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Effects of irrigation water salinity and salicylic acid on germination
and vigor of Mesosphaerum suaveolens (L.) Kuntze

Efeitos da salinidade da agua de irrigacao e do acido salicilico na
germinacao e no vigor de Mesosphaerum suaveolens (L.) Kuntze

Jackson Silva Nobrega'”; Riselane de Lucena Alcantara Bruno?;
Francisco Romario Andrade Figueiredo®; Toshik larley da Silva?;
Ronimeire Torres da Silva'; Kilson Pinheiro Lopes®

Highlights:

Salicylic acid attenuates salinity effects on the initial growth of M. suaveolens.
Seed quality improves with SA priming.

Salicylic acid priming is a promising technique to reduce salinity effects.

Abstract

Salinity is one of the factors that negatively impact plant growth and productivity; therefore, it is
necessary to seek solutions that help mitigate the degenerative action of saline stress on crops. The
objective of this study was to evaluate the effects of salicylic acid (SA) on the germination and vigor
of Mesosphaerum suaveolens (L.) Kuntze seeds subjected to salinity. The experiment was carried out
using a completely randomized design, in an incomplete 5 x 5 factorial scheme, with five levels of
electrical conductivity of irrigation water (ECw - 0.0, 1.45, 5.00, 8.55, and 10.00 dS m™) and five
doses of SA (0.0, 0.29, 1.00, 1.71, and 2.00 mM), with four replications of 50 seeds, totaling nine
combinations generated via a central composite design. The germination percentage, first germination
count, germination speed index, average germination time, percentage of abnormal seedlings, shoot,
root, and seedling lengths, and total seedling dry mass were evaluated. Salicylic acid attenuated the
effect of saline stress on initial growth, mitigating damage to root and shoot lengths. Seed priming with
salicylic acid improved germination and seed vigor.
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Resumo

A salinidade ¢ um dos fatores que promove a inibigdo no crescimento ¢ produtividade vegetal, sendo
necessaria a busca por alternativas que auxiliem na mitiga¢do da agdo degenerativa do estresse salino
as culturas. Objetivou-se com este trabalho avaliar doses de acido salicilico na germinagdo e vigor
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de sementes de Mesosphaerum suaveolens (L.) Kuntze submetidas a salinidade. O experimento foi
conduzido em delineamento inteiramente casualizado, em esquema fatorial incompleto 5 x 5, com cinco
niveis de condutividade elétrica da agua de irrigagdo (CEa de 0,0; 1,45; 5,00; 8,55 ¢ 10,00 dS m™) ¢
cinco doses de AS de (0,0; 0,29; 1,00; 1,71 e 2,00 mM L"), com quatro repeti¢des de 50 sementes,
totalizando nove combinacgdes geradas via matriz Composto Central de Box. As variaveis avaliadas
foram: porcentagem de germinacdo, primeira contagem de germinacdo, indice de velocidade de
germinacao, tempo médio de germinagdo, porcentagem de plantulas anormais, comprimento da parte
aérea, radicula e plantula e massa seca total de plantulas. O acido salicilico atenua o efeito do estresse
salino sobre o crescimento inicial, mitigando os danos sobre o comprimento de radicula e da parte aérea.
O tratamento das sementes com 4cido salicilico melhora a germinacdo e o vigor das sementes.
Palavras-chave: Espécie medicinal. Mitigacao. Qualidade fisioldgica. Salinidade. Vigor.

Introduction

Alfazema-brava (Mesosphaerum suaveolens
(L.) Kuntze), belonging to the Lamiaceae family, is
found in Tropical America, West Africa, Northern
Nigeria, and the Philippines, and is used in a
series of applications from all parts of the plant in
traditional medicine (Bezerra et al., 2017). It is a
species of sub-shrub size found in all states of the
Northeast Region of Brazil, presenting leaves with
aromatic potential, covered by bristles and glands,
small sessile flowers located in the leaf axils and
terminal branches of the plant (Saboia, Barbosa,
Parente, & Parente, 2018). The leaves are rich in
secondary compounds such as alkaloids, flavonoids,
tannins, saponins, and terpenes, which are used
in the pharmaceutical and cosmetics industries,
in addition to their use in folk medicine for the
treatment of skin diseases, bronchitis, antifungal,
and bactericidal action (Alves, Resende, Oliveira,
& Branquinho, 2017).

