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Ascorbic acid of cowpea seeds under saline stress'
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ABSTRACT — Salinity adversely affects plant growth and metabolism by triggering increased production of reactive oxygen species
(ROS). Ascorbic acid (AsA) is known to protect organelles and cells against ROS by preventing accumulation. The objective of
this study was to study the effects of AsA on cowpea beans under saline stress. Cowpea seeds of the cultivars (BRS Marataod and
Setentéo) were conditioned at concentrations of 0.0 (control); 0.25; 0.50; 0.75 and 1.00 mM AsA and seeded on paper towels,
moistened at saline levels of 0.0 (control); 1.5; 3.0; 4.5; 6.0 and 7.5 dS.m!, packed in a bench germinator at 25 °C. The statistical
design adopted was a completely randomized 2 x 5 x 6 factorial design (cultivar x ascorbic acid x saline levels) with four replicates
of 50 seeds per treatment. The analyzed variables were percentage of germination, first germination count, germination speed index,
shoot and root length, total seedling dry weight, and leaf and root electrolyte leakage. Ascorbic acid at concentrations of 0.50 mM for
BRS Marataoa and 0.75 mM for the Setentdo, enabled the development of more vigorous seedlings and the reduction of membrane

damage caused by oxidative stress both in the absence of salt and at the saline levels tested, including the highest one.

Index terms: Vigna unguiculata L., oxidative stress, physiological potential, salinity.

Acido ascorbico em sementes de feijao-caupi sob estresse salino

RESUMO - A salinidade afeta negativamente o crescimento e o metabolismo vegetal, por desencadear o aumento da producéo
das espécies reativas de oxigénio (EROs). O acido ascorbico (AsA) ¢ conhecido por proteger organelas e células contra as EROs
evitando seu acimulo. Assim, objetivou-se estudar os efeitos do AsA em sementes de feijdo-caupi submetidas ao estresse salino.
As sementes de feijdo-caupi das cultivares (BRS Marataod e Setentdo) foram condicionadas nas concentragdes 0,0 (controle); 0,25;
0,50; 0,75 e 1,00 mM de AsA e semeadas em rolos de papel, umedecidos nos niveis salinos de 0,0 (controle); 1,5; 3,0; 4,5; 6,0 ¢
7,5 dS.m!, acondicionados em germinador de bancada a 25 °C. O delineamento estatistico adotado foi o inteiramente casualizado
em esquema fatorial 2 X 5 x 6 (cultivar x concentragdes de acido ascorbico x niveis de salinidade) com quatro repetigdes de 50
sementes por tratamento. As varidveis analisadas foram porcentagem de germinagao, primeira contagem de germinagao, indice de
velocidade de germinagdo, comprimento da parte aérea e da raiz, massa seca total da plantula e extravasamento de eletrdlitos das
folhas e da raiz. O 4cido ascorbico nas concentragdes de 0,50 mM para o BRS Marataoa e 0,75 mM para o Setentdo, possibilitou
o desenvolvimento de plantulas mais vigorosas e a reducéo dos danos as membranas ocasionado pelo estresse oxidativo tanto na
auséncia de sal quanto para os niveis salinos testados, inclusive no mais elevado.

Termos para indexagdo: Vigna unguiculata L., extresse oxidativo, potencial fisiologico, salinidade.

Introduction small surplus volumes) and medium and large-scale producers

Cowpea [Vigna unguiculata (L.) Walp.] is an important
source of protein for human consumption in the North and
Northeast regions of Brazil because of its low cost (Freire Filho
etal., 2011). Itis grown by both subsistence farmers (and sold in
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that target the national and international markets (Freire et al.,
2007). Under field conditions, vigorous plants and uniform
stand are obtained not only through the choice of quality seeds,
but also with some specific conditions of water availability,
temperature, light and sowing depth (Mondo et al., 2010).
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An important factor affecting seeds is salinity, which may
be present in irrigation water, in the soil or in both of them.
Increased salinity interferes with growth medium, germination
and seedling development. This is likely to be due to reduced
water uptake by plants as a result of excess salts, leading to
a reduction in soil water potential. Together with the toxic
effects of ions on seed protoplasm, such reduction impairs
germination and germination speed, and causes the formation
of seedlings with reduced growth, characterized by decreased
length and lower biomass accumulation (Conus et al., 2009).

