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ABSTRACT
Sugarcane (Saccharum officinarum L.) production is influenced by various abiotic stresses, including salt stress. Salinity can induce 
oxidative stress, which in turn damages biomolecules and cellular structures. However, such damage can be avoided or minimized by 
the enzymatic and non-enzymatic defense systems of plants. The aim of the study was to determine the effect of exogenous proline 
on Na+ and K+ content and on the activity of catalase, ascorbate peroxidase and peroxidase in two sugarcane genotypes (RB931011 
and RB872552) grown in vitro under salt stress. The plants were grown for 20 days with or without 100 mM NaCl and exposed to 
20 mM proline for varying period of time. The data were subjected to ANOVA factorial (two genotypes and five treatments), and the 
mean values were compared by Tukey test at a 5 % probability. Under salinity stress, both genotypes exhibited membrane integrity 
reduction, reduced total soluble protein content and unaltered or increased endogenous proline content. Exogenous proline reduced 
Na+ accumulation in a manner proportional to the exposition period at the amino acid. In both genotypes, antioxidant enzymes 
activity increased with the addition of NaCl. In conclusion, RB931011 genotype showed higher proline accumulation and increased 
in activity of the antioxidant enzymes, indicating better salt stress tolerance than in RB872552 genotype.
Keywords: antioxidant enzymes, oxidative stress, Saccharum officinarum L.

RESUMEN
La producción de caña de azúcar (Saccharum officinarum L.) está influenciada por varios factores abióticos desfavorables, como el 
estrés salino. La salinidad puede inducir el estrés oxidativo, que causa daño a las biomoléculas y a las estructuras celulares. Sin 
embargo, estos daños se puede evitar o minimizar por los sistemas de defensa enzimático y no enzimáticos de las plantas. El objetivo 
del estudio fue determinar el efecto de la prolina exógena en el contenido de Na+ e K+, y la actividad de la catalasa, ascorbato 
peroxidasa y peroxidasa en dos genotipos de caña de azúcar (RB931011 y RB872552) cultivados in vitro bajo estrés salino. Las 
plantas se cultivaron durante 20 días en presencia o ausencia de NaCl 100 mM y expuestos a prolina 20 mM durante un periodo de 
tiempo variable. Los datos fueron sometidos a ANOVA factorial (dos genotipos y cinco tratamientos), y las medias se compararon 
mediante la prueba de Tukey al 5 % de probabilidad. Bajo estrés salino, ambos genotipos mostraron reducción en la integridad de 
la membrana, disminución de las proteínas solubles totales y el mantenimiento o incremento en el contenido de prolina endógena. 
La prolina exógena reduce la acumulación de Na+ en proporción al período de exposición al aminoácido. En ambos genotipos, la 
actividad de las enzimas antioxidantes se incrementó con la adición de NaCl. En conclusión, el genotipo RB931011 mostró mayor 
acumulación de prolina y un mayor aumento de la actividad de la catalasa, ascorbato peroxidasa y peroxidasa, lo que indica una 
mejor tolerancia al estrés salino en comparación con el genotipo RB872552.
Palabras clave: enzimas antioxidantes, estrés oxidativo, Saccharum officinarum L.
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INTRODUCTION
Sugarcane (Saccharum officinarum L.) is a major crop 
species in Brazil, largely reflecting the high sugar and 
ethanol production in the country (Dibax et al., 2013). 
Brazil is the largest sugarcane producer worldwide, with 
production of 589 million tons in the 2012/2013 harvest 
(CONAB, 2013). Sugarcane is traditionally cultivated in 
humid forest zones and in the northeastern shore region 
of Brazil, but the cultivation area has expanded into semi-
arid regions.

Irrigated agriculture in semi-arid zones frequently leads 
to soil salinity problems, and about half of the existing 
irrigation systems worldwide are affected by salinization. 
Salinity reduces plant growth due to its osmotic and ionic 
effects on the soil solution. These effects ultimately result 
from complex interactions among various morphological, 
physiological and biochemical processes (Munns et al., 
2006), including inhibition of protein synthesis and changes 
in ion balance, water status, mineral nutrition, stomatal 
behavior and photosynthetic efficiency (Shaheen and Hood-
Nowotny, 2005).

Stress caused by NaCl excess induces metabolic changes 
in plants and initiates oxidative stress, characterized by the 
overproduction of reactive oxygen species (ROS), which are 
highly reactive and toxic and cause damage to proteins, 
lipids, carbohydrates and DNA. The ROS comprises both 
free radical (O2

•-, superoxide radicals; OH•, hydroxyl radical 
and HO2

•, perhydroxy radical) and non-radical (molecular) 
forms (H2O2, hydrogen peroxide and 1O2, singlet oxygen) 
(Gill and Tuteja, 2010). Stress-induced ROS accumulation 
is counteracted by the prevention or elimination of ROS 
formation and by ROS scavenging performed by both 
enzymatic (Silva et al., 2014) and non-enzymatic antioxidants 
(Keunen et al., 2013).

