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Germination of Echium plantagineum L. seeds submitted to dormancy
overcoming and variations in temperature, light and depth of sowing'

Rodrigo Roso?*, Ubirajara Russi Nunes?, Jugara Terezinha Paranhos?,
Caren Alessandra Miiller?, Tiéle Stuker Fernandes®, Eduardo José Ludwig?

ABSTRACT - The objective of this study was to evaluate methods of overcoming dormancy, light regimens, temperature and
depth of sowing variations in the physiological quality of Echium plantagineum seeds. The diaspores (agglutinated fruits from the
seeds) were submitted to treatments using accelerated aging, potassium nitrate and gibberellic acid to overcome dormancy. A 7 x 2
factorial design was used to evaluate the temperatures (5, 10, 15, 20, 25, 30 and 35 °C) and light regimens (presence or absence of
light). A 6 x 2 factorial design was used for sowing depth (0, 1, 2, 3, 4 and 5 cm) and soil coverage (presence or absence of straw).
In all experiments, a completely randomized design with four replicates of 50 diaspores was used. The main evaluations were
germination, first germination count, germination speed index and emergence. The seeds showed dormancy, which was overcome
by the immersion of the diaspores in potassium nitrate and gibberellic acid. The ideal temperature for germination was 20 °C,
showing greater germination in the presence of light, considered as preferentially positively photoblastic. The highest germination
percentage occurred when the diaspores were positioned on the soil surface in the presence of straw.

Index terms: gibberellic acid, purple flower, photoblastism, potassium nitrate, straw.

Germinagao de sementes de Echium plantagineum L. submetidas a superagao
da dorméncia e variagdes na temperatura, luz e profundidade de semeadura

RESUMO - Objetivou-se avaliar métodos de superacao da dorméncia, regimes de luz, variagdes da temperatura e profundidade
de semeadura na qualidade fisiologica de sementes de Echium plantagineum. Para isso, os diasporos (fruto concrescido das
sementes) foram submetidos a tratamentos utilizando envelhecimento acelerado, nitrato de potassio e acido giberélico para a
superacdo da dorméncia. Utilizou-se um fatorial 7 x 2 para avaliar temperaturas (5, 10, 15, 20, 25, 30 ¢ 35 °C) e regimes de
luz (presenga ou auséncia). Ja para profundidade de semeadura (0, 1, 2, 3, 4 ¢ 5 cm) ¢ cobertura de solo (presenga ou auséncia
de palha) utilizou-se um fatorial 6 x 2. Em todos os experimentos foi adotado o delineamento inteiramente casualizado com
quatro repeticdes de 50 didsporos. As principais avaliagdes realizadas foram germinagdo, primeira contagem de germinagao,
indice de velocidade de germinagdo e emergéncia. As sementes apresentam dorméncia, sendo superada pela imersdo dos
diasporos em nitrato de potassio e acido giberélico. A temperatura ideal para a germinagdo foi 20 °C, apresentando maior
germinagdo na presencga de luz, sendo consideradas fotoblasticas positiva preferencial. A maior porcentagem de germinacgio

ocorreu quando os diasporos foram posicionados na superficie do solo, na presenca de palha.

Termos para indexagao: acido giberélico, flor roxa, fotoblastismo, nitrato de potassio, palha.

Introduction

Echium plantagineum L., popularly known as purple
flower, is an annual herbaceous species, which belongs to
the Boraginaceae family, native from Europe and Northern
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Africa, indicated as ornamental, melliferous and medicinal
(Berti et al., 2007; Comunian et al., 2016). However, it is
considered as an invasive plant in Australia, South Africa,
Canada and South America (Sharma and Esler, 2008; Weston
et al., 2012). As a survival and adaptation strategy, it shows
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a mean production of 6,000 seeds per m? and the occurrence
of dormancy, which may be overcome on the soil, over
time, or concomitantly with oscillations in the temperature,
humidity, light and oxygen and carbon dioxide conditions
(Piggin, 1976). This species presents quick growth and
adaptation to temperature and photoperiod variations, high
capacity to compete with agricultural crops and large leaf
area production, and it is characterized as a weed (Forcella
et al., 1986). In Brazil, it is widely distributed across the
South region, causing damages due to the competition in
agricultural crops and cultivated pastures, and it is difficult
to control, since its germination is distributed throughout the
year (Piggin, 1976). New infestations may occur after it has
been controlled through mechanical or chemical methods.

