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ABSTRACT: Mesosphaerum suaveolens (L.) Kuntze is a species of high phytotherapeutic and aromatic potential and quite
widespread in Northeastern Brazil. However, the scarcity of good quality water and the high content of salts contained in the soil
and irrigation water of the semi-arid region can compromise the crop growth and yield . Therefore, this study aimed to evaluate the
effect of seed treatment with salicylic acid on the growth rates and the fluorescence indexes of chlorophyll ‘@’ from M. suaveolens
plants irrigated with saline waters. The experiment was conducted in a randomized complete block design with a 5 x 5 incomplete
factorial design, with five electrical conductivities of the irrigation water (ECw = 0.5, 1.45, 5.00, 8.55 and 10.0 dS m™) and five
salicylic acid doses (SA = 0.0, 0.29, 1.0, 1.71 and 2.0 mM L"), generated by the Box Central Compound matrix. The evaluated
variables were the absolute and relative growth rates for stem height and diameter and the indexes of fluorescence and quantum
yield of photosystem II. The salinity of the water reduces the growth and the fluorescence indexes of the plants. The seeds
treatment with salicylic acid at the doses of 1.99 and 0.69 mM L' attenuates the damaging effect from saline stress on the absolute
and relative growths for the stem diameter.
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Taxas de crescimento e fluorescéncia de Mesosphaerum suaveolens (L.) Kuntze
sob estresse salino e doses de acido salicilico

RESUMO: A Mesosphaerum suaveolens (L.) Kuntze é uma espécie de elevado potencial fitoterapico e aromatico e bastante
difundida no Nordeste brasileiro. Porém, o elevado teor de sais contidos no solo e na agua de irrigagéo da regido semiarida
podem comprometer o crescimento e produtividade da cultura. Assim, objetivou-se avaliar o efeito do tratamento de sementes
com acido salicilico nas taxas de crescimento e indices de fluorescéncias da clorofila ‘a’ de plantas de alfazema irrigadas
com &guas salinas. O experimento foi conduzido em delineamento de blocos casualizados, em esquema fatorial incompleto
5 x 5, com cinco niveis condutividade elétrica da agua de irrigagéo (CEa= 0,5; 1,45; 5,00; 8,55 e 10,0 dS m”) e cinco doses
de &cido salicilico (AS=0,0; 0,29; 1,0; 1,71 e 2,0 mM L"), geradas pela matriz Composto Central de Box. Foram avaliadas
as variaveis de taxas de crescimento absoluto e relativo para a altura e didmetro do caule e os indices de fluorescéncia e o
rendimento quéantico do fotossistema Il. A salinidade da agua reduz o crescimento e os indices de fluorescéncia das plantas. O
tratamento das sementes de acido salicilico nas doses de 1,99 e 0,69 mM L atenua o efeito danoso do estresse salino sobre
o crescimento absoluto e relativo para o didmetro do caule.

Palavras-chave: regulador de crescimento; espécie medicinal; salinidade; tratamento de sementes
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Introduction

The Mesosphaerum suaveolens (L.) Kuntze, part of the
Lamiaceae family, has herbal and aromatic properties used in
traditional medicine. This crop is considered as a multipurpose
species due to its biological properties and antifungal,
insecticidal and anti-inflammatory actions (Figueirédo et al.,
2018). The main utility of this plant is the production of an
essential oil rich in phytotherapeutic compounds, however, its
growth and production of biomass and oil vary according to
the cultivation conditions (Arruda et al., 2018).

Since the M. suaveolens is a species that demonstrates
favorable conditions in adapting to the Brazilian Northeastern
semi-arid and for its use in the popular medicinal of the
region, the crop shows potential to be explored. However,
the Northeast region is characterized by containing high salt
content in both the soil and the waters used in irrigation,
with compromising reflexes on the crops productive capacity.
The high salt content sometimes is not that high; however,
when above the level tolerated by the crop, it causes growth
inhibition and interferes negatively in the plant physiology
and biomass formation (Bezerra et al., 2018).

As according to Silva et al. (2013), salinity harms plants
in two forms overall, by reducing the soil osmotic potential,
with increased saline content resulting in greater energy
expenditure in absorbing water and nutrients; and by
the phytotoxicity of specific ions such as sodium, boron,
bicarbonates and chloride, which disturbs the physiological
and biochemical processes.