Although the species has high potential for
exploration and excellent adaptability to semi-arid
conditions, the growth and development of crops
may be limited by the salinity of the soil and water,
common in regions such as the Northeast of Brazil.
Saline stress affects development in all phases of
plants, through osmotic stress, which promotes
a reduction in the water absorption capacity by
increasing the osmotic potential of the substrate,
specific ion toxicity such as Na" and CI-, nutritional
imbalance, and reduction in nutrient absorption
(Harter, Harter, Deuner, Meneghello, & Villela,

2014), resulting in changes in the metabolism
and physiology of plants, thereby inhibiting plant
growth and early senescence of plants (Negrdo,
Schmockel, & Tester, 2017).

Among the
germination, emergence, and initial seedling growth
are the most sensitive to saline stress (E. B. G.
Aratjo et al., 2016). A high salt content slows or
reduces germination and seed vigor, impairing water
absorption kinetics, and increasing ion absorption to
toxic levels during seed imbibition (Larré, Marini,
Moraes, Amarante, & Moraes, 2014).

stages of plant development,

The search for mineral and organic inputs that
have a mitigating effect on soil and irrigation water
salts for sensitive and moderately sensitive plants is
increasing in agriculture. Among these compounds,
salicylic acid (SA) has shown positive impacts as a
phenolic compound that acts in growth regulation,
and in plant defense against abiotic stresses such as
saline stress (Tonel, Marini, Bandeira, Morais, &
Amarante, 2013; Miura & Tada, 2014; T. 1. Silva
et al., 2018). It is involved in the activation and
signaling of the expression of genes that participate
in the defense mechanisms of the plant, in the
photosynthetic process, and in genes that promote
the accumulation of reactive oxygen species
(ROS) in the apoplast, reducing the intensity of the
depressive effects of saline stress (Hasanuzzaman et
al., 2014; Mazaro et al., 2015; Sharma et al., 2017).
In view of this context and the lack of information
on the agronomic characteristics of the species
studied, the objective of this study was to evaluate
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the effects of salicylic acid on the germination and
vigor of Mesosphaerum suaveolens (L.) Kuntze
seeds under saline stress.

Material and Methods

The experiment was carried out at Laboratorio
de Analise de Sementes (LAS), at the Centro de
Ciéncias Agrarias, Universidade Federal da Paraiba
(CCA/UFPB), Campus II, municipality of Areia,
Paraiba. The experiment was carried out using a
completely randomized design, in an incomplete 5
x 5 factorial scheme, with five levels of electrical
conductivity of irrigation water (ECw - 0.0, 1.45,
5.00, 8.55, and 10.00 dS m™) and five doses of SA
(0.0, 0.29, 1.00, 1.71, and 2.00 mM), with four
replications of 50 seeds, totaling nine combinations
generated via a central composite design (Mateus,
Barbin, & Conagin, 2001).

M. suaveolens seeds were harvested from plants
originating from an area of native vegetation, located
in the Novo Horizonte settlement, municipality of
Varzea, Paraiba. The seeds were processed manually
and placed to dry for a period of seven days at room
temperature and relative humidity, and then packed
in plastic containers and sent to the laboratory for
evaluation of physiological quality.

The water content of seeds was determined by
the air-circulation oven method at 105 = 3 °C for 24
h, with four repetitions of 5 g of seeds (Ministério
da Agricultura, Pecuaria e Abastecimento [MAPA],
2009).

