or dormancy
of seeds and/or to critical environmental factors, such
as: humidity, chemical substances, soil acidity, salinity,
temperature and light (Luz et al., 2014). Thus, seeds of weed
can remain viable in soil by long periods and germinate,
since the dormancy is exceeded and the environmental
conditions are favorable (Yamashita et al., 2011).

Many species of weed are photosensitive (Orzari et al.,
2013), where the light can trigger or inhibit the germinative
process of seeds. This is possible because the light is
responsible by the activation of phytochromes, which
is a pigment whose function is to capture light signals,
and it can or cannot stimulate the germination in some
species (Taiz et al., 2017). The response to light presents
itself in a distinct way among the species, and the role of
the phytochrome in dormancy overcoming is one of the
few mechanisms totally known that act in germination
(Vivian et al., 2008; Souza-Filho and Takaki, 2019).

The phytochrome mode of action depends on the
type of incident radiation, and the light in the region of
red (660 nm) and far-red (730 nm) promote alteration
of the isomeric form of the phytochrome, modifying the
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balance between the active form (FVe) and inactive form
(FV), respectively (Parreira et al., 2011). This way, high
relation red/far-red (R/FR) can induce the phytochrome to
assume the active form (FVe), triggering the germination
of photosensitive seeds, while low R/FR relation can lead
it to assume inactive form (FV), inhibiting the germination,
remaining dormant (Vidaver, 1980; Vivian et al., 2008).
With this, the seeds detect the environmental variations
through the change in incident light quality, signaling
whether the environmental conditions are or are not
favorable for the germination, growth and development
of the plant (Brancalion et al., 2008).

In general, long wavelengths (far-red), of the visible
light spectrum, penetrate deeper into the soil, in its
turn, short wavelengths (blue) are attenuated in the first
millimeters of soil (Bliss and Smith, 1985). The effect of
soil filtering the light spectrum provides in theory three
different environments, important in germination of weed.
Depending on the type and composition of soil, in the first
millimeters occurs predominant effect of blue light; after the
first millimeters this one disappears and increases the R/FR
relation (phytochrome active form). However, in greater soil
depths, the R/FR relation decreases (Barrero etal., 2012).
In this sense, the light transmits information to the seeds,
through its spectral composition and irradiance, which
can orientate themselves in relation to the position in the
soil profile (Batlla and Benech-Arnold, 2014), influencing
the germination and composition of infestations of weed
in agricultural cultivations.

The knowledge of germinative biology of E. plantagineum
can help to develop correct strategies of management, and
itis an alternative to the chemical control, or can permit to
develop integrated management practices of weed. Before
this, the present work aimed to study the influence of light
quality and dormancy overcoming in seed germination of
E. plantagineum.

2. Material and Methods

The work was conducted in Didactic and Research
Laboratory for Seeds from the Plant Science Department
of Federal University of Santa Maria, in Santa Maria,
RS. The fruits of E. plantagineum were collected
manually in crop with history of infestation by this weed
(20 plants m™), located in the municipality of Restinga Seca,
RS (29°51°29” Sand 53°31°41” W and 72 m of altitude).
The collecting area characterizes itself by the soybean
cultivation (Glycine max (L.) Merr.) in summer and ryegrass
(Lolium multiflorum Lam.) in winter.

We collected only dark-colored fruits and that could
easily detach from the mother plant, having, apparently,
physiological maturity. The same ones passed through a
manual cleaning process, dried at the shade for five days,
and stored in Kraft paper bags at room temperature and
dry place (laboratory) until carrying out the experiments.

The experiments were conducted in germination
chamber of Biochemical Oxigen Demand (B.O.D.) type
at temperature of 20 °C and photoperiod of 24 hours of
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artificial light inside the chamber (30 umol m? s! de
illuminance) (Brasil, 2009; Roso et al., 2017). We used
the completely randomized experimental design (CRD)
with four repetitions of 50 diaspores (carcerulus: fruit
agglutinated with the seed) totaling 200 diaspores by
treatment. The tests were conducted on a transparent
acrylic gerbox (11.0 x 11.0x 3.5 cm), under three sheets of
germitest paper moistened with distilled water in quantity
equivalent to 2.5 times the mass of dry paper (Brasil, 2009).

