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Article history: The release of chemicals produced by plants can affect the development of other
Received 18 December 2016 species directly or indirectly. The objective of this work was to evaluate the
Accepted 16 February 2017 physiological performance of lettuce seeds exposed to concentrations of aqueous
Available online 25 February 2017 extract of angel trumpet leaves (Brugmansiasuaveolens Willd.). The treatments

consisted of concentrations of 0; 6; 12; 18 and 24% of the extract. Germination, first
count, germination speed index, shoot length and primary root length, total dry mass of

Keywords: seedlings, expression of the isoenzymes esterase and acid phosphatase were evaluated.
initial growth, esterase, germination, There was a linear reduction of germination and germination speed index. The length of
Lactuca sativa (L.), vigor. the primary root was reduced up to the highest concentration of the extract. The alleles

of the isoenzymes esterase and acid phosphatase were present at the concentrations of
18 and 24% of the aqueous extract. The aqueous extract of angel trumpet leaves
adversely affects the physiological performance of lettuce seeds.

INTRODUCTION

The plants release, from the secondary metabolism, toxic products that can prevent the germination or the
development of other plants. The study of allelopathic substances can contribute to the knowledge of
interspecific relationships between plants (Maraschin-Silva &Aquila 2006). These substances belong to
different classes, such as phenols, terpenes, alkaloids, polyacetylenes, fatty acids and peptides (Periotto et al.,
2004). The presence of phenolic compounds, coumarins, terpenoids, flavonoids, alkaloids, glycosides, tannins
and quinones may trigger beneficial or harmful effects to other species (Souza et al., 2005).

The species Brugmansiasuaveolens (Willd.) Bercht. & J. Presl. belongs to the Solanaceae family, is
popularly known as angel trumpet, and is considered a toxic plant with scopolamine, atropine and hyoscyamine
in the constitution of its tissues (Oliveira et al., 2003, Alves 2003). Due to this and its toxicity, the extract of this
species can negatively influence the physiological performance of seeds.

The toxic or allelopathic effect of plant extracts can be determined from target species, known as indicator
plants, such as lettuce. In order to be indicated as a test plant, the species must exhibit rapid, uniform
germination and a sensitivity to the allelochemical even at low concentrations (Silva et al., 2009).
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Carvalho&Fontanétti (2002), evaluating the allelopathic potential of jack bean (Canavaliaensiformis) and
mucunapruriens (Stizolobiumaterrimum), verified that these species have an allelopathic effect on the
germination of lettuce seeds. Tokura&Nobrega (2002) observed that wild radish and rapeseed positively affect
the root length of soybean seedlings as well as the dry matter mass. Neves (2005), when assessing the
allelopathic potential of canola, verified that both the germination and the primary root of the seedlings are
reduced with an increase of the extract concentration.

Germination consists of the process of resumption of embryo growth and, according to Mano (2006), the
germination test can be used to evaluate the allelopathic effect. The isoenzymes are highly influenced by the
environment (Malone et al., 2007), being important to evaluate the physiological performance of seeds in
different environment conditions (Henning et al. 2010, Veiga et al. 2010).

The objective of this work was to evaluate the physiological performance of lettuce seeds exposed to
concentrations of the aqueous extract of angel trumpet leaves.

MATERIALS AND METHODS

The work was carried out in the Didactic Laboratory of Seed Analysis of the Department of Plant Breeding
- Postgraduate Program in Seed Science and Technology of the Federal University of Pelotas.

To obtain the aqueous extract of angel trumpet leaves (B. suaveolens (Willd.), the leaves were dehydrated
in a forced air circulation oven at a temperature of 40°C until a constant mass was obtained. Subsequently, 25g
of dry matter leaves were added to 120 ml of boiled distilled water at a temperature of 70°C. The vessel was
closed and left to rest for 24 hours and after the aqueous extract was subjected to simple filtration, the extract
being considered to be 100% concentration.

