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Abstract

In this research, the objective was to evaluate the effect of different concentrations of hydrogen peroxide
as a mitigation of salt stress on the germination of Myracrodruon urundeuva A. seeds. The work was
performed at the Seed Analysis Laboratory of the Agricultural Sciences Center of the Federal University
of Paraiba. The concentrations of hydrogen peroxide (H,0,) used were as follows: 0.0; 7.0; 14.0; 21.0 and
28.0 ymol L7, while saline levels were of 0.0; 2.5; 5.0; 7.5 and 10.0 dS m™'prepared from the addition of
NaCl to distilled water (0.0 dS m™).The experiment was carried out in a completely randomized design,
with a 5 x 5 factorial scheme, whose evaluated characteristics were germination and vigor (first count,
average time and germination speed index, as well as length and shoot dry weight, roots and total
seedlings). The concentrations of 7.0 and 14.0 pmol L™ of hydrogen peroxide attenuate the negative effect
caused by the salinity level of up to 3.2 dS m™; however, excessive concentrations of hydrogen peroxide
cause damage to the germination process of M. urundeuva seeds.

Keywords: Aroeira-do-sertdo; H,0,; Physiological quality; Salinity.

Resumo

Nesta pesquisa o objetivo foi avaliar o efeito de diferentes concentra¢des de peroxido de hidrogénio
como atenuante do estresse salino na germinacdo de sementes de Myracrodruon urundeuva. O trabalho
foi realizado no Laboratério de Analise de Sementes do Centro de Ciéncias Agrarias da Universidade
Federal da Paraiba. As concentra¢des de per6xido de hidrogénio (H,0,) utilizadas foram as seguintes:
0,0; 7,0; 14,0; 21,0 e 28,0 ymol L', enquanto os niveis salinos de 0,0; 2,5; 5,0; 7,5 e 10.0 dS m™ preparados
a partir da adi¢do de NaCl a dgua destilada (0,0 dS m™). O experimento foi conduzido em delineamento
inteiramente ao acaso, com esquema fatorial 5 x 5, cujas caracteristicas avaliadas foram a germinagdo e
o vigor (primeira contagem, tempo médio e indice de velocidade de germinagdo, bem como comprimento
e massa seca da parte aérea, raizes e total das plantulas). As concentra¢des de 7,0 e 14,0 pmol L de
perdxido de hidrogénio atenuam o efeito negativo causado pelo nivel de salinidade de até 3,2 dS m™"; no
entanto, concentracdes excessivas de perdxido de hidrogénio causam prejuizos ao processo germinativo
de sementes de M. urundeuva.
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INTRODUCTION

The growing stimulus for the regeneration of degraded areas along with the forest
remnants has generated a demand for the implementation of projects for the insertion of
native tree species in agroforestry plantations, forest restoration and rehabilitation of
degraded lands (Costa et al., 2015). This increases the demand for quality forest seedlings, but
the quality of the water used in irrigation may be a limiting factor, since most of the water
used by farmers in the Northeast comes from surface reservoirs that contain a high content
of dissolved salts, which may affect plant development (Oliveira et al., 2015).

The period in which the seeds will germinate is essential for the survival of forest species,
especially in environments where water availability is limited, as in the Caatinga (Braga et al.,
2009). The germination process begins with the absorption of water by imbibition, however,
when there is excess salt in the substrate, absorption restriction occurs, due to the decrease
in its osmotic potential (Marcos Filho, 2015). The excess of salts may alter the biochemical and
physiological functions of plants, so that osmotic stress will trigger disturbances in water
relations, changes in the absorption and use of essential nutrients, in addition to the
accumulation of toxic ions (Diniz et al., 2018).

Recently, the use of hydrogen peroxide (H,0,) for inducing stress tolerance has been
frequent, due to its importance in physiological processes and its action as a stress-signaling
molecule (Niu & Liao, 2016; Amooaghaie & Tabatabaie, 2017). The main mechanisms induced
by H,0, involve interactions with germination-controlling hormones and a significant increase
in enzymatic and non-enzymatic antioxidants, which play a defensive role against oxidative
stress (Ben Rejeb et al., 2014; Guler & Pehlivan, 2016; Talbi et al., 2015; Javed et al., 2018).

The application of H,0, in low concentrations acts as a signaling molecule and, although it
may be quickly removed by antioxidant enzymes, in concentrations around 1-10 mM, the
elimination mechanisms are less effective, allowing it to act as a flag (Sies, 2017; Cerny et al., 2018).

In general, a pre-treatment with H,0O, increases the capacity of the antioxidant system of
the plants, which quickly acts on the ROS (reactive oxygen species) resulting from stress,
neutralizing the action or preventing their generation, producing lower concentrations of ROS
and, consequently, less cell damage and greater survival in such conditions (Li et al., 2011).

