Acta Botanica Brasilica 27(2): 394-399. 2013.

Salt stress: antioxidant activity
as a physiological adaptation of onion cultivars

Natalia Silveira Corréa’, Juliana de Magalhdes Bandeira'?, Patricia Marini’,
Isabel Cristina Gouvea de Borba', Nei Fernandes Lopes' and Dario Munt de Moraes'

Submitted: 22 October, 2012. Accepted: 28 February, 2013

ABSTRACT

The germination and development of several plant species can be limited when those plants are grown in soils with
high salinity, which reduces seedling viability and vigor, as well as activating the antioxidant defense system. The aim
of this study was to evaluate germination, initial growth and activity of antioxidant enzymes (superoxide dismutase,
catalase and ascorbate peroxidase) in seedlings of three onion cultivars (Madrugada, Fepagro 27 and Petroline)
exposed to different concentrations of NaCl (0, 40, 80, 120 and 160 mM). Seedlings were evaluated for viability,
vigor and antioxidant enzyme activity. The experimental procedures were completely randomized in 3 x 5 factorial
design, with each treatment performed in triplicate, at a significance level of 5%. For all cultivars, viability and vigor
decreased in parallel with increasing NaCl concentrations, whereas antioxidant enzyme activity increased, and one
cultivar (Madrugada) showed less salt tolerance than did the others. We conclude that high NaCl concentrations have
a negative effect in the physiological quality of onion seeds, resulting in lower seedling growth rates and increased
antioxidant enzyme activity, where Fepagro 27 and Petroline cultivars were more tolerant to salt stress than ‘Madrugada.
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Introduction

The salinization of soils dedicated to agriculture, cau-
sed by the accumulation of salts in irrigation water, causes
these soils to become increasingly unproductive (Lima &
Bull 2008). In Brazil, although there are few data on areas
of high salinity, it is estimated that this problem affects 20-
25% of all irrigated areas (Fao 2006).

When irrigation waters have a high concentration of
salts and there is no possibility of exporting these brackish
waters to a sink, they can accumulate and cause damage
(Santos et al. 2009). Such accumulation can limit the ger-
mination and development of various species (Barroso et
al. 2010), leading to morphological, cellular, biochemical
and molecular alterations that hinder the agricultural yield
in response to the decrease in the water potential of the
soil solution induced by the high osmolarity (Lima & Bull
2008). In addition, ionic toxicity promotes an imbalance
in the absorption of essential nutrients, causing metabolic
disorders, which inhibit growth (Maia et al. 2012). Salt stress
can also lead to excess intracellular production of reactive
oxygen species (ROS) such as the superoxide radical (O,),
the hydroxyl radical (OH"), hydrogen peroxide (H,0,), and
singlet oxygen ('O,) (Stanisavljevi¢ et al. 2011).

The production of ROS seems to be a dynamic event du-
ring plant development, as well as a response of the plant to
biotic and abiotic stress (El-Shabrawi et al. 2010). To eliminate
these ROS, plants possess antioxidant defense systems, which
are an important first line of defense against free radicals under
stress conditions. This is the case of the antioxidant enzymes
superoxide dismutase (SOD), which catalyzes the dismutation
of O, into H,0,and O; catalase (CAT); and ascorbate peroxi-
dase (APX), which can cleave H,O, into H, O and O, (Deuner
et al. 2011). However, this regulation can be ineffective if the
stress is severe enough to considerably increase the production
of ROS, which can cause a cascade of events: peroxidation of
lipids, degradation of membranes, and cell death (Pacheco et
al. 2007). Therefore, the balance between the production of
ROS and the ability to rapidly activate the antioxidant defense
system reflects the ability of a plant to endure adverse condi-
tions, indicating its adaptation or tolerance to the imposed
stress (Parida & Das 2005; Demiral & Turkan 2005).

Tolerance to salinity is specific for each species or
cultivar. Vegetables have a high sensitivity to the effects of
NaCl (Zhu 2002), which hinders growth because of its toxic
and osmotic effects, respectively causing accumulation of
ions in the protoplasm and physiological drought (Kader
& Lindeberg 2010; Deuner et al. 2011).
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The onion is the second most widely cultivated horticul-
tural specie in the world, and approximately 9% of all onion
production occurs in Latin American countries (Recabar-
ren 2009). In Brazil, the onion is the third most important
vegetable crop, occupying 58,482 ha, with a production of
1,352.295 tons and a mean yield of 23,123 kg ha™! (IBGE
2012). The southern and southeastern regions are the main
onion producers, responsible for approximately 82% of the
national production (Resende & Costa 2007). The state of
Rio Grande do Sul is the second largest producer in Brazil,
after the state of Santa Catarina, and has 10,692 ha of crops
and a total production of 201,532 tons (IBGE 2012). Since
in the south of the state of Rio Grande do Sul the salinity
of irrigation water can affect the corps of the coastal plains
adjacent to the Laguna dos Patos, the culture is subject to
salt stress (Marcolin et al. 2005).

