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ABSTRACT - Several plant species have development limitations on saline soils; however under water stress situations 
salicylic acid (SA) may have defense function by acting as antioxidant. Thereby, this study was aimed at analyzing physiological 
changes occurring in maize seeds treated with SA and germinated on sodium chloride moistened substrate; as well as assessing 
the effect of antioxidant enzymes produced by the seedlings. To this, seeds were soaked into zero and 1 mM SA solutions, for 
60 min., and germinated on different NaCl concentrations (0, 30, 90, and 180 mM), and afterwards evaluated for germination, 
germination speed index, initial growth, and effect of antioxidant enzymes on seedlings. For electrical conductivity test, the 
seeds were previously soaked in NaCl solutions with and without SA. The SA application has minimized damages induced by 
salt stress to maize seed germination by favoring their germination percent; however without SA was not able on maintaining 
seed viability over 90 mM. Seedling initial growth was impaired by increasing NaCl concentrations in substrate; and electric 
conductivity has shown low values for release of solutes in the presence of SA. Activity of antioxidant enzymes has increased 
until 30 mM NaCl concentration; however above such concentration activity of these enzymes was reduced. The SA maintains 
germination of corn seeds above 90 mM NaCl; however, generally it is not efficient to ensure vigor of seedlings. 

Index terms: Zea mays, antioxidant enzymes, NaCl, seed viability, seedling growth.

Ácido salicílico: modificações fisiológicas e bioquímicas em sementes e 
plântulas de milho submetidas ao estresse salino

RESUMO - Diversas espécies apresentam limitações no desenvolvimento em solos salinos, entretanto, em situações de estresse, 
o ácido salicílico (AS) pode apresentar função antioxidante. Portanto, objetivou-se analisar modificações fisiológicas em 
sementes e plântulas de milho tratadas com AS e germinadas em cloreto de sódio, além das respostas do sistema antioxidante 
em plântulas. As sementes foram embebidas durante 60 minutos em soluções de AS (zero e 1 mM) e colocadas para germinar 
nas concentrações de NaCl (zero; 30; 90 e 180 mM), sendo avaliadas quanto a germinação, índice de velocidade de germinação, 
crescimento inicial e atividade de enzimas antioxidantes das plântulas. Para a condutividade elétrica, as sementes foram 
embebidas em mistura das soluções de NaCl e AS. O AS minimizou os danos causados pela salinização na germinação, que 
foi prejudicada a partir de 90 mM de NaCl, na ausência de AS. O crescimento inicial foi prejudicado com o aumento das 
concentrações salinas, enquanto a condutividade elétrica apresentou menor lixiviação de solutos na presença do AS. Houve 
aumento na atividade das enzimas antioxidantes até 30 mM de NaCl com posterior redução. O AS mantêm a germinação das 
sementes de milho acima de 90 mM de NaCl, porém, de maneira geral, não é eficiente para garantir o vigor das plântulas. 

Termos para indexação: Zea mays, enzimas antioxidantes, NaCl, viabilidade de sementes, crescimento de plântulas.
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Introduction

The majority of plant species worldwide grown is constantly 
exposed to biotic and abiotic stresses, and among them is the 
salt stress. The excess of salts in the root environment, caused 
by improper management of irrigation water, by the very 

characteristic of the pedogenisis and edaphoclimatic conditions, 
salt stress may affect growth and productivity of many crops 
(Santos et al., 2009; Islã and Aragués, 2010). In Brazil, despite 
data on the areas with salinized soil are not very accurate it is 
estimated that circa 20% to 25% of the irrigated areas present 
salinization problems (FAO, 2006). In such environments 
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the sodium chloride (NaCl) is the predominant salt and may 
impair germination of seeds and development of plants of 
several plant species.

Adaptation of different crops to diverse environmental 
stress conditions is the result of the occurrence of different 
integrated events during the several crop developmental 
stages involving changes in the cell morphology, as well as 
in the anatomical and biochemical alterations occurring in 
the plant characteristics (Bueno et al., 2006). These changes 
are resulting from the disorders occurring in the water 
relationships, and in the absorption and utilization of essential 
nutrients by plants, which are caused by the excess salt in the 
soil (Jaleel et al., 2008; Amorim et al., 2010).