Myracrodruon urundeuva (Allemao) Engl. (Anacardiaceae) is a tree species native to Brazil,
which occurs abundantly in the Caatinga region, where it is popularly known as aroeira,
aroeira-do-cerrado and aroeira-do-sertdo (Lorenzi, 2008; Pereira et al., 2014). The species is
important due to the use of its wood, in addition to the potential for use by the
pharmacological industries, due to its anti-inflammatory, astringent, anti-allergic and healing
properties (Canuto et al,, 2016). However, the growing and unrestrained environmental
exploitation has threatened several forest species such as M. urundeuva.

Considering that the seed is an input that guarantees and ensures the conservation and
perpetuation of species that are at risk of extinction, information on the behavior of these
seeds subjected to abiotic stresses is of paramount importance. In view of this, the objective
was to evaluate the effect of hydrogen peroxide as a mitigation of salt stress on the
germination and vigor of M. urundeuva seeds.

MATERIALS AND METHODS

Experiment location

The work was performed at the Seed Analysis Laboratory of the Agricultural Sciences
Center of the Federal University of Paraiba, Areia, PB, with seeds of M. urundeuva, from the
Nucleus of Ecology and Environmental Monitoring of Petrolina, Pernambuco.

The harvest was performed in seed trees between the end of September and the
beginning of October 2018, in the town of Salgueiro - PE (8°03'28" S and 39°05'45" W; altitude
511 m). The processing was performed manually with the use of a sieve, between October and
November 2018. Subsequently, the diaspores were conditioned in a transparent plastic bag,
and kept in ambient condition until May 2019, when the experiment was started.
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Experimental design

The experiment was designed in a completely randomized design, with the treatments
distributed in a 5 x 5 factorial scheme, corresponding to concentrations of hydrogen peroxide
- H,0; (H4: 0.0; Hy: 7.0; Hs: 14.0; Hy: 21.0 and Hs: 28.0 pmol L) and salinity levels (0.0; 2.5; 5.0;
7.5and 10.0 dS m™).

Preparation and application of treatments

Hydrogen peroxide (H,0,) solutions were prepared from the dilution of peroxide (35%) in the
respective pre-established concentrations (0.0; 7.0; 14.0; 21.0 and 28.0 ymol L"). The application
was performed before the sowing of the seeds, which were soaked in the solution for 24 hours.

Saline solutions (0.0, 2.5, 5.0, 7.5 and 10.0 dS m™") were prepared with deionized water
and the concentration of salts obtained from the Van't Hoff equation, cited by Salisbury & Ross
(1992); Braccini et al. (1996); Taiz et al. (2017).

Characteristics analyzed

Germination percentage (GP): the seeds were sown on two towel sheets (Germitest®),
covered with a third leaf, moistened with the pre-established saline solutions in the proportion
of 2.5 times the weight of the dry substrate, using four repetitions of 25 seeds, totaling
100 seeds, per treatment. These were stored in a germination chamber of the type Biological
Oxygen Demand (B.O.D.) at a temperature of 25°C with a photoperiod of 12 hours, for 15 days
(Brasil, 2009). The evaluations were performed from seven to 15 days after sowing, with the
results expressed as an average percentage of normal seedlings for each treatment.

First germination count (FGC): was performed together with the germination test, whose
values of the first germination count were acquired by determining the percentage of normal
seedlings on the seventh day after sowing and the results were expressed as a percentage (%).

Average germination time (AGT): the seeds incubated in the previous conditions for the
germination test, were evaluated daily from the third day to the fifteenth day after sowing.
The results were expressed in days, using the formula of Edmond & Drapalla (1958).

Germination speed index (GSl): concomitantly to the germination test, daily counts were
performed at the same time, for 15 days, of the number of normal seedlings. The index was
calculated according to the equation proposed by Maguire (1962).

Seedling length: the length of the shoot, root and total was determined with the aid of a
ruler graduated in millimeters and the results were expressed in centimeters.

Seedlings dry weight: the seedlings of the previous evaluation, separated in shoot, roots
and total, were placed in kraft paper bags, separated by replication, previously identified and
dried in a regulated oven at 65°C, until reaching constant weight (48 hours) and, after this
period, the samples were weighed on an analytical balance with an accuracy of 0.001 g, with
all results expressed in grams.

Data analysis

The data were submitted to analysis of variance (ANOVA) and the averages were
submitted to regression analysis using the Sisvar software, Version 5.6 (Ferreira, 2014).