Considering this context and the economic importance
of onion crops for the southern region of Brazil, where the
irrigation water is frequently saline, the aim of this study
was to evaluate the seed germination, initial growth and an-
tioxidant responses of onion seedlings exposed to different
concentrations of NaCl.

Material and methods

This study was conducted at the Laboratory of Seed Phy-
siology and in a greenhouse belonging to the Department
of Botany of the Universidade Federal de Pelotas. We used
onion (Allium cepa L.) seeds of the cultivars Fepagro 27,
Madrugada, and Petroline, obtained from FEPAGRO (Fun-
dagdo Estadual de Pesquisa Agropecuaria), RS/Brazil. The
seeds were subjected to salt stress (exposure to solutions of
0, 40, 80, 120, and 160 mM NaCl).

For the analyses of viability and vigor, the onion seeds
were sown in plastic germination boxes (gerbox®), with
two leaves of blotting paper and the different NaCl solu-
tions at 2.5 times the dry weight of the paper, and kept in
a germinator at 20°C. Following the rules for seed analyses
established by the Brazilian Ministry of Agriculture, Animal
Husbandry, and Supply (Brasil 2009), we conducted a germi-
nation test (GT) with four 50-seed sub-samples, performed
in triplicate, for a total of 600 seeds per treatment for each
cultivar, the results of which were obtained on the twelfth
day after sowing and are given in germination percentage.
The first germination count (FGC) was carried out on the
sixth day after sowing, simultaneous to the germination
test, results were given in percentage of normal seedlin-
gs. The germination speed index (GSI) was determined
simultaneous to the germination test: daily counts were
conducted from the protrusion of the radicle through the
seed integument until the number of emerged seedlings
became constant, ending at the twelfth day, and calculated
according to Maguire (1962).

The length of the shoot (shoot length) and the length of
the roots (root length) were obtained by evaluating a mean
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of 40 seedlings per experiment at the end of the germination
test. Lengths were measured with a millimeter ruler, and the
results were given in mm seedling ™. The dry mass (DM) of
the seedlings was evaluated at the end of the germination test
inadrying oven at 70 + 2°C until the mass became constant,
and the results were given in mg seedling™.

In addition to the growth characteristics, we evaluated
the activities of the antioxidant enzymes SOD (EC 1.15.1.1),
APX (EC 1.11.1.11) and CAT (EC 1.11.1.6) in a spectro-
photometer (Ultrospec 2100 pro UV/visible; Amersham
Biosciences, Piscataway, NJ, USA), in order to determine
the antioxidant metabolism of onion seedlings subjected to
salt stress. At the end of the germination test we collected
samples of 400 mg of fresh plant material, which were ma-
cerated with 10% of polyvinylpolypyrrolidone, to prevent
oxidation, after which were homogenized with 1.5 mL of an
extraction buffer, pH 7.8, comprising potassium phosphate
100 mM, ethylenediaminetetraacetic acid (EDTA) 0.1 mM,
and ascorbic acid 20 mM. The material was centrifuged at
12,000 g for 20 min at 4°C, an adaptation of the methodology
described by Deuner et al. (2011). The supernatant was col-
lected to determine the activity of enzymes and to quantify
the proteins by the Bradford method (1976).

The activity of SOD was determined considering its
ability to inhibit the photoreduction of Nitro-blue tetrazo-
lium (NBT), according to Giannopolitis & Ries (1977). Toa
reaction medium containing potassium phosphate (50 mM,
pH 7.8), we added methionine (14 mM), EDTA (0.1 pM),
NBT (75 uM) and riboflavin (2 uM), after which we added
100 pL of the enzyme extract, in a final volume of 2.0 mL.
Readings were performed in the spectrophotometer at 560
nm. The activity unit of SOD was defined according to the
quantity of enzyme required to inhibit 50% of the photore-
duction of NBT under the test conditions.

The activity of APX was determined according to
Nakano & Asada (1981), with modifications, by evaluation
of the oxidation rate of ascorbate for 130 s at 290 nm. We
used a reaction medium comprising potassium phosphate
(100 mM, pH 7.0) and ascorbic acid (0.5 mM), which was
incubated at 37°C, for 10 min, after which we added H,O,
(0.1 mM) and 25 pL of the enzyme extract, in a final volume
of 2.0 mL and the reading was performed immediately.