Plant cells are protected from the toxic effects of ROS 
through the activity of antioxidant enzymes, such as catalase 
(CAT – EC 1.11.1.6), ascorbate peroxidase (APX – EC 
1.11.1.11) and peroxidase (POD – EC 1.11.1.7), as well as 
by synthesis and accumulation of osmoprotectants such as 
proline (Pro) (Reddy, 2004; Gill and Tuteja, 2010). In fact, 
increased of exogenous proline may favor salt stress tolerance 
(Ashraf and Foolad, 2007). Pro has been proposed to act as 
an osmoprotectant, a protein stabilizer, a metal chelator, 
an inhibitor of lipid membrane peroxidation, maintaining 
the membrane integrity, and as a ROS scavenger (Trovato et 
al., 2008). Therefore, proline is not only an important redox 
signaling molecule, but also an effective quencher of ROS 
formed under salt stress conditions in plants (Ashraf and 
Foolad, 2007).

The aim of the present study was to evaluate the effects of 
exogenous proline on Na+ and K+ content and on antioxidant 
enzyme activity in two sugarcane genotypes (RB931011 and 
RB872552) grown in vitro under salt stress conditions.

MATERIALS AND METHODS
The plants were provided by the Center for Strategic 
Technologies of the Northeast (CETENE). The genotypes 
evaluated were RB931011, which exhibits water stress 
tolerance, excellent performance in sandy soils and rapid 
vegetative growth, and RB872552, which exhibits high 
agricultural productivity and high sugar production 
(RIDESA, 2010).

The MS medium (Murashige and Skoog, 1962) used for 
plant cultivation was supplemented with 30 g L-1 sucrose 
and 0.3 mg L-1 BAP (6-benzyl aminopurine). The pH was 
adjusted to 5.8, and the medium was autoclaved for 20 
minutes at 120 °C. The two genotypes plants were grown 
in glass flasks containing 30 mL MS medium and incubated 
for eight weeks. The cultures were maintained in a growth 
chamber under white fluorescent light with a photon flux 
density of 50 µmol m-2 s-1, a 16/8 light/dark regime and a 
temperature of 25 ± 2 °C.

Were established five treatments with varying stress 
conditions: T0 (control group), without NaCl and without 
proline; T1, plant immersion in 20 mM proline for 24 hours 
prior to culture in medium containing 100 mM NaCl; T2, 
plant immersion in 20 mM proline for 72 hours prior to 
culture in medium containing 100 mM NaCl; T3, culture 
in medium containing 100 mM NaCl; and T4, culture in 
medium containing 20 mM proline and 100 mM NaCl. 
The plants were subjected to these treatments for 20 days, 
then frozen with liquid nitrogen and stored at -20 °C until 
achievement the chemical and biochemical analysis.

Membrane integrity was assessed by measuring electrolyte 
leakage using a conductivity meter (LFT 613T, Schott Geratie). 
Leaf segments were maintained in 30 mL distilled water in 
a test tube for 24 hours, prior to the first measurement of 
free conductivity (L1). The total conductivity was performed 
one hour later in test tubes that were immersed in a 100 °C 
water bath (L2). The percentage of membrane damage (PD) 
was estimated using the following equation: % PD = (L1/L2) 
x 100 (Costa et al., 2011).

The total soluble proteins content (Bradford, 1976) and 
proline content (Bates et al., 1973) were quantified using 
a delta absorbance spectrophotometer, 595 and 520 nm, 
respectively. The Na+ and K+ ion contents were determined 
using a flame photometer (B462, Micronal) (Malavolta et 
al., 1997).

The enzyme extract was prepared by homogenizing 0.1 
g fresh matter in 4 mL 0.1 M sodium phosphate as buffer 
(pH 6.5) with 0.05 g polyvinylpyrrolidone (PVP). The 
homogenate was centrifuged at 10,000 x g at 4 °C for 10 
minutes. The activity of the following antioxidant enzymes 
was measured: CAT (Berrs and Sizer, 1952), APX (Nakano 
and Asada, 1981) and POD (Kar and Mishra, 1976), using 
a delta absorbance spectrophotometer, 240, 290 and 470 
nm, respectively.
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A completely randomized 2 x 5 factorial design was 
used for the experiment (two genotypes and five different 
treatments with or without NaCl and exposed to 20 mM 
proline for varying period of time). There were 20 replicates 
per treatment, with each replicate consisting of five plants 
per flask. The data were subjected to ANOVA, and the mean 
values were compared by Tukey test at a 5 % probability, 
using the ASSISTAT program.