In plants under stress conditions, such as the saline case,
the fluorescence indexes of chlorophyll ‘@’ are important in
estimating the damage caused to the photosynthesis. This is
because they allow evaluating the physiological condition of
the photosystem Il and the electron transport chain, as well
as the damage caused by salt stress on the photosynthetic
apparatus (Kalaji et al., 2016).

Due to serious problems regarding soil salinity or irrigation
water, researchers in the area are striving for techniques that
minimize or reduce the damage from salt stress on the plant
growth. Among these, the use of phytohormones stands out,
acting on the plant growth regulation; such as the case of the
salicylic acid, for example, a phenolic compound that function
by regulating several physiological processes, considered as
a signaling molecule that generally operates in the defense
mechanisms of the plant under stress, (Taiz et al., 2017);
including in the salinity (Silva et al., 2018).

The salicylic acid mediates the action of proteins and
enzymes involved in cell growth, photosynthesis and plant
respiration, expression of genes that promote accumulation
of reactive-oxygen species (ROS) in the apoplast of plants

under salt stress (Sharma et al., 2017 Hernandez-Ruiz &
Arnao, 2018).

In light of this context, the objective was to evaluate the
effects of the irrigation water salinity and of the salicylic
acid on the growth rates and fluorescence indexes from the
chlorophyll ‘a’ of M. suaveolens plants.

Materials and Methods

The experiment was conducted in a greenhouse, part of
the Department of Phytotechnics and Environmental Sciences
of the Agricultural Sciences Center, Federal University of
Paraiba (CCA/UFPB), Campus I, Areia - Paraiba.

The experimental design used was the randomized
complete block in a 5 x 5 incomplete factorial design,
referring to five levels of electrical conductivities of the
irrigation water (ECw: 0.5; 1.45; 5.0; 8.55 and 10.0 dS m)
and five salicylic acid doses (0.0; 0.29; 1.0; 1.71 and 2.0 mM
L), with four replicates composed of two plants, generated
by the experimental matrix Box Central Compound (Mateus
et al., 2001).

The different electrical conductivities were obtained by
adding sodium chloride (NaCl) to the water of the supply
system (ECw = 0.5 dS m?) in the required proportions, with the
values assessment aided by portable conductivimeter of the
microprocessor-style model, Instrutherm® (model CD-860).
Irrigations were daily, from 10 days after sowing, with the
water volume applied established through drainage lysimetry,
found by the difference in the amount of water applied and
drained (Alves et al., 2017).

The seeds were treated with salicylic acid by diluting its
doses in 200 mL of distilled water and soaking the seeds in
this solution for a period of 8 hours inside plastic containers,
kept at a mean temperature of 25.2 °C and relative humidity
of around 54.2%. Afterwards the imbibition period, the seeds
were washed with distilled water in order to remove acid
excess.

The used seeds were all obtained from native plants
located in the Novo Horizonte settlement, municipality of
Varzea - PB. The experiment was conducted in polyethylene
bags with capacity for 1.2 dm?, where 10 seeds were sown per
bag, with thinning held after the emergence establishment,
around 10 days after sowing, leaving only one plant per vessel.

The vessels were filled with substrate formulated from
the mixture of a “Latossolo” (Oxisol) soil type, washed sand
and tanned bovine manure in the 3:1:1 proportion (Embrapa,
2018), with its chemical composition displayed in Table 1.

In order to determine the growth rates, two evaluations
were performed at 15 and 45 days, with their involved
variables calculated as the following:

Table 1. Chemical characterization of the substrate used in the experiment.

0O.M. = organic matter; SB = saturation of bases; CEC = cation exchange capacity.
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- Rates of absolute and relative growth for height
and diameter of the stem: established from adapting the
methodology previously described by Benincasa (2003),
according to the equations 1 and 2:

AGRHp = AP2=AP]) _\D2-Dl)
(t2-t1) (t2—-t1)
In which: AGRHp = absolute growth rate for the plant height;
AGRD = absolute growth rate for the stem diameter; Ap1 and
D1=value of the evaluation 15 days applying saline waters; Ap2
and D2 = height value of the evaluation 45 days after applying
saline waters; t1 = number of days of the first evaluation (15
days); t2 = number of days of the second evaluation (45 days).

