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electrical conductivity This study aimed to evaluate the effect of salt stress on production and antioxidative defense
photosynthetic pigment metabolism of two bell pepper cultivars (Capsicum annuum L.) grown hydroponically. The
antioxidant enzymes experimental design was in randomized blocks, with treatments arranged in a 5 x 2 factorial

scheme with five replicates. The treatments consisted of five salinity levels of the nutrient
solution (2.0, 3.5,4.5, 5.5 and 6.5 dS m™!) with two bell pepper cultivars, ‘Bruno’ and ‘Rubia’
Biomass and yield were reduced with increasing salinity. The contents of chlorophyll a, b
and total decreased with increasing salinity. There was an increase in proline content and
activity of superoxide dismutase (SOD), catalase (CAT) and ascorbate peroxidase (APX),
showing the activation of the antioxidant defense mechanism. The higher yield in the cv.
‘Rubia; as well as the greater activity of the APX and the lower levels of chlorophyll content,
reflect the best acclimatization of this cultivar to saline stress. The estimated yield of the
cv. ‘Rabia; 39.9 t ha! when grown with ECs of up to 3.5 dS m™, indicates the feasibility of
its commercial cultivation in hydroponic conditions.

Palavras-chave: Produc¢do e metabolismo antioxidativo em pimentao

condutividade elétrica . / . . . A
pigmento fotossintético cultivado com dgua salina em sistema hidroponico

enzimas antioxidativas
RESUMO

Este trabalho foi realizado com o objetivo de avaliar o efeito do estresse salino sobre a
produgio e o metabolismo de defesa antioxidativa de duas cultivares de pimentdo (Capsicum
annuum L.), cultivadas em sistema hidropdnico. O delineamento experimental foi em
blocos casualizados, com os tratamentos arranjados em esquema fatorial 5 x 2, com cinco
repeticdes. Os tratamentos consistiram da combinagdo de cinco niveis de salinidade da
solucdo nutritiva (2,0; 3,5; 4,5; 5,5 € 6,5 dS m™") com duas cultivares de pimentdo (Bruno
e Rubia). A biomassa e a produc¢io foram reduzidas com o incremento da salinidade. Os
teores de clorofila a, b e total, diminuiram com o aumento da salinidade. Houve aumento
no teor de prolina e na atividade das enzimas superdxido dismutase (SOD), catalase
(CAT) e ascorbato peroxidase (APX), evidenciando a ativagdo do mecanismo de defesa
antioxidativo. A maior produg¢io de frutos na cv. Rubia, bem como a maior atividade da APX
e os menores teores de clorofilas refletem a melhor aclimatagdo desta cultivar ao estresse
salino. A produtividade estimada da cv. Rubia, 39,8 t ha', quando cultivada com uma CEs
de até 3,5 dS m’, indica a viabilidade de seu cultivo comercial em condi¢bes hidropdnicas.
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INTRODUCTION

Bell pepper (Capsicum annuum L.) cultivation is widely
practiced in family farming, in semi-arid areas of Northeast
Brazil. In these areas, however, a large portion of the water
sources is compromised for the utilization in agriculture
due to the excess of salts (Nunes et al., 2013). In hydroponic
systems, plant tolerance to salinity is higher in comparison
to the conventional system, since the effects of salinity on
the crops are reduced due to the great availability of water
and nutrients, guaranteed by the high frequency of nutrient
solution application and low influence of the matrix potential
(Santos et al., 2016).

Salinity is an abiotic stress that promotes morphological
and physiological alterations in the entire plant and results in
growth reduction (Munns & Tester, 2008). Salt stress triggers
a secondary stress, oxidative, which is characterized by the
increase in the generation of reactive oxygen species (ROS)
(Gill & Tuteja, 2010), capable of causing damages to the
macromolecules and cell structures and even leading to plant
death (Foyer & Noctor, 2009). To combat ROS, plants have
developed an efficient antioxidative defense mechanism, which
acts through the synthesis of metabolites and activation of a
complex enzymatic system (Barbosa et al., 2014). Among these
enzymes, superoxide dismutase (SOD), catalase (CAT) and
ascorbate peroxidase (APX) stand out. SOD is responsible for
the dismutation of the superoxide radical (O,”) to hydrogen
peroxide (H,0,), which in turn is eliminated and converted to
water by both APX and CAT (Gill & Tuteja, 2010).