The light quality in germination was evaluated by a
2 X 6 bifactorial experiment, with and without dormancy
overcoming and six qualities of light, which were obtained
through light filters with different wavelengths: blue (450 nm),
green (500 nm), red (700 nm), far-red (760 nm), white
light (380 to 760 nm) and absence of light. According to
the adapted methodology by Yamashita et al. (2008), for
obtaining different light qualities (blue, green and red)
the gearbox type boxes were involved by two layers of
cellophane paper with colors corresponding to the used
treatment. In the far-red treatment, the boxes were involved
by two layers of red cellophane and two blue ones. In the
treatment with white light, the gearbox boxes were not
involved with cellophane paper, and the treatment with
absence of light was obtained through the involvement by
two layers of aluminum foil. During the evaluations, so
that there was no interference of white light in germination,
the evaluations were carried out in dark room in presence
of green light (Yamashita et al., 2008).

We verified passage of light through the cellophane
papers, performing readings of transmittance percentage using
a UV-Visible spectrophotometer model Nova® 2000 UV,
according to the adapted methodology by Yamashita et al.
(2008). As reading cell, we used quarzto cuvette with
optical path of 10 mm, where the papers were placed as
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used during the germination involving the gearbox boxes,
performing readings in different wavelengths (Figure 1).

In the treatments submitted to the dormancy overcoming,
we performed the soaking of the diaspores in potassium
nitrate solutions (0.2%) for 12 hours, followed by immersion
in gibberellic acid (500 mg L") for 48 h, occurring the
washing of the diaspores after each period of immersion,
for 10 min in running water (Roso et al., 2017).

The analyzed variables were: germination at four (4)
and 14 DAS (days after seeding) and germination speed
index (GSI) duringl4 days, considering germinated
seed when there was the first root protrusion (> 2 mm)
according to Bewley and Black (1994). The percentage of
germination at four and 14 DAS was calculated according
to the methodology described by

Labouriau and Valadares (1976). Yet, the GSI was
calculated by the equation according to Maguire (1962)
and the average germination time (AGT) was determined
according to Furbeck et al. (1993). From the results
of daily germination, used for GSI, we calculated the
relative germination frequency, through methodology
by Labouriau and Valadares (1976) and demonstrated
accumulated germination.

The data was submitted to variance analysis by F test
(p<0.05) through SISVAR statistical program (Ferreira,
2011). The averages were compared by Scott-Knott test
in 0.05 of probability. For the variables in percentage, the
data was transformed for arc sine V%/100.

3. Results and Discussion

According to the results of transmittance readings of
cellophane papers, used as light filters, we observed that
the methodology used is in accordance with the expected
(Figure 1). The cellophane papers played the role of

400 440 480 520 560

Wavelengths (nm)

Figure 1. Values of transmittance (%), in different wavelengths (nm), obtained in the cellophane papers used as light filters.
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filtering the wavelengths of the visible light spectrum,
presenting peaks of transmittance in the regions of blue,
green, red and far-red.

Significant interaction we observed (p<0.05), among
the light qualities and the dormancy overcoming for the
GSI variables, average germination time (AGT) and
germination at four and 14 DAS. For these variables,
there was no significant effect of the light qualities used
when performing the dormancy overcoming of seeds.
Nevertheless, there was significant difference of the light
qualities when this was not performed (Table 1). In general,
the dormancy overcoming provided greater values of GSI
and percentage of germination at four and 14 DAS and
lower AGT values, indicating fast germination, when
compared to treatments without overcoming. We verified
germination above 83 and 90% at four and 14 DAS
respectively, when performing dormancy overcoming, in
all the light qualities (Table 1).

When the seeds were not submitted to dormancy
overcoming, in red light quality, we observed greater GSI
and germination at four and 14 DAS, with 5,4, 29 and 45%,
respectively, and it was not different from white light
(24%) for germination at four DAS. When the seeds
were submitted to light absence and without dormancy
overcoming, we observed lower GSI and germination at
four and 14 DAS, 0.6; 3.0 and 7.0%, respectively, and
greater AGT (7.8 days) which indicates that the germination
occurred in a slow way (Table 1). These results demonstrate
that the seeds of E. plantagineum present dormancy, which
can be overcome in a efficient way using potassium nitrate
(0.2%) and gibberellic acid (500 mg L"), independent
from the light quality. And, also, in a less efficient way,
without dormancy overcoming, exposing the seeds to
red light conditions, possibly by the greater conversion
of the inactive form of phytochrome (Fv) to active form
(Fve) (Yamashita et al. 2011; Batlla and Benech-Arnold,
2014), triggering the germinative process. The responses
obtained by the germination induction when exposing the
seeds to the red light, can be related to the gene expression
regulation of the biosynthesis of gibberelline by the active

phytochrome, which act directly in the germination
promotion (Toyomasu et al., 1998).

