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ABSTRACT – Salinity is one of the problems that limit plant development, with the germination, growth, and 
initial establishment stages being the most sensitive to saline stress. Erythrina velutina, popularly known as 
“mulungu” in Brazil, is a species native to the Caatinga biome, which grows in conditions of soil rich in salts. 
The damage caused by salinity to the quality of its seeds and the use of techniques that mitigate such eff ects are 
little known. Thus, this work aimed to evaluate salicylic acid as a mitigator of saline stress in the physiological 
quality of mulungu seeds. The quality of two seed lots from two Brazilian states (L1: Mossoró, Rio Grande 
do Norte, and L2: Pentencostes, Ceará) was evaluated. A completely randomized design in a 2 (seed soaking 
with salicylic acid (SA) – distilled water and 1.0 mM SA) × 4 (electrical conductivity of irrigation water – 
ECw – 0.0, 3.0, 6.0 and 9.0 dS m-1) factorial scheme with four replications of 50 seeds each was used. Saline 
stress reduces the quality of mulungu seeds and seedlings. SA increases the vigor of the seeds, promoting 
improvements in germination under saline conditions.

Keywords: Caatinga; Phytohormone; Salinity.

ÁCIDO SALICÍLICO COMO ATENUADOR DO ESTRESSE SALINO NA 
QUALIDADE FISIOLÓGICA DE SEMENTES DE Erythrina velutina

RESUMO – A salinidade é um dos problemas que limitam o desenvolvimento das plantas, sendo as fases de 
germinação, crescimento e estabelecimento inicial as mais sensíveis ao estresse salino. Erythrina velutina, 
popularmente conhecida no Brasil como “mulungu”, é uma espécie nativa do bioma Caatinga, que cresce 
em condições de solo rico em sais. Os danos causados pela salinidade à qualidade de suas sementes e a 
utilização de técnicas que mitiguem esses efeitos são pouco conhecidos. Assim, o objetivo deste trabalho foi 
avaliar o ácido salicílico como mitigador do estresse salino na qualidade fi siológica de sementes de mulungu. 
A qualidade de dois lotes de sementes de dois estados brasileiros (L1: Mossoró, Rio Grande do Norte, e L2: 
Pentencostes, Ceará) foi avaliada. O delineamento inteiramente casualizado em esquema fatorial 2 (embebição 
de sementes com ácido salicílico (SA) - água destilada e 1,0 mM SA) × 4 (condutividade elétrica da água de 
irrigação - ECw - 0,0, 3,0, 6,0 e 9,0 dS m-1) com quatro repetições de 50 sementes cada foi usado. O estresse 
salino reduz a qualidade das sementes e mudas de mulungu. SA aumenta o vigor das sementes, promovendo 
melhorias na germinação em condições salinas.
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1. INTRODUCTION

Erythrina velutina Willd, popularly known as 
mulungu, is a xerophilous plant originating exclusively 
from the Caatinga biome, located in the semi-arid 
region of Brazil. This is a large arboreal plant with 
twisted stem, used commonly as wood, handicrafts, 
ornamental use and agroforestry systems, in addition 
to being used in the regeneration of degraded areas 
(Alves Junior et al., 2016; Teixeira et al., 2019). E. 
velutina seedlings are used in regeneration projects 
in degraded areas, as they have rapid growth and 
adaptive characteristics to the semiarid environment 
(Rodrigues et al., 2018). This plant is used in 
traditional medicine to treat psychotic disorders, due 
to the presence of alkaloids, terpenes and fl avonoids, 
promoting neuroprotective, anxiolytic, sedative, 
anticonvulsant, antinociceptive and antioxidant 
eff ects (Dias et al., 2019).

Despite being a species found in arid and semi-
arid regions, such as the Brazilian Northeast, the high 
salt content of soil and irrigation water, typical of 
these regions, can compromise the development of 
this species. In addition, the water used in irrigation 
during the production of seedlings, being of low 
quality, aff ects the initial establishment of plants, 
making it diffi  cult to obtain healthy seedlings and/or 
maintain their survival in the fi eld (Ibrahim, 2016).

Among the stages of plant development, 
germination and initial seedling growth are critical 
stages for the establishment of most species, and 
these are periods in which they are very sensitive to 
saline stress (Ibrahim, 2016). High salinity inhibits 
germination due to a reduced water absorption 
capacity by the seed, toxicity of specifi c ions (such as 
Na+ and Cl-) and changes in the biochemical reactions 
involved in the germination metabolism, which can 
lead to reduction and/or delay and death of seeds 
before germination (Anaya et al., 2018; Pereira et al., 
2020).