RESULTS
Salt stress compromised membrane integrity in both 
genotypes (Fig. 1A). Furthermore, proline failed to minimize 
the membrane damage caused by NaCl, regardless of the 
method used for of this amino acid application. Salinity 
stress induced maximum injury percentages of 19 % in the 
RB872552 genotype and only 8 % in RB931011.

Adding proline to the culture medium increased the 
endogenous proline content by more than 10-fold in both 
genotypes (Fig. 1B). With the exception of plants immersed 
in Pro for 72 hours, RB872552 plants did not accumulate 
proline in response to the addition of NaCl to the culture 
medium. In contrast, RB931011 plants exhibited an 
increase in endogenous proline content under all salinity 
treatment conditions when compared to control (without 
Pro and NaCl). For both genotypes, the total soluble 
protein content was highest in plants cultivated without 
NaCl (Fig. 1C).

Exogenous proline reduced Na+ accumulation in plants in 
a manner proportional to the exposition period at the amino 
acid. Plants subjected to NaCl stress without exogenous 
proline treatment exhibited the highest Na+ contents (Fig. 
2A). In RB872552 and RB931011, Na+ content increased 
4-fold and 3.5-fold, respectively, relative to the control. In 
both sugarcane genotypes analyzed in the present study, 
reduced K+ content was observed in plants subjected to salt 
stress relative to the control (Fig. 2B). The combination of 
increased Na+ and reduced K+ content drastically increased 
the Na+/K+ ratio (Fig. 2C).

The enzymatic activity of CAT, APX and POD increased in 
response to salinity stress. Although increased CAT activity 
was observed in both genotypes when NaCl was present in the 
culture medium, the increase was greater in the RB931011 
genotype than in RB872552 (Fig. 3A). APX activity similarly 
increased in both genotypes when the plants were subjected 
to salt stress (Fig. 3B).

Regardless of the presence of proline, the addition of 
NaCl to the culture medium increased POD activity in the 
RB931011 genotype. In RB872552, however, higher levels 
of POD activity were observed even in the control plants, 
indicating that this genotype is characterized by constitutively 
high POD activity. POD activity in RB872552 were similar in 
the control, in plants subjected to NaCl treatment only and 
in plants pre-treated with proline for 72 hours (Fig. 3C).

Figure 1. (A) Percentage of membrane integrity, (B) Proline 
content and (C) Total soluble protein content in two sugarcane 
genotypes micropropagated in vitro in MS medium with or without 
100 mM NaCl and exposed to 20 mM proline for varying period of 
time. (N=5 ± standard error). Equal upper case letters, among the five 
treatments in the same genotype, and equal lower case letters, in the 
same treatment between the two genotypes, do not differ statistically 
by Tukey test (p< 0.05).

DISCUSSION
Electrolyte leakage was found in both of the sugarcane 
genotypes analyzed, which indicates membrane integrity 
damage, this leakage has also been observed in wheat leaves 
subjected to salt stress (Mandhania et al., 2006). Leakage 
values reflect the ability of a membrane to take up and retain 
solutes and thus minimize changes in membrane potentials 
and membrane permeability (Liu et al., 2006). In fact, cellular 
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membrane stability is widely used to differentiate between 
sensitive and tolerant genotypes (Asrar et al., 2012).

Proline accumulation in response to salinity stress 
has been observed in several monocot species, such as 
sorghum (Lacerda et al., 2003), rice (Lima et al., 2004) 
and sugarcane (García and Medina, 2003). Specifically, 
sugarcane has been found to accumulate proline in leaves 
and roots when subjected to 100 mM NaCl treatment for 
60 days (García and Medina, 2003). The proline content 

increase previously observed in RB855156 sugarcane leaf 
discs under osmotic stress appeared to correspond more 
to antioxidative defense than to osmotic adjustment 
mediation (Molinari et al., 2007). Pro has also been 
implicated in the maintenance of cytoplasmic pH, carbon 
and nitrogen storage, protein stabilization and ROS 
scavenging activity (Trovato et al., 2008).

The decreased protein content in plants under salt stress 
may reflect the inhibition of protein synthesis, increased 

Figure 2. (A) Concentration of Na+, (B) Concentration of K+ and 
(C) Na+/K+ ratio in two sugarcane genotypes micropropagated in vitro 
in MS medium with or without 100 mM NaCl and exposed to 20 mM 
proline for varying period of time. (N=5 ± standard error). Equal upper 
case letters, among the five treatments in the same genotype, and equal 
lower case letters, in the same treatment between the two genotypes, 
do not differ statistically by Tukey test (p< 0.05).