RESULTS AND DISCUSSION

In the analysis of variance regarding the germination percentage, first count, speed index
and average germination time of M. urundeuva seeds, there was a significant effect (p <0.05)
when the seeds were submitted to different concentrations of hydrogen peroxide and salinity
levels, demonstrating that both factors evaluated simultaneously affect seed germination and
vigor (Table 1).
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Table 1. Analysis of variance of the germination percentage (GP), first count (GFC), speed index (GSI) and
average germination time (AGT) of Myracrodruon urundeuva seeds submitted to different concentrations
of hydrogen peroxide and salinity levels.

Medium squares

'S GL
GP (%) GFC (%) GSlI AGT (days™)
Peroxide (P) 4 139111.20%* 817.40%* 45.63** 9.75%*
Salinity (S) 4 4014.20%* 218.90** 18.06** 9.28%*
PxS 16 324.15%* 25.30%* 1.34*%% 0.26%*
Residue 75 10.38 1.98 0.03 0.081
Total 99
VC (%) 5.70 12.93 5.71 5.03

** significant to 1% (p <0.01); VS: variation source; VC: variation coefficient.

At hydrogen peroxide concentrations of 0.0 (H;) and 21.0 ymol L' (H,), the estimated
minimum germination percentage was 41 and 23% at the salinity levels of 10.0 and 9.4 dS m",
respectively, while at the concentration of 7.0 ymol L7 (H,), a maximum germination percentage
of 91% was found at the salinity level of 1.4 dS m™, characterizing that this treatment reduced
the deleterious effects caused by the excess of salts. The concentrations of 14.0 (Hs) and

28.0 umol L (Hs) provided a reduction of 30 and 47%, respectively in germination due to the
increase in salinity levels (Figure 1A).
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Figure 1. Germination percentage (A) and first germination counting (B) of Myracrodruon urundeuva
seeds submitted to different concentrations of hydrogen peroxide (H1: 0.0; H2: 7.0; H3: 14.0; H4: 21.0
and H5: 28.0 pmol L") and salinity levels.

Concentrations above 14.0 umol L cause a reduction in the germination percentage in
Medicago sativa seeds, due to the increase in salinity levels, thus evidencing a double role of
hydrogen peroxide, which is a signal in low concentrations, as well as may cause oxidative
damage in high concentration (Amooaghaie & Tabatabaie, 2017).

In the research by Oliveira et al. (2014), the germination percentage of M. urundeuva
seeds in the electrical conductivity 2 dS m™ was 70%, with a subsequent reduction in this
percentage, in which from 14 dS m' there was a total absence of germination.

The data of the first germination count of the seeds submitted to concentrations of hydrogen
peroxide of 7.0 (H,) and 14.0 ymol L™ (Hs) adjusted to the quadratic model, reaching a maximum
estimated value of 22% at salinity levels of 2.7 and 2.6 dS m™, respectively. The 0.0 ymol L (H,)
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concentration data also adjusted to the quadratic model, however negative, with an estimated
minimum value of 3% at the salinity level of 7.0 dS m™. The treatment data with concentrations of
21.0 (H,) and 28.0 ymol L' (Hs) adjusted to the decreasing linear equation, with a reduction of
37 and 61%, respectively, between the salinity levels of 0.0 and 10.0 dS m™ (Figure 1B).

The results observed in the concentrations of 7.0 (H,) and 14.0 pmol L™ (Hs) are related to
the main mechanisms induced by hydrogen peroxide, which involve interactions with
germination-controlling hormones and a significant increase in enzymatic and non-enzymatic
antioxidants, which play a defensive role against oxidative stresses (Ben Rejeb et al., 2014; Guler
& Pehlivan, 2016; Talbi et al., 2015; Javed et al., 2018). However, with the increase in salinity
levels, there was a reduction in the attenuating effects of hydrogen peroxide, characterizing that
both treatments may negatively affect the performance of seeds when in high concentrations.

When assessing the potential of hydrogen peroxide as a mitigation of salt stress in
germination and initial growth of barley, Kilic & Kahraman (2016) demonstrated a reduction in
the deleterious effects caused by excess salts in this species, especially when the
concentration was 30 umol L' was used.

Analyzing the germination speed index of M. urundeuva seeds, a quadratic trend was
found for the concentrations of 0.0 (H,) and 21.0 pmol L' (H,) of hydrogen peroxide, with an
estimated minimum value of 1.94 and 1.52, both at the salinity level of 10.0 dS m™', while at
the concentration of 14.0 umol L™ (Hs), an estimated maximum of 5.63 was obtained at the
salinity level of 1.4 dS m™, proving the efficiency of hydrogen peroxide in reducing salt stress.
The seeds submitted to concentrations of 7.0 (H,) and 28.0 pmol L' (Hs) gradually reduced the
germination speed index as the saline level of the water increased, this reduction being 55 and
47.8%, respectively, between salinity levels from 0.0 to 10.0 dS m™ (Figure 2A).
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Figure 2. Index of germination speed (A) and medium time of germination (B) of Myracrodruon
urundeuva seeds submitted to different concentrations of hydrogen peroxide (H1: 0.0; H2: 7.0; H3: 14.0;
H4:21.0 and H5: 28.0 umol L") and salinity levels.