The development of methods for minimizing 
the harmful eff ects of saline stress on plants is very 
important. Tolerance to salinity in plants can be 
increased by treating seeds with diff erent osmotic 
solutions (phytohormones, sugars, inorganic salts 
and polyethylene glycol), a technique known as seed 
soaking (Akter et al., 2018). Among these solutions, 

salicylic acid stands out as a phytormone capable of 
increasing the tolerance of plants against the adverse 
eff ects of saline stress (Nóbrega et al., 2020).

The application of salicylic acid triggers tolerance 
to biotic and abiotic stresses in plants through 
the regulation of biochemical and physiological 
mechanisms, including ions, antioxidant enzymes, 
endogenous hormones and gene expression related 
to their synthesis (Kim et al., 2018). In addition, 
acclimatization to saline stress in plants can be 
improved by exclusion and/or compartmentalization 
of ions, osmoregulation, reduction of membrane lipid 
peroxidation, protein kinase synthesis, antioxidant 
system regulation, etc. (Yan et al., 2018).

Although soaking seeds with salicylic acid is an 
effi  cient technique for attenuating saline stress, little 
is known about its eff ect on the germination of forest 
species. Information on the use of salicylic acid in the 
germination of E. velutina is important for optimizing 
the production of good quality seedlings for use in 
reforestation projects, in the recovery of degraded 
areas in places with a loss of biodiversity, as well as 
for the acquisition of additional information about the 
use of salicylic acid in the germination of this species. 
Thus, the aim of this work was to evaluate salicylic 
acid as a mitigator of saline stress in the physiological 
quality of mulungu seeds.  

2. MATERIAL AND METHODS

2.1 Experiment Location

The experiment was carried out at the Laboratório 
de Análise de Sementes – LAS (Seed Analysis 
Laboratory), at the Centro de Ciências Agrárias - 
CCA (Center for Rural Sciences) of the Universidade 
Federal da Paraíba – UFPB (Federal University of 
Paraíba), Campus II, Areia, Paraíba, Brazil. 

2.2 Experimental design

Two lots of mulungu (Erythrina velutina) seeds 
were used: Lot 1 (L1): collected in Mossoró, Rio 
Grande do Norte state, and Lot 2 (L2): collected 
in Pentecostes, Ceará state. The climate of the 
predominant region according to the Köppen-Geiger 
classifi cation in both municipalities is hot semi-arid, 
divided into dry (prolonged) and wet (short and 
irregular) periods. The completely randomized design 
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in a factorial scheme of 2 (seed soaking - distilled 
water and 1.0 mM salicylic acid) × 4 (electrical 
conductivity of irrigation water - ECw = 0.0, 3.0, 6.0 
and 9.0 dS m-1) with four replications of 50 seeds each 
was used.  

2.3 Preparation of soaking

The seeds were soaked in 200 mL of distilled 
water and/or a solution of salicylic acid for 8 hours, 
under relative humidity and at room temperature. 
After soaking, the seeds were washed with distilled 
water to remove any excess salicylic acid. The saline 
waters were prepared by adding sodium chloride 
(NaCl) to distilled water, with the values measured 
using an Instrutherm® portable conductivity meter, 
model CD-860. After soaking in this saline solution, 
the seeds from each lot were placed to germinate on 
rolls of paper moistened with water at pre-established 
levels of electrical conductivity of water, in an amount 
equivalent to 2.5 times the dry weight of the paper, and 
packed in BOD- (Biological Oxygen Demand) type 
germination chambers, with a constant temperature of 
20 °C and a photoperiod of 8 hours (Brasil, 2009). 

2.4 Variables Analyzed 

The germination evaluations were carried out 
from the 5th to the 15th day after the beginning of the 
soaking, considering that the seeds that produced 
normal seedlings were considered to be germinated, 
that is, the ones that presented the primary root 
protrusion and emission of the leaf primordia. The 
germination speed index was obtained from the daily 
count of normal seedlings for 15 days, as established 
by the methodology of Maguire (1962). The average 
germination speed was determined from the count of 
germinated seeds during each day of the germination 
test and calculated according to Labouriau and 
Valadares (1976).

The root length, shoot length and seedling 
length were measured on the 15th day of evaluation, 
with 10 seedlings per repetition. A ruler graduated in 
centimeters was used, considering the length from the 
root insertion to the seedling´s apex, with the result 
expressed in cm. The seedlings were placed in paper 
bags and dried in an oven at 65 °C for 24 hours, after 
which they were weighed to evaluate the seedling 
dry matter mass, the result being expressed in g per 
seedling. 