Ionic effects result from high absorption of ions, especially
Na* and Cl, altering the ionic homeostasis of cells, which is
essential for the activities of many cytosolic enzymes and for
maintenance of cell membrane potential (Yu et al, 2012).
Secondarily, salinity also induces oxidative stress by causing the
accumulation of reactive oxygen species (ROS), such as hydrogen
peroxide (H,0,) and free radicals, superoxide (O,) and hydroxyl
(OH). At high concentrations, these species are extremely harmful
to cells, causing oxidative damage to membrane lipids, proteins
and nucleic acids (Xu et al., 2017).

To protect against ROS, plants have developed highly
efficient defense mechanisms represented by antioxidant
enzymes including superoxide dismutase, catalase and
ascorbate peroxidase (Munné-Bosch et al., 2013). There are
also non-enzymatic antioxidant protectors such as ascorbic
acid (AsA), glutathione (GSH), a-tocopherols, flavonoids,
alkaloids, carotenoids, hormones and vitamins, which actively
participate in the control of ROS in cells (Apel and Hirt, 2004).

In plants, ascorbate is the most important antioxidant
and, in combination with other defense system components,
it protects plants against oxidative damage resulting from
aerobic metabolism, photosynthesis and a range of pollutants;
it inhibits membrane peroxidation, thereby protecting cells
from damage and delaying their senescence (Zhang, 2013).

Given the above, the objective of this research was
to study the effects of ascorbic acid on the conditioning of
cowpea seeds under saline stress.

Material and Methods

The experiment was conducted at the Seed Analysis
Laboratory, Department of Plant Science, Center for Agrarian
Sciences, Federal University of Ceard, Pici Campus, Fortaleza.
It used cowpea seeds from the BRS Marataod and Setentdo
genotypes. First, moisture content and thousand seed weight
were determined for the seeds, as described by Brasil (2009).

The seeds were disinfected by soaking in a 70% (v/v)
alcohol solution with agitation for 30 seconds, followed by
two quick washes with distilled water. Immediately after

that, they were immersed in 2.5% (v/v) sodium hypochlorite
solution for 2 minutes, washed with distilled water and dried
on paper towels. Subsequently, the seeds were conditioned
on paper towels (Germitest®), moistened with ascorbic acid
solution at concentrations of 0,0; 0.25; 0.50; 0.75 and 1.0
mM, at a ratio of 2.5 times the substrate weight, for a period
of 4 hours at 25 °C (Brilhante et al., 2013).

The conditioned seeds were placed on paper towels,
moistened with saline solution, at a ratio of 2.5 times the
substrate weight. The solutions were adjusted to concentrations
of 0.0 (control); 1.5; 3.0; 4.5; 6.0 and 7.5 dS.m™! by dilution of
sodium chloride (NaCl) in distilled water based on the formula
proposed by Richards (1954). For each treatment, 200 seeds
were used; they were distributed into four paper towels, with 50
seeds each and placed in a bench germinator at 25 °C.

First count and final count of the germination test were
performed on the fifth and eighth days after the test setup,
respectively. Percentage of normal seedlings was determined
using the definitions established in the Rules for Seed Testing
(Brasil, 2009) as classification criteria. Normal seedling
counts were performed on a daily basis to calculate the
germination speed index proposed by Maguire (1962).

