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Germination and growth of ornamental pepper plants due to salinity?
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ADbstract: seeds need favorable environmental conditions to germinate but sometimes these conditions are not
available. The goal of this work was to evaluate the influence of different concentrations of NaCl on in vitro
germination and development of Capsicum annuum seedlings. The experiment was conducted at the Laboratdrio
de Biotecnologia Vegetal at Centro de Ciéncias Agrarias (CCA) of Universidade Federal da Paraiba (UFPB),
Areia, PB, Brazil. Ornamental pepper seeds (Capsicum annuum L..) were submitted to five concentrations of NaCl:
0, 25, 50, 75 and 100 mM. The experimental design was completely randomized, with five treatments and seven
replicates, each replicate consisted of one flask with one seed. After 14 days in vitro, the germinated seedlings
were characterized for seedling height, hypocotyl width, cotyledon leaf length, cotyledon leaf width, leaf number,
radicle length, fresh matter and germination. The data were submitted to analysis of variance by the F test ( p <
0.05). When significant differences were detected, the data were submitted to regression analysis. Percentage of
abnormal plantlets was also calculated and submitted to descriptive statistical analysis. The percentage of
germination was not affected by the NaCl concentrations used in this work. However 75 e 100 mM salt
concentrations influenced the cotyledonary leaf width, total fresh matter and percentage of abnormal seedlings.
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Germinagao e crescimento inicial in vitro de pimenteira ornamental em
funcéo da salinidade

Resumo: As sementes necessitam de condi¢Bes favoraveis para germinar, entretanto, nem sempre existem
estas condi¢des. Desta forma, o objetivo desse trabalho foi avaliar a influéncia de diferentes concentragdes de
NaCl na germinacdo e no crescimento in vitro de plantulas de Capsicum annuum. O experimento foi conduzido
no Laborat6rio de Biotecnologia Vegetal pertencente ao Centro de Ciéncias Agrarias (CCA) da Universidade
Federal da Paraiba (UFPB), localizado no municipio de Areia, PB. Foram utilizadas sementes de pimenteira
ornamental (C. annuum L.) cultivadas em cinco concentragdes de NaCl: 0, 25, 50, 75 e 100 mM. O delineamento
experimental foi inteiramente casualizado, com cinco tratamentos e sete repeti¢des, cada repeticdo foi constituida
de um tubo contendo uma semente. Apés 14 dias as sementes germinadas in vitro foram caracterizadas quanto a:
altura da plantula, diametro do hipocotilo, comprimento da folha cotiledonar, largura da folha cotiledonar, nimero
de folhas, comprimento da raiz, matéria fresca e germinacdo. Os dados foram submetidos a analise de variancia
pelo teste F (p < 0,05), quando detectadas diferengas significativas os dados foram submetidos a analise de
regressdo. A porcentagem de plantas anormais também foi calculada e submetida & anélise por meio de estatistica
descritiva. A germinacdo das sementes de pimenteiras ndo foi afetada pelas doses de NaCl utilizadas neste trabalho,
entretanto as concentrac@es de 75 e 100 mM de sal afetaram a largura da folha cotiledonar, a massa fresca total e
a porcentagem de plantas anormais.
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1 Introdution

The pepper species of the genus Capsicum are
members of the Solanaceae family (De Witt and
Bosland, 2009) and are native to the tropical
regions of Central and South America. This genus
has 5 cultivated species, C. annuum L., C.
frutescens L., C. chinense L., C. baccatum L. and
C. pubescens L. (Bosland, 1992).

Peppers are appreciated all over the world for
possessing pungent fruits and various nutrients,
including flavonoids, carotenoids and essential
minerals. Pepper plants can be used as functional,
medicinal and aromatic plants, as well as
ornamental plants in condiment gardens or in
internal environments, adding value to the
product and increasing the financial return to the
producers (Régo et al., 2015; Régo e Régo, 2016,
2018). Its production is also associated with its
adaptation to different climatic regions (Qin etal.,
2014).

Biotic and abiotic stresses limit plant growth
and development. Among the abiotic stresses,
water and salinity affect seedling survival and
plant growth (Fanti and Perez, 2004).

Excess soil salts, particularly NaCl, cause
three main types of plant stress: the osmotic, the
ionic and the oxidative. These forms of stress
reduce absorption and induce massive loss of
water and ions (K*) in plant cells, resulting in a
water and nutritional  imbalance.  The
accumulation of Na* in toxic concentrations and
the production of reactive oxygen species reduces
the growth and production of important crops,
such as cereals and vegetables (Munns and
Tester, 2008; Bojorquez-Quintal et al., 2012).
Salt tolerance is complex and controlled by
several genes that are involved in different
physiological and biochemical mechanisms
(Zhang and Shi, 2013; Adams et al., 2014).