Considering the low tolerance of bell pepper, which has
maximum salinity threshold of 1.5 dS m™ in the soil, without
yield losses (Villas Boas et al., 2002), as well as the importance
of using brackish water, this study aimed to evaluate the
effect of salt stress on the antioxidative defense metabolism
and maintenance of productive capacity of two bell pepper
cultivars, in hydroponic system.

MATERIAL AND METHODS

The experiment was carried out for 120 days, in a protected
environment at the Department of Agricultural Engineering -
UFRPE, in the city of Recife, PE (latitude: 8°3' 15" S, longitude:
34°52'53" W), using an open hydroponic system with coconut
fiber (powder) as substrate in 8-L polyethylene pots. The
nutrient solution was applied to the plants through pressure-
compensating drippers with nominal flow rate of 4 L h™'. The
seedlings were transplanted to the pots 35 days after sowing,
at spacing of 0.5 m between pots and 1.0 m between rows,
equivalent to a planting density of 20,000 plants ha™.

The saline solutions were prepared by adding NaCl to the
water until reaching four levels of electrical conductivity in the
solutions (ECs): 1.5, 2.5, 3.5 and 4.5 dS m™'. After the addition
of NaCl, the solutions received salts of the nutrient solution
of Furlani (Furlani et al., 1999), resulting in final ECs of 3.5,
4.5, 5.5 and 6.5 dS m*, respectively. A control treatment was
maintained using only the solution of Furlani (ECs of 2.0 dS
m'). The nutrient solution was monitored every two days
during the crop cycle, through readings of pH and EC. The pH
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was adjusted, when necessary, to be between 5.0 and 6.0. Plants
were irrigated once a day, considering the capacity of the pot.

Fruit fresh matter (FFM) was determined by weighing the
fruits of each one of the five harvests. Leaf fresh matter (LFM)
was determined at the end of the experiment when plants were
collected and weighed on analytical scale. Leaf dry matter
(LDM) and fruit dry matter (FDM) were obtained after drying
the materials in a forced-air oven (65 + 5 °C). Production was
determined based on the product between the mean weight
of the fresh fruits and the total number of commercial fruits
harvested, expressed in kg plant.

For the determination of the contents of chlorophylls,
proline and activity of the enzymes superoxide dismutase
(SOD), catalase (CAT) and ascorbate peroxidase (APX), two
leaves were collected from mid-portion of the plants (90 days
after transplanting), involved in aluminum foil, immersed
and maintained in liquid nitrogen until the storage in a
freezer, for subsequent analyses. The contents of chlorophyll
a, b and total were determined based on the methodology
proposed by Arnon (1949). Proline content was determined
according to the method proposed by Bates et al. (1973). The
activities of SOD, CAT and APX were determined according
to the methodologies described by Beers & Sizer (1952),
Giannopolitis & Ries (1977) and Nakano & Asada (1981),
respectively.

The experimental design was randomized blocks and the
treatments were arranged in a 5 x 2 factorial scheme, with five
replicates. The treatments consisted in the combination of five
levels of electrical conductivity (ECs) of the nutrient solution
(2.053.5;4.5;5.5and 6.5 dS m™) with two bell pepper cultivars,
‘Bruno’ and ‘Rubia, totaling ten treatments. Each plot had two
plants, one per pot.

The variables were subjected to analysis of variance. The
quantitative factor, relative to the nutrient solution salinity
levels, was analysed through regression and the qualitative
factor, relative to the bell pepper cultivars, was analysed
through comparison of means by Tukey test at 0.05 probability
level.

RESULTS AND DI1SCUSSION

There was significant effect of the interaction between
cultivars and salinity levels only on leaf fresh matter (LFM)
and production. For the factor cultivars, only fruit fresh matter
(FFM) and production were significant. For the factor nutrient
solution salinity, there was significance on all variables, except
fruit dry matter (FDM) (Table 1).