According to Souza and Lorenzi (2012), E. plantagineum
has a scorpioid inflorescence, with flowers with superior,
bicarpelar, gamocarpelar and tetralocular ovaries (formation
of a secondary wall on the ovary), with one egg by locule and
ginobasic gynoecium, which separate during the maturation
of the fruits, remaining united by the style base. The fruits
are dry, indehiscent and with one seed, and the seeds remain
attached to the fruits. The seeds are the dissemination and
propagation unit (Moreira and Braganga, 2010). This species
is naturally spread by the germination of the seeds; therefore,
it is relevant to study its germination process. This process
may be regulated by several factors, such as temperature,
photoperiod, salinity, soil pH and seed deposition depth on
the soil (Vivian et al., 2008; Duddu and Shirtliffe, 2014;
Mahmood et al., 2016).

The seeds of species that are considered invasive species
on crops may also be dormant. Dormancy is a phenomenon
in which seeds do not germinate, even though they are viable
and have all favorable environmental conditions to begin the
germination process (Azania et al., 2009; Gama et al., 2011).
This phenomenon assures the survival of the species under
adverse conditions after the maturation and dispersion of the
seeds, allowing the germination to occur with time (Pazuch et
al., 2015). Several causes may be related to dormancy, such
as tegument impermeability, physiological immaturity of the
embryo, presence of inhibiting substances, dormant embryo,
in addition to the combination of such factors. The same
species may present more than one cause for its dormancy
(Vivian et al., 2008; Pazuch et al., 2015).

Light and temperature may also induce dormancy or lead
the seeds to overcome it, since they regulate the distribution of
the germination throughout the year, as well as the variability
of the species on the environment (Orzari et al., 2013). The
temperature may directly or indirectly affect the germination,
affecting the feasibility of the seeds, dormancy overcoming,

deterioration, water absorption speed and biochemical
reactions of the germination process (Marcos-Filho, 2015;
Mahmood et al., 2016). Light may have a direct influence on
the germination of the seeds, and it is associated to a dormancy
mechanism, by controlling the substances that promote and
inhibit germination, controlled by the phytochrome (Vivian
et al., 2008; Lessa et al., 2013). When the seeds need light
to germinate, they are characterized as positive photoblastic
seeds, when their germination is reduced or inhibited in the
presence of light, they are negative photoblastic seeds, and
when their germination occurs regardless of the light, they are
neutral photoblastic seeds (Marcos-Filho, 2015).

In addition to the factors that have already been
mentioned, the seed deposition depth on the soil also affects
the germination and emergence of the plants, through the
availability of humidity, temperature and light exposition
(Lee et al., 2011). The depth in which the seeds are able
to germinate and emerge varies according to the species
(Lee et al., 2011; Orzari et al., 2013; Luz et al., 2014). The
germination of seeds and emergence of seedlings at higher or
lower depths may determine which species will prevail on the
different production systems.

Hence, studies related to the biology of weeds are
important, since they may offer elements to develop adequate
management techniques for invading species (Chauhan and
Johnson, 2009; Orzari et al., 2013) and the reduction of the
seed bank on the soil. Within this context, the objective of
this study was to evaluate the effect of dormancy overcoming,
light regimens, temperature variations and germination
sowing depth of E. plantagineum seeds.

Material and Methods

The experiments were developed at the Didactic and
Research Laboratory for Seeds from the Plant Science
Department, Center for Rural Sciences, at the Federal University
of Santa Maria, in the city of Santa Maria, RS, Brazil.