2.5 Statistical analysis

The data was subjected to analysis of variance 
by the F test and, when signifi cant, Tukey's test was 
applied at 5% probability to determine the diff erence 
between the seed lots. Canonical correspondence 
analysis and confi dence ellipses (p≤0.01) were 
performed to study the interrelationship between 
variables and factors. The candisc package (Friendly 
and Fox, 2017) and R statistical program (R Core 
Team 2020) were used.

3. RESULTS

The values of germination, fi rst count and 
germination speed index were higher in the seeds 
of Lot 1, with a superiority of 61.5, 60.8 and 70.2%, 
respectively (Table 1). The vigor represented by the 
root length, shoot length and seedling length was also 
higher in the seeds of Lot 1. The average speed of 
germination was higher (0.22) in the seeds of Lot 2. 
The dry masses of the root, shoot and seedlings were 
not diff erent between the seed lots (Table 1). 

An analysis of canonical variables for mean scores 
of the fi rst two canonical variables was used to verify 
the contribution of each variable to the diff erence 
between treatments (Figure 1). The dimensions of 
components 1 and 2 of Lot 1 (Mossoró) were 83.7 

Table 1 – Germination percentage (GP), fi rst count of germination 
(FCG), germination speed index (GSI), average 
germination speed (AGS), root dry mass (RDM), shoot 
dry mass (SDM), seedling dry mass (SEDM), shoot 
length (SL), root length (RL) and seedling length (SEL) 
of diff erent seed lots of Erythrina velutina.  

Tabela 1 – Porcentagem de germinação (GP), primeira contagem 
de germinação (FCG), índice de velocidade de 
germinação (GSI), velocidade média de germinação 
(AGS), massa seca da raiz (RDM), massa seca da 
parte aérea (SDM), massa seca da muda (SEDM), 
comprimento do caule (SL), comprimento da raiz (RL) 
e comprimento da muda (SEL) de diferentes lotes de 
sementes de Erythrina velutina.

Means followed by the same letter in the column do not diff er according to 
Tukey’s test at 5% probability.
Médias seguidas pela mesma letra na coluna não diferem de acordo com o 
teste de Tukey a 5% de probabilidade.

Lote GP FCG GSI AGS RDM

             -------- % --------   g

1  94.38 a 90.88 a 18.58 a 0.062 b 0.019 a
2  32.88 b 30.12 b 5.54 b 0.223 a 0.018 a

  SDM SEDM SL RL SEL

             -------- g --------           -- ---------------- cm ------------

1  0.0304 a 0.049 a 4.96 a 3.20 a 7.97 a
2  0.0304 a 0.048 a 1.69 b 2.36 b 4.05 b



Nóbrega JS et al.

Revista Árvore 2021;45:e4521

4

and 9.8%, respectively, with a variability of 93.5% 
(Figure 1). The application of salicylic acid attenuated 
the eff ect of salinity on the germination (ger), fi rst 
germination count (fcg) and germination speed index 
(gsi) of the E. velutina seedlings. The higher salinity 
(9.0 dS m-1) prolonged the seed germination process, 
as observed for the average germination speed (ags), 
which was more related to the higher salinity and seed 
soaking in distilled water (E9H).

The dimensions of components 1 and 2 of Lot 2 
(Pentecostes) were 60.6 and 24.9%, respectively, with 
a variability of 85.5% (Figure 2). The application of 
salicylic acid did not attenuate the eff ect of salinity 
on the germination (ger), fi rst germination count 
(fcg) and germination speed index (gsi) of E. velutina 
seedlings. Soaking with distilled water reduces the 
deleterious eff ects of the ECws of 3.0 and 6.0 dS 
m-1 on these variables. The ECw of 9.0 dS m-1 and 
application of salicylic acid (E9SA) increased the 

average germination speed (ags) and, consequently, 
the seed germination time.

The dimensions of components 1 and 2 of Lot 1 
(Mossoró) were 72.9 and 21.4%, respectively, with a 
variability of 94.3% (Figure 3). Soaking with salicylic 
acid attenuated the ECw eff ect of 3.0 dS m-1 (E3SA) 
on root length (rl), seedling length (sel) and shoot 
length (sl) of E. velutina seedlings. Seed soaking with 
salicylic acid does not mitigate the deleterious eff ects 
of the ECws of 6.0 and 9.0 dS m-1 (E6SA and E9SA) 
on rl, sel, sl, root dry matter (rdm), shoot dry matter 
(sdm) and dry mass of seedlings (sedm) of E. velutina. 
Severe salt stress negatively aff ected seedling growth, 
compromising its establishment.