Shoot and main root growth analysis was performed eight
days after setup of the germination test. Ten normal seedlings were
selected per treatment for measurements aided by a ruler graduated
in centimeters. Then, the seedlings were taken to a forced-air oven
at a constant temperature of 65 °C for 72 hours. Soon after that,
they were weighed in a precision scale with three decimal places
to measure dry phytomass, with results expressed in milligrams™.

Membrane permeability was determined by electrolyte
leakage on the eighth day after setup of the germination test. Leaf
disks and roots of the middle and upper thirds of the root system
were used; approximately 0.1 gram was selected and placed in
test tubes containing 10 mL of distilled water. They were then
closed and kept at rest for 24 hours at room temperature (25 °C).
After this time, initial conductivity (C1) was read using a properly
calibrated bench conductivity meter. Subsequently, the tubes were
subjected to a temperature of 80 °C for 60 minutes in a water bath
and, after cooling, final conductivity (C2) was measured. Relative
permeability was calculated based on the [C1 / (C1 + C2)] x 100
ratio (Tarhanen et al., 1999).

The experiment was conducted in a completely
randomized design, distributed in a triple factorial scheme
2 (genotypes) x 5 (ascorbic acid concentrations) x 6 (saline
levels). Each treatment consists of four replications. Data
underwent analysis of variance and then regression analysis
at 5% significance level in the statistical software SISVAR®
(Ferreira, 2000). Graphical representation of the results used
the software Sigmaplot, version 12.5.
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Results and Discussion

The seeds presented different values for degree of
moisture and thousand seed weight: 13.0% and 182.53 g
for genotype BRS Marataod, and 11.0% and 178.30 g, for
genotype Setentdo, respectively.

According to the analysis of variance, there was a
significant interaction between treatment with ascorbic acid

(AsA) and the presence of salt (p < 0.05), but there was no
interaction between the tested genotypes (Table 1).
Germination of cowpea seeds negatively
influenced by salinity; in the absence of salt, germination
was 95% for BRS Marataod and 94% for Setentdo. When
subjected to 7.5 dS.m™!, these values decreased to 68% and
75%, respectively, with the former being more sensitive to

salinity (Figures 1A and 1B).

was

Table 1. Mean squared values and significance for the variables germination test (G%), first germination count (FC%),
germination speed index (GSI), shoot length (SL) and root length (RL), whole seedling dry weight (SDW), leaf
electrolyte leakage (LEL) and root electrolyte leakage (REL), under saline stress.

EV Mean Squared Values of Variables

G (%) FC (%) GSI SL RL SDW LEL REL

Gt 183.75" 183.75™ 123.27™ 17.95™ 308.61 0.00301" 5.82" 33.38"
AsA 385.77 385.77 77.50™ 85.91™ 66.35™ 0.00122" 130.97 631.71"
Sal 1539.49" 1539.49" 98.99" 333.52" 732.88" 0.00248" 49.81" 16.63"
Gt*AsA 72.87™ 72.87™ 18.98™ 5.25m 29.95m 0.00091™ 7.93m 9.92rs
Gt*Sal 41.79 41.79 2.27 7.47 31.63™ 0.00033m 10.76™ 8.09"
AsA*Sal 51.61" 51.61" 426" 3.59™" 9.70™ 0.00009" 18.10™ 7177
Gt*AsA*Sal 13.26™ 13.26™ 1.75m 5.27m 5.19m 0.000087™ 4.43 8.4™s
Mean 89.61 79.61 13.42 10.93 13.62 0.075 48.10 45.70

C.V. (%) 1.73 1.95 3.36 4.12 1.01 1.88 0.98 1.42

Gt: genotype; AsA: ascorbic acid concentrations; Sal: saline levels;
*Significant at 5%;

**Significant at 1%;

Ns: non-significant;

F.V: factor of variance.

Figure 1. Germination of cowpea seeds at different saline levels and conditioned with ascorbic acid.

