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ABSTRACT. Salinity is a major abiotic stress that adversely affects several physiological and biochemical
aspects of plants. Antioxidants can be used as a potential remediation mechanism to promote plant
resilience. Therefore, the objective of the present study was to evaluate increasing doses of the antioxidant
lycopene on the germination and initial growth of common bean seedlings under conditions of salt stress.
Seeds were treated with the following lycopene concentrations: 0.018; 0.036; 0.072; 0.144; and 0.288 g L™!
and two controls (negative and positive) and evaluated under two growth conditions (without and with salt
stress) for physiological quality and pigment content. Data were analyzed by completely randomized
design, in 2 x 7 factorial (two growth conditions, with paper towel moistened with water or salt solution x
seven treatments, including five lycopene doses and two controls), in four replicates of 50 seeds by
concentration. With the results of the analysis of variance, growth conditions (without and with salt stress)
were compared by the Tukey test (5%), and the effects of lycopene doses were analyzed by polynomial
regression. Lycopene promoted tolerance of bean seeds to salt stress and had a positive influence on the attenuation
of salt harmful effects to the initial growth of seedlings, mainly at the doses of 0.072 g L'* and 0.144 g L.
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Introduction

Common bean (Phaseolus vulgaris L.) cultivated in arid and semi-arid regions, scenarios which offer
extremely favorable conditions for the production of reactive oxygen species (ROS), is subject to biotic and
abiotic stresses (Pandey, Irulappan, Bagavathiannan, & Senthil-Kumar, 2017). ROS production is inevitable
for life in aerobic conditions. ROS are continuously produced and eliminated, but when in excess, they result in
disturbances of the cell metabolism and regulatory pathways, which promotes oxidative stress and is harmful to
germination (Lushchak, 2011; Kumar, Prasad, Banerjee, & Thammineni, 2015; Awasthi et al., 2017).

One of the most important abiotic stresses is salinity, that affects several physiological and biochemical
aspects of plants and can significantly reduce crop yields (Lemes et al. 2018). Sensitivity to salinity is higher
during germination and at the initial growth stages (Askari, Kazemitabar, Zarrini, & Saberi, 2016; Kandil,
Shareif, & Gad, 2017; Stefanello, Goergen, & Neves, 2018).

To attenuate effects of saline stress, organic compounds can be applied exogenously in seeds and plants
(Melloni et al., 2012; Fermiano et al., 2018). In this sense, the use of antioxidants promotes resilience in plants
by protecting seeds against excessive ROSs production, as they produce enzymes to sequest or degrade free
radicals, or stimulate seed vigor and germination (Ratnam, Ankola, Bhardwaj, Sahana, & Kumar, 2006;
Burguieres, McCue, Kwon, & Shetty, 2007; Macedo, Silva, Santos, Oliveira, & Souza, 2017).

Red pigments of plants such as lycopene are beneficial for human health because of their role as protection
against degenerative diseases and defense against oxidative stress due to their antioxidative properties
(Leong, Show, Lim, Ooi, & Ling, 2018; Jiang, Liu, & Li, 2019). Therefore, as there are no studies with lycopene
in seeds, the use of these antioxidant, the main carotenoid present, may be indicated, for instance, in tomato
fruits, as an alternative in agriculture, since the residue from the agro-industrial extraction of tomato pulp,
is a natural source, rich in lycopene and has significant economic value for waste reuse.

The objective of this study was to evaluate doses of the antioxidant lycopene and its role in germination
and initial development of bean seedlings under salt stress.
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Material and methods

Bean seeds of the “carioca”, commercial group cultivar Madrepérola (Phaseolus vulgaris L.), stored in
burlap bags under ambient conditions (¥ 25°C) for six months were subjected to tests in the Seed Analysis
Laboratory of the Universidade Estadual de Montes Claros, Campus Janaiba, Minas Gerais State, Brazil.

Seed moisture content was determined by the oven method at 105 £ 3°C for 24 hours, with four replicates
of 50 seeds each and the results were expressed as percentage (Brasil, 2009).

Following, 210 pure bean seeds were separated for each treatment, which consisted of doses of the
antioxidant lycopene (10% extract), acquired in manipulation pharmacy, and diluted in distilled water at
concentrations of 0.018; 0.036; 0.072; 0.144; and 0.288 g L!; the concentrations were chosen due to the
greater miscibility of lycopene in water. The pHs of the lycopene solutions were 4.5; 5.4; 6.4; 6.2; and 6.0,
respectively, and the pH of distilled water was 5.8 at a mean temperature of 30 * 1°C. Two controls were used,
an untreated positive control (+) with dry seeds, and a negative control (-) with seeds not treated with
lycopene but preconditioned in distilled water. Next, previously separated bean seeds were soaked for 3 hours
in lycopene and water solutions (Control -).