The dimensions of components 1 and 2 of Lot 
2 (Pentecostes) were 90.5 and 4.9%, respectively, 
with a variability of 95.4% (Figure 4). Seed soaking 
with salicylic acid (E0SA, E3SA, E6SA and E9SA) 

Figure 1 – Canonical variables analysis for germination percentage 
(ger), fi rst count of germination (fcg), germination speed 
index (gsi), average germination speed (ags) of seeds 
in Lot 1 (Mossoró) of Erythrina velutina seeds after 
soaking seeds with salicylic acid and exposing them to 
saline stress.  

Figura 1 – Análise das variáveis canônicas para porcentagem de 
germinação (ger), primeira contagem de germinação 
(fcg), índice de velocidade de germinação (gsi), 
velocidade média de germinação (ags) das sementes 
do Lote 1 (Mossoró) de sementes de Erythrina velutina 
após embebição das sementes com ácido salicílico e 
exposição ao estresse salino.

Figure 2 – Canonical variables analysis for germination percentage 
(ger), fi rst count of germination (fgc), germination speed 
index (gsi), average germination speed (ags) seeds in 
Lot 2 (Petencostes) of Erythrina velutina seeds after 
soaking seeds with salicylic acid and exposing them to 
saline stress.

Figura 2 – Análise das variáveis canônicas para porcentagem de 
germinação (ger), primeira contagem de germinação 
(fgc), índice de velocidade de germinação (gsi), 
velocidade média de germinação (ags) de sementes no 
Lote 2 (Petencostes) de sementes de Erythrina velutina 
após embebição das sementes com salicílico ácido e 
exposição ao estresse salino.
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negatively aff ected root length (rl), seedling length 
(sel), shoot length (sl), root dry mass (rdm), shoot 
dry mass (sdm) and seedlings dry mass (sedm) of E. 
velutina seedlings. Seed soaking with distilled water 
(E0H, E3H, E6H and E9H) favored all the variables 
mentioned above in all levels of saline stress tested in 
the seeds of Lot 2.

4. DISCUSSION

An analysis of canonical variables was used to 
evaluate the association between the treatments and 
variables analyzed. The canonical variables analysis 
is the variation between treatments and variables, 
considering the residual dispersion of each variable, 
similar to the principal components analysis, but 
preferable when using an experimental design, that 
is, when there are repetitions in each treatment. 
In addition, each canonical variable is a linear 
combination of the variables used (Flores et al., 2020). 

The physiological characterization of the mulungu 
seed lots demonstrated that the seeds of Lot 1 have 
higher physiological quality (germination and vigor) 
in relation to those of Lot 2. Since the germination 
test is the main means for determining seed quality, 
it is associated with vigor tests, which are important 
tools for seed physiology (Delazari et al., 2016). 
Because it is a native species, great genetic variability 
is common, indicating a wide morphophysiological 
variation. This is capable of determining the ecological 
behavior of a species, and the characterization of the 
physiological quality of the seed lots is an important 
tool for determining the development of the seedling 
and its capacity for establishing itself (Aimi et al., 
2016).

The diff erence in the quality of the seeds of 
the two diff erent lots was related to the soaking 
with salicylic acid, because the seeds of Lot 1, 
when submitted to soaking with salicylic acid, 
showed greater acclimation to the eff ects of saline 

Figure 3 – Canonical variables analysis for root length (rl), shoot 
length (sl) and seedling length (sel), root dry mass 
(rdm), shoot dry mass (sdm), seedling dry mass (sedm) 
in Lot 1 (Mossoró) of Erythrina velutina seeds after 
soaking seeds with salicylic acid and exposing them to 
saline stress. 

Figura 3 – Análise das variáveis canônicas para comprimento da 
raiz (rl), comprimento da parte aérea (sl), comprimento 
da muda (sel), massa seca da raiz (rdm), massa seca 
da parte aérea (sdm) e massa seca da muda (sedm) no 
Lote 1 (Mossoró ) de sementes de Erythrina velutina 
após embebição das sementes com ácido salicílico e 
exposição ao estresse salino.

Figure 4 – Canonical variables analysis for root lenght (rl), shoot 
lenght (sl) and seedling lenght (sel), root dry mass 
(sdm), shoot dry mass (sdm), seedling dry mass (sedm) 
in Lot 2 (Petencostes) of Erythrina velutina seeds after 
soaking seeds with salicylic acid and exposing them to 
saline stress.