*Significant at 5%;
**Significant at 1%.
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These results corroborate those reported by Deuner et al.
(2011), who found that, in the absence of salt, average seed
germination of the cowpea genotypes was 93%, with these values
remaining until the 100 mM NaCl concentration (approximately
10 dS.m"). However, at higher concentrations, 150 and 200
mM (equivalent to 15 and 20 dS.m™, respectively), there was a
gradual reduction in germination, reaching values below 10% at
the highest concentration tested for the genotypes Amendoim,
Baio and Preto and 15% for the genotype Mosqueado. However,
Ferreira et al. (2017) and Gomes et al. (2015) found no reduction
in seed germination of bean (Phaseolus spp.) genotypes when
under increasing saline levels.

For pigeon pea (Cajanus cajan), final seed germination in the
absence of salinity reached 88%, but it was reduced to 48% when
subjected to 1.5 MPa NaCl (equivalent to 60 dS.m™) (Pinheiro
et al., 2013). The reduction in germination is an expected result
because salinity has osmotic and ionic effects, which leads to
reduction in water absorption and favors the entry of ions into the
cell, and water restriction may be further intensified by sodium and
chlorine accumulation near the rhizosphere (Carvalho et al., 2012).

The conditioning of cowpea seeds with ascorbic
acid (AsA) increased seed germination percentage of the
evaluated genotypes, reaching values of 85% and 89% for
BRS Marataod and Setentdo, respectively, even when under
a higher saline level (7.5 dS.m™"). This increase may be due to
the high endogenous concentration of ascorbic acid in seeds
as a result of conditioning, thus enabling the promotion of
gibberellin biosynthesis (Khan et al., 2011).

The genotypes presented different behaviors in response
to the application of ascorbic acid against salinity; for BRS
Marataod, the concentration of 0.50 mM AsA provided the
highest values, with average germination higher than 90%
until the level of. 4.5 dS.m"!. Germination was reduced as
salinity increased: 85% of the seeds germinated at 7.5 dS.m
!. This value is higher than the one found in seeds without
AsA treatment and exposed to 4.5 dS.m™' (81%). For genotype
Setentdo, the best values were found at a concentration of
0.75 mM AsA (Figures 1A and 1B).

Ascorbic acid regulates plant metabolism (Talla et al.,
2011), and it is also involved in the growth process, i.e.,
embryogenesis, during seed development (Raza et al., 2013).
However, when high rates are applied, germination may be
interrupted or reduced, as reported by Ishibashi and Iwaya-
Inoue (2006) in wheat seeds when treated with 50 and 100
mM ascorbic acid.

The benefits of seed treatment with AsA in promoting
germination in the face of salt stress have been reported by
some authors, including Cavusoglu and Bilir (2015). They
found an increase in germination as AsA concentrations

increased in barley seeds, but they warn that AsA should only
be applied when there is a stressful situation. Azooz and Al-
Fredan (2009), in seeds of Vicia faba L. cv. Hassawi, detected
reduced germination when different saline dilutions were
used, but when the seeds were treated with 100 ppm vitamin
C, these values were high. In soybean seeds, application of
400 mLL" of AsA resulted in increased germination even
when induced at 50 mM NaCl, approximately 5.0 dS.m'
(Dehghan et al., 2011).

As with the germination test, the first germination count
test was influenced by saline and AsA concentrations (Table 1).
Again, the treatment of seeds with ascorbic acid was effective
in resisting salinity-induced damage; a concentration of 0.50
mM is recommended for genotype BRS Marataoa and 0.75mM
for genotype Setento (Figures 2A and 2B).

Saline stress was detrimental to cowpea seed germination
for both genotypes, and there was a linear decrease as the saline
levels in the substrate were increased. Deuner et al. (2011)
found the same behavior in cowpea genotypes; they reported
a delay and reduction in germination at concentrations equal to
and above 50 mM NaCl, while at higher concentrations (150
and 200 mM), the seeds had not yet germinated. In soybean
seeds, first germination count was also negatively affected by
salt stress (Soares et al., 2015). However, in snap bean, Gomes
etal. (2015) reported no difference between the values found for
the control and for the other saline treatments for this variable.