After soaking, the seeds were dried in laboratory conditions (25 * 3°C and 65 + 5% of RU), separated in four
portions by concentration, and the tests initiated in two growth conditions (without and with salt stress).
Germitest® paper was moistened with distilled water 2.5 times its dry mass (Brasil, 2009). Under the stress
condition, the Germitest® paper was moistened with sodium chloride solution (NaCl, analytical purity > 99%),
in a volume equivalent to 2.5 times the dry weight of the paper, to achieve an osmotic potential of -0.9 MPa
(Coelho, Agostini, Guaberto, Machado Neto, & Custédio, 2010).

The assessment of physiological quality of bean seeds (cv. Madrepérola) started with the germination test.
Paper rolls were incubated in a germinator at constant temperature of 25°C. The evaluation of normal
seedlings took place on day five after the test was set (first germination count) and at the end of the test, on
day nine (Brasil, 2009). They were carried out according to the stress condition, with normal seedlings having
complete, developed, proportional, and healthy essential structures formed in the condition without stress
(Figure 1). Germination only with root development (Figure 2) in the condition of salt stress, and the results
were expressed as percentage (%).

Figure 1. Common bean seedlings, five days after the test setup, without salt stress (substrate moistened with H:0). Positive untreated
control with dry seeds (1); negative control with seeds untreated with lycopene solution but preconditioned in distilled water (2);
treated seeds with doses of the antioxidant lycopene concentrations of 0.018 (3); 0.036 (4); 0.072 (5); 0.144 (6); and 0.288 g L' (7).

When assessing the first germination count, the root length of 10 seedlings/replicates was measured with
a ruler and the results were expressed as centimeters (cm). Because of the significant effects observed of the
lycopene doses on the seeds under salt stress (Figure 2), 10 seeds germinated from each replicate were
weighed in a scale (0.00g) and the number of secondary roots were counted.

Together with the germination test, the germination speed index (GSI) was calculated by recording the
number of seeds showing radicle protrusion over the nine days of evaluation, which was done daily, at the
same time of the day. At the completion of the test, GSI was calculated using the daily number of germinated
seeds (Maguire, 1962).
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Figure 2. Germinating seeds of common bean, five days after the test setup, under conditions of salt stress (substrate moistened with
NacCl solution, -0.9 MPa). Positive untreated control with dry seeds (1); negative control with seeds untreated with lycopene solution
but preconditioned in distilled water (2); treated seeds with doses of the antioxidant lycopene concentrations of 0.018 (3); 0.036 (4);
0.072 (5); 0.144 (6); and 0.288 g L (7).

At day nine, the completion of the tests, pigment content was assessed in the different parts of the
seedlings (cotyledons, primary leaves, and hypocotyl) using solvent extraction (acetone 80%), according to
Macedo, Araujo, and Castro (2013). The extracts were read in a spectrophotometer, at 470 nm wavelengths
for carotenoids (Lichtenthaler & Wellburn, 1983). The results were expressed in milligrams of pigment per
gram of fresh weight of tissue (mg g!).

The experiment was arranged in a 2 x 7 completely randomized factorial design (two growth conditions,
with paper towel moistened with water or salt solution x seven treatments, composed of five lycopene doses
and two controls) and four replicates of 50 seeds. The data collected were analyzed by analysis of variance
and, when significant, the two growth conditions (with or without salt stress) were test F compared. The
means of the lycopene treatment effects were compared by polynomial regression, where the estimates of
regression equation parameters were significant at 5% by the "t" test. The regression equations were selected
by the greatest coefficient of determination (R?) and significance, performed using the SISVAR statistical
software (Ferreira, 2011).

Results

The analysis of variance of bean seeds treated with doses of the antioxidant lycopene for the two growth
conditions (without and with salt stress) showed significant interaction for components of physiological
quality (germination, first germination count, germination speed index, root length) and carotenoid
pigments. In the present study, the initial water contents of bean seeds were around 11%.

Comparing the two growth conditions, without and with salt stress, with seeds treated with lycopene doses
(letters depicted in the graphs), germination (Figure 3), and first germination count (Figure 4), presented
similar behavior and lycopene doses had greater effect under salt stress. Seeds of the positive control
presented higher values under the growth condition without salt stress, whereas the means of seeds of the
negative control, which were soaked in water, showed no significant difference under the stress conditions
imposed on germination (Figure 3).

The polynomial regressions show positive effect of lycopene up to the dose of 0.144 g L' under salt stress
for the variables germination (Figure 3), first germination count (Figure 4), and opposite results for the growth
condition without stress.

The effects described above agree with Figure 5, where the percentage of abnormal seedlings as a function
of the treatments is more expressive under no salt stress.