The saline solutions were prepared using
sodium chloride (NaCl), free of iodine with 92%
purity, diluted in distilled water in the proportions
needed to produce the electrical conductivity values
previously stipulated, and measured with a portable
conductivity meter (CD-860). The doses of salicylic
acid were prepared by diluting in 200 mL of distilled
water. The seeds were soaked in the SA solutions for
8 h in plastic containers covered with aluminum foil
and kept at room temperature and relative humidity.
The seeds were then washed with distilled water to

remove excess salicylic acid, and germination and
seed vigor tests were carried out.

Germination was carried out in a germination
chamber (biochemical oxygen demand (BOD) type)
regulated at a constant temperature of 25 °C and a
photoperiod of 8 h, using a sheet of Germitest®
paper as a substrate, moistened with the saline
solutions at a volume 2.5 times the mass of the dry
paper. Germination was evaluated from the 4" to
the 15" day after the start of the experiment. The
results were expressed as a percentage of normal
seedlings (MAPA, 2009), with a normal seedling
being considered as one with both a root protrusion
and leaf primordia present.

The first germination count was determined by
counting the number of seeds that had germinated
on the 4™ day after the beginning of the experiment.
The germination speed index was determined by
counting the number of seeds germinated on each
specific day, according to the formula proposed by
Maguire (1962). The average germination time was
established from daily counts of the number of seeds
germinated using the formula of Labouriau (1983).
Abnormal seedlings were recorded from the count
on the 15" day after the experiment was initiated
(MAPA, 2009).

At 15 days after the start of the experiment,
radicle and shoot seedling lengths were measured
with a graduated ruler. At the end of the experiment,
the dry mass of the seedlings was quantified,
seedlings were packed in Kraft paper bags, and
dried in an oven with forced air circulation at 65 °C
until they reached a constant dry mass obtained in a
precision analytical balance (0.0001 g).

The data were subjected to analysis of variance
by the F test at 5% probability, and in cases of a
significant effect, a regression analysis was then
applied. The data with the effect for the interaction
between the factors were presented by means of
the response surface and those isolated by linear or
quadratic regression. The statistical program used for
data processing was SAS University (Cody, 2015).
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Results and Discussion

The seeds, before undergoing priming with SA,
had an initial water content of 9.7%, and therefore
were within the tolerable limit for maintaining the
seeds physiological quality, which must be equal
to or less than 12% (Oliveira, Schuch, Bruno, &
Peske, 2015).

Table 1

Our results indicate a significant effect for the
interaction between the factors studied for the radicle
and shoot lengths (Table 1). Priming with SA had
an isolated effect on the percentage of germination,
first count of germination, germination speed index,
average germination time, and seedling length.
ECw did not affect the quality of M. suaveolens
seeds (Table 1).

Average values of the summary of the analysis of variance for germination (G %), first germination count (FGC),
germination speed index (GSI), average germination time (AGT), abnormal seedlings (AS), radicle length
(RL), shoot length (SL), seedling length (SEL) and seedlings dry mass (SDM) of Mesosphaerum suaveolens (L.)
Kuntze seedlings subjected to doses of salicylic acid and salinity of irrigation water

Mean square

SV DF
G (%) FGC GSI AGT
SA 1 2527.78** 1605.44** 50.33%* 0.002"
ECw 1 145.09™ 5.93m 0.82m 0.90m
SA*SA 1 1048.44* 7321.11%* 108.77** 23.14%*
ECw*ECw 1 41.80™ 219.32m 1.64" 0.052m
SA*ECw 1 64.00" 144.00™ 0.36" 1.19m
Residue 24 141.74 127.11 2.49 0.36
CV (%) 19.1 30.2 19.85 13.23
AS RL SL SEL SDM
SA 1 6.15" 1.95%* 0.26" 3.65%* 1.7253E-08™
ECw 1 38.22% 0.79%* 2.34%* 0.41m 1.7348E-09™
SA*SA 1 0.57m 2.94%* 0.79* 0.68" 1.2058E-06™
ECw*ECw 1 2.54rs 0.39ms 3.41%* 1.50m 3.0344E-06"
SA*ECw 1 2.25m™ 2.24%* 1.16** 0.18m 1.1775E-06™
Residue 24 6.38 0.19 0.11 0.45 7.4000E-07
CV (%) 108.1 12.7 13.6 11.5 45.8