This reduction can be attributed to the high concentration
of solutes in the solution because of the action of some ions,
given the high levels of Na” and CI, and changes in the ration of
K* and At" and other nutrients (Willadino and Camara, 2010).

As for germination speed index, speed was higher in the
absence of salt and, as salinity increased, the seeds needed
more time to soak and germinate (Figures 3A and 3B).

Seeds that were conditioned with AsA soaked and
germinated faster. In the Marataoa genotype, the germination
speed index value was 13 for seeds that were not conditioned
and not exposed to salinity. However, when conditioned,
these values increased, reaching an average value of 18
at ascorbic acid concentration of 0.50 mM. Still at the
same concentration, when the seeds were submitted to the
highest saline level (7.5 dS.m™), GSI was 11, similar to the
rate found in untreated seeds exposed to 4.5 dS.m™ (Figure
3A). In genotype Setentdo, the concentration of 0.75 mM
AsA led to the highest GSI values (Figure 3B). Ascorbic
acid affects various physiological processes, including plant
metabolic differentiation and increased availability of water
and nutrients, thus enabling plants to be protected against
environmental stresses such as salt stress (Khan et al., 2011).

The evaluation of seedling growth showed that cowpea
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Figure 2. First germination count of cowpea seeds at different saline levels and conditioned with ascorbic acid.

*Significant at 5%;

**Significant at 1%.
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Figure 3. Germination speed index of cowpea seeds at different saline levels and conditioned with ascorbic acid.

*Significant at 5%;
**Significant at 1%.

genotypes showed high sensitivity to saline environments,
which directly interferes with shoot development (Figure 4).

The analysis of shoot length by adjusting the regression
curves for the two evaluated genotypes, showed that they
presented a similar tendency in response to the treatments
being used. For measurements taken on seedlings without

ascorbic acid treatment and subjected to increasing salt
concentrations, there was a constant decrease for this variable,
reaching the values of 5.70 and 5.50 cm for Marataod and
Setentdio, respectively. at the level of 7.5 dS.m™. In these
environments, the high concentration of Na*and Cl-inside cells
caused protein denaturation and membrane destabilization by
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reducing hydration of these macromolecules, thus impairing
growth and development, mainly because of the reduction of
cell water potential (Taiz et al., 2017).

However, seed conditioning with AsA at concentrations
0f 0.50 for BRS Marataoa and 0.75 mM for Setentdo provided
higher seedling growth, which reached average values of
10.00 cm in both genotypes when exposed to the highest
salinity level tested. Even when not subjected to saline stress,
the treated seeds were more vigorous when compared to the
untreated seeds, as shown by shoot length: for the genotype
Marataoad, the values were 15.00 cm for the treated seeds but
13.50 cm for the untreated ones (Figure 4A). For genotype
Setentdo, these values were over 13.00 and 12.00 cm for
treated and untreated seeds, respectively (Figure 4B).

Different studies have been carried out to evaluate the effects
of salt on the initial seedling growth. Nascimento et al. (2017),
working with lima bean, found an inversely proportional ratio
between shoot length and increase of substrate salinity for the
genotype Rosinha at a temperature of 25 °C, while, under the
same conditions, genotypes Branca and Orelha de V6 were not
influenced by the presence of NaCl. In soybeans, decreases in
seedling size were also reported as salt concentration increased,
with the conventional genotype showing to be more sensitive
and with more drastic reductions compared to the transgenic
genotype. This interruption in plant growth is due to the high
metabolic cost of energy the plants need to adapt to salinity

BRS Marataoa

18,0
16,5

15,0

)
[
»

B

Shoot length (cm)

9,0

7,5 A

6,0

45 T T T T T

0.0 1.5 3.0 4.5 6.0 7.5
Salinity levels (dS.m™)

® (O0mM AsA:13.519-1.063 x (R"2=0.997)**
o 0.25mM AsA: 15359 -1.074 x (R"2=0.993)*
v 0.50 mM AsA: 16.895-0.914 x (R"2=0.991)*
A 0.75 mM AsA: 15.862 - 0.928 x (R"2 =0.996)**
= 1.00 mM AsA: 15.490 - 0.989 x (R"2 =0.982)**

Shoot length (cm)

(Carvalho et al., 2012).