When exposed to excess salts in the root environment, 
the majority of cultivated plants produce excessive amounts 
of reactive oxygen species (ROS) such as the radicals 
superoxide (O2

●−), hydroxyl (OH●−), hydrogen peroxide 
(H2O2) and singlet oxygen (1O2) (Apel and Hirt, 2004; Møller 
et al., 2007; Joseph and Jini, 2011). Excessive production 
of such functional groups of radicals may limit growth and 
development of plants by oxidation of the cell membranes 
lipids (Forman et al., 2010).

To restrain deleterious effects of ROS the plants have 
developed a complex antioxidant system, which constitutes 
their primary defense against these free radicals generated 
under stress conditions (El-Shabrawi et al., 2010); as for 
example, the enzyme superoxide dismutase (SOD) that 
catalyzes the dismutation reaction from the radical superoxide 
(H2O2) to H2O + O2, and the enzymes ascorbate peroxidase 
(APX) and catalase (CAT) that can also break the H2O2 
molecule releasing H2O and O2 (Deuner et al., 2011).

The balance between ROS production and the ability to 
fast triggering a defense system, against the antioxidative 
stress imposed, reflects the capacity of plants in adapting to the 
adverse conditions; thus characterizing their higher resistance 
(Parida and Das, 2005). Besides the enzymatic defense system, 
plants may also respond to the oxidative stress conditions by 
formation of secondary metabolites such as the salicylic acid; 
which also features defensive function against various types of 
stresses, mainly due to its properties as oxi-reduction agent on 
the citoplasm of cells membranes, as well as to its chemical 
structure (Soares and Machado, 2007).

The antioxidant properties of phenolic compounds, such 
as salicylic acid play an important role in scavenging free 
radicals by acting both on the initial stages as in the oxidative 
process propagation, which may delay or inhibit the cell 
membranes lipids oxidation (Sousa et al., 2007).

The exogenous application of such acid is used by the 
seeds in the adaptation to stress, once this compound may act 

by stimulating the cell wall signification, directing the pentose 
phosphate and shikimate pathways for producing phenolic 
compound (as lignin) in the treated seeds, what probably will 
assist on maintainability of their vigor (Pacheco et al., 2007).

In face of the foregoing, this study was aimed at analyzing 
physiological changes occurring in seeds and seedlings of 
maize (Zea mays L.) treated with salicylic acid and germinated 
in the presence of sodium chloride; as well as verifying the 
antioxidative system response on the seedlings.

Material and Methods

The study was carried out at the Seed Physiology 
Laboratory of Botanic Department and at the Plant 
Biochemistry Laboratory of Chemistry and Geosciences 
Department, Federal University of Pelotas, at municipality of 
Pelotas, state of Rio Grande do Sul, Brazil. The seeds of the 
three corn hybrid lots used for this study were provided by the 
Pioneer Corporation.

To assess seed vigor through germination test, seeds 
were previously soaked in a salicylic acid (SA) solution at 
concentration of 1 mM, for 60 min.; and by using sterile 
distilled water to soak the seeds used as control. Immediately 
after the soaking period, four samples of 50 seeds each, to 
each treatment were uniformly distributed upon two sheets 
of germination paper (Germitest®), moistened with NaCl 
solutions at different concentrations [0 (control), and 30, 90, 
and 180 mM NaCl] at a ratio of 2.5 times the dry substrate 
mass, and then placed into a seed germinator, set to 25 °C, for 
seven days (Brasil, 2009). Assessments were performed in the 
fourth and seventh days after sowing (DAS); and results were 
expressed as percentage of normal seedlings emerged in all 
NaCl concentrations studied.

Germination speed index (GSI) was assessed by the daily 
count of seeds displaying radicle protrusion through seed 
coat during the germination test, until the stand of seedlings 
was constant. The last count day to this test was the same 
prescribed to the standard germination test. The GSI was 
computed according to equation described by Maguire (1962).

Length of shoots and roots was obtained through 
computation of mean data collected from 10 seedlings of 
each sample originating from the three lots assessed; thus 
totaling 120 seedlings. Measurement for both the shoots and 
roots was performed with the aid of a millimeter ruler; and 
results were expressed as mm.seedling-1. Assessment of dry 
mass of shoots and roots was carried out after germination test 
by determining dry mass of 10 seedlings to each replication, 
also totaling 120 seedlings. To this, seedlings were dried in an 
oven, set at 70±1 ºC, until reaching constant mass, and then 
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weighed in an analytical balance. The results were expressed 
as mg.seedling-1 (Marini et al., 2013).