The E. plantagineum fruits were manually collected
from a crop located in the municipality of Restinga Seca, RS,
Brazil (29° 51°29” S and 53° 31°41” W and 72 m of altitude),
with a history of infestation by this weed (+ 20 plants.m).
The collection area is characterized by soybean plantations
(Glycine max (L.) Merrill) in the Summer and ryegrass
plantations (Lolium multiflorum L.) during the Winter. The
collection was made in November 2014, and only the fruits
that showed dark coloration and that easily detached from
the matrix plant were collected. They went through a manual
cleaning process, and they were left to dry on the shade for
five days and stored under an approximate humidity of 12%,
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on flasks at room temperature (+ 25 °C) until the experiments
were conducted (eight months after the fruits were collected).
For all experiments, the completely randomized experimental
design was used (CRD), with four replications, and each
replication was constituted by 50 diaspores (fruit agglutinated
with the seed).

Experiment I: Pre-germination treatments for dormancy
overcoming

After storing the diaspores, as previously described,
the experiment was conducted after preliminary tests were
conducted, on a Biochemical Oxygen Demand (B.O.D.)
germination chamber, with a photoperiod of 24 hours and
temperature of 25 °C, in which it was observed that the
seeds presented dormancy. The pilot tests and the dormancy
overcoming studies were conducted on a transparent acrylic
gerbox (11.0 x 11.0 x 3.5 cm), under three filter paper sheets
moistened with distilled water at a quantity equivalent to 2.5
times the mass of the dry paper (Brasil, 2009). The substrate
moisture was monitored daily, with the purpose of keeping
it adequate for germination, and, when necessary, distilled
water was added. The treatments used to overcome dormancy
are described on Table 1.

On the treatments with potassium nitrate and gibberellic
acid, after the end of the immersion time of the diaspores,
they were cleansed with running water for 10 min.

The variables analyzed were first germination count
(07 days after sowing (DAS)), germination (14 DAS) and
germination speed index (GSI) for 14 days, and the seed
was considered germinated when the protrusion of the
primary root occurred (= 2 mm) according to Bewley and
Black (1994). The germination percentage was calculated
by the following equation: G (%) = (N/A) x 100, where,
N = number of germinated seeds, and A = total number of
seeds available for germination, according to Labouriau and
Valadares (1976). GSI was calculated by the equation GSI
= ((G1/N1) + (G2/N2) + (Gn/Nn)), where, G = number of
germinated seeds in each count, and N = number of sowing
days at every count (Maguire, 1962). The root and shoot
length, as well as the dry mass of the seedlings were also
evaluated at 14 DAS, according to Nakagawa (1999). At the
end of the experiment, the feasibility of the seeds that did not
germinate was evaluated through the tetrazolium test. For
such, the diaspores were longitudinally sectioned in relation
to the embryo, and they were stored on an aqueous solution
of 2,3,5 triphenyl tetrazolium chloride (0.1%) at 35 °C,
for four hours, in the dark (Brasil, 2009). Then, they were
cleansed in water, and the seeds were identified as dormant
or dead according to the interpretation of the homogeneous

pink coloration of the endosperm.

Experiment II: temperatures and light regimens

The experiment was conducted on a B.O.D. germination
chamber, according to the methodology described on experiment
1. It was arranged as a 7 x 2 factorial design (temperatures x light
regimens). The first factor refers to the constant temperatures
of 5, 10, 15, 20, 25, 30 and 35 °C, and the second factor to
the presence or absence of light (photoperiod of 24 hours or
continuous dark, respectively). On treatments with absence of
light, the gerbox boxes were covered with two layers of aluminum
paper, and the germination evaluations were conducted on a dark
chamber under green light (Yamashita and Alberguini, 2011).
For dormancy overcoming, the diaspores were immersed in
potassium nitrate (0.2%) for 12 hours, followed by immersion
in the gibberellic acid solution (500 ppm) for 48 hours, and the
after immersion period, they were cleansed in running water for
10 min (best treatment for experiment I).