The reductions in LFM were of the order of 42.24 and
41.01 g per unit of ECs (dS m™), in the cultivars ‘Bruno’ and
‘Rubia;, respectively (Figure 1A). The reduction in fresh and dry
matter as a function of the increment in salinity is frequent in
the Solanaceae family, and has been observed in hydroponic
cultivation with eggplant (Bosco et al., 2009), bell pepper
(Nunes et al., 2013) and tomato (Santos et al., 2016).

The production of the studied cultivars was reduced by
the increment in salinity (Figure 1D). The cv. ‘Rubia, however,
stood out with highest fruit production. When grown under
salt stress, approximately 3.5 dS m™, this cultivar showed yield
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Table 1. Summary of the analysis of variance and mean values of leaf fresh matter (LFM), leaf dry matter (LDM), fruit
fresh matter (FFM), fruit dry matter (FDM) and production, as a function of nutrient solution electrical conductivity (ECs)

in two bell pepper cultivars (C), in hydroponic system

Source DF Mean square
of variation LFM LDM FFM FDM Production

Block 4 1357 ™ 44.09 ™ 775.48 ™ 8.16 ™ 0.29 *

ECs 4 53175.75 ** 1085.34 ** 5407.61 ** 11.98 ™ 10.57 **

C 1 3612.5m 87.78 " 8929.55 ** 7.75m™ 4,94 **

ECsx C 4 2701.25 * 61.21 " 530.41 1 1.91" 0.34 *

Error 36 979.22 32.28 838.35 4.79 0.08

CV (%) - 11.35 13.95 31.02 31.44 25.92
Mean values #

‘Bruno’ - 284.2a 42.05 a 79.96 b 6.57 a 0.83 b

‘Rubia’ - 267.2a 39.40 a 106.69 a 7.36 a 1.46a

#Means followed by the same letter in the row do not differ at 0.05 probability level by Tukey test; "Not significant; *Significant at 0.05; **Significant at 0.01. Mean values for LFM, LDM,

FFM, FDM expressed in g and production in kg plant™

0f 1.99 kg plant’!, which corresponds to a potential yield of 39.8
tha’, since the planting density was equivalent to 20,000 plants ha™.
Considering that the yield of bell pepper cultivated at the field,
without salt stress, is around 25-40 t ha' (EMBRAPA, 2016), it
is evident the potential of using brackish water, with ECs of
up to 3.5 dS m™, for hydroponic cultivation of the bell pepper
cv. ‘Rubia. The hydroponic cultivation system differs from
the cultivation in soil mainly because in the latter the salinity
strongly contributes to a reduction in the matrix potential
and, consequently, in the total water potential, reducing
its absorption by the plant. In the hydroponic cultivation,
however, the matrix potential is virtually nullified, due to the
state of saturation to which plants are subjected, and only the
osmotic potential remains, which results in an increase of total
water potential and, as a result, reduces the negative effects of
the utilization of brackish water (Soares et al., 2007). Plants
subjected to the highest salinity level of the nutrient solution
(ECs of 6.5 dS m™), on the other hand, showed high reductions,
91% for the cv. ‘Bruno’ and 85% for the cv. ‘Rubia. Nunes et al.
(2013) observed losses of fruit production in bell pepper, cv.
‘Margarita, in the treatment with higher EC (9.23 dS m™), of
the order of 65.4, 52.58 and 40.47%, at 24, 85 and 120 days of
exposure to nutrient solution salinity, respectively. According to
Munns & Tester (2008), the reduction of biological or economic
yield is the main effect of salinity on the plant and is, in general,
attributed to various physiological and biochemical processes
in the cell or at molecular levels.

In LDM, the mean reductions were equal to 5.95 g per
unit of ECs, for both cultivars (Figure 1B). In FFM, there was
a reduction of 13.25 g per dS m™ for both cultivars (Figure
1C). It is noted that the cv. ‘Ribia’ showed, on average, higher
FFM (Table 1). There was no fit of lines for FDM regarding
the salinity levels and the mean value was equal to 6.96 g for
the cultivars. It should be highlighted that, for this crop, the
focus is on FFM, since this is the form in which the fruit is
commercialized (EMBRAPA, 2016).