Figure 3. (A) CAT activity, (B) APX activity and (C) POD activity in 
two sugarcane genotypes micropropagated in vitro in MS medium with 
or without 100 mM NaCl and exposed to 20 mM proline for varying 
period of time. (N=5 ± standard error). Equal upper case letters, 
among the five treatments in the same genotype, and equal lower case 
letters, in the same treatment between the two genotypes, do not differ 
statistically by Tukey test (p< 0.05).
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degradation or the inhibition of amino acid incorporation 
into proteins, resulting in the accumulation of free amino 
acids (Piza et al., 2003). Given that the protein content of 
RB931011 and RB872552 plants decreased while proline 
content increased or remained unchanged under salt stress 
conditions, one may conclude that part of the endogenous 
proline content was attributable to proteolysis or the 
inhibition of protein synthesis.

As noted in this study, reduced Na+ absorption following 
Pro application has been reported in rice (Sobahan et al., 
2009) and in tomato (Bruria, 2003). Thus, exogenous 
proline absorbed by plants may favor osmotic adjustment 
processes and lead to reduced inorganic ion accumulation 
(Bruria, 2003). K+ deficiency can induces metabolic damage. 
This ion is involved in the ion balances cytoplasm charges, 
its ability to activate vital enzymatic reactions further 
contributes to the maintenance of osmotic potential and 
turgor pressure in cells, and it is essential in protein synthesis 
(Tester and Davenport, 2003).

Under salt stress, increased enzymatic activity of CAT, 
APX and POD were observed. These antioxidative enzymes 
have important roles in eliminating ROS, such as superoxide 
radicals (O2

º-) and hydrogen peroxide (H2O2), which are 
products of NaCl-induced oxidative stress. ROS damages 
biomolecules, including DNA, photosynthetic pigments, 
lipids, proteins and carbohydrates, in a variety of ways 
(Gill and Tuteja, 2010). In turn, this damage induces 
several degenerative processes, such as membrane lipid 
peroxidation and programmed cellular death (Del Rio and 
Puppo, 2009). As such, increased antioxidative capacity is 
positively related to salt stress tolerance (Mandhania et al., 
2006; Willadino et al., 2011).

Higher CAT activity is frequently observed in salt-tolerant 
genotypes (Willadino et al., 2011). Furthermore, stress 
analyses have shown increased susceptibility of CAT-deficient 
plants to salt and ozone stress (Sharma et al., 2012). CAT 
has a very high turnover rate but a much lower affinity for 
H2O2 than APX. This low affinity for H2O2 suggests that CAT 
may be responsible for the removal of excess ROS generated 
under stress conditions (Mittler, 2002; Mhamdi et al., 2012).

In general, large increases in APX activity are characteristic 
of plant varieties with increased NaCl tolerance (Mandhania 
et al., 2006, Willadino et al., 2011). The affinity of APX 
(μM range) for H2O2 (Sharma et al., 2012) suggests that 
APX may be responsible for the fine modulation of ROS 
for signaling (Mittler, 2002). APX is characterized by high 
ascorbate specificity and represents the enzyme for the 
elimination of H2O2 toxicity in the chloroplasts and cytosol 
of vegetal cells through the oxidation of ascorbate to 
monodehydroascorbate (Del Rio and Puppo, 2009).

Increased POD activity was previously reported in a salt-
tolerant wheat genotype under NaCl treatment at 50 mM 
and 100 mM (Khan and Panda, 2008). Similar results were 
observed in a salt-tolerant rice genotype treated with 50 

mM, 100 mM and 150 mM NaCl (Mandhania et al., 2006). 
The increased activity of POD under salt stress conditions 
highlight the efficiency of the H2O2 removal mechanism, 
which promotes higher tolerance to NaCl-induced oxidative 
stress (Agarwal and Pandey, 2004).

CONCLUSION
In both of the sugarcane genotypes analyzed, exogenous 
proline reduced Na+ accumulation in a manner proportional 
to the exposition period at the amino acid. Under salt stress, 
both genotypes exhibited increased CAT, APX and POD 
activity. However, the increase in activity of the antioxidant 
enzymes was greater in the RB931011 genotype, which 
was also found to accumulate higher levels of proline than 
the RB872552 genotype. Taken together, the antioxidant 
activity profiles and the lower reduction in membrane 
integrity in RB931011 indicate a higher salinity tolerance in 
this genotype.
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