According to Bewley and Black (1994), for preferably
photoblastic seeds, light wavelengths between 650 and 700 nm
(red) promote greater percentages of germination, yet
wavelengths greater than 730 nm (far-red) inhibit the
germination. Similar results were observed in this study, in
which red light filters provided greater germination (45%)
of seeds of E. plantagineum, in comparison to the far-red
light filters (22%), when the seeds were not submitted
to dormancy overcoming. As well as E. plantagineum,
most of the seeds of weed species respond to light to
germinate, because they are not domesticated species, and
the germination process is regulated by the phytochrome,
and depends on adequated wavelengths to trigger the
germination (Yamashita et al., 2011). The importance of red
light in dormancy overcoming of seeds, and the inhibition
of germination by the blue and far-red light was reported for
several species in literature, among them Lolium rigidum Gaud.
(Goggin etal., 2008), Murdannia nudiflora L. (Ferraresi et al.,
2009), Conyza canadensis L. and C. bonariensis L.
(Yamashita et al., 2011) and Brachypodium distachyon L.
(Barrero et al., 2012).

Analyzing the data of accumulated germination of seeds
with dormancy overcoming of E. plantagineum (Figure 2A),
we observe that there was fast germination in all the light
qualities, inclusive continuous dark, complementing the
results of GSI, with germination above 83% on the fourth
day after seeding. These results indicate that, once the
dormancy is overcome, the germinative process is triggered,
independent of light stimulus. This way, the dormancy
overcoming treatments using gibberellic acid can have
substituted the red light effect in germination, for this
reason the seeds treated with gibberellic acid germinated
independent of the light quality. According to Carvalho and
Nakagawa (2000), the light is one of the natural agents of
dormancy overcoming of seeds in some species; however,
after this is overcome by the light action or by influence
of other factors, the germination will occur both in the
presence and absence of light. Nevertheless, depending
on the species, the light will promote the germination

Table 1. Germination at four and 14 days after seeding (DAS), germination speed index (GSI) and average germination time
(AGT) of Echium plantagineum L. submitted to different light qualities, with (CS) and without (SS) dormancy overcoming
by the soaking of the seeds in potassium nitrate (0.2%) and gibberellic acid (500 mg L™").

Germination (%)

Light qualities 4DAS’ 14 DAS GSI AGT (days)

CS Ss CS SS cs ss CS ss
Blue 8 ™A 11 bB 90 ™A 17 cB 127 ™A 20 cB 37 "B 48 aA
Green 8 A 10 bB 94 A 21 B 130 A 23 c¢B 39 B 53 aA
Red 83 A 29 aB 91 A 45 aB 131 A 54 aB 37 B 48 aA
Far-red 8 A 15 bB 93 A 22 B 137 A 27 B 35 B 50 aA
White light 90 A 24 aB 93 A 37 bB 131 A 44 bB 36 B 47 aA
Absence of light 8 A 3 ¢B 9 A 7 dB 129 A 06 dB 37 B 7.8 DbA
CV (%) 9.86 5.89 485 7.41

!'Averages followed by different letters, lower case in the column and upper case in the line, differ from each other by the Scott-Knott
test (p-valor<0.05); 2CV: coefficient of variation; *DAS: days after seeding; *ns: not significant.
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Figure 2. Accumulated germination of seeds of Echium plantagineum L. submitted to different light qualities with (A) or

without (B) dormancy overcoming.

or induce the dormancy, being considered an important
environmental sign in germination (Barrero et al., 2012;
Batlla and Benech-Arnold, 2014).