The electrical conductivity test (EC) was carried out using 
four subsamples, with 25 seeds each, from each of the three 
seed lots. For that, mass of the dried seeds was previously 
determined, and then seeds were soaked into saline solutions, 
at concentrations of 0, 30, 90, and 180 mM NaCl, containing 
SA solution (1 mM), or in the same NaCl solutions without SA, 
for 60 min. Immediately after this soaking period, the excess 
solution on the seeds was dried with paper towels, and the seeds 
were than transferred to 80 mL capacity flasks, containing 
deionized water, and incubated at 20±1 ºC, for different time 
periods. Electrical conductivity in the soaking solution was 
determined with the aid a conductivimeter (brand Digimed®, 
model CD-21) after three, six and 24 h; and results were 
expressed as µS.cm-1.g-1 seed, as function of the initial mass of 
the seeds used in this study (Vieira and Krzyzanowski, 1999).

Aiming at verifying the effect of salt stress on antioxidant 
metabolism of the maize seedlings, besides percent 
germination and development of the seedling originating from 
these seeds, the activity of the antioxidant enzymes superoxide 
dismutase (SOD, EC 1.15.1.1), ascorbate peroxidase (APX, 
EC 1.11.1.11) and catalase (CAT, EC 1.11.1.6) was also 
evaluated. For this evaluation, were used the seedlings 
emerged in the germination test, from which 300 mg samples 
of living tissue were taken. This tissue was macerated in 
10% polyvinylpolypyrrolidone (PVPP), and homogenized in 
1.5 mL extraction buffer consisting of potassium phosphate 
(100 mM; pH 7.8), ethylenediaminetetraacetic acid (EDTA) 
(0.1 mM), and ascorbic acid (20 mM). Immediately after, the 
homogenate was centrifuged at 12.000 rpm, at temperature 
of 4 °C, for 20 min; and from the supernatant liquid of each 
centrifuged sample an aliquot was removed for determining 
activity of enzymes, as well as for quantifying the proteins by 
the Bradford method (Bradford, 1976).

The SOD enzyme activity was based on its ability of 
inhibiting photoreduction of nitroblue tetrazolium (NBT) 
(Giannopolitis and Ries, 1977) in the reaction medium 
containing 50 mM potassium phosphate (pH 7.8), methionine 
(14 mM) EDTA (0.1 mM), NBT (75 mM) and riboflavin (2 
mM) plus 50 μL of enzyme extract. Readings were taken at 
560 nm assuming a unit of SOD is the amount of enzyme 
able to inhibit by 50% the NBT photoreduction at the assay 
conditions. Activity of APX enzyme was evaluated by the 
rate of ascorbate oxidation and performed according to 
method described by Nakano and Asada (1981) with some 
modifications. The reaction medium, composed of potassium 
phosphate buffer (100 mM; pH 7.0), ascorbic acid (0.5 mM) 
and H2O2 (0.1 mM) was incubated at 37 °C; and before 

performing reading, 15 μL enzymatic extract were added. The 
reading was performed in a spectrophotometer, at 290 nm, 
for 90 seconds. Enzymatic activity of the CAT enzyme was 
determined by the method described by Azevedo et al. (1998) 
with modifications, and estimated by the decrease in absorbance 
read at 240 nm, for 90 seconds, in a reaction medium containing 
potassium phosphate (100 Mm, pH 7.0) and H2O2 (12.5 mM), 
incubated at 37 °C to which 15 μL of the enzyme extract were 
added before reading.

The assays were carried out in a completely randomized 
experimental design, with treatments arranged in a factorial 2 x 
4 (2 concentrations of salicylic acid x 4 concentrations of salt 
solutions), with four replications to each treatment. Data on seed 
germination and seedling growth were subjected to ANOVA and 
to polynomial regression by using the WinStat software, version 
2.0 (Machado and Conceição, 2007). Determination of the 
antioxidant system activity was performed by contrast analysis 
of orthogonal polynomials (Steel and Torrie, 1980).