Figura 4 – Análise das variáveis canônicas para comprimento da 
raiz (rl), comprimento da parte aérea (sl), comprimento 
da muda (sel), massa seca da raiz (sdm), massa seca 
da parte aérea (sdm) e massa seca da muda (sedm) no 
Lote 2 (Petencostes) de sementes de Erythrina velutina 
após embebição das sementes com ácido salicílico e 
exposição ao estresse salino.
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stress. Soaking with salicylic acid attenuated the 
deleterious eff ects of saline stress on germination, 
fi rst germination count of seeds in the lots, where 
salicylic acid increased the uniformity, speed and 
end of germination, confi rming that soaking with this 
phytohormone increases the resistance to saline stress. 
This eff ect is associated with the mode of action of 
salicylic acid in the activity of enzymes involved 
in germination, such as isocitrate lyase and malate, 
which act in the synthesis of carbohydrates and lipids 
during seed germination (Ababaf et al., 2019), since 
these enzymes are involved in the glyoxalate cycle 
and are able to increase tolerance during germination 
(Brito et al., 2020).

Although salicylic acid favored seed germination, 
the speed of the germination process was reduced 
by an increase in ECw, due to the reduction of the 
osmotic potential promoted by the excess of salts 
in the substrate, resulting in a low water absorption 
capacity by the seeds. In addition to ion toxicity 
and oxidative stress, it induces the production of 
ROS (reactive oxygen species), which promote the 
denaturation of proteins, lipids and nucleic acids, with 
structural changes in the tissues of the seeds (Lai et 
al., 2020).

The vigor of mulungu seedlings from Lot 1 was 
stimulated by soaking the seeds with salicylic acid, 
indicating the eff ectiveness of this phytohormone in 
increasing the species tolerance to stress conditions, as 
evidenced by Nóbrega et al. (2020) in Mesosphaerum 
suaveolens seedlings. This is related to the action of 
salicylic acid in stimulating systemic resistance to the 
damage caused by saline stress, reducing the toxicity 
of ions (mainly Na+) and the water restriction imposed 
by the reduction of osmotic potential (Gharbi et al., 
2018). This indicates that salicylic acid attenuates the 
damage caused by salinity, since this phytohormone 
promotes gene expression, increasing the activity of 
protective osmolytes which induce the regulation of 
osmotic potential (Kamram et al., 2020). 

Seeds from Lot 2 were inferior in physiological 
quality. They were not aff ected by soaking with 
salicylic acid. The action that this phytohormone 
provides may have variability, where it will not always 
have a benefi cial eff ect, and the eff ects may vary 
depending on genetic factors, such as species, cultivar 
and varieties (El-Esawi et al., 2017). The eff ects on 
seed germination are variable, due to the molecular 

mechanisms involved in tolerating salt stress (Lee et 
al., 2010; Liu et al., 2019).

Soaking of seeds with distilled water favored the 
vigor of E. velutina seedlings. This conditioning may 
have made the seeds absorb water, thus becoming 
capable of hydrating all their tissues, allowing the 
seed to germinate and originate vigorous seedlings, 
even under conditions of saline stress. The process 
of soaking the seed in water stimulates the activation 
of the germination metabolism, providing reactions 
in the degradation of reserves that nourish the 
development of the embryonic axis (Lechowska et al., 
2019), resulting in seedlings with greater vigor.

However, this species is sensitive to high 
concentrations of salts in the initial growth phase. 
The initial development of plants is the most sensitive 
stage to salinity, due to physiological and metabolic 
changes, reducing water absorption by the roots and 
compromising the development of plants (Liu et al., 
2020), as observed in crambe (Crambe abyssinica 
Hochst) (Silva et al., 2019) and red pereiro seedlings 
(Simira gardneriana MR Barbosa & Peixoto) (Oliveira 
et al., 2019).

The eff ect of salinity damage on the initial growth 
of E. velutina is confi gured in the seedlings’ dry 
mass, where in both lots the saline stress reduced the 
biomass. The behavior indicates the damage caused 
by the eff ects of saline stress on initial growth and 
seedling establishment. These eff ects were promoted 
by osmotic stress, which reduces the capture, 
absorption and compartmentalization of toxic ions 
in the seeds’ tissues, compromising cell expansion 
and division (Silva et al., 2019) and, consequently, 
reducing the vigor of the seedlings.

5. CONCLUSIONS

Soaking with 1.0 mM salicylic acid increases 
seed tolerance to saline conditions, stimulating the 
germination and vigor of E. ventulina seedlings. 
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