The percentage of abnormal seedlings was lower under the condition of salt stress when seeds were treated
with the lycopene doses. Significant difference was found for seeds treated with 0.072; 0.144; and 0.288 g L."!
of lycopene under salt stress (Figure 5).

The means of germination speed index under no salt stress were higher (p < 0.01) on the controls and on
the highest lycopene dose (0.288 g L'!). On the other treatments there was significant difference (Figure 6).
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Figure 3. Germination of common bean seeds under two growth conditions (without and with salt stress) treated with doses of the
antioxidant lycopene. Means followed by the same letter in the vertical position are not significantly different by the Tukey test at 5%
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Figure 4. First germination count of common bean seeds under two growth conditions (without and with salt stress) treated with doses
of the antioxidant lycopene. Means followed by the same letter in the vertical position are not significantly different by the Tukey test
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Figure 5. Abnormal seedlings from common bean seeds subjected to two growth conditions (without and with salt stress) treated with
doses of the antioxidant lycopene. Means followed by the same letter in the vertical position are not significantly different by the

Tukey test at 5% probability. Coefficient of variation = 19.01%; p < 0.01.
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Figure 6. Germination speed index of common bean seeds subjected to two growth conditions (without and with salt stress) treated
with doses of the antioxidant lycopene. Means followed by the same letter in the vertical position are not significantly different by the
Tukey test at 5% probability. Coefficient of variation = 11.26%; p < 0.01.

The polynomial regression for the behavior of the germination speed index under the two growth
conditions and lycopene doses (Figure 6) showed an invigorating effect under salt stress and no stress at the
doses of 0.072 and 0.288 g L! of Iycopene.

The highest root length means were obtained when the bean seeds were evaluated under no salt stress,
regardless of the lycopene treatment applied (Figure 7).
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Figure 7. Root length of common bean seedlings from seeds subjected to two growth conditions (without and with salt stress) treated
with doses of the antioxidant lycopene. Means followed by the same letter in the vertical position are not significantly different by the
Tukey test at 5% probability. Coefficient of variation = 9.78%; p < 0.01.

There was still a growing response of primary root length of common bean seedlings to lycopene doses
under salt stress, even though the development was lower in that condition, which was not found for
conditions of no stress (Figure 7).

The highest means of carotenoids were achieved in conditions of no salt stress, regardless of the lycopene
dose applied (Figure 8).

The behavior of carotenoids in seedlings from seeds subjected to stress conditions and lycopene doses
(Figure 8) showed the absorption of the exogenous antioxidant during seedling growth, especially under salt
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stress, where the lycopene doses show increasing trend when compared to the control. For the growth of
seedlings under no stress, the doses 0.072 and 0.144 g L! promoted the highest carotenoid contents.
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Figure 8. Carotenoid contents in common bean seedlings from seeds subjected to two growth conditions (without and with salt stress)
treated with doses of the antioxidant lycopene. Means followed by the same letter in the vertical position are not significantly different
by the Tukey test at 5% probability. Coefficient of variation = 20.05%; p < 0.01.

A significant effect was also found for total root weight and number of secondary roots of common bean
seedlings grown under salt stress and treated with doses of lycopene (Figure 9).
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Figure 9. Total germinating seed weight (TGSW, A) and number of secondary roots (NSR, B) of seedlings derived from common bean
seeds under salt stress and doses of the antioxidant lycopene.

Although Figure 9 was plotted against a polynomial regression, lycopene doses outline an increasing effect
on the total weight of germinating seeds when compared to the controls (Figure 9A), evidencing the effect of
the antioxidant. The same was found for the number of secondary roots, however, for this variable, water also
influenced root expansion, as the negative control had almost double the roots compared to the positive
control (Figures 2 and 9B).

Discussion

The initial water contents of bean seeds were around 11%, which is considered an ideal value because of
the chemical composition of the species, high in starch and protein (Marcos Filho, 2015). Although the water
content in the bean seeds was not a determining factor in this study, we needed to determine the seed water
content so that the germination and vigor tests were not affected by differences in metabolic activity, wetting
rate, and intensity of seed deterioration (Steiner, Oliveira, Martins, & Cruz, 2011).

Acta Scientiarum. Biological Sciences, v. 44, e52779, 2022
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The treatment with the antioxidant lycopene had attenuating effect on the germination and on the first
germination count of seeds of common bean under salt stress conditions. This effect can be explained,
according to Ashraf and Ali (2008), by the action of antioxidant compounds in the removal of reactive oxygen
species (ROS), which is directly related to salt tolerance. Jiang, Liu, and Li (2019) states that the integrity of
cell membranes is also related to tolerance to salt stress.