The reduction of growth and production in plants subjected
to salinity are due to osmotic and toxic effects, caused by the
excess of Na* and Cl, which include especially the restriction
of CO, assimilation and reduction in chlorophyll content,
consequently leading to reduction in photosynthetic rate
(Munns & Tester, 2008).

There was no significant effect of the interaction between
the factors on the contents of chlorophylls a, b and total.
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Figure 1. Dispersion graphs and regression equations for
leaf fresh matter - LFM (A), leaf dry matter - LDM (B), fruit
fresh matter - FFM (C) and mean fruit production (D) of the
cultivars ‘Bruno’ and ‘Ruabia’, as a function of the nutrient
solution electrical conductivity (ECs) in hydroponic system
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Nutrient solution salinity influenced only the contents of
chlorophyll a and total (Table 2 and Figure 2A, B).

The chlorophyll content was lower in the cv. ‘Rubia.
The reduction in chlorophyll a contents in the chloroplasts
of stressed plants is a form of preventing the formation of
superoxide by the transfer of excitation energy from these
pigments to the oxygen, due to the low demand of electrons
by the Electron Transport Chain. This decrement in the
photochemical conversion rate results from the low CO,
concentration, due to stomatal closure, caused by salt stress
conditions (Dabrowska et al., 2007). In study conducted with
five pepper cultivars (Capsicum frutescens L.) subjected to salt
stress, the reduction in the contents of chlorophylls a and b
was mainly attributed to the damages caused by the salt in the
lipid-pigment-protein complex (Zhani et al., 2012).

Table 2. Summary of the analysis of variance and
mean values for the contents of chlorophyll a, b and
total (mg g’ FM), as a function of the nutrient solution
electrical conductivity (ECs) in bell pepper cultivars (C)
in hydroponic system

Source Mean square
of variation Chlorophylla  Chlorophyll b  Total chlorophyll
Block 4 1312 * 131 26.83 *
ECs 4 27.14 ** 293" 40.65 **
C 1 49.39 ** 6.22 * 63.54 *
ECsx C 4 6.94 221 20.98 ™
Error 36 3.87 1.37 9.88
CV (%) - 16.67 17.60 16.93
Mean values #

‘Bruno’ - 12.79 a 7.01a 19.69 a
‘Ribia’ - 10.81 b 6.30b 17.44 b

#Means followed by the same letter in the column do not differ at 0.05 probability level by
Tukey test; Not significant; *Significant at 0.05; **Significant at 0.01
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Figure 2. Dispersion graphs and regression equations for
the contents of chlorophyll a (A) and total chlorophyll
(B) in the leaf tissue of the cultivars ‘Bruno’ and ‘Rabia’
as a function of the nutrient solution salinity (ECs), in
hydroponic system
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In the antioxidant metabolism, the interaction between
factors was significant only for APX activity. There was
significant effect of the factor salinity on proline content and
activity of the enzymes SOD, CAT and APX. Regarding the
factor cultivars, there was difference for proline content and
APX activity (Table 3).

The cv. ‘Rubia’ showed higher APX activity in comparison
to the cv. ‘Bruno; in all treatments (Figure 3D). The higher APX
activity in the cv. ‘Rubia, including in the treatment without
NaCl addition, suggests that it is a genotypic characteristic.
APX is a very important enzyme for the removal of H,O,
in both cytosol and chloroplast (Foyer & Noctor, 2009).
Studies conducted with other species of the Solanaceae family
demonstrated that genotypes with higher tolerance to salinity
showed higher APX activity compared to sensitive genotypes
(Razavizadeh & Ehsanpour, 2009, Lin & Pu, 2010). In this
context, the higher intrinsic activity of this enzyme in bell
pepper genotypes may become an indication of tolerance to
salinity.