The evaluations conducted on this experiment were
germination at 7 and 14 DAS, root and shoot length, dry mass
of seedlings and seed feasibility, according to the methodology
described on experiment I.

Table 1. Pre-germination treatments used to overcome
dormancy on E. Plantagineum seeds.
Treatments Exposure time
()
T1  Accelerated aging (42 °C) 24
T2  Accelerated aging (42 °C) 48
T3  Accelerated aging (42 °C) 72
T4  Accelerated aging (42 °C) 96
T5  Potassium nitrate immersion (0.2%) 6
T6  Potassium nitrate immersion (0.2%) 12
T7  Potassium nitrate immersion (0.2%) 18
T8  Potassium nitrate immersion (0.2%) 24
T9  Gibberellic acid immersion (250 ppm) 48
T10 Gibberellic acid immersion (500 ppm) 48
T11  Gibberellic acid immersion (750 ppm) 48
T12  Gibberellic acid immersion (1000 ppm) 48
T13  Gibberellic acid immersion (1500 ppm) 48
. . o . .
T14 Pqtassmm nitrate (0.2%) + Gibberellic 12+ 48
acid (125 ppm)
Potassium nitrate (0.2%) + Gibberellic
T15 acid (250 ppm) 12 +48
T16 Pqtass1um nitrate (0.2%) + Gibberellic 12 + 48
acid (375 ppm)
. . o . .
T17 Pqtass1um nitrate (0.2%) + Gibberellic 12 + 48
acid (500 ppm)
. . o . .
T18 Potassium nitrate (0.2%) + Gibberellic 12+ 48

acid (625 ppm)
T19 Control -
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Experiment III: sowing depth

The experiment was conducted on a greenhouse, and each
experimental unit was constituted by a plastic pot with capacity
for 5 liters, filled with sifted sandy Dystrophic Red Acrisol
(EMBRAPA, 2006). During the conduction of the experiment,
in April 2016, the daily mean temperature was 21 °C. The
experiment was arranged as a 6 x 2 bifactorial design (sowing
depth x soil coverage). The first factor refers to the sowing
depths (0, 1, 2, 3, 4 and 5 cm) and the second factor to whether
or not the soil was covered with straw. The different sowing
depths were obtained with the help of graduated scales. For
soil coverage, ryegrass (Lolium multiflorum) straw was used,
at a quantity equivalent to 3.0 t.ha'. The straw was collected
in November 2015, when the ryegrass plants were under
senescence, and they were left to dry on the shade for five days,
cut and then stored on a dry location until the experiment was
conducted. The pots were daily irrigated, and the necessary
humidity was maintained in order to assure the germination
of the seeds. In order to overcome the seed dormancy, the
method described on experiment II was used. Each treatment
was constituted by four pots, with 50 diaspores by pot.

Emergence evaluations were conducted at 7, 14 and
21 days after sowing (DAS), and the seedings that were
considered as having emerged were the ones that showed
a protrusion of the hypocotyl visible on the soil. In case of
diaspores located on the soil surface, the emergence was
considered when the seedlings began to open the cotyledons.

The data were submitted to analysis of variance through
the F test (p<0.05) using the SISVAR program (Ferreira, 2011).
The qualitative factors were compared using the Scott-Knott
test at 5% of probability, and for the quantitative factors, the
regression analysis was conducted (p<0.05). For percentage
variables, the data were transformed using arcsine \%/100,
and the length of the shoot and root were transformed by \x.

Results and Discussion

Pre-germination treatments for dormancy overcoming

The most adequate treatment to overcome dormancy for E.
plantagineum seeds was the immersion in KNO, (0.2%) + AG,
(500 ppm) (T17), with 86% of germination (Table 2). On the
other hand, the treatments in which the seeds were submitted to

Table 2. Germination (G %), first germination count (FGC %), germination speed index (GSI) and viable dormant seeds (VD
%) of E. plantagineum after the exposure of diaspores (fruits agglutinated with seeds) to pre-germination treatments
to overcome the dormancy of the seeds.