These stresses also negatively affect seed
germination and plant stand and can, in some
cases, lead to death (Taiz et al., 2017). The excess
NaCl can also inhibit seed germination due to the
reduction of water potential, inducing a lower
water absorption capacity (Lima et al., 2005).

These effects depend on the differentiated
sensitivity to the salt stress conditions of each
plant species (Martins et al., 2011; Matias et al.,
2015).

Despite their development in different
environments, pepper are sensitive to saline
stress, and genotypes that are moderately
sensitive, sensitive or highly sensitive to salinity
can be found (Maas and Hoffman, 1977; Aktas et
al., 2006).

Bojorquez-Quintal et al. (2014) reported that
despite the economic importance of pepper, little
is known about the mechanisms of tolerance to
high salt concentrations.

The percentage of seed germination in saline
substrates has been one of the most widespread
methods to infer salinity tolerance (Rabbani et al.,
2013).

The objective of this study was to evaluate the
influence of different concentrations of NaCl on
the germination and in vitro growth of Capsicum
annuum seedlings.

2 Materials and Methods

The experiment was carried out at the
Laboratério de Biotecnologia Vegetal, Centro de
Ciéncias Agrérias (CCA), Universidade Federal
da Paraiba (UFPB), Areia, PB. Ornamental
pepper seeds (Capsicum annuum L.) from
cultivar Etna were used as plant material.

The seeds were disinfested in a laminar flow
chamber in 1:1 (v/v) sodium hypochlorite
solution and distilled, deionized and autoclaved
water (DDA) for 10 minutes, then washed three
times with distilled, deionized and autoclaved
water (DDA), for complete removal of residues
from the sanitizing solution. They were then
inoculated into test tubes (25 x 125 mm)
containing 10 mL of MS medium (Murashige and
Skoog, 1962), pre-sterilized in an autoclave at
120°C for 15 min and pH adjusted to 5.7 + 0.1,
plus 30 g L sucrose, 8 g L* agar and the
following salt concentrations: 0 (control), 25mM
(1.462 g Lt of NaCl), 50mM (2.925 g L? of
NaCl), 75 mM (4.387 g L NaCl) and 100 mM
(5.850 g L of NaCl), established according to
Lima et al. (2005), Rabbani et al. (2013) and
Harter et al. (2014).

The tubes were maintained in a growth room
with controlled temperature of 24 + 2°C with
photoperiod of 16h under fluorescent light with
intensity of 40 umol m™ s?. Seeds germinated
with radicular protrusion were counted 14 days
after the test, according to the Rules for Seed
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Analysis - RAS (Brazil, 2009). The results were
expressed as percentage.

Seedlings were measured for the following
variables: seedling height (SH), radicle length
(RL), hypocotyl diameter (HD), cotyledon leaf
length (CLL), Cotyledon leaf width (CLW),
number of leaves (NL) and total fresh mass (FM).
The normal seedlings that survived were kept in a
greenhouse to evaluate saline stress in the other
stages of growth.

In addition, the percentage of abnormal plants
for each treatment was calculated. Seedlings
considered normal and abnormal were recorded
by photographs and submitted to descriptive
statistics analysis.

The experimental design was completely
randomized, with five treatments and seven
replicates per treatment (one seed per tube).

Data were submitted to analysis of variance
and regression non-adjustment test (p<0.05).

Regression analysis was performed when the
non-adjustment test was non-significant. The
analyses were performed using the computer
program Genes (Cruz, 2006).

3 Results and Discussion

There was a significant effect among
treatments for cotyledon leaf width (p <0.05) and
fresh mass (p < 0.01). The other characteristics
were not affected by the doses of salts (Table 1).
The lack of fit of the linear regression model was
significant for all variables, except for the CLW
and FM variables (data not shown).

The experimental precision (coefficient of
variation) varied between 21.50% for the
cotyledonary leaf width and 101.20% for the
hypocotyl diameter (Table 1). In peppers, CV
values vary according to the characteristic,
genotype and species under study (Da Silva et al.,
2011).

Tabela 1 Summary of variance analysis for seedling characteristics in ornamental pepper (Capsicum annuum L.)

submitted to saline stress

Mean Square

F.V. GL SH HD RL CLL CLW NL FM GE
Traits 4 0.90™ 0.02" 4.06™  0.11™ 0.02* 3.04™ 0.01** 0.17™
Residue 30 0.46 0.02 3.16 0.06 0.01 240 0.02 0.09
Mean 2.44 0.14 6.58 111 0.39 4.77 0.12 0.88
CV (%) 27.80 101.20 27.00 22.94 21.51 32.46 35.74 34.84

**and * Significant at the 1% and 5% error probability level, by the t test, respectively. SH - Seedling height; HD - hypocotyl
diameter; RL - radicle length; CLL - Cotyledon leaf length; CLW — Cotyledon Leaf Width; NL - Number of leaves and MF

- Fresh matter; GE - Germination.