Results and Discussion

Maize seeds treated with the different NaCl concentrations, 
which were not treated with SA, have shown reduction on seed 
germination percent from the 90 mM NaCl concentration; 
however, from this same concentration, treatment with SA has 
kept the seed percent germination at the same level (Figure 
1A). These results allow inferring that presence of SA, at the 
1 mM concentration was sufficient to minimize the effect of 
salt stress on percent germination of the hybrid maize seeds. 
By using a SA solution at concentrations of 0.5 mM and 0.025 
mM, which are below concentrations used in this study, other 
authors also have detected increases on percent germination of 
tomato (Solanum lycopersicum L.) seeds (Szepesi et al., 2005) 
as well as of pot marigold (Calendula officinalis L.) seeds 
(Carvalho et al., 2007). Thereby, the role of the salicylic 
acid in response to salt stress during seed germination is 
probably correlated to accumulation of the antioxidant 
enzymes proline and betaine (Deef, 2007) arising from the 
osmotic adjustment process, which provides resistance to 
the stress imposed.

Germination speed index (GSI) has decreased with 
increasing concentrations of NaCl, regardless if seeds were 
treated or not with salicylic acid (Figure 1B). However, 
it is important to stress that response to SA concentration 
is influenced by the plant species studied as well as its 
sensitivity to this compound, which can function as an 
allelopathic component that influences seed germination and 
plant growth (Lynn and Chang, 1990). In tests of germination 
and vigor carried out on rice (Oryza sativa L.) seeds treated 
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Figure 1. Linear regression curves plotted to mean values of four replications computed for germination (A); germination 

speed index (B); length and dry weight of shoots (C and E); and length and dry mass of roots (D and F) of maize 
seedlings previously soaked in a solution containing 1 mM salicylic acid (  ), or in distilled water without 
salicylic acid (  ), and grown on a substrate containing different NaCl concentrations. *ns = non-significant by 
F test (P <0.05). Bars = standard error of the means of four replications.

Length of the shoot and growth of root system of maize 
seedlings were reduced by the different NaCl concentrations, both 
in the presence as in the lack of SA (Figures 1C and 1D). This 
event may be attributed to decrease on water absorption in the 
presence of sodium chloride, followed by hydrolysis of the limited 
food reserves of the storage tissues, as well as due to the deficient 
translocation of these storage reserve tissues for the development 
of the embryonic axis (Khan and Panda, 2008). Whether the 
application of SA in hybrid corn seeds has contributed or not for 
reduction of the NaCl deleterious effect on growth of shoots, the 
results achieved in other studies such as those of Gunes et al. (2007) 
with maize seeds, and those of Deef (2007) with wheat (Triticum 
aestivum L.) seeds and barley (Hordeum vulgare L.) seeds have 
shown that this phenolic compound has induced a higher growth 
of seedlings of these crops.

The negative effect of the sodium chloride on dry 
mass of shoots and roots in response to the increasing 
NaCl concentrations, independently of SA use, may be 
clearly observed on Figures 1E and 1F. At the highest NaCl 
concentration (180 mM), the low osmotic potential of the 
medium may be caused decrease on the water potential, 
leading to less absorption of water and nutrients by root cells; 
and hence lower seedling development. Moreover, excess 
NaCl may have caused the lower flow of nutritional reserves 
to the embryonic axis.

The electrical conductivity values obtained for the seeds 
have increased with the increase on NaCl concentrations 
(Figures 2A, 2B and 2C), thereby confirming what was 
detected by the amount of electrolytes released to the soaking 
solution, i.e., when salt level in the substrate is increased 
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with salicylic acid, Silveira et al. (2000) have also observed 
that SA concentrations of 10 and 20 mM have had phytotoxic 

effect on the seeds, which was possibly a consequence of cell 
death within the seed.