The activity of CAT was determined following Azevedo
et al. (1998), with modifications, estimated by the decrease
in absorbance at 240 nm, for a time period equal to that
used in the APX test. We used a reaction medium compri-
sing potassium phosphate (100 mM, pH 7.0), which was
incubated at 37°C, to which we added H,0, (12.5 mM) and
15 pL of the enzyme extract, in a final volume of 2.0 mL.

The experimental procedures were completely rando-
mized in 3 x 5 factorial design, with three cultivars and five
salt concentrations (0, 40, 80, 120, and 160 mM NaCl), per-
formed in triplicate. The results were subjected to ANOVA
and polynomial regression at the 5% significance level, with
the software WinStat 2.0 (Machado & Concei¢io 2007).
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Results and discussion

The germinability of the seeds of the onion cultivars
subjected to salt stress was affected by the increase in NaCl
concentration. We observed a significant interaction between
cultivars and NaCl concentrations (Fig. 1A). The percent-
age of germination for Fepagro 27 and Petroline cultivars
was higher than Madrugada at all concentrations of NaCl,
showing that those ones (Fepagro 27 and Petroline) exhibited
higher tolerance to salt stress. The decrease in germination
caused by the increase in the NaCl concentration was also
observed in seeds of cucumber (Cucumis sativus L.) (Carva-
lho & Kazama 2011) and gliricidia [(Gliricidia sepium (Jacq.)
Steud.] (Farias et al. 2009). The increase in the quantity of
salts in the soil or in the substrate promotes hyperosmolarity,
which restricts water absorption through the seed integu-
ment, impairing the germination (Munns & Tester 2008).

The Fepagro 27 and Petroline cultivars seeds vigor,
characterized in the FGC, was higher than the vigor of
cultivar Madrugada seeds (Fig. 1B), despite the significant
differences. Cultivar Madrugada exhibited less vigor at all
salt concentrations, indicating its high sensitivity to salt in
comparison with the other cultivars. The same effect was
also observed for the GSI (Fig. 1C) of this cultivar. These
responses related to the vigor of Madrugada cultivar cor-
respond to the reduction of its viability under stress, which
probably led to the delay and decrease in the degradation
of its reserves during germination, and, consequently, ham-
pered its development (Fig. 1D, 1E and 1F). Similar results
were obtained in a study involving barley (Hordeum vulgare
L.) seeds, in which Silva et al. (2007) described a reduction
in the FGC caused by the addition of salt to the irrigation
water. Dantas et al. (2007) considered this an efficient me-
thod for the prediction of the vigor and the differentiation of
the salt tolerance of cultivars of bean (Phaseolus vulgaris L.).
Studies of sorghum (Sorghum bicolor L., Moench) showed
an accentuated decrease in the GSI at a concentration of
75 mM NaCl (Oliveira & Gomes-Filho 2009), supporting
our results.

The shoot length and root length of the seedlings ori-
ginating from the germination test (Fig. 1D and 1E) had
similar responses to the test variables, as well as to the GT,
FGC and GSI (Fig. 1A, 1B, and 1C, respectively), with a
decrease in the length of both parts according to the increase
in NaCl concentration. Petroline cultivar had a decrease in
shootlength according to the decrease in salt concentration.
In contrast, the decrease in the length of the shoot of Fepagro
27 and Madrugada cultivars began at the concentrations
of 121 mM and 29.11 mM, respectively. This indicates
that, concerning the length of the shoot, cultivar Fepagro
27 was the least affected by the low salt concentrations. In
a similar study with melon (Cucumis melo L.), a decrease
in the growth of the shoots and the roots in parallel with
increases in salt concentration in the irrigation water was
also observed (Freitas et al. 2006).

The smaller size of the seedlings in solutions with hi-
gher salt concentrations can be explained by the fact that,
as the seeds absorb water with highly soluble salts, these
salts become toxic and, consequently, cause physiological
disturbances, decreasing the water potential and the germi-
nability of the seeds (Carvalho & Kazama 2011). In addition
to the toxicity, the reduction in growth, characterized by
the decrease in the length of the plant and less accumula-
tion of dry mass, can also be promoted by the decrease of
osmotic potential, which causes a water deficit, alterations
in the balance of K*/Na*, and other nutrients (Willadino &
Camara 2010).