1510

We concluded that M. suaveolens has a high
tolerance to salinity as there was no reduction in seed
quality with the increase in salinity. It has resistance
to stress conditions such as salinity, managing even
under adverse conditions to maintain the ability
to germinate and survive, possibly because this
species has an excellent ability to adapt to semi-arid
environments. Species with high rusticity tend to

have high genetic variability, providing the ability
to adjust osmotically to stressful environments,
enabling their survival even in adverse situations
(Dolferus, 2014).

The interaction between salicylic acid doses and
irrigation water salinity significantly affected both
radicle and shoot lengths (Figure 1).
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Figure 1. Radicle length (A) and shoot lenght (B) of Mesosphaerum suaveolens (L.) Kuntze seedlings submitted to
doses of salicylic acid and salinity of irrigation water (ECw).

The greatest radicle length (4.59 cm) was
obtained in seedlings subjected to an ECw of 9.96
dS m'! and 1.97 mM SA (Figure 1A). Salicylic
acid regulates plant growth, acting on signaling
and defense mechanisms against stress conditions
(Miura & Tada, 2014), thereby promoting gene
expression and the production and accumulation
of osmoprotective substances that induce greater
tolerance to salt stress (Kamram et al., 2020). Thus,
as a defense mechanism, SA promotes changes
in gene expression and proteins involved in the
homeostasis of plants under stress, providing greater
resistance to salinity (Csiszar et al., 2018).

The largest shoot length (3.1 cm) was in a
treatment with ECw of 3.48 dS m™' and 1.51 mM of
SA (Figure 1B). The application of SA contributes
to reducing the deleterious effects of toxic ions

on plants up to the ECw of 5 dS m, enabling
greater shoot growth, and consequently producing
more vigorous seedlings. Salicylic acid can act by
regulating the absorption and translocation of ions
from the root to the shoot by excluding and retaining
low or high levels of Na* in the roots and preventing

it from being transported to the shoot (Methenni et
al., 2018).

Salicylic acid promoted an isolated effect on

germination variables, including first germination

count, germination speed index, average

germination time, and seedling length. The increase
in SA doses linearly increased the percentage of
seed germination from 49.31 to 78.56% with a
59.3% superiority between treatments without and
with 2.00 mM of SA (Figure 2A).
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Figure 2. Germination (A), first germination count (B), germination speed index (C) and average
germination time (D) of Mesosphaerum suaveolens (L.) Kuntz submitted to doses of salicylic acid.

This effect may be due to the stimulus promoted
by SA in the expression of genes involved in
germination, resulting in an increase in seedling
quality. Itis possible that SA induced the mobilization
of starch and the activity of the enzyme amylase,
favoring a greater supply of energy to growth of the
embryonic axis, stimulating germination and cell
integrity (Bouallégue et al., 2017).

In terms of seed vigor, represented by first
SA initially delayed the
germination process of seeds, with a reduction
from 39.33% to 23.51% and a decrease of 40.2%
between treatments with and without 0.76 mM
SA. The application of SA above the minimum
estimated dose however had an effect similar to that

germination count,

registered in Figure 2A; that is, it increased the seed
germination count from 23.51% to 64.84% in the 2.0
mM SA, surpassing by 175.80% the germination of

seeds treated with 0.76 mM of the respective input
(Figure 2B). This increase concurs with Anaya,
Fghire, Wahbi and Loufi (2018), who demonstrated
a positive effect of salicylic acid at a dosage of 0.25
mM in the germination of fava bean (Vicia faba L.)
seeds. The exogenous application of SA in seeds
promotes the expression and signaling of genes that
act on the properties of the cell membrane, resulting
in greater production of phenolic compounds that
can enhance the seeds with greater germination
capacity (Tonel et al., 2013; T. I. Silva et al., 2018).