Damage of cell membrane is one of the first events in stressed plants, and lipid peroxidation by ROS leads
to loss of cell integrity (Restrepo et al., 2013). In the present studyj, it is likely that lycopene has acted to maintain
the integrity of cell membranes under stress, favoring the removal or reduction of ROS. Along with the good
membrane integrity under salt stress, the slower seed imbibition provides a longer time for membrane recovery.
However, the faster absorption of water leads to a greater cell disorganization (Marcos-Filho, 2015).

This result suggests that the condition without stress promoted a greater cell membrane disorganization
due to the faster water absorption. Additionally, because the seeds had already a compromised quality with
germination and vigor less than 80 and 70%, respectively, it took more time to restore the integrity of the
membrane system, which contributed to form abnormal seedlings.

When comparing the doses of lycopene within each growth condition, we can clearly see their benefits to
the germination of common bean seeds exposed to salt stress, in contrast, in conditions without stress, the
germination was reduced in the presence of water (negative control) and lycopene solution.

This can be explained by a possible elicitor action of lycopene. Elicitors are exogenous chemical
compounds that trigger defense reactions in plants, including physiological reactions, morphological
changes, and accumulation of phytochemical compounds through the induction and production of secondary
metabolites. In addition, plants have developed complex mechanisms of adaptation to the osmotic, ionic, and
oxidative stresses that are induced by saline stress (Mandal, 2010; Naik & Al-Khayri, 2016).

The literature reports that salinity induces greater sensitivity at the stages of germination and initial
growth for rice and corn seeds (Silva, Grzybowski, & Panobianco, 2016; Cavalcante et al., 2019). However, as
it was found in this study, the negative effect of salt was reduced in the presence of the antioxidant lycopene.

Root length under salt stress had lower growth than those under normal conditions, however, the
beneficial action of lycopene is indisputable. The salt stress promotes water restriction, reduces metabolism,
and limits the synthesis and allocation of reserves to the embryonic axis (Bewley, Bradford, Hilhorst, &
Nonogaki, 2013), which explains the less growth of common bean seedlings under the stress condition.

The salt stress negatively affected root length and carotenoid content in bean seedlings. It is known that
the osmotic and ionic stress caused by NaCl acts on seed development and affects all aspects of plant
physiology and biochemistry in different agricultural production (Shabala & Cuin, 2007; Khan et al., 2009).
However, seeds treated with antioxidant lycopene under such stress conditions, although with slower
development, showed higher germination and vigor by the parameters evaluated.

Carotenoids are the second most abundant pigment after chlorophylls found in nature. During
photosynthesis, carotenoids can perform two distinct functions: light absorption in antenna complexes as
accessory pigments, and photoprotective action of the photochemical apparatus (Kerbauy, 2013). In the
present study, the young seedlings still did not use the photosynthetic apparatus as a reserve source. This
confirms that the increasing levels of carotenoids obtained in both conditions (with and without stress) were
a result of exogenous application of lycopene (Figure 8).

Although lycopene is a fat-soluble carotenoid, it showed partial dilution in water. That may explain the
signaling mediated by this pigment in common bean seeds, can be proved by the responses of variables to the
antioxidant lycopene and quantified in the treated seedlings.

Pigment determination can be used as a physiological indicator of plant responses to conditions of water
deficit. Pigments provide information about the stress event, since as water stress increases, an inverse
relationship between chlorophyll and carotenoid content takes place (Rojas, Moreno, Melgarejo, & Rodriguez,
2012). In salt stress situations, pigment production may slow down due to B-carotene degradation, leading to
a decrease in carotenoid content (Gomes, Suzuki, Cunha, & Tullii, 2011). This may explain the reduction in
carotenoid content found in the present study under salt stress conditions.

For the highest dose of lycopene (0.288 g L!) in the two conditions evaluated, there was a reduction in the
content of carotenoids (Figure 8), possibly due to metabolic factors not investigated in this study. Therefore,
further research is needed to understand the possible reduction of photosynthetic pigments and their effects
with doses of lycopene.
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Felix, Araujo, Silva, Ferrari, and Pacheco (2018) reported that in the legume Leucaena leucocephala a visible
change in the root system of seedlings at -0.6 MPa potential. Greater number of secondary roots, evidencing
a morphological change, probably in response to water stress were found. The same was found in the current
study for salt stress imposed at -0.9 MPa potential.

In general, carotenoid contents, length, and number of roots appear to be more suitable for assessing salt
stress effect on initial growth of common bean seedlings. The exogenous application of the antioxidant
lycopene to common bean seeds under salt stress conditions, indicates a practical mode of cultivation to
improve germination and early growth of the seedlings. This knowledge may also provide information about
the possible involvement of this antioxidant as a defense against ROS in the mechanism of salinity tolerance
and oxidative stress.

Conclusion

Lycopene promotes tolerance of common bean seeds to salt stress and has a positive effect on the attenuation
of salt harmful effects on the initial growth of seedlings, mainly at the doses of 0.072 g L.' and 0.144 g L%,
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