However, without the dormancy overcoming, the light
promoted the germination of seeds of E. plantagineum,
even though in lower percentages. There was accumulated
germination near to 30 and 25% on the fourth DAS, when
using red and white light filters, respectively (Figure 2B).
Gradual increase of accumulated germination occurred in
these light filters until the 14 DAS, with final germination
of 45 and 37%, respectively. The blue, green and far-red
light filters also presented gradual increase in accumulated
germination until the 14 DAS; however, we observed only
17, 21 and 22% of final germination, respectively. In the
absence of light there was lower accumulated germination,
7% at 14 DAS.

The relative germination frequency confirms the results
of GSI and accumulated germination, indicating fast
germination when the seeds were submitted to dormancy
overcoming. Also, we verified greater relative germination
frequency on the third and fourth DAS, in all the light
qualities, presenting more than 44 and 37% of germinated
seeds, in these evaluations, respectively (Figure 3A). In the
treatments in which the seeds were not submitted to dormancy
overcoming, there was distribution of relative germination
frequency throughout the evaluation period (Figure 3B).
Nevertheless, we observed a peak of germination on the
third and fourth DAS when exposing the seeds to some
light condition. When the seeds were submitted to absence
of light, we verified greater relative germination frequency
near to 3 and 11" DAS, indicating that in this condition,
besides presenting lower germination, this one occurs in
a slow way, and it is related to the dormancy mechanism.

These results corroborated in part with the ones found
by Roso et al. (2017), in which the authors classified
E. plantagineum as preferably positively photoblastic,
presenting greater germination when the seeds were exposed
to light. In this work, we verified that the light provides
stimulus to germination if the dormancy overcoming is
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not carried out; however, when overcoming the dormancy,
the germination occurs independent of light stimulus,
indicating that the dormancy of this species can be related
to a combination of factors. In this sense, the potassium
nitrate and the gibberellic acid can have substituted the
effect of light quality in germination, which may not be the
main cause of dormancy. The dormancy overcoming with
potassium nitrate and gibberellic acid together provides
greater germination than both isolated, indicating synergetic
effect (Roso et al., 2017). Thus, the red light influenced
positively in germination when there was no dormancy
overcoming, but in lower percentage when compared to
the treatments with dormancy overcoming, because the
potassium nitrate can have helped in germination.

In this sense, the seed germination of most of weed
species is restricted to the proximity of the soil surface,
presenting variation among the species, due to the availability
of reserves of seeds and mainly by the light requirement
to trigger the germination process (Ferraresi et al., 2009;
Barrero et al., 2012). Depending on the soil composition,
this can play the role of filtering the light in different
wavelengths, depending on the depth, promoting three
distinct environments for germination, and it can have
influence in seed dormancy (Barrero et al., 2012). The first
millimeters of soil present greater influence of light in
region of blue, and it can inhibit or decrease germination,
disappearing after the first millimeters and the seeds find
adequate germination conditions with high proportion of
red/far-red (Bliss and Smith, 1985; Barrero et al., 2012).
These same authors also affirm that in greater soil depths,
the proportion of red/far-red decreases and the germination
can be inhibited again in photosensitive seeds. According
to Batlla and Benech-Arnold (2014) agricultural cultures
or plants of soil coverage also filter the light when passing
by the canopy, hitting the soil low proportion of red/far-red
light, allowing the seeds of weed to detect the presence of
vegetation, indicating the dormancy permanence of seeds
and unfavorable conditions to germination.
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Figure 3. Relative germination frequency of seeds of Echium plantagineum L. submitted to different light qualities with

(A) or without (B) dormancy overcoming.

Due to the sensitivity of seeds of E. plantagineum to
light, when it is not submitted to dormancy overcoming,
with greater response of germination under incidence of red
light, and lower germination in absence of light, the use of
cultures of soil coverage associated to other practices, can
be an efficient management strategy, in order to decrease
the germination of this species. Besides that, the possibility
of predicting the seed germination, located next to the soil
surface, when there are no coverage plants or upturned soil,
it can help in the control planning of this invasive species
or in the management of agricultural cultures.

4. Conclusion

The dormancy overcoming of seeds, with potassium
nitrate (0.2%) for 12 hours, followed by soaking in gibberellic
acid (500 mg L) for 48 h provides the germination of
E. plantagineum, independent of incidence and quality
of light.

The seeds of E. plantagineum present greater
germination under the incidence of red light, without
dormancy overcoming.

Without treatment of dormancy overcoming with
potassium nitrate and gibberellic acid, the seeds of
E. plantagineum can be considered preferably positively
photoblastics.