460 F. R. tonel et al.

Journal of Seed Science, v.35, n.4, p.457-465, 2013



the damages caused to cell membranes are also increased 
proportionally. In overall, when exposed to the different 
NaCl concentrations, the seeds treated with 1 mM AS had 
lower electrical conductivity values for non-treated seeds 
with such substance, except in the 24 h imbibition period, 
where the lowest values for electrical conductivity were 
observed; thereby attesting the lowest destabilization of 
cell membranes; and therefore characterizing the defense 

function of such compound to the high levels of salt stress 
to which these seedlings were subjected (Figure 2C). 
Confirming these results, it may be cited the study carried 
out by Silveira et al. (2000) who, in evaluating electrical 
conductivity of rice seeds subjected to different salicylic acid 
concentrations (zero, 0.1, and 1.0 mM) also observed similar 
responses for the same parameters, however without showing 
any influence these SA concentrations on the seedling growth.

 
Figure 2. Linear regression curves plotted to mean values of four replications computed for three different imbibition periods 

of maize seeds, in function of different NaCl concentrations in the imbibition solution (  ), or in function of 
imbibition periods in distilled water without salicylic acid (  ). ns* = non-significant by F test (P <0.05). Bars = 
standard error of the means of four replications.

Although salicylic acid have been able to minimize the 
effects of different concentrations of the NaCl solutions on 
germination of corn seeds (Figure 1A), generally the same effect 
was not observed in the maintenance of seed vigor (Figures 1B, 
1C, 1D, 1E and 1F). Likewise, in a study conducted to evaluate 
the effect of salicylic acid in pot marigold seeds subjected to 
different stress types, both thermal as water stress, Carvalho et 
al. (2007) have also found that this acid had a positive influence 
on percent germination of seeds.

Among enzymes involved on removal of ROS, which 
are formed under severe stress situations, the SOD is the first 
defense line against oxidative stress (Pompeu et al., 2008; 
Pereira et al., 2012). The activity of this enzyme has shown 
differences statistically significant values (p<0.02265) with 
increasing concentrations of NaCl in the soaking solution, 
thus evidencing the drastic drop in its activity at the highest 

concentration of NaCl used (180 mM NaCl), both in seedlings 
originating from seeds treated with AS, as in seedlings 
originating from seeds non-treated with such acid. These 
results indicate that, under the stress conditions to which 
they were submitted, the stress was severe to the point the 
antioxidant defense system was not able to be started, or then 
was saturated (Figure 3A). A possible explanation for this 
response is that excess NaCl in the soil may have impaired 
absorption of some chemical nutrients, including some 
considered essential for the activity of antioxidant enzymes, 
such as the elements copper, zinc, manganese, and sulfur that, 
when lacking, may impair the functionality of SOD enzyme.

The radical superoxide produced under stress condition 
is toxic and generally is rapidly dismutated by SOD to H2O2, 
which is a relatively stable compound that can be detoxified by 
the catalase and peroxidases (KatGs). These metaloenzymes 
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Figure 3. Linear regression curves plotted to data achieved for activity of enzymes SOD (A), APX (B), and CAT (C) in maize 

seedlings originating from seeds treated with 1 mM salicylic acid (SA) (  ), and non-treated with AS (  ), and 
subjected to different NaCl concentrations. Bars = standard error of the mean of four replications.

Activity of enzymes APX and CAT do not shown 
differences statistically significant between values achieved 
(p<0.664458 and p<0.278099, respectively) neither in relation 
to NaCl concentrations (Figures 3B and 3C) nor in relation to 
the treatments with and without application of 1 mM salicylic 
acid; however it was possible verifying that the highest values 
to activity of enzyme APX were found in the seeds treated 
with SA subjected to the intermediate concentrations of 30 and 
90 mM NaCl (Figure 3B). Such results show that antioxidant 
defense system, as well as salicylic acid application was 
efficient on removal of ROS originating from the response 
of seeds to the concentration of 90 mM NaCl; but with more 
intense activity at the concentration of 30 mM NaCl; what 
corroborates results verified for the SOD enzyme.

