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stress and application of salicylic acid

Resposta germinativa de sementes de jacaranda-caroba e aroeira-vermelha ao estresse salino e aplicacao de acido salicilico

André Caturelli Braga' (), Marina Moreira Santos’
de Souza®®, Kathia Fernandes Lopes Pivetta'

, Mariana Martins da Silveira' ), Thiago Souza Campos"* ©’, Antonio Maricélio Borges

! Universidade Estadual Paulista, Jaboticabal-SP, Brasil.
2 Universidade Federal de Vigosa, Vigosa-MG, Brasil.

Abstract: Abiotic stresses, such as salinity, interfere with the growth and development of plants and can reduce, delay, or even inhibit the germination
of the seeds. The knowledge about ornamental plants tolerance to those factors and the search for alternatives that reduce those effects, as is the use of
salicylic acid, indicate paths to better development of the plants in environments affected by those stresses. This work aimed to evaluate the germination
of Caroba-tree seeds and Brazilian peppertree seeds in different saline concentrations of sodium chloride (NaCl), using salicylic acid, as a possible saline
stress attenuator. The experimental design utilized was completely randomized, with treatments arranged in factorial scheme 4 x 2 being four saline
concentrations (0, 30, 60, and 90 mM of NaCl) combined with the absence (immersion in distilled water) or presence of salicylic acid (immersion in a
solution containing salicylic acid at 1.0 mM). It was concluded that Caroba-tree showed moderate tolerance to salinity promoted by NaCl during seed
germination. The average germination percentage was 83.91%. However, the seeds germinated at slower paces with the increasing saline solutions. The
application of salicylic acid at the concentration of 1.0 mM did not influence the germination percentage of seeds subjected to saline solutions, regardless
of the concentration. However, the seeds germinated faster in the absence of salicylic acid. Brazilian peppertree was not tolerant to salinity promoted by
NaCl, with an average germination percentage of 47% and 40%, respectively, for the absence and presence of salicylic acid.
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Resumo: Estresses abidticos, como a salinidade, interferem no crescimento e no desenvolvimento das plantas e podem reduzir, retardar ou, até mesmo,
inibir a germinag@o das sementes. O conhecimento sobre a tolerancia das plantas ornamentais a estes fatores e a busca por alternativas que amenizem
estes efeitos, como o uso acido salicilico, indicam caminhos para o melhor desenvolvimento das plantas nestes ambientes afetados por estresses. O
objetivo deste trabalho foi avaliar a germinagdo de sementes de jacaranda-caroba e aroeira-pimenteira em diferentes concentragdes salinas de cloreto
de sodio (NaCl), utilizando acido salicilico como possivel atenuador do estresse salino. O delineamento experimental utilizado foi o inteiramente
casualizado; os tratamentos foram arranjados em esquema fatorial 4 x 2, sendo quatro concentragdes salinas (0, 30, 60 e 90 mM de NaCl) combinadas
com auséncia (imersdo em agua destilada) ou presenca de acido salicilico (imersdo em solug@o contendo é4cido salicilico a 1,0mM). Conclui-se que
jacaranda-caroba mostrou tolerancia moderada a salinidade promovida por NaCl durante o processo de germinagdo de sementes. A porcentagem
média de germinagdo foi de 83,91%, no entanto, as sementes germinaram mais lentamente com o aumento das solugdes salinas. A aplicagdo de acido
salicilico na concentragdo de 1,0 mM ndo influenciou a porcentagem de germinacdo das sementes submetidas & solugdo salina, independentemente
da concentragdo, no entanto, as sementes germinaram mais rapido na auséncia do acido salicilico. Aroeira-pimenteira nao foi tolerante a salinidade
promovida por NaCl, sendo a porcentagem média de germinagao de 47% e 40%, respectivamente para auséncia e presenca de acido salicilico.
Palavras-chave: estresse abiotico, Jacaranda brasiliana, mitigagao, salinidade, Schinus terebinthifolius.