Acknowledgements

CNPQ - the PQ productivity scholarship teacher researcher
Dr. Ubirajara Russi Nunes.

References

BARRERO, J.M., JACOBSEN, 1.V, TALBOT, M.J., WHITE,
R.G., SWAIN, S.M., GARVIN, D.F. and GUBLER, F., 2012.
Grain dormancy and ligth quality effects on germination in the
model grass Brachypodium distachyon. The New Phytologist,
vol. 193, no. 2, pp. 376-386. http://dx.doi.org/10.1111/j.1469-
8137.2011.03938.x. PMid:22039925.

Braz. J. Biol., 2021, vol. 81, no. 3 pp.650-656

BATLLA, D. and BENECH-ARNOLD, R.L., 2014. Weed seed
germination and the light environment: implications for weed
management. Weed Biology and Management, vol. 14, no. 1, pp.
77-87. http://dx.doi.org/10.1111/wbm.12039.

BEWLEY, J.D. and BLACK, M., 1994. Seeds: physiology of
development and germination. 2nd ed. New York: Plenum Press,
445 p. http://dx.doi.org/10.1007/978-1-4899-1002-8.

BLISS, D. and SMITH, H., 1985. Penetration of light into
soil and its role in the control of seed-germination. Plant,
Cell & Environment, vol. 8, no. 7, pp. 475-483. http://dx.doi.
org/10.1111/1.1365-3040.1985.tb01683.x.

BRANCALION, P.H.S.,, NOVEMBRE, A.D.L.C., RODRIGUES,
R.R.and CHAMMA, H.M.C.P., 2008. Efeito da luz e de diferentes
temperaturas na germinagdo de sementes de Heliocarpus
popayanensis L. Revista Arvore, vol. 32, no. 2, pp. 225-232.
http://dx.doi.org/10.1590/S0100-67622008000200005.

BRASIL. Ministério da Agricultura, Pecuaria e Abastecimento.
Secretaria de Defesa Agropecuaria, 2009. Regras para andlise
de sementes. Brasilia: MAPA/ACS, 399 p.

CARVALHO, N.M. and NAKAGAWA, J., 2000. Sementes:
ciéncia, tecnologia e producgdo. 4. ed. Jaboticabal: Funep, 588 p.

FERRARESI, D.A., YAMASHITA, O.M. and CARVALHO,
M.A.C., 2009. Superagdo da dorméncia e qualidade de luz na
germinacdo de sementes de Murdannia nudiflora (L.) Brenans.
Revista Brasileira de Sementes, vol. 31, no. 4, pp. 126-132.

FERREIRA, D.F., 2011. Sisvar: a computer statistical analysis
system. Ciéncia e Agrotecnologia, vol. 35, no. 6, pp. 1039-1042.
http://dx.doi.org/10.1590/S1413-70542011000600001.

FLORENTINE, S., WELLER, S., KING, A., FLORENTINE,
A., DOWLING, K., WESTBROOKE, M.E. and CHAUHAN,
B.S., 2018. Seed germination response of a noxious agricultural
weed Echium plantagineum to temperature, light, pH, drought
stress, salinity, heat and smoke. Crop and Pasture Science, vol.
69, no. 1, pp. 326-333.

FURBECK, S.M., BOURLAND, F.M. and WATSON, C.E.J.,
1993 [viewed 16 September 2019]. Relationship of seed and
germination measurements with resistance to seed weathering
cotton. Seed Science and Technology [online], vol. 21, no. 3, pp.
505-512. Available from: http://agris.fao.org/agrissearch/search.
do?recordID=CH19940054281

655


https://doi.org/10.1111/j.1469-8137.2011.03938.x
https://doi.org/10.1111/j.1469-8137.2011.03938.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22039925&dopt=Abstract
https://doi.org/10.1111/wbm.12039
https://doi.org/10.1007/978-1-4899-1002-8
https://doi.org/10.1111/j.1365-3040.1985.tb01683.x
https://doi.org/10.1111/j.1365-3040.1985.tb01683.x
https://doi.org/10.1590/S0100-67622008000200005
https://doi.org/10.1590/S1413-70542011000600001
http://agris.fao.org/agrissearch/search.do?recordID=CH19940054281
http://agris.fao.org/agrissearch/search.do?recordID=CH19940054281

Roso, R. et al.