(ln Ap2—-In Apl)
(t2—-t1)

(ln D2-In Dl)

RGRHp =
P (t2—-1t1)

RGRD =

In which: RGRHp = relative growth rate for the plant height;
RGRD = relative growth rate for the stem diameter; InAp1 and
InD1 = natural logarithm from the value of the evaluation 15 days
after applying saline waters; InAp2 and InD2 = natural logarithm
from the value of the evaluation 45 days after applying saline
waters; t1 = number of days of the first evaluation (15 days); t2
= number of days of the second evaluation (45 days).

The evaluation of chlorophyll fluorescence variables was
with the aid of a modulated fluorometer (Sciences Inc. - Model
0S-30p, Hudson, USA). Clamps for leaves were placed for 30
minutes before the reading to adapt the leaves to the dark,
with the initial fluorescence (F ), maximum fluorescence (F_),
variable fluorescence (F =F_-F), F /F ratio and the quantum
yield of the photosystem Il (F /F ).

The data were subjected to the analysis of variance by the F
test (p > 0.05) and by regression, employing the SAS University
statistical program for processing data (Cody, 2015).

Results and Discussion

The interaction between the different electrical
conductivities of the irrigation water and the salicylic acid
doses promoted a significant effect on the rates of absolute
and relative growth of the stem diameter (Table 2). ECw had a

significant isolated effect on the rate of absolute and relative
growth of the plant height. The salicylic acid doses influenced
the absolute growth rate regarding the plant height.

The absolute growth rate of the stem showed the largest
increments (0.18) in plants submitted to seed treatment at a
1.99 mM L! dose of SA and irrigated with water of 0.5 dS m™!
EC (Figure 1A). As for the relative growth rate, the maximum

A.

Figure 1. Absolute (A) and relative (B) growth rate for the stem
diameter of Mesosphaerum suaveolens (L.) Kuntze plants
submitted to salicylic acid doses and irrigation water salinity.

Table 2. Summary of the analysis variance of the absolute (AGRH) and relative (RGRH) growth rates for plant height, absolute
(AGRD) and relative (RGRD) growth rates for stem diameter of Mesosphaerum suaveolens (L.) Kuntze plants subjected to

salicylic acid doses and the irrigation waters salinity.

SV = sources of variation; DoF = degrees of freedom; ™, ** and * = not significant, significant at 1 and 5% by F test, respectively.
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values (0.029) were obtained at the 0.69 mM L' dose and at 0.5
dS m?salinity (Figure 1B). This behavior indicates the SA action
in the cell division process, enabling a greater plant growth.
SA promotes cellular protection under stress conditions, thus
favoring the integrity of the DNA and RNA membranes and
acting on the signaling against stress conditions, as with the
case of osmotic adjustment and control of stomatal opening,
allowing the plant to hold its vital processes (Feitosa et al.,
2016).

The effect of exogenous SA application on the plant
growth was observed by other authors, such as Fayez & Bazaid
(2014), who found that applying 50 uM of SA attenuated
the effect of salt stress and increased the growth of barley
plants (Hordeum vulgare L.). Nazar et al. (2015) verified that
the 0.5 mM L? dose of SA mitigated the effect of salt stress,
stimulating photosynthesis, growth and biomass production
in mustard plants (Brassica juncea L.). Sultan & Mohamed
(2016) promoted an increased growth of cucumber (Cuccumis
sativus L.) by treating its seeds with 0.07 and 0.18 mM L* of
AS. Silva et al. (2018) found that applying 1.0 mM L* of SA
favored the growth of basil (Ocimum basilicum L.) seedlings.

As for the absolute and relative growths, the data from
plant height and stem diameter were reduced as a function of
the increasing salinity of the irrigation water, with the values
fitting to the decreasing linear model (Figure 2). The relative
and absolute growth rates, for plant height, also followed the
largest increments in plants subjected to a lower ECw (0.5
dS m1), succeeded by severe reductions with the increasing
salinity, reaching decreases up to 52 and 21%, respectively
(Figure 2A and 2B). Damage caused by salt stress on the cell
turgor pressure reduces the water content in the tissues, thus
resulting in the decline of both cell expansion and the growth
of tomato - Lycopersicum esculentum L. (Freire et al., 2010).