The benefits of ascorbic acid on shoot growth have been
reported by some authors, including Gad El-Hak et al. (2012)
on pea plants after spraying 200 ppm ascorbic acid on leaves.
Dehghan et al. (2011), when treating DPX soybean seeds with
400 mg.L! AsA, found that seedlings that were induced to 50
mM saline stress had higher average length than seedlings from
the control treatment (absence of salt and untreated seeds). The
positive effect of ascorbic acid may be due to increased salinity
tolerance as a result of its antioxidant effect (Dawood et al., 2017).

The analyzed factors also interfered with root growth of
cowpea seedlings. For genotype BRS Marataod, the highest
values were found in seeds treated with 0.50 mM AsA; even
at the highest saline level (7.5 dS.m™), this value was higher
than the one found in the control treatment when exposed
to 4.5 dS.m"'. The same result was found for genotype
Setentdo in seeds treated with 0.75 mM ascorbic acid. In both
genotypes, the shortest root length was found in the absence
of AsA (Figures 5A and 5B).

These results corroborate those found by other authors,
including Dalchiavon et al. (2016), who found a reduction
in root growth in common bean seeds, as the saline levels
were increased, with values ranging from 11.90 cm for
control and 9.00 cm for the highest salt concentration tested.
Maia et al. (2012) found 56% and 25% reductions in root
length of cultivars Pititiba and Pérola under the highest salt

Setentdo

4b

Salinity levels(dS.m™)

0 mM AsA: 11.748 - 0.884 x

0.25 mM AsA: 13.162 - 0.968 x
0.50 mM AsA: 15.548 - 1.044 x
0.75 mM AsA: 17.329 - 1.081 x
1.00 mM AsA: 16.800 - 1.147 x

(R”2 =0.997)*
(R*2=0.998)*
(R72 = 0.994)**
(RA2 = 0.995)*
(R*2 = 0.996)*

"= > 4 O o

Figure 4. Shoot length of cowpea genotype seedlings at different saline levels and conditioned with ascorbic acid.

*Significant at 5%;
**Significant at 1%.
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concentration (100 mM NaCl - 10 dS.m™') in comparison
to control. Growth inhibition may occur because of the
toxic effect of ions, and also as a result of decreased water
potential, which affects water absorption kinetics, producing
physiological drought (Deuner et al., 2011).

(dS.m™)

At higher concentrations, salt stress caused a reduction
in seedling dry weight for both cowpea genotypes (Figure 6),
with the highest values found at concentrations of 0.50 mM
for BRS Marataod and 0.75 for Setentdo, with approximately
85 and 80 mg, respectively. This factor is attributed to the

(dS.m)

Figure 5. Root length of cowpea seedlings at different saline levels and conditioned with ascorbic acid.

*Significant at 5%;
**Significant at 1%.
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e  (OmM AsA: 74.690 - 1.429 x R2=0.979** o  (mM AsA: 76.795 - 3.714 x (R*2 = 0.996)**

o  0.25mM AsA: 90.752 -2.210x (R*2=10.958)**
v 0.50 mM AsA: 95.930 - 2.320 x (R*2 =10.959)**

0.75 mM AsA: 89.424 - 2.242 x (R*2=10.989)**
=  1.00mM AsA: 78.243 - 1.211 x (R*2=10.947)**

o 0.25mM AsA: 80.510 - 3.891 x (R"2=0.986)**
v 0.50 mM AsA: 84.938 - 2.646 x (R"2=10.995)**

0.75 mM AsA: 91.048 - 2.684 x (R"2=10.995)**
=  1.00mM AsA: 89.138 - 2.859 x (R*2=10.993)**

Figure 6. Dry weight of cowpea seedlings at different saline levels and conditioned with ascorbic acid.