With the increase in the salinization of the irrigation
water, there was a decrease in the accumulation of dry
mass of the seedlings of the three onion cultivars (Fig. 1F).
Petroline cultivar had the highest tolerance to salt stress,
exhibiting a decrease in the accumulation of dry mass
at concentrations above 58.83 mM NaCl, reaching 62.83
mg of dry mass, while Madrugada cultivar had its highest
accumulation of dry mass, 19.48 mg, at the concentration
of 35.5 mM, and for Fepagro 27 cultivar, the accumulation
of dry mass was inversely proportional to the increase in
NaCl concentration.

The problems caused by salt stress, as seen in the dry
mass analysis, indicate that salinity decreases biomass pro-
duction, in addition to altering the partition of photoassi-
milates between the different plant parts (Silva et al. 2007).
This differential partition can contribute to the adaptation
of plants to salt stress. This process compensates the reduc-
tion of the leaf area dedicated to carbon assimilation as the
acceleration of the metabolic processes that are necessary
for the adjustment of the plant, depending on the stress level
(Munns & Tester 2008).

The seedlings that were subjected to the higher con-
centrations of NaCl had less vigor, and this stress condition
was confirmed by the increasing activity of the antioxidant
defense system under the salt stress conditions of this study
(Fig. 2).

Of the enzymes involved in the removal of ROS, SOD
is usually the first line of defense against oxidant stress
(Pompeu et al. 2008). The increase in the saline con-
centration of the irrigation water induced greater SOD
activity (Fig. 2A). In Fepagro 27 cultivar, SOD activity
was initially low, when the substrate was irrigated only
with water; however, as the salt concentration increased,
there was an acceleration of its activity. Therefore, the
antioxidant defense system of cultivar Fepagro 27 was
activated more rapidly than were those of the other
cultivars, indicating a higher tolerance for salt stress
(Ryang et al. 2009).

The affinity of enzymes for their substrate is a very
important factor to determine the antioxidant action. Con-
sidering that CAT has a low affinity to H,O,, this enzyme
becomes active only when its substrate is accumulated,
whereas APX has a high affinity to H,O, and is capable of
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Figure 1. Percentage of germination (A), first germination count (B), germination speed index (C), shoot length (D), root length (E) and dry
mass (F) of the three onion (Allium cepa L.) cultivars Fepagro 27 (-®-), Madrugada (-M-) and Petroline (- A-), subjected to salt stress (0, 40,
80, 120 and 160 mM NaCl).
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Figure 2. Activity of the antioxidant enzymes superoxide dismutase (SOD, A), catalase (CAT, B), and ascorbate peroxidase (APX, C) in seedlings
of the three onion (Allium cepa L.) cultivars Fepagro 27 (-®-), Madrugada (-M-) and Petroline (- A-), subjected to salt stress (0, 40, 80, 120, and
160 mM NaCl). *ASA: ascorbic acid.

Acta bot. bras. 27(2): 394-399. 2013. 397



398

Natilia Silveira Corréa, Juliana de Magalhaes Bandeira, Patricia Marini,
Isabel Cristina Gouvea de Borba, Nei Fernandes Lopes and Dario Munt de Moraes

eliminating this substrate even at low H,0, concentrations
(Jaleel et al. 2009).

The activity of CAT increased with the increase in the
saline concentration only for Petroline cultivar (Fig. 2B),
whereas for cultivars Fepagro 27 and Madrugada, CAT
activity began to decrease at the concentrations of 50 and
150 mM NaCl, respectively. The increase in CAT activity
in stressed plants might be an adaptation to eliminate H,O,
(Ben Ahmed et al. 2009). Cultivar Petroline kept its antio-
xidant defense system more strongly activated than did the
other cultivars during the stress caused by the increasing
salt concentrations.

The activity of APX in Fepagro 27 cultivar was low in
comparison with the other cultivars, at all concentrations
(Fig. 2C), while in Madrugada and Petroline cultivars, APX
activity was proportional to the increase in salt concentra-
tion, and the salt conditions applied in this study were found
to be most harmful to Petroline cultivar.

The ability to maintain high SOD, CAT and APX activity
under stress conditions is essential for the balance between
the formation and removal of H,O, within the intracellular
environment (Joseph & Jini 2011). This ability was observed
in our study, considering that, in general, there was high
activity of the antioxidant defense system in the seedlings
with less vigor, under the stress conditions evaluated.

Therefore, high concentrations of NaCl exerted a negative
effect in the physiological quality of onion seeds, causing lower
growth rates and higher activity of the antioxidant enzymes, be-
cause of the increase in the activation of the antioxidant defense
system where Fepagro 27 and Petroline cultivars presented to
be more tolerant to salt stress than Madrugada cultivar.
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