The concentrations of 0; 6; 12; 18 and 24% of the extract, remained within the range of pH and osmotic
potential not harmful to germination. To evaluate the physiological performance of lettuce seeds, submitted to
the different concentrations of the aqueous extract of angel trumpet leaves, the following evaluations were
performed:

1- Germination test: conducted in four replicates with four 50-seed sub-samples, seeded in gerbox boxes,
on two sheets of blotter paper moistened at 2,5 times the dry paper mass, with the different concentrations of
extract. The gerbox boxes were transferred to the BOD germination chamber at a temperature of 25 °C and 12
hours of photoperiod. The evaluations were performed seven days after sowing and the results expressed as
percentage of normal seedlings (Brazil, 2009).

2- First germination count: performed in conjunction with the germination test, three days after sowing, as
indicated by the Rules for Testing Seeds. The results were expressed as percentage of normal seedlings (Brazil,
2009).

3- Germination speed index: obtained from daily germinated seeds counts (minimum radius protrusion
from 3 to 4 mm), the counts were performed until the constant number of germinated seeds was obtained. The
rate of germination was obtained according to the recommendation of Nakagawa, 1994,

4- Shoot and primary root length of seedlings: four replications were used for this evaluation with four
subsamples of 10 seedlings, obtained at the end of the germination test. The length of the aerial part was
determined from the distance between the insertion of the basal portion of the primary root to the apex of the
aerial part, while the length of the primary root would be measured by the distance between the apical and basal
part of the primary root. The results were expressed in millimeters per seedling (mm seedling™).

5- Total dry mass: obtained from four subsamples of 10 seedlings at the end of the germination test. The
seedlings were conditioned in brown paper envelopes and dried in a forced ventilation oven at a temperature of
70°C until constant mass. The results were expressed in milligrams per seedling (mg seedling™?).

6- Isoenzyme expression: the expression of the esterase and acid phosphatase isoenzymes were
determined by the vertical electrophoresis system in polyacrylamide gel (Malone et al., 2007). For this, the
seedlings collected at the end of the germination test were macerated separately in porcelain grains in an ice
bath. Next, 200 mg of the macerate from each sample were transferred to microcentrifuge tubes, plus 0,2M
Lithium Borate extractor at pH 8.3 + Tris Citrate + 0,2M at pH 8.3 + 0.15% of 2-mercaptoethanol in the ratio
1:2 (m/v). The electrophoresis was performed on polyacrylamide gels at 7%, applying 20 uL of each sample.
The coloring systems used were those described by Scandalios (1969) and Alfenas (1998). The interpretation of
the results was by visual analysis of the gels, presence or absence and intensity of expression of the bands.

The experimental design was randomized blocks with five treatments and four replicates. Data were
submitted to analysis of variance and when significant at 5% probability, the results were expressed by
polynomial regression.
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RESULTS AND DISCUSSION

There was no significant difference in total dry mass of seedlings when submitted to lettuce seeds at
different concentrations of the aqueous extract of angel trumpet leaves.

The germination and the first count were reduced with the increase of the extract concentration, adjusting to
the linear model with R%> 0.82 (Fig. 1A). From the 6% concentration of the extract, there was a reduction on
these processes related to the resumption of embryo growth, however, it was observed a more pronounced
reduction considering the concentration 0%, compared to the concentration of 24% of the extract, being the
percentage difference between both of 9 and 13% for germination and the first count, respectively.
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Fig. 1: Germination and first germination count (A), germination speed index (B) and shoot and primary root
lenght of lettuce seedlings (C) under the influence of different concentrations of the aqueous nngel
trumpet extract (B. Suaveolens) (Willd.).

The increase in the concentration of the extract and the consequent reduction of the germination can be
related to the damage of the integrity and the alteration of the permeability of the cellular membranes (Omezzine
et al., 2014), affecting the germination and mainly the vigor of the seeds, as verified from the results of the first
germination count test.