*Significant at 5%;
**Significant at 1%.
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supply of cotyledon reserves to primary plant, root and stem
structures (Dalchiavon et al., 2016).

In cowpea irrigated with electric conductivity water
at 2.2 dS.m™ or higher, Bezerra et al. (2010) found lower
values for dry weight of leaves, stem, pods and shoots. In
lima beans, Dalchiavon et al. (2016) mentioned that saline
stress reduces the nutritional reserve capacity of seeds, and,
consequently, leads to lighter seedlings. The weight found
at high saline concentrations ranged from 121 to 132 mg,
whereas for the control, it ranged between 171 and 195
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mg.seedling!. However, Deuner et al. (2011) stated that in
Vigna radiata plants, rates up to 150 mM NaCl increased
stem dry weight, while the same result was found for leaves
up to the rate of 100 mM.

Saline treatments caused an increase in membrane
damage, based on electrolyte leakage, in the leaf and root
tissues of genotypes Marataod and Setentdo. At the highest
saline concentration, electrolyte release in these tissues
increased about 1.2-fold compared to the respective controls
(Figures 7A and 7B), with the root system releasing more
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Figure 7. Electrolyte leakage in cowpea leaf and root tissues at different saline levels and conditioned with ascorbic acid.

*Significant at 5%;
**Significant at 1%.
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electrolytes compared to leaves (Figures 7C and 7D). These
results corroborate those found by Maia et al. (2012), in
cowpea cultivars Pérola and Pititiba. They found a three-fold
increase at the highest concentration (100 mM, approximately
10 dS.m™) in comparison to control.

Saline stress, like other abiotic stress factors, induces
oxidative damage to plant cells catalyzed by reactive oxygen
species (ROS); when plants are exposed to such situations, they
need to develop defense mechanisms capable of perceiving
the stimulus, generate and transmit signals and instigate
biochemical changes to adjust their metabolism. In general,
they cannot produce enough natural antioxidants to mitigate this
damage; consequently, there are reductions in the parameters of
development and production, as found in the variables analyzed
in this work for seeds not treated with AsA.

Conditioning with ascorbic acid led to an increase in
the defense mechanism of cowpea seedlings against salinity.
When the concentration of 0.50 mM AsA was used in the
seeds of genotype BRS Marataod, there was less membrane
damage at the highest saline concentration (7.5 dS.m™') in
comparison to the control treatment in both the leaves and
the root system. The other AsA concentrations also caused
reductions in electrolyte leakage (Figures 7A and 7C). For
genotype Setentdo, all tested values of AsA were lower than
those found in the untreated seeds. In the control treatment,
the values of 48.00% and 49.50% were found; when the
seeds were treated with 0.75 mM AsA and exposed to 7.5
dS.m’!, there was a reduction in these values, which were
around 45.30% and 48.00% for leaves and roots, respectively
(Figures 7B and 7D).

This reduction is due to the great importance of ascorbic
acid to plants, because it is considered as a key substance
to the antioxidant mechanism, and it is essential for the
synthesis of a series of antioxidant enzymes (Khan et al.,
2011). It protects macromolecules from oxidative damage
caused by hydroxyl, superoxide and singlet oxygen radicals
(Dehghan et al., 2011).

Conclusions

The conditioning of cowpea seeds with ascorbic acid at
concentrations of 0.50 mM for genotype BRS Marataoa and
0.75 mM for genotype Setentdo, enabled the development
of more vigorous seedlings and reduced membrane damage
caused by oxidative stress, both in the absence of salt and at
the saline levels tested, including the highest one (7.5 dS.m™).
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