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ABSTRACT

Salinity is one of the most limiting abiotic stresses in crop
production worldwide. In this study, two rocket cultivars (Cultivada
and Folha Larga) were grown in hydroponic system (nutrient film
technique) under six treatments. The control comprised a nutrient
solution without salt addition, and the other treatments contained
different NaCl concentrations in the nutrient solution, resulting in
the following electrical conductivities: 1.8, 3.8, 5.8, 7.8, 9.7 and
11.8 dS/m. The experimental design was completely randomized
(6x2) with six levels of salt and two rockets cultivars, with four
replicates per treatment. Increasing salinity reduced the fresh and
dry mass of the leaves, roots, and the protein content, but the proline
content was increased. The enzymatic activity of catalase (CAT),
ascorbate peroxidase (APX) and polyphenoloxidase (PPO) increased
with salinity. The activity of CAT and PPO of cv. Folha Larga was
higher than of cv. Cultivada and coincided with a greater production
of biomass in leaves and roots, showing the effectiveness of the
antioxidative defense system in maintaining the growth of genotypes
under increasing salinity of the solution.
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RESUMO
Producio de ricula sob estresse salino em sistema hidroponico

A salinidade ¢ um dos estresses abidticos que mais limita a
produtividade das culturas em todo o mundo. No presente trabalho,
duas cultivares de racula (Cultivada e Folha Larga), cultivadas em
sistema hidroponico (fluxo laminar de nutrientes) foram submetidas
a seis tratamentos. O controle foi constituido pela solugdo nutritiva
sem a adigdo de sal e os demais mediante a adi¢ao de NaCl a solucdo
nutritiva resultando nas seguintes condutividades elétrica: 1,8; 3,8;
5,8;7,8;9,7 ¢ 11,8 dS/m. O delineamento experimental utilizado foi
inteiramente casualizado (6x2) com seis niveis de sal e duas cultivares
de rucula, com quatro repeti¢des por tratamento. O incremento da
salinidade reduziu a massa fresca e seca das folhas e raizes, e o teor
de proteina, porém o teor de prolina foi aumentado. As enzimas
catalase (CAT), peroxidase do ascorbato (APX) e polifenoloxidase
(PPO) tiveram suas atividades aumentadas com o incremento da
salinidade. A atividade da CAT e PPO na cv. Folha Larga foi superior
a da Cultivada e coincidiu com uma maior produgdo de biomassa
seca em folhas e raizes, mostrando a eficacia do sistema de defesa
antioxidante em manter o crescimento do genotipo frente ao aumento
da salinidade na solugdo de cultivo.
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In northeastern Brazil, salt-affected
soils occupy an area of approximately
9.1 million hectars (Fageria et al.,
2010), and the water in wells drilled to
capture groundwater is generally low
flow and present high salt levels. One
of the most viable alternatives for the
use of saline soils and brackish waters
is the use of tolerant plant varieties
(Flowers, 2004). The use of hydroponic
techniques associated with the tolerant
varieties greatly increases the efficiency
of water use. Salinity is an abiotic factor
that causes stress in plants, limiting
their growth and productivity (Munns
& Tester, 2008). Environmental stress
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causes the accumulation of reactive
oxygen species (ROS), resulting in
oxidative stress (Miller et al., 2010).
Plants have mechanisms to protect
cellular and subcellular structures
against the effects of ROS through
the activation of antioxidant enzyme
systems (Agarwal & Pandei, 2004),
including ascorbate peroxidase (APX),
catalase (CAT) and polyphenoloxidase
(PPO). The enzymes APX and CAT
catalyze the decomposition of H O,
and play a key role in maintaining
redox balance (Miller et al., 2010).
The increased activity of one or more
antioxidant enzymes due to an increase

in salinity has been recorded in several
plant species (Bor ez al., 2003; Agarwal
& Shaheen, 2007; Koca et al., 2007;
Maia et al., 2010). The increased
activity of antioxidant enzymes prevents
and reduces damage to nucleic acids,
proteins and membranes, while
maintaining redox homeostasis (Foyer
& Noctor, 2009). The rocket (Eruca
sativa) is an edible plant with peppery
flavored leaves, rich in vitamin C and E,
potassium, sulfur, iron and calcium, and
it is considered moderately sensitive to
salinity (Silva et al., 2011). The present
study aimed at evaluating the response
to salinity of two rocket cultivars,
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cultivated in a hydroponic system
through the assessment of growth and
the characterization of antioxidant
system enzymes.

MATERIAL AND METHODS

The experiments were conducted in
a greenhouse (8°4°3”’S, 34°55°00W),
where the average air temperature was
25.5°C, ranging from 26.4 (maximum)
to 24.5 (minimum); the relative humidity
was 65% and the solar radiation was 6.6
Qg (MJ/m?/d) under a photoperiod of
12 hours.