The germination speed index presented linear reduction until the highest concentration of the extract (Fig.
1B). There was reduction of the germination speed index in the order of 22% in seeds of the concentration of
24% of the extract compared to the concentration of 0% of the extract.

The reduction of the germination speed index refers to the reduction of the number of seeds germinated per
day, consequently, the reduction of vigor. The reduction of the vigor of the seeds exposed to the extract may be
related to the damage of different cellular structures, involved in the physiological and biochemical processes
related to hydrolysis and translocation of reserves (Kaur et al., 2010). According to Ferreira &Borghetti (2004),
the allelopathic effect is more pronounced on germination speed compared to seed germination.

The length of aerial part and of primary root were altered by the action of the aqueous extract of angel
trumpet leaves (Fig. 1C). The increase in the concentration of the extract reduced the length of the lettuce root
until the highest concentration, while the shoot length had a minimum point at 6% of the extract concentration,
increasing to a concentration of 24%. Alves et al. (2003) report that the aqueous extract of
Solanumcrinitinumseeds (Lam.) negatively affects the growth of lettuce seedlings.

Allelopathic compounds may impair the metabolism of seeds and seedlings (Albuquerque et al., 2011).
Scognamiglio et al. (2014) report that the aerial part is less affected than the roots and according to Omezzine et
al. (2014), these responses are associated with detrimental action of the allelochemicals on plant growth and
development. According to Goetze&Thomé (2004), extracts of fresh eucalyptus leaves (Eucalyptus grandis)
reduce the growth of the root of lettuce seedlings.
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The isoenzymatic profile of the esterase presented two alleles (EST 1 and EST 2) at the highest
concentrations of the extract (Fig. 2A). The expression and intensity of the alleles varied in relation to the
different concentrations of allelopathic angel trumpet extract and there was a greater intensity in the EST2 allele
at the doses of 18 and 24% of the extract.

This isoenzyme is involved in ester hydrolysis and plays an important role in lipid metabolism (Santos et
al., 2001), and the increase in band intensity in the lower osmotic potentials may be associated with a possible
increase in peroxidation of lipids, causing damage to cell membranes and affecting the expression of seed vigor.
Reduction of seed vigor was verified at the first count and germination speed index (Fig. 1A and Fig. 1B).

Acid phosphatase showed similarity in the expression of bands between the different concentrations (Fig.
2B). However, with the increase of the concentration of the extract, there was greater intensity of the bands in
the seedlings under the concentrations of 18 and 24%. Acid phosphatase participates in ester hydrolysis and can
act on the cell membranes system (Santos et al., 2005), impairing the performance of seedlings.
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Fig. 2: Electrophoretic profile for the isoenzymatic system of esterase (A) and acid phosphatase (B) determined
in lettuce (L. sativa L.) seedlings submitted to different concentrations of the angel trumpet extract (B.
suaveolens (Willd.)).

The aqueous extract of angel trumpet showed an allelopathic effect and caused a reduction in the
germination percentage and the vigor of the lettuce seeds (Fig. 1). In addition, it negatively influenced the
growth of the primary root, having the inhibitory effect, if intensified with the increase of the concentration of
the extract. In this sense, according to Ferreira and Borguetti (2004), some allelopathicsubstances can reduce
germination. Tokura&Nébrega (2005) found that aqueous extracts of wheat plants, black oat, pearl millet, wild
radish and rapeseed have an allelopathic effect on maize seedlings, affecting the root and shoot growth of the
seedlings.

Conclusion:

The aqueous angel trumpet extract (B. suaveolens) negatively affects the physiological performance of
lettuce seeds;

The concentrations of 18 and 24% reduce germination and the germination speed index;

Primary root growth is reduced by about 82% in seedlings under the influence of 24% concentration
compared to those at zero concentration.

The angel trumpet extract provides an increase in the intensity of isoenzyme esterase bands at
concentrations of 18 and 24%.
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