The percentage of germination at the doses
tested in this study was higher than 70% (data not
shown). These results are within the expected
levels to be considered effective germination,
since 70% is the minimum of germination
recommended for the commercialization of basic
seeds of the genus Capsicum, in accordance with
Administrative Rule 457 of December 18, 1986
(Brazil, 1986), and with the Draft Normative
Instruction of September 5, 2012 (Brazil, 2012).

Guzman-Murillo et al. (2013) reported a
decrease in germination at the concentration of 50
mM on the germination of C. annuum. Hassen et
al. (2014) reported that the effects of saline stress
on the germination of this species were dependent
on the cultivar, with the Anaheim cultivar tolerant
to the highest NaCl dose used 12gL™* whereas

other cultivars were susceptible to saline stress.
The negative effects of increasing NaCl doses on
the culture medium on germination may be
related to the reduction of water absorption and
the toxic accumulation of ions in the embryo
(Hassen et al., 2014). Zapata et al. (2004)
demonstrated that the germination and the total
fresh matter of pepper plants were affected in the
150mM dose. Zhani et al. (2012) reported a
decrease in germination in different cultivars of
C. frutescens pepper at concentrations ranging
from2to8g L™

The cotyledon leaf width (Figure 1) and total
fresh matter (Figure 2) were inversely
proportional to the concentration of salts in the
culture medium.
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Figure 1 Cotyledon leaf width in Capsicum annuum
cultivated in vitro as a function of the NaCl
concentration.
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Figure 2 Total fresh mass in Capsicum annuum
cultivated in vitro as a function of NaCl concentration.

Guzman-Murilloet al., (2013) reported a
decrease in the hypocotyl and root measurements
in pepper, in the concentration of 50 mM NaCl,
but not in 25 mM. Similar data were found for the
species C. frutescens by Zhani et al. (2012). These
same authors reported a decrease in the number of
leaves and leaf area with the increase in NaCl
concentration.

In relation to fresh matter, Hassen et al. (2014)
working with different cultivars of C. annuum
found data similar to this work. These authors
reported decreases in fresh matter in the doses of
NaCl being tested with Anaheim cultivar showing
tolerance to the greater dose used (12 g L) and
the other cultivars being susceptible. Zapata et al.
(2004) reported a reduction of 10% in fresh
matter in pepper, in relation to the control plants,
in the concentration of 150 mM. In this work the
reduction in the total fresh matter was 38.88% in
the dose of 100 mM. Guzméan-Murilloet al.
(2013) also reported a decrease of the total fresh
matter in pepper in the concentration of 50 mM of
NaCl.

According to Bojorquez-Quintal et al. (2012)
high concentrations of salts can cause severe

damage to peppers of the genus Capsicum,
making them highly sensitive to saline stress.
These same authors emphasized that the damage
caused to seedlings is more severe and can result
in growth retardation and even death. On the other
hand, Arrowsmith et al. (2012) reported that
peppers may be more tolerant of salt stress than
expected for the genus. It is worth noting that the
percentage of salt in the medium tested by the
latter authors may have been insufficient to cause
damage to the seedlings and concluded that
further tests at higher concentrations should be
done. Bojorquez-Quintal et al. (2014) found
differences between Chichen-ltza and Rex
varieties belonging to the C. chinense species at
different NaCl concentrations, the latter being
more tolerant at the 100mM dose. However, the
150mM dose affected both cultivars, causing loss
of fresh matter, foliar abscission and root
darkening.

In this work, the highest percentage of
abnormal seedlings were found at the highest
concentrations of NaCl. At zero concentration
there was a higher occurrence of normal plants
(80%) and less of abnormal seedlings (20%)
(Figure 3A). In contrast, in the highest
concentration of NaCl (100 mM) 40% of
abnormal plants were detected (Figure 3B, C).
Abnormal seedlings with atrophied hypocotyl
and roots (Figure 3B) as well as seedlings with
normal root and abnormal aerial part were found
(Figure 3C). These results confirm the reported
by Bojorquez-Quintal et al. (2012) in relation to
damage caused to seedlings in response to
increased salinity in the environment.

Figure 3 Normal ornamental plantlet (a), abnormal
plantlet with atrophied roots and hypocotyl (b) and
abnormal plantlet with normal roots and atrophied
aerial part (c).
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According to BRASIL (1992), abnormal
plants are those that show no potential to continue
their growth and give rise to normal plants. While
this concept also applies to abnormal plants that
grow in ideal conditions, abnormal growth can be
caused by high concentrations of salts that reduce
the osmotic potential, which can lead to the action
of ions on the protoplasm (Mortele et al., 2006).

5 Conclusion

The germination of the pepper seeds was not
affected by the NaCl doses used in this work,
however the concentrations of 75 and 100 mM of
salt affected the cotyledon leaf width, the total
fresh mass and the percentage of abnormal plants.
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