Rocket seeds, cultivars Folha Larga
(FL) and Cultivada (Cult), were grown
in phenolic foam boards (2x2x2 cm)
and kept in the dark for 36 hours.
After germination, the seedlings were
transferred to the greenhouse and placed
in a NFT system. The hydroponic
structure consisted of 24 polypropylene
hydroponic channels (75 mm diameter,
3.0 m length) with holes (2.5 cm
radius) spaced at 0.20 m intervals.
Each channel was maintained by an
independent NFT hydroponic system
consisting of a plastic reservoir (60 L)
and an electric circulation pump. Each
channel contained eight holes (four for
each cultivar), with 10 plants per hole.
The hydroponic irrigation system was
operated by a timer, providing Furlani
nutrient solution (Furlani, 1998) at
regular intervals of 15 minutes at a flow
rate of 1.6 L/min. The experimental
design was completely randomized
(6x2) with six salt levels, two rocket
cultivars and four replicates per
treatment. On the control treatment, the
Furlani solution was used without salt
addition, and on the other treatments,
NaCl was added to the nutrient solution
at different concentrations, resulting in
the following electrical conductivities:
1.8, 3.8, 5.8, 7.8, 9.7 and 11.8 dS/m.
The volume of the nutrient solution
in the reservoir was maintained at 50
L, and the treatments were monitored
with daily measurements of electrical
conductivity.

At 40 days after sowing eight fully
expanded leaves of each cultivar were
collected. The leaves were removed
from the middle portion of the plants
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contained in each of the eight holes
of hydroponic channels. The collected
leaves were wrapped in aluminum
foil, immediately immersed in liquid
nitrogen, and stored in a freezer at -80°C
until the determination of enzymatic
activity, proline and total soluble protein.
The fresh weight of the leaves (FW) was
obtained using a digital balance. The dry

weight of the leaves (DW) and roots
(DWR) was measured after drying at
70°C until constant weight.

The total soluble protein was
determined according to the method
described by Bradford (1976). The
proline content was determined
following the method proposed by Bates
et al. (1973). The enzymatic activity of
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Figure 1. Fresh weight of leaves (A), dry weight of leaves (B) and roots (C) of rocket
cultivars Folha Larga and Cultivada depending on increasing salinity levels {massa fresca
de folhas (A), massa seca de folhas (B), e raizes (C) de duas cultivares de racula Folha
Larga e Cultivada em fungdo do aumento dos niveis da salinidade}. Recife, UFRPE, 2013.
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catalase (CAT), ascorbate peroxidase
(APX) and polyphenoloxidase (PPO)
was determined as described by Azevedo
et al. (1998), Moldes et al. (2008) and
Cano (1997), respectively. The data
were subjected to analysis of variance
using the SAS statistical program. The
variables with significant effects (F test)

were submitted to regression analysis.

RESULTS AND DISCUSSION

The increase in NaCl concentration
resulted in a progressive reduction of
fresh and dry weights of the leaves (Figure
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Figure 2. Proline and total soluble protein content in the leaves of rocket cultivars Folha
Larga and Cultivada depending on increasing salinity levels (prolina e proteinas soluveis
totais em folhas de duas cultivares de riicula Folha Larga e Cultivada em fung¢ao do aumento
dos niveis da salinidade). Recife, UFRPE, 2013.

1). The reduction reached levels of 35
to 49% and 25 to 45% in Folha Larga,
and Cultivada cultivars, respectively.
Similarly, but more significantly, the
dry root weight was reduced by 70 and
72% for the Folha Larga and Cultivada
cultivar, respectively, reflecting a greater
sensitivity of the roots to salt stress.
All values were fitted to a negative
linear model. Greater reductions
(approximately 68%) were recorded
for rocket subjected to 5,2 dS/min a
NFT system (Silva et al., 2011) under
the semi-arid conditions, showing the
influence of environmental conditions,
even in greenhouse with a hydroponic
system. The reduction of fresh and dry
biomass is related to the osmotic effect
of salinity, the toxic effect of Na*and
CI' and the ionic imbalance caused by
an excess of these ions (Munns & Tester,
2008). The dry weight of leaves and
roots was greater in the Folha Larga than
Cultivada cv. (Table 1).

Proline accumulation with increasing
salinity fitted a linear model (Figure 2).
In vegetables, proline is frequently
accumulated in response to salt stress,
as demonstrated in other brassica
species (Ashraf & McNeilly, 2004) and
foliar application of proline improves
the performance of rocket plants and
enhances the accumulation of functional
metabolites under saline stress (Barbieri
et al., 2011). Although accumulated
proline acts as an osmoregulator and
plays an important role in salinity
tolerance by ensuring the reduction of
cellular water potential, its significance
is still controversial. Some studies have
shown that the main role of proline is
to protect proteins, DNA, membranes

Table 1. Mean values of fresh and dry mass of leaves, dry mass of roots, catalase, ascorbate peroxidase and polyphenoloxidase of rocket
cultivars (Folha Larga and Cultivada) under hydroponic culture depending on salinity levels {valores médios de massa fresca e seca de
folhas, massa seca da raiz, catalase, ascorbato peroxidase, polifenoloxidase de cultivares de ricula (Folha Larga e Cultivada) em cultivo
hidropdnico, em fun¢do dos niveis de salinidade}. Recife, UFRPE, 2013.