Introduction

Every tree is considered ornamental in the urban environment; they
are utilized in landscaping and urban afforestation, and priority should
be given to the use of native trees as they contribute to a more effective
ecological balance due to the production of fruits that are frequently
consumed by local fauna, in addition to the more accessible adaptation
to the region’s edaphoclimatic conditions, which allows for healthier and
vigorous growth.

Native to Brazil, Jacaranda brasiliana (Lam.) Pers., popularly known
as Caroba-tree and jacaranda-boca-de-sapo, belongs to the Bignoniaceae
family, being endemic, occurs in several Estates in the Brazilian cerrado
and the cerrado’s fields of Central Brazil. It is 4 to 11 m tall, has bipinnate
leaves, panicled inflorescences, and flowers with a purple to bluish
corolla; very ornamental when it blooms, being an excellent choice for
landscaping, blooming exuberantly between August and September,
coinciding with the period in which the plants lose their leaves entirely
(Lorenzi, 2016a; Johanes et al., 2022).

The species Schinus terebinthifolius Raddi, known as Brazilian
pepper tree, among others, belong to the Anacardiaceae family and is
native to Brazil. The tree is very ornamental, especially during the long
period in which the ripe, bright red fruits persist on the plant; it has a
height of 5 to 10 m and is recommended for urban afforestation; however,

it can cause allergies in sensitive people who come into contact with its
leaves. The flowers are melliferous, and the fruits are highly sought after
by birds and used in cooking as a condiment (Lorenzi, 2016b).

The propagation of Caroba-tree and Brazilian peppertree is carried
out through seeds, and the success of the germination process can be
affected by several factors, including salinity. The presence of salts in the
germination process can reduce the percentage and speed of germination
(Silva et al., 2019), increase the average germination time (Adilu and
Gebre, 2021), delay seedling emergence (Jacob et al., 2020), and even
lead to seed death (Liang et al., 2018); however, the effects will depend on
the types of salts, saline concentrations, the period of exposure to saline
stress, crop and species management (Arif et al., 2020).

Under saline stress conditions, plant growth is reduced due to osmotic,
nutritional, and oxidative imbalances (Sousa et al., 2024). However,
phytohormones, such as salicylic acid (SA), minimize the adverse effects
of salt excess on plants (Nobrega et al., 2021a). Salicylic acid mitigates
this abiotic stress by promoting increased growth, photosynthesis,
nitrogen metabolism, and synthesizing osmoregulatory and antioxidant
enzymes (Sousa et al., 2024).

Soaking seeds in salicylic acid is a technique that provides greater
tolerance during germination and initial seedling establishment. This
occurs by facilitating the signaling and expression of genes related to the
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maintenance of homeostasis in response to stress, a fact confirmed by
Nobrega et al. (2020a) in wild lavender Mesosphaerum suaveolens (L.)
Kuntze and by Nobrega et al. (2021c) in the germination of seeds of the
mulungu tree (Erythrina velutina) under saline stress conditions.

Knowledge about ecophysiological aspects of seed germination
in native tree species is still limited, even with increased research.
Understanding a species-specific needs during the germination phase
is essential to ensure success in reforestation initiatives and actions
aimed at managing and conserving these resources. This is due to each
species unique characteristics that affect its establishment and its ability
to perpetuate in the environment (Guimardes et al., 2018). Thus, the
objective of this work was to evaluate the germination of Caroba-tree
seeds (Jacaranda brasiliana) and Brazilian peppertree seeds (Schinus
terebinthifolius) in different saline concentrations of sodium chloride
NaCl, using salicylic acid, as a possible saline stress attenuator.

Material and Methods

The experiment was carried out from August 2022 to July 2023 in a
laboratory. The fruits of Caroba-tree (Jacaranda brasiliana) and Brazilian
peppertree (Schinus terebinthifolius) were harvested from mother plants
located in the state of Sdo Paulo in the following coordinates: 21°15°2”
S, 48°16°47” W and 600 m of altitude. The region’s climate classification
is subtropical Cwa — humid tropical with dry winter and rainy summer
(Andre and Garcia, 2015).