GOGGIN, D.E., STEADMAN, K.J. and POWLES, S.B., 2008.
Green and blue light photoreceptors are involved in maintenance
of dormancy in imbibed annual ryegrass (Lolium rigidum) seeds.
The New Phytologist, vol. 180, no. 81, pp. 8-89. http://dx.doi.
org/10.1111/5.1469-8137.2008.02570.x. PMid:18643940.

KONARZEWSKI, T.K., MURRAY, B.R. and GODFREE, R.C.,
2012. Rapid development of adaptive, climate-driven clinal variation
in seed mass in the invasive annual forb Echium plantagineum L.
PLoS One, vol. 7,n0. 12, pp. €49000. http://dx.doi.org/10.1371/
journal.pone.0049000. PMid:23284621.

LABOURIAU, L.G. and VALADARES, M.E.B., 1976. On the
germination of seeds Calotropis procera (Ait.) Ait.f. Anais da
Academia Brasileira de Ciéncias, vol. 48, no. 2, pp. 263-284.

LUZ,EN.,YAMASHITA, O.M., FERRARESI, D.A., CARVALHO,
M.A.C.,CAMPOS, O.R.,KOGA, P.S. and MASSAROTO, J.A.,
2014 [viewed 16 September 2019]. Interferéncia de luz, temperatura,
profundidade de semeadura e palhada na germinagao e emergéncia
de Murdannia nudiflora. Comunicata Scientiae [online]. vol. 5,
no. 1, pp. 25-33. Available from: https://comunicatascientiae.
com.br/comunicata/article/view/238

MAGUIRE, J.D., 1962. Speeds of germination, aid in selection
and evaluation for seedling emergence and vigor. Crop Science,
vol. 2, no. 2, pp. 176-177. http://dx.doi.org/10.2135/cropscil 96
2.0011183X000200020033x.

MOREIRA, H.J.C. and BRAGANCA, H.A.B.N., 2010. Manual
de identificacdo de plantas infestantes — Cultivos de verdo. Sao
Paulo: FMC Agricultural Products, 650 p.

ORZARI, 1., MONQUERO, P.A., REIS, F.C., SABBAG, R.S.
and HIRATA, A.C.S., 2013. Germinagdo de espécies da familia
Convolvulaceae sob diferentes condi¢des de luz, temperatura e
profundidade de semeadura. Planta Daninha, vol. 31, no. 1, pp.
53-61. http://dx.doi.org/10.1590/S0100-83582013000100006.

PARREIRA, M.C., CARDOZO, N.P., GIANCOTTI, P.R.F. and
ALVES, PL.C.A., 2011. Superacao de dorméncia e influéncia
dos fatores ambientais na germinagao de sementes de Spermacoce
latifolia. Revista Brasileira de Ciéncias Agrarias, vol. 6, no. 3,
pp. 427-431. http://dx.doi.org/10.5039/agraria.v6i3al031.

PIGGIN, C.M., 1976. Factors affecting seed germination of
Echium plantagineum L. and Trifolium subterraneum L. Weed
Research, vol. 16, no. 5, pp. 337-344.

ROSO, R., NUNES, U.R., PARANHOS, J.T., MULLER, C.A.,
FERNANDES, T.S. and LUDWIG, E.J., 2017. Germination of
Echium plantagineum L. seeds submitted to dormancy overcoming
and variations in temperature, light and depth of sowing. Journal
of Seed Science, vol. 39, no. 3, pp. 262-271. http://dx.doi.
org/10.1590/2317-1545v39n3174115.

656

SHARMA, G.P. and ESLER, K.J., 2008. Phenotypic plasticity
among Echium plantagineum populations in different habitats of
Western Cape, South Africa. South Afiican Journal of Botany, vol.
74,n0. 1, pp. 746-749. http://dx.doi.org/10.1016/j.sajb.2008.04.006.

SOUZA, V.C. and LORENZI, H., 2012. Botanica sistemdatica:
guia ilustrado para identificacdo das familias de fanerégamas
nativas e exoticas do Brasil, baseado em APG II. 2. ed Nova
Odessa: Instituto Plantarum, 704 p.