The effect of the salicylic acid doses on the absolute
growth rate of height demonstrated results that best fit to the
quadratic model, with a maximum increment of 1.05 in the 0.9
mM L dose of SA (Figure 2C). The acid acts by regulating the
cell cycle and secondary plant metabolism, as well as energy
expenditure in the catalyst pathways and in the assimilation
rates of the resulting compounds, accumulating them mainly
in the plant shoot, making a greater resistance to abiotic
stress conditions possible and favoring the growth (Napoledo
etal., 2017).

Regarding the fluorescence indexes of chlorophyll ‘d’,
Table 3 reveals that there was no significant effect for the
interaction between the factors and neither for the salicylic
acid doses. On the other hand, the irrigation water salinity
promoted an effect on maximum and variable fluorescence,
the quantum yield of photosystem Il and the ratio between
variable and initial fluorescence.

The variable and maximum fluorescences were similar, with
their values fitting to the decreasing linear effect as the ECw
increased, with the highest means in the 0.5 dS msalt level,
with 649.64 and 790.41 quantum electrons !, respectively
(Figure 3A and 3B). The increasing ECw promoted severe
reductions, reaching up to 61% and 50% when comparing the
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A.

Figure 2. Absolute (A) and relative (B) growth rates for height
of Mesosphaerum suaveolens (L.) Kuntze plants subjected to
irrigation water salinity and absolute growth rate for plant
height (C) in function of salicylic acid doses.

salinity results of the lowest with the highest (10 dS m?). This
effect demonstrates that the high salt content causes severe
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Table 3. Summary of the analysis of variance for the initial (F,), maximum (F_) and variable (F ) fluorescence indexes, quantum
yield of photosystem Il (F /F_) and the ratio between the variable and initial fluorescence (F /F,) of Mesosphaerum suaveolens
(L.) Kuntze plants subjected to salicylic acid doses and irrigation water salinity.

SV = sources of variation; DoF = degrees of freedom; ™, ** and * = not significant, significant at 1 and 5% by F test, respectively.

A.

B.

Figure 3. Variable fluorescence - F (A), maximum fluorescence - F_ (B), ratio between maximum and initial fluorescence - F /
F, (C) and quantum yield of photosystem Il - F /F (D) in Mesosphaerum suaveolens (L.) Kuntze plants subjected to different

irrigation water salinities.

damage to the photosynthetic apparatus, corroborating to the
CO, assimilation rate response. These results are indicative
that salinity affects the photochemical efficiency, reducing the
exchange of electrons among the photosystems and reducing
the photochemical activity of the leaves (Lima et al., 2019),
thus, plants promote the slowing down of the photosynthetic
process as a mechanism for mitigating the salt stress toxic
effects (Silva et al., 2014).
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In a likely manner, the variables F and F_, behaved as the
ratio between maximum and initial fluorescence (FV/FO) did,
where plants irrigated with water of 0.5 dS m? EC had the
highest values (4.94 quantum electrons™) followed by high
decreases with the increasing ECw, obtaining a reduction of
62% in the salinity of 10 dS m* (Figure 3C). This decrease due
to the increasing ECw indicates that the salt stress promotes
great damages to the photosynthetic apparatus and the
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efficiency of CO, carboxylation. This, associated with the
negative effect promoted by the salts excess to chlorophyll
and on the synthesis of ATP and NADPH, result in low yield
and photosynthetic efficiency (Dias et al., 2018).

Inasimilar fashion, the quantumyyield of photosystem Il (F /F )
had results that fitted to the decreasing linear model, with losses
that reached 23% when comparing the values of plants subjected
to lower and higher ECw, emphasizing the damage caused by
salt stress(Figure 3D). The reduction in the quantum yield of
photosystem |l is indicative of damage to the photosynthetic
apparatus, where the salinity can inhibit the breakdown of the
water molecules needed for the chemical stage of the process,
acting directly on photosystem Il (Oliveira et al., 2018).

Conclusions

The seeds treatment with salicylic acid attenuates the
damaging effect of irrigation water salinity on the growth of
Mesosphaerum suaveolens (L.) Kuntze plants;

The absolute and relative growth rates for the stem
diameter are stimulated by the salicylic acid doses of 1.99 and
0.69 mM LY

The increased electrical conductivity of irrigation water
compromises the growth rates and fluorescence levels of
chlorophyll ‘a’ in M. suaveolens plants.
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