The experimental design used was completely randomized. The
experiment was carried out in a 4 x 2 factorial scheme, with 16 repetitions
and 25 seeds per allotment for rosewood and four repetitions and 100 seeds
per allotment for pepper tree. The tested factors were four concentrations
of sodium chloride (NaCl): 0, 30, 60, and 90 mM of NaCl (corresponding,
on average, to 0; 3.31; 5.88 and 8.1 dS m, respectively) combined with
the absence (immersion in distilled water) or presence (immersion in a
solution containing 1.0 mM of salicylic acid) of salicylic acid.

The seeds were immersed in 200 mL of distilled water or salicylic
acid solution in the laboratory for 8 hours under relative humidity and
at room temperature. After immersion, according to the treatment, the
seeds were washed with distilled water to remove excess salicylic acid, as
Nobrega et al. (2021¢) recommended. The saline solutions were prepared
by adding NaCl to distilled water, with values measured using a portable
conductivity meter. After the immersion, depending on the treatment, the
seeds of each batch were laid to germinate.

The seeds were sown in acrylic boxes (11 x 11 x 3 cm) with lids,
type gerbox, they were placed on two sheets of blotting paper moistened
with the respective solutions, according to the treatment, in the amount
equivalent to 2.5 times the mass of the paper (Nobrega et al., 2021b); the
boxes were placed in Biological Oxygen Demand (B.O.D.) germination
chambers, at a fixed temperature of 25 °C and a photoperiod of 16h00
light and 8h00 dark.

The assessments were carried out daily until the process stabilized;
the criterion used was the formation of normal seedlings. From data
collection, the following were calculated: germination percentage (%G)
and Germination Speed Index (GSI) (Equation 1) according to the formula
proposed by Maguire in 1962 and described by Ferreira et al. (2021). It
was also calculated the average germination time (MGT) (Equation
2) using the formula proposed by Laboriau in 1983, also described by
Ferreira et al. (2021).

N1 N2 Nn
GS[—E‘F ﬁ‘*‘...‘l'm
On what:
GSI = Germination Speed Index;
NI:Nn = number of seeds germinated on the day of the count,
disregarding previous counts;
D1:Dn = number of days after sowing on which the count was carried out.

MGT (days) =S (N1*D1)ENI

On what:

MGT (days) = Average Germination Time, in days;

N1 = number of seeds germinated since the first count, disregarding
previous counts;

D1 = number of days after sowing.
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Statistical analysis was performed using the AgroEstat Software
(Barbosa and Maldonado Junior, 2015); for the type of previous
immersion in solution (distilled water or salicylic acid), when significant,
the averages were compared using the Tukey test at 5% probability; when
saline concentrations were significant, polynomial regression analysis was
performed to verify the behavior of the variables according to the increase
of saline concentrations. Germination percentage data were previously
transformed to arc sine (x/100)" for statistical analysis.

Results

The interaction between saline concentrations and salicylic acid for
rosewood was insignificant for the Percentage and Germination Speed
Index (GSI) but significant for average germination time (MGT). There
was a negative quadratic regression adjustment with increasing saline
concentrations for germination percentage (Fig. 1A) and for GSI (Fig.
1B) regardless of the use of salicylic acid. As for the MGT, there was a
positive quadratic regression adjustment in the absence and presence of
salicylic acid (Fig. 1C).
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Fig. 1. Germination percentage - %G (A), Germination Speed Index —
GSI (B) and Mean germination time — MGT (C), in the absence (Y1)
and presence (Y?2) of salicylic acid, of Jacaranda brasiliana, due to the
increase of NaCl concentration.