SOUZA-FILHO, P.R.M. and TAKAKI, M., 2019. Germination
constraints of dicarpic cypselae of Bidens pilosa L. Brazilian
Journal of biology = Revista brasleira de biologia, vol. 79, no.
3, pp. 383-394. http://dx.doi.org/10.1590/1519-6984.178222.
PMid:30110080.

TAIZ, L., ZEIGER, E., MOLLER, .M. and MURPHY, A. 2017.
Fisiologia e Desenvolvimento vegetal. Translated by: Alexandra
Antunes MASTROBERTI, Armando Molina DIVAN JUNIOR,
Eliane Romanato SANTAREN, Jorge Ernesto de Aratijo MARIATH,
Julio César de LIMA, Leandro Vieira ASTARIA, Luis Mauro
Gongalves ROSA, Paulo Luiz de OLIVEIRA, Rinaldo Pires dos
SANTOS. 6th ed. Porto Alegre: Artmed, 858 p.

TOYOMASU, T., KAWAIDE, H., MITSUHASHI, W., INOUE,
Y. and KAMIYA, Y., 1998. Phytochrome regulates gibberellin
biosynthesis during germination of photoblastic lettuce seeds.
Plant Physiology, vol. 118, no. 4, pp. 1517-1523. http://dx.doi.
org/10.1104/pp.118.4.1517. PMid:9847128.

VIDAVER, W. 1980. Light and seed germination. In: A.A. KHAN.
The physiology and biochemistry of seed dormancy and germination.
New York: North-Holland Publishing Company, pp. 181-192.

VIVIAN, R., SILVA, A.A., GIMENES JUNIOR, M., FAGAN,
E.B.,RUIZ, S.T.and LABONIA, V., 2008. Dorméncia em sementes
de plantas daninhas como mecanismo de sobrevivéncia — breve
revisdo. Planta Daninha, vol. 26, no. 3, pp. 695-706. http://dx.doi.
org/10.1590/S0100-83582008000300026.

WESTON, L.A., WESTON, P.A. and MCCULLY, M., 2012.
Production of bioactive na pthoquinones by roots of paterson’s
curse (Echium plantagineum) — implications for invasion success?
Weed Science Research, vol. 18, no. 1, pp. 677-686.

YAMASHITA, O.M., ALBUQUERQUE, M.C.F., GUIMARAES,
S.C., SILVA, J.L. and CARVALHO, M.A.C., 2008. Influéncia
da temperatura e da luz na germinagdo de sementes de couve-
cravinho (Porophyllum ruderale (Jacq.) Cass.). Revista Brasileira
de Sementes, vol. 30, no. 3, pp. 202-206.

YAMASHITA, O.M., GUIMARAES, S.C. and CAVENAGHI,
A.L., 2011. Germinagdo de sementes de Conyza canadenses
e Conyza bonariensis em fungdo da qualidade de luz. Planta
Daninha, vol. 29, no. 4, pp. 737-743. http://dx.doi.org/10.1590/
S0100-83582011000400003.

Braz. J. Biol., 2021, vol. 81, no. 3 pp.650-656


https://doi.org/10.1111/j.1469-8137.2008.02570.x
https://doi.org/10.1111/j.1469-8137.2008.02570.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18643940&dopt=Abstract
https://doi.org/10.1371/journal.pone.0049000
https://doi.org/10.1371/journal.pone.0049000
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23284621&dopt=Abstract
https://comunicatascientiae.com.br/comunicata/article/view/238
https://comunicatascientiae.com.br/comunicata/article/view/238
https://doi.org/10.2135/cropsci1962.0011183X000200020033x
https://doi.org/10.2135/cropsci1962.0011183X000200020033x
https://doi.org/10.1590/S0100-83582013000100006
https://doi.org/10.5039/agraria.v6i3a1031
https://doi.org/10.1590/2317-1545v39n3174115
https://doi.org/10.1590/2317-1545v39n3174115
https://doi.org/10.1016/j.sajb.2008.04.006
https://doi.org/10.1590/1519-6984.178222
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30110080&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30110080&dopt=Abstract
https://doi.org/10.1104/pp.118.4.1517
https://doi.org/10.1104/pp.118.4.1517
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9847128&dopt=Abstract
https://doi.org/10.1590/S0100-83582008000300026
https://doi.org/10.1590/S0100-83582008000300026
https://doi.org/10.1590/S0100-83582011000400003
https://doi.org/10.1590/S0100-83582011000400003