The increase of APX enzyme may explain the maintenance 
of the H2O2 levels as indicators of the stress, since this enzyme 
has a low Michaelis-Menten constant (Km) for this substrate, 
characterizing higher affinity to H2O2 than the CAT enzyme 
(Deuner et al., 2011; Carvalho et al., 2011). The H2O2, for being 
easily diffused across cell membranes, acts as signaling molecule 
in the activation of expression of genes related to the stress 
responses (Scandalios, 2002). When H2O2 levels surpass the 

capacity of APX enzyme detoxification they stimulate the CAT 
enzyme activity, what has probably occurred in this study when 
the seeds were subjected to concentration of 30 mM NaCl, since 
at this concentration there has been an increase on CAT activity, 
what was reflected in the high levels of H2O2, and in the need of 
seedlings to adapt themselves to adverse conditions (Figure 3C). 
However, from 30 mM NaCl, there has been a drop in the CAT 
enzyme activity, which decreased until the highest studied sodium 
chloride concentration (180 mM), thus suggesting that these 
higher NaCl concentrations might have caused the salt stress, 
impairing even the antioxidant system enzymes, what was also 
characterized by the growth parameters (GSI, IVE, and length 
and dry mass of shoots and roots) observed in the maize seedlings 
(Figure 1). Similar results to those found in this study were also 
found by Cargnelutti et al. (2006) in studies performed with 
cucumber (Cucumis sativus L.) seeds exposed to mercury, where 
the stress caused by high concentrations of this element inhibited 
antioxidant enzymes system activity; by Prodanovic et al. (2012), 
on the effect of the stress caused by cadmium on the antioxidative 
enzymes during germination of Serbian spruce [Picea omorika 
(Pančić) Purkyně] seeds; by Demirkaya et al. (2010), in a study 
on changes occurring in the antioxidant enzymes during aging 
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constitute an important primary defense of cells against 
superoxide radicals generated under stress conditions (Jaleel et 
al., 2007), hence by the increased SOD activity, mainly between 

0 and 30 mM NaCl, it was verified that the maize seedlings 
presented tolerance to the salt stress until 90 mM NaCl, and 
above such concentration their drop was prominent (Figure 3A).
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of onion (Allium cepa L.) seeds; and by Chauhan et al. (2011) in 
studies on changes in the activity of storage enzymes of wheat 
seeds naturally aged, or under accelerated aging.

Reduction on activity of APX and CAT enzymes, as 
measured by electrical conductivity of the soaking solution 
and obtained in the highest concentrations of NaCl (90 
and 180 mM) may have favored the accumulation of H2O2 
and caused damage to cell membranes of the seedlings 
subjected to the salt stress. Through responses observed by 
the leakage of electrolytes to the soaking solution, the seeds 
subjected to the highest concentrations of sodium chloride 
without SA application were those that possibly had a greater 
destabilization of cell membranes system, and hence a lower 
activity of the antioxidant defense system; which may have 
been the factor responsible for the low vigor of the seeds 
(Figure 2) and by the reduced ability of seedling to bypass the 
stress induced by these high NaCl concentrations (Figure 3).

However, differently from results obtained within this 
study, Farooq et al. (2009) have reported that exogenous 
application of salicylic acid on seeds and leaves of rice, at 
concentrations of 50, 100, and 150 mg.L-1 has stimulated the 
antioxidant enzymes activity within the seedlings subjected to 
the water stress imposed. Nevertheless, it should be stressed 
that, in that study, the rice seeds were incubated in the different 
SA concentrations during a 48 h period.

Maintenance of the high activity levels of the antioxidant 
enzymes SOD, APX, and CAT under water stress or salt 
stress is essential to keep the balance between formation and 
removal of ROS in the intracellular environment, and for the 
peroxidation of lipids of cell membranes is reduced (Eyidogan 
and Oz, 2007; Deuner et al., 2011). However, characteristics 
observed in this study, especially at the concentration of 30 
mM sodium chloride, when the antioxidant defense system 
was less intensely triggered, may explain the increased vigor 
of the seedlings originating from the seeds germinated under 
this NaCl concentration, in relation to higher concentrations 
of NaCl (90 and 180 mM) (Figure 3). Under these two NaCl 
concentrations, the antioxidant enzymes have presented low 
activity; thus demonstrating that under those conditions the 
damages caused by salt stress cannot be reversed.

Conclusions

The salicylic acid application minimizes the damages 
induced by the salt stress on maize seed germination by favoring 
their germination percent at high NaCl concentrations in the 
substrate of until 90 mM; however above such concentration 
SA is not able to maintain the seed vigor.

The activity of the antioxidant enzymes SOD, APX and 

CAT is increased until a 30 mM NaCl concentration in the 
substrate; however above such concentration the activity of 
these enzymes is reduced.
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