According to Figure 3A, proline content increased by 37%
per unit increase in nutrient solution salinity (dS m™), in both
cultivars. On average, the cv. ‘Bruno’ showed higher proline
contents compared with the cv. ‘Rubia, when subjected to salt
stress. The accumulation of proline is a common physiological
response in plants exposed to various abiotic stress factors.
The functions of proline in the tolerance to stress are still a
topic of debate, since its synthesis and catabolism are regulated
by multiple cell mechanisms, of which only a few are known
(Bhaskara et al., 2015). Proline has been known to contribute to
stabilization of subcellular structures, elimination of free radicals
and buffering of the cell redox potential (Kaur & Asthir, 2015).

SOD activity increased on average by 20% per unit increase
in nutrient solution salinity (dS m™), for both cultivars (Figure
3B). Aktas et al. (2009) in a study with C. annuum varieties
subjected to salt stress of 75 and 150 mM of NaCl, observed that
while the tolerant genotype, wild, exhibited increase in SOD
activity, the sensitive genotype, widely cultivated in Turkey,
showed reduction. SOD is the first line of defense against ROS,
catalyzing the reaction of dismutation of the superoxide radical
("O,) to hydrogen peroxide (H,0,). The formed H,0,, however,
is also a ROS that, when accumulated, results in damages to the

Table 3. Summary of the analysis of variance and mean
values for proline (mg g' FM), superoxide dismutase - SOD
(U mg prot’ min™), catalase - CAT (mol H,O, mg prot' min™)
and ascorbate peroxidase - APX (mol H,O, mg prot’ min™),
as a function of nutrient solution salinity (ECs) in two bell
pepper cultivars (C), in hydroponic system

Source Mean square
of variation Proline S0D CAT APX

Block 4 0.05™  1891.63** 117* 160.97 ™

ECs 4 0.97** 206258** 252** 2089.98 **

C 1 0.90 ** 100.27 " 1.06™ 981.73 **

ECsx C 4 0.07 ™ 130.59 ™ 03" 9.68 *

Error 36 0.05 414,72 0.38 102.15

CV (%) - 19.16 26.19 43.91 2215
Mean values #

‘Bruno’ - 1.39a 76.35a 1.26a 4119b

‘Rubia’ 1.12b 79.18 a 1.55a 50.05 a

#Means followed by the same letter in the column do not differ at 0.05 probability level by
Tukey test; "Not significant; *Significant at 0.05; **Significant at 0.01
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Figure 3. Dispersion graphs and regression equations for
proline content (A) and activities of superoxide dismutase
- SOD (B), catalase - CAT (C) and ascorbate peroxidase -
APX (D) in the leaf tissue of bell pepper cultivars (‘Bruno’
and ‘Rubia’) as a function of nutrient solution salinity (ECs),
in hydroponic system

plant. The elimination of H,O, is performed by the enzymes
CAT and APX (Gill & Tuteja, 2010).

CAT activity also increased with the increment of salinity,
in both cultivars (Figure 3C), with maximum increase close
to 150% when treated with the highest ECs (6.5 dS m™). The
increase in CAT activity favors the elimination of H,O,, both
generated by SOD and produced in the photorespiration.
The increase in CAT activity in response to salt stress was
also observed in the C. annuum cultivar ‘Cho Jinda, when
subjected to salinity of 50 and 200 mM of NaCl, as described
by Chookhampaeng (2011).

The higher yield of the cv. ‘Rubia’ reflects strategies of
tolerance to stress, which differ from the cv. ‘Bruno; since it
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has greater APX activity and, therefore, greater capacity of
H,0, elimination, especially in chloroplasts, as well as greater
capacity of reduction of chlorophyll contents, favoring the
photosynthetic process. As claimed by Fikret et al. (2013),
the genetic variability within a species is a valuable tool in the
search for genotypes with higher tolerance to salinity.

CONCLUSIONS

1. Nutrient solution salinity leads to reduction of biomass
production in the bell pepper cultivars ‘Rubia’ and ‘Bruno.

2. The cv. ‘Rubia’ has higher fruit production, reflecting
greater acclimatization capacity through higher efficiency
of the antioxidative metabolism and maintenance of lower
contents of photosynthetic pigments under salt stress
conditions. The estimated yield of the cv. ‘Rubia’ demonstrates
that its hydroponic cultivation is potentially viable, without
commercial loss, using brackish water with ECs of up to 3.5
dSm™.
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