Fresh mass of leaves Dry mass of leaves

Dry mass of roots

Cultivars
(g/kg)
Folha Larga 39.73 a 1433 a 1.07 a
Cultivada 36.28 a 11.12b 0.83b
Catalase Ascorbate peroxidase Polyphenoloxidase
(U/min/mg proteina/g FW)

Folha Larga 4517 a 27710 a 11925 a
Cultivada 3675b 29547 a 7708 b
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Figure 3. Enzymatic activity of catalase, ascorbate peroxidase and polyphenoloxidase in
leaves of two rocket cultivars (Folha Larga and Cultivada) depending on increasing salinity
levels (atividade enzimatica da catalase, peroxidase e polifenoloxidase em folhas de duas
cultivares de riicula Folha Larga e Cultivada em fung@o do aumento dos niveis da salinidade).

Recife, UFRPE, 2013.

and subcellular structures (Kavi Kishor
et al., 2005) against reactive oxygen
species. The accumulation of proline
might result from increased synthesis
and/or an inhibition of catabolism,
which are common mechanisms in
plants under stress.

In both rocket cultivars occurred
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a reduction of protein (Figure 2) as a
result of increased saline concentrations,
reflecting a reduction in protein
synthesis or accelerated degradation
due to the stress imposed. There were
no significant differences among proline
and protein content of Folha Larga and
Cultivada cultivars.

The activity of catalase (CAT),
ascorbate peroxidase (APX) and
polyphenoloxidase (PPO) increased
significantly with the increase of salinity
in the nutrient solution. The positive
relationship between antioxidative
activity and tolerance to NaCl has been
demonstrated in several plant species
(Sudhakar et al., 2001; Sairan et al.,
2002; Meloni et al., 2003; Madhania
et al., 2006). In both cultivars occurred
a linear increase in CAT activity due
to the presence of NaCl in the culture
medium (Figure 3). The increased
activity of enzymes that catalyze the
breakdown of H,O, plays an important
role in the adaptation of plants under
saline conditions in the regulation of
H,0, levels preventing its accumulation
to toxic levels (Miller et al., 2010). CAT
and APX belong to two different classes
of enzymes based on their affinity
to H,O,. While CAT is presumably
responsible for the removal of excess
ROS, APX could be responsible for
fine-tuning ROS levels in response to
stress (Mittler, 2002).

The cv. Folha Larga showed
higher CAT activity than the Cultivada
suggesting a greater efficiency in
reducing oxidative stress damage under
high salt concentrations (Table 1).
Genotypes that are more tolerant to salt
stress have increased CAT activity in
comparison to those that are sensitive to
salinity (Sudhakar et al.,2001; Sairan et
al., 2002; Willadino et al., 2011).

Increased activity of APX and PPO
was observed at levels of 7.9 dS/m salt
concentrations, for both cultivars. In
addition, a progressive decrease in the
activity of these enzymes was observed,
coincident with increased salinity levels,
indicating a possible inactivation of
APX and PPO in response to severe
stress (Figure 3). According to Munns
(2002), NaCl levels above 100 mM
cause the inhibition of a wide range of
enzymes.

The ascorbate peroxidases are
considered important for the removal
of H,O, in both the cytosol and the
chloroplasts (Foyer & Noctor, 2009).
Generally, increased APX activity
indicates genotypes with increased
tolerance to NaCl in several species
(Koca et al., 2007; Maia et al., 2010;
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Willadino et al., 2011).

The PPO activity was significantly
higher in cv. Folha Larga compared
to Cultivada (Table 1). The increase
in PPO with NaCl treatments has
been observed in Phaseolus vulgaris
(Demir & Kocagaliskan, 2001), Cassia
angustifolia (Agarwal & Pandey, 2004)
and Momordica charantia (Agarwal
& Shaheen, 2007). PPO catalyzes
the oxidation of phenols (mono and
diphenols) (Gomes et al., 2001) and
is considered useful in the defense of
oxidative stress induced by salinity
(Agarwal & Pandey, 2004).

The increase of enzymatic activity
of CAT and PPO significantly greater
in Folha Larga demonstrated the ability
of'this variety to activate the antioxidant
enzyme system in the defense against
excess of reactive oxygen species
more efficiently than cv. Cultivada.
The higher biomass of leaves and roots
of cv. Folha Larga corroborates the
beneficial role of antioxidant system in
maintaining growth under imposed salt
stress conditions.
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