Treatments Time (h)° G FGC GSI VD

T1 EA’ 24 215 f 18.0 f 30e 55.0b
T2 EA 48 445e 40.5d 6.8¢c 39.0c
T3 EA 72 285 fF 225fF 3.7e¢ 49.7b
T4 EA 96 23.0f 17.0 f 29e 50.0b
TS5 KNO33 6 23.5f 21.5f 34¢ 53.5b
T6 KNO; 12 26.0 f 255fF 5.7d 50.1b
T7 KNO; 18 30.0 f 27.0f 4.8d 54.0b
T8 KNO; 24 24.5fF 24.5f 5.0d 49.1b
T9 AG; (250)* 48 56.5d 55.0 ¢ 8.9b 29.5d
T10 AGs3 (500) 48 53.5d 49.5¢ 9.1b 349d
T11 AG; (750) 48 50.5d 43.5d 6.7¢c 40.8 ¢
T12 AG; (1000) 48 425e¢ 38.0e 5.8d 404 c
T13 AG; (1500) 48 27.0f 24.0f 36¢ 54.7b
T14 KNO;+ AG; (125) 12 + 48 59.5d 50.0 ¢ 94b S5.1e
T15 KNO;+ AG3(250) 12 +48 71.0c 44.0d 10.3b 50e
T16 KNO;+ AG; (375) 12 + 48 81.5b 62.5b 13.1a 29e¢
T17 KNO; + AG;(500) 12 +48 86.0 a 78.5 a 149a 19¢
T18 KNO;+ AG; (625) 12 + 48 78.5b 73.5a 125a 3.0e
T19 Control 00g 00g 0.0f 85.0a

F® Value 89.88* 33.64%* 43.10* 94.86%*

CV (%) 6.7 10.3 8.8 9.7

*Significant at 5% of error probability, according to the F test. ! Means not followed by the same letter on the row differ from each other, according to the Scott-
Knott test, p<0.05. 2 Accelerated aging (42 °C). * Potassium nitrate (0.2%). * Gibberellic acid (ppm). * Immersion time of diaspores (fruits agglutinated with the

seed) in the solutions. ¢ Transformed data. 7 Coefficient variation percentage.
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accelerated aging (24, 72 and 96 h) (T1, T3 and T4), immersion
in KNO, (0.2%) (T5 - T8) and AG, (1500 ppm) (T13) showed
reduced efficiency, since the germination was lower than the
other studied treatments, varying from 21.5 to 30.0%, which
is statistically different than experiment T17, explained above.
However, all treatments promoted an increase in germination
in relation to the control (T19), with no dormancy overcoming
method, for which there was no seed germination.

Among the most effective treatments to overcome
dormancy are the ones in which the diaspores were immersed
in KNO, (0.2%) + AG, at 500 and 625 ppm (T17 and T18),
showing no statistical difference for the vigor variable (FGC
at 7 DAS). For the seed germination variable (14 DAS), a
significant difference occurred among the concentrations used,
and 500 ppm was the most efficient one for this characteristic
(Table 2). When combining KNO, and AG,, a synergic effect
occurred on the dormancy overcoming of E. plantagineum
seeds in comparison to the isolated effect of both agents,
according to the evaluated characteristics. In addition, for
these treatments, only a small percentage of the seeds left to
germinate remained dormant, indicating that dormancy was
efficiently overcome.

The results for the shoot length of E. plantagineum
seedlings are in agreement with those observed for vigor and
germination, for which the treatments that had KNO, (0,2%)
+AG;, (125, 250, 500 and 625 ppm) and only AG, (250 ppm)
offered, in general, the greatest lengths, differing statistically
from the other treatments (Table 3). For the root length of
the seedlings, the most adequate treatments were accelerated
aging (24 h), KNO, (6 and 18 h), AG, (250, 750, 1000 and
1500 ppm) and KNO, (0,2%) + AG, (500 ppm), for which
the largest lengths were observed. As to the dry mass, the
best treatments were accelerated aging (48 h), KNO, (6 h),
AG, (250, 500 and 1500 ppm) and KNO, (0.2%) + AG, (125,
250, 375 and 500 ppm), differing statistically from the other
treatments. In relation to the total length of the seedling, it
was observed that the immersion of diaspores in AG, (250
ppm) showed the highest efficiency, with 6.9 cm.