When analyzing the percentage of germination (Fig. 1A), there was
a reduction between the control treatment (87.6%) and the highest saline
concentration, that is, 90 mM (76.3%), with a reduction rate of 12.7%.
Even though there was a reduction, there still was a high percentage
of germination at the highest saline concentration, indicating that the
rosewood is tolerant to salinity, as it did not harm the final germination of
seeds. GSI also decreased with increasing saline concentrations (Fig. 1B).
However, this reduction was 48.2%.
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The use of salicylic acid verified that the MGT was more
significant at the highest saline concentration (Fig. 1C-Y2); and also
found in the lowest GSI (Table 1), indicating that the seeds germinated
more slowly than those where salicylic acid was not used; therefore,

salicylic acid was not effective in attenuating the effect of salinity on
the germination of rosewood seeds. There was no difference between
the absence and presence of salicylic acid for the germination percentage
(Table 1).

Table 1. Germination (%) and Germination Speed Index (GSI) of Jacaranda brasiliana, and Germination percentage of Schinus terebinthifolius seeds,
sow in the presence and absence of salicylic, in different saline concentrations of NaCl. Jaboticabal, SP, 2023.

Jacaranda brasiliana
Salicylic acid
Germination (%)

Absence 68.64' (84.63)’ a
Presence 66.74 (83.19) a
CV (%) 12.26

Schinus terebinthifolia

GSI? Germination (%) GSI?
1.1616 a 42.72' (47.12)% a 3.0087 a
1.1095 b 37.23(39.94) b 2.3636 b

11.64 14.07 11.92

! Data converted to arc sin (x/100)"?; 2 Data not converted; averages followed by same letter, on the column, do not differentiate between each other by the Tukey test, at 5% of probability. CV (%):

coefficient of variation, expressed as a percentage.

For the pepper tree, the interaction between saline concentrations and
salicylic acid was also not significant for germination percentage, but it
was significant for the GSI and MGT. For the percentage of germination
(Fig. 2a), there was a cubic regression adjustment, where a slight decrease
in the percentage of germination was observed up to 30 mM of NaCl
and a sharp drop in germination at salinities of 60 and, mainly, 90 mM,
demonstrating that the pepper tree is not tolerant to salinity. For the GSI
(Fig. 2B), there was a decrease in the average, with cubic regression
adjustment in the absence and negative linear in the presence of salicylic
acid with the increasing saline concentrations. For MGT, there was a cubic
regression adjustment both in the absence and presence of salicylic acid
(Fig. 2C), observing an increase in the average germination time with
increasing saline concentrations for both cases. The results observed for
GSI and MGT demonstrate that the seed germination of this tree species
is slower with the increase of saline concentrations, reinforcing the
indication that it is not a species tolerant to salinity.
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Fig. 2. Germination percentage - %G (A), Germination Speed
Index — GSI (B) and Mean germination time — MGT (C), in the absence
(Y1) and presence (Y2) of salicylic acid, of pepper tree (Schinus
terebinthifolius) due to the increase of NaCl concentration.
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Related to salicylic acid, a higher percentage of pepper tree
seed germination occurred in the absence of salicylic acid (Table 1),
demonstrating that it was ineffective in mitigating the adverse effects of
salinity caused by NaCl.

Discussion

Salinity affects seed germination because high levels of soluble
salts, especially NaCl, can cause a reduction in the water potential of
the substrate, reducing the water absorption capacity of the seeds and
inhibiting germination due to the osmotic and toxic effects of salt (Silva et
al., 2021). In this study, Caroba-tree proved to be moderately tolerant to the
salinity promoted by NaCl during the seed germination process, as there
was a high germination rate (76.3%) at the highest saline concentration
evaluated (90 mM), referring to the electrical conductivity of 8.1 dS m™.
However, the increase in saline concentrations reduced the speed and
average seed germination time, as Silva et al. (2019) and Adilu and Gebre
(2021) recommended. However, the Brazilian peppertree was not tolerant
to the salinity promoted by NaCl during the seed germination process.