As with the first germinated seed count (Figure
2B), the increase in SA dose initially inhibited the
germination speed index (GSI; Figure 2C) from
7.9 to 6.1, causing a 22.8% decline between seeds
without and with 0.72 mM SA. On the other hand,
applications above 0.72 mM increased the GSI to
a maximum value of 11.8, inducing an increase of
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93.4% with a dose of 2 mM. As it is considered
a growth regulator, SA can stimulate both the
germination process and seed vigor, resulting in a
faster germination process. Salicylic acid acts by
regulating plant growth, acting on the physiological
processes associated with germination and growth,
reducing the harmful effects promoted by abiotic
stresses, including salinity and defense mechanisms
(E. D. Araugjo, Melo, Rocha, Carneiro, & Rocha,
2018).

Salicylic acid initially delayed seed germination
from 3.7 to 5.3 days at the estimated dose of 1.00
mM, leading to a delay of 1.6 days (Figure 2D).
However, the increase in SA above the estimated
dose accelerated the germination process, reducing
the period for germination from 5.3 to 3.6 days
between the seeds in the estimated dose and the
maximum applied. Salicylic acid at doses up to

7.0
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55
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Seedling length (cm)

4.5
0.0 /r T

0.00 0.29 1.00
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y=5.1839 + 0.5228**x " =0.72
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1.00 mM has an inhibitory effect on germination,
stimulating the appearance of biochemical changes
such as the activity of acid phosphatase enzymes,
a-amylase, and the content of seed reserves
(Silveira, Moraes, & Lopes, 2000; T. C. F. S. Silva
etal., 2014).

Although SA slows down the germination
process, at doses up to 1.00 mM, it linearly
stimulated the height growth of seedlings at a level
of 0.52 cm by increasing the unit concentration
(Figure 3A). The values increased from 5.2 to 6.3
cm with a 21.2% superiority between seedlings
without and with 2.0 mM of SA. The positive
action of SA in plant growth regulation is due to
the stimulation of cell expansion and division in
different phases (Ghassemi-Golezani & Farhangi-
Abriz, 2018; Nobrega et al., 2018a).

B
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Figure 3. Seedling length submitted to different doses of salicylic acid (A) and percentage of abnormal
seedlings (B) of Mesosphaerum suaveolens (L.) Kuntze as a function of irrigation water salinity (ECw).

The increase in water salinity linearly inhibited
the occurrence of abnormal seedlings (Figure
3B). This positive quality can be both a biological
response to saline stress, stimulating the achievement
of normal seedlings, and due to the rusticity of the
species in tolerating a high level of saline stress.
Thus, its high rusticity provides greater ability to
promote osmotic adjustment to the adverse effects
of salinity, enabling survival in adverse conditions
(Nobrega et al., 2018b).

This effect has been reported in other species
with a high degree of rusticity such as cucumber
melon (Cucumis melo var. Cantalupensis Naud),
in which an ECw of 8.0 dS m"' stimulated the
germination process and the achievement of normal
seedlings (Nobrega et al., 2018b). In pepper var.
SAL-Surjomukhi, a salinity of 2.0 dS m™! promoted
a 33.6% increase in germination compared to the
control treatment (Jamal Uddin, Hasan, Rahul,
Mahbuba, & Ahmad, 2017).
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Conclusions

Seed priming with salicylic acid increases
germination and seed vigor, represented by the tests
of first count of germination, germination speed
index, average germination time, and seedling
length of M. suaveolens. Salicylic acid was efficient
in mitigating the harmful effects caused by saline
stress, promoting the production of more vigorous
M. suaveolens seedlings.
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