The efficiency of AG, to overcome dormancy may be
related to the hydrolysis control of the reserves, by inducing a
new synthesis of a-amylase, increasing the synthesis of proteins
on the seeds, and offering cell lengthening, causing the primary
root to break the tissues that restrict its growth (Yamaguchi,
2008; Vivian et al., 2008; Taiz and Zeiger, 2013). In addition,

Table 3.  Shoot length (ST, cm), root length (RT, cm), total length (TL, cm) and dry mass (DM, mg.pl!), of seedlings obtained
from the germination of E. plantagineum seeds after pre-germination treatments to overcome dormancy.

Treatments Time (h)° ST¢ RT® TL’ DM’

Tl EA’ 24 2.0b' 34a 54c¢ 22b
T2 EA 48 1.1d 25b 3.6d 2.6a
T3 EA 72 1.3d l4c 2.7¢ 1.8¢
T4 EA 96 1.3d 1.6 ¢ 29e 1.9¢
T5 KNO,* 6 1.2d 3.6a 48c 27a
T6 KNO; 12 1.6 ¢ 22D 3.8d 23D
T7 KNO;, 18 1.2d 40a 52¢ 23b
T8 KNO; 24 1.3d 2.1b 34¢ 20¢
T9 AG; (250)* 48 26a 44a 69a 29a
T10 AG; (500) 48 23b 2.0b 43d 2.6a
T11 AG; (750) 48 2.4b 35a 59b 24b
T12 AG; (1000) 48 22b 33a 55¢ 24b
T13 AGs; (1500) 48 22b 3.1a 53¢ 2.7a
T14 KNO; + AG;(125) 12 +48 28a 1.9b 4.7 ¢ 29a
T15 KNO; + AG3 (250) 12 +48 29a 22D S5.1c 33a
T16 KNO;+ AG;(375) 12+ 48 20b 25b 45¢ 28a
T17 KNO; + AG; (500) 12 +48 2.8a 33a 6.1b 2.7a
T18 KNO;+ AG;(625) 12+ 48 2.8a 26b 53¢ 24b
T19 Control 0.0e 0.0d 0.0f 0.0d
F Value 28.34% 9.88* 11.44%* 5.52%

CV (%)° 6.3 10.1 14.1 13.3

*Significant at 5% of error probability, though the F test. ! Means not followed by the same letter on the column differ from each other, according to the Scott-
Knott test, p<0.05. ? Accelerated aging. 3 Potassium nitrate (0.2%). * Gibberellic acid (ppm). 3 Time of immersion of the diaspores (fruits agglutinated with the
seed) on the solutions. ¢ Transformed data. ’ Data with no transformation. ® Coefficient variation percentage.
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gibberellins may affect the metabolism of glycines and cause
the increase of the cell wall plasticity, controlling the action
of enzymes that may regulate the water flow on the cells
during expansion (Yamaguchi, 2008; Taiz and Zeiger, 2013).
According to Taiz and Zeiger (2013), this phytormonium also
stimulates embryo maturity. KNO, is involved in dormancy
overcoming by acting as an electron receptor, reoxidizing
NADPH and increasing the availability of NADP in order
to reduce the pentose-phosphate cycle due to hydrogenases
(Copeland and McDonald, 1995). However, KNO, does not
act in isolation, and it may have a synergic effect with AG,
(Marcos-Filho, 2015), which may explain the increase in
germination on treatments with KNO,+ AG.,.