The effect of salinity on seed germination is, therefore, variable
depending on the species, as occurred in this study, also supported by Arif
et al. (2020); negative effects have been reported by several authors (Liang
etal., 2018; Silva et al., 2019; Jacob et al., 2020; Adilu and Gebre, 2021),
just as observed in this study for pepper tree, however, Caroba-tree proved
to be moderately tolerant; in other research, some species proved to be
tolerant, such as Dypsis decary (Vieira et al., 2023), Festuca arundinacea
and Phleum pratense (Sharavdorj et al., 2021). These plant species,
therefore, have developed mechanisms that guarantee them to survive
in environments with high saline concentrations (Arif et al., 2020), with
the observation of the percentage of seed germination in saline substrates
being the most widespread method for determining the tolerance of plants
to excess of salts (Silva et al., 2021).

The exogenous application of salicylic acid has been used to
minimize the harmful effects of salts on plants (Nobrega et al., 2020a).
Salicylic acid is a phenolic compound that acts in signaling and activation
of genes that act as the plant defense mechanisms against the effects of
biotic and abiotic stress (Methenni et al., 2018; Silva et al., 2018; Nobrega
et al., 2020b). In Limonium bicolor seeds, treatment with salicylic acid
increased the gibberellins content and decreased the abscisic acid content,
with an increase in seed germination (Liu et al., 2019).

However, the salicylic acid was inadequate for rosewood and pepper
trees, as verified in this study. The application of salicylic acid up to 2.0
mM also did not influence the growth of the mulungu tree (Erythrina
velutina Willd.) (Lopes et al., 2019) or the tomato plant (Solanum
Iycopersicum Mill.) (Nobrega et al., 2021a), subjected to saline solution,
however, reduced the germination in Eucalyptus urophylla x Eucalyptus
grandis seeds (Rocha et al., 2021) at a concentration of 1.0 mM.

The response to the application of salicylic acid is, therefore,
dependent on the plant species and even between varieties of the same
species, as observed by Torun et al. (2020) in barley seeds (Hordeum
vulgare L.) and by Silva et al. (2023) who, studying the germination of
seeds of two pepper cultivars (Capsicum annuum L.), treated with the
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same concentrations of salicylic acid, observed a higher germination
speed of ‘Tkeda’ about ‘All-Big.’

Another factor that also affects the response to salicylic acid is
the concentration used. Different concentrations of salicylic acid have
stimulating or blocking effects on the different plant species (Koo et al.,
2020). Silva et al. (2023) observed that for the All-Big pepper cultivar,
there was an increase of approximately 20% in seed germination at the
lowest dose tested (0.1 mM), while in the Tkeda cultivar, an effect of
reducing germination was observed at a dose of 0.2 mM. Also, Yanik et
al. (2018), evaluating the effect of treatments with salicylic acid on barley
seeds, observed that at low concentrations, there was an increase in the
rate of germination and root elongation; higher concentrations resulted
in the accumulation of H,O, due to an increase in superoxide dismutase
and lower catalase activity, and concomitantly there was a decrease in
germination rate and root growth.

In this context, it can be inferred that the concentration used in this
study for the Caroba-tree and Brazilian peppertree (1.0 mM), for the
mulungu tree (Lopes et al., 2019), for the tomato plant (Nobrega et al.,
2021a) and for Eucalyptus urophylla x Eucalyptus grandis (Rocha et al.,
2021) may not have been the most efficient and other concentrations could
present more effective results.

Conclusions

The Caroba-tree tree showed moderate tolerance to salinity promoted
by NaCl during the seed germination process. The seeds germinated more
slowly with increasing saline solutions. The application of salicylic acid at
a concentration of 1.0 mM did not influence the percentage of germinated
seeds subjected to saline solutions at different concentrations, and the
seeds germinated faster in the absence of the salicylic acid.

The Brazilian peppertree was not tolerant to salinity promoted
by NaCl during the seed germination process, and salicylic acid was
ineffective in mitigating salinity’s harmful effects.
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