Temperatures and light regimens

The E. plantagineum seeds germinated both in the presence
and the absence of light, according to the first count (7 DAS)

Table 4.

and germination (14 DAS), but they were preferably favored
by the presence of light (Table 4), showing that this species
may be classified as preferentially positively photoblastic
(Klein and Felippe, 1991). On the first germination count,
the ideal temperature was 19.3 and 19.1 °C, with maximum
germination of 94.6 and 84.4%, in the presence and absence of
light, respectively (Figure 1A). At 14 DAS (Figure 1B), it was
observed that, regardless of the presence or absence of light, at
a temperature of 18.7 °C, the estimated seed germination was
100%, and this temperature was considered ideal. Although the
maximal germination occurs at temperatures close to 20 °C,
germination also occurred at temperatures of 5 and 35 °C, with
percentages close to 5%. This shows the capacity of this species
to adapt to a wide range of temperatures, probably characterized
as an escalation process to occupy the land, according to the
temperature changes that occur during the seasons of the year. In
relation to the tetrazolium test (Figure 2), which evaluates the

Germination (G %), first germination count (FGC %), viable dormant seeds (VD %), shoot length ST (cm), root

length RT (cm), total length TL (cm) and dry mass DM (mg.pl™") of seedlings obtained from E. plantagineum seeds
submitted to different temperatures and light regimens.

G FGC VD ST RT TL? DM?

Light 61 A' 54 A 33 15A 24A 39A 1.9™

Dark 57B 47B 32 20B 1.7B 3.6B 2.0

Valor de F?

Temperature (A) 482.27* 257.48%* 257.41% 125.14*%  92.00* 139.39* 27.65*%
Light (D) 14.60* 17.26* 0.03™ 10.81%  55.80% 4.98% 0.17™
A*D 3.98% 3.50% 3.29% 15.29% 5.02% 3.87% 3.51%

CV (%)* 75 10.8 13.2 10.3 8.7 14.1 13.2

*Significant at 5% of error probability, trough the F test. ' Means not followed by the same letter on the column differ from each other, according to the Scott-
Knott test, p<0.05. > Transformed data. * Data with no transformation. * Coefficient variation percentage.
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Figure 1.

Temperature (°C)

First germination count (A) and germination percentage at 14 days after sowing (B) of the E. plantagineum diaspores

(fruit agglutinated with the seed), submitted to different temperatures and light regimens.
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Figure 2. Viability of the E. plantagineum seeds submitted to
different temperatures and light regimens.

feasibility of the seeds, it was observed that non-germinated
seeds, at extreme temperatures, were viable, indicating that

these temperatures inhibit the germination process, since they
are kept dormant.

The results of this experiment confirm those found by
Piggin (1976), who, by evaluating the influence of light and
temperature in the germination of E. plantagineum seeds
collected in the Southeast region of Australia, observed
that the temperature range of 15 to 25 °C offered maximum
germination of the seeds, regardless of the presence or absence
of light; however, germination was also obtained at 40 °C.

For the shoot and root length, total length and dry mass of the
E. plantagineum seedlings (Figure 3), it may be observed that,
in general, an increase trend occurred for these characteristics
from 5 to 20 °C, decreasing at higher temperatures, from 20 to
35 °C. At temperatures close to 20 °C, the greatest shoot, root
and total length and dry mass were observed for the seedlings,
both in the presence and the absence of light. This indicates
that, at the temperature range from 15 to 25 °C, in addition
to the maximum germination, normal seedlings were formed,
with larger growth of the primary structures. In opposition, at
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1 ___ No light y=-0.0129x>+0.5629x-2.851 R*=0.64 I No light y=-0.0073x?+0.2756x-0.207 R>=0.82
6 © With light y=-0.0091x>+0.3765x-1.454 R*=0.79 64 © . Withlight y=-0.0137x*+0.537x-1.5086 R*=0.83
/é\ ~
=
5} =
= 3 2
o + 3
[} o
32 g
1 -
14
0 -
1 0 T T T T T T T 1
0 40 0 5 10 15 20 25 30 35 40
87 ® No light y=0.0201x+0.8325x-3.0357 R=0.73 C 27 * No light y=-0.0033x*+0.0987x+1.6329 R*<0.92 D
©  _-_With light y=-0.0225x2+0.9033x-2.911 R>=0.87 ¢ — —With light y=-0.0046x>+0.169x+0.85 R?*=0.69
" 24
6 =
A e
2 5 cb
< g
452) ~ 1,8
S 44 2
= £
s 15 1
< 34 Z\
e a
24 124
\ :
14 o 09 1 o}
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Temperature (°C) Temperature (°C)
Figure 3. Shoot length (A), root length (B), total length (C) and dry mass (D) of E. plantagineum seedlings obtained from seeds

submitted to different temperatures and light regimens.
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extreme temperatures, close to 5 and 35 °C, low germination
occurred, as well as reduced growth of primary structures,
regardless of the light regimen.

Temperature and light demand work as sensors for the
seed positioning on the soil and for the shading conditions
in relation to neighboring adult plants, in which the seeds of
positive photoblastic species, located at greater depths do not
germinate (Vidal et al., 2007). On the other hand, for seeds on
the soil coverage, with the presence of vegetable coverage,
the latter filters light, which does not stimulate germination.
However, for E. plantagineum, even as a preferably positively
photoblastic species, it also germinates in the absence of light;
in that sense, the use of cultural control methods through
soil coverage plants or vegetable residues (straw), aiming to
reduce the access of the seed to light, may not be efficient
management methods.

Sowing depth

As the sowing depth increased (0.0 to 5.0 cm), a strong
decrease of the seedling emergence occurred (Figure 4A), and
the highest percentages were observed when the seeds were
positioned on the soil surface (0.0 cm), whose mean values
varied between 48 and 72% for 7 and 21 DAS, respectively.
This may have occurred because they are more exposed to
daily temperature fluctuations, when located on the soil
surface, contributing to increase emergence (Canossa et al.,
2007). On the other hand, the decrease on the emergence as the
sowing depth increased may be related to the fact that greater
depths represent a physical barrier imposed by the soil, and

A
90
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since these are small seeds, their reserves are insufficient for
them to emerge at greater depths (Canossa et al., 2007; Lee
etal., 2011; Luz et al., 2014), creating a seed bank on the soil
(Lessa et al., 2013).

The treatments in which straw was used as vegetable
coverage showed greater emergence percentage for E.
plantagineum seedlings at 7, 14 and 21 DAS, differing
statistically from the treatments with exposed soil, without
vegetable coverage (Figure 4B). This may have occurred
because the straw keeps the soil coverage humid, preventing
drying and offering a more adequate environment for
germination, favoring the seeds on the soil surface. In addition,
these results corroborate with those obtained on the previous
experiment, for which, even with greater germination in the
presence of light, the seeds also germinated efficiently in the
absence of light. This confirms that the seeds of this species are
able to germinate even in the presence of vegetable coverage
with straw at a quantity equivalent to 3 t.ha'. Considering
that, the management using straw as vegetable coverage may
not be an efficient alternative to suppress germination and
the emergence of E. plantagineum, in the areas where it is
considered an invasive plant.

Conclusions
Echium plantagineum seeds showed intrinsic dormancy,

which is overcome with the use of the pre-germination
treatment with KNO, (0.2%) + AG, (500 ppm).

E.  plantagineum seeds are preferably positively
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Figure 4. Emergence of the seedlings at 7, 14 and 21 days after sowing (DAS), obtained from E. plantagineum diaspores (fruit

agglutinated with the seed) submitted to different sowing depths (A) and vegetable coverage (B). Different uppercase

letters on the bars, in each evaluation date, are different from each other, according to the Scott-Knott test, p<0.05.
Coefficient variation (%): 27, 21 and 22 for 7, 14 and 21 DAS, respectively.
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photoblastic and their germination occurs more efficiently at
a temperature of 20 °C.

The greatest emergence of E. plantagineum seedlings
occurs when the seeds are allocated on the soil surface, with
ryegrass straw coverage.
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