Hydrogen peroxide produced during germination by mitochondrial respiratory activity
(B-oxidation) and by the action of enzymes such as NADPH oxidases, extracellular peroxidases
and oxalates oxidases, helps in mobilizing reserves for the rapid growth of the embryonic axis
(Verma et al., 2015; Woijtyla et al., 2016), probably has increased the germination speed index
of M. urundeuva seeds to the salinity level of 2.5 dS m™ in the treatments of 7.0 (H,) and
14.0 umol L™ (Hs) of hydrogen peroxide in the present research.

In an experiment performed with soybean seeds treated with different concentrations
(control, 50, 100 and 200 mM) of hydrogen peroxide produced and subjected to saline stress
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(NaCl -0.2 MPa), Oliveira (2019) observed that there was no significant difference between
treatments for speed index and percentage of germination. On the other hand, it was
observed that, regarding the seedling vigor index, the 10 mM concentration promoted greater
vigor when compared to the other treatments.

The behavior of the data regarding the average germination time of M. urundeuva seeds
was linear for all concentrations of hydrogen peroxide evaluated, with an increase of 29.3,
29.5,21.3,25.5 and 19.8% between the first and the last salt level evaluated (Figure 2B). Salinity
reduces water potential; consequently, there is a reduction in cellular and metabolic activities,
resulting in an increase in the time of the germination process (Taiz et al., 2017).

For the results of the analysis of variance for the variables of length and root dry weight
and total shoot, seedlings dry weight from M. urundeuva seeds submitted to different
concentrations of hydrogen peroxide and levels of salinity, it was found that there was a
significant effect for all variables evaluated as a result of these treatments (Table 2).

Table 2. Analysis of variance of the length and Dry weight of the aerial part (LAP and MDAP), of the roots
(LR and MDR) and total (CT and MDT) of Myracrodruon urundeuva seeds submitted to different
concentrations of hydrogen peroxide and salinity levels.

Medium squares
'S GL LAP LR LT MDAP MDR MDT
cm g
Peroxide (P) 4 2.85%* 2.78%* 9.88** 1.4 x1073** 4.7x10°%*%  2.059x1073**
Salinity (S) 4 5.24%* 7.93**%  2579%* 2.6 x104%* 4.1x107°%* 4,84 x104%*

PxS 16 0.57%* 0.89%* 2.25%* 9.5 x10-5*%* 6 x10°6%* 1.38 x104%*
Residue 75 0.07 0.07 0.14 2x10° 7.21x10% 2x10°
Total 99
VC (%) 12.41 16.17 9.81 18.13 9.30 14.05

** significant to 1% (p <0.01); VS: variation source; VC: variation coefficient.

The data on the shoot length of the seedlings of M. urundeuva was adjusted to a linear
model, with a reduction of 15.9, 52.4, 55.5, 40.2 and 39.2% between saline levels of 0.0 and
10.0 dS m (Figure 3A).In this type of stress salinity causes osmotic stress and, consequently,
water deficit, which is directly related to the growth of plants due to the functions performed
by water, such as the ability to solubilize essential elements for development, facilitating its
mobility within the plant and for being a medium that governs various chemical reactions that
occur in plants (Taiz et al., 2017).

In the length of the seedling root, a decreasing linear behavior was also observed, due to
the increase in salinity levels, characterized by a reduction of 67.07, 74.4 and 45% in the
concentrations of (Hq: 0.0; Hy:; Hsi; Ha: 21.0 and Hs:) 7.0 (H,), 14.0 (Hs) and 28.0 pmol L (Hs),
respectively, between the highest and lowest assessed salt levels. The data for the
concentrations of 0.0 (H;) and 7.0 (H,) adjusted to the quadratic model, with a gradual
reduction as the levels of salts increased, reaching an estimated minimum 1.15 and 0.17 cm,
both observed at the salinity level of 10.0 dS m™ (Figure 3B).

Under normal conditions, hydrogen peroxide produced in different parts of the plant,
interferes with various physiological processes during all stages of plant development,
including accelerating the growth of primary and lateral roots (Hernandez-Barrera et al.,
2015), which can be seen in Figure 3A, which at a concentration of 7.0 pmol L (H,) provided
greater length at the salinity level from 0 to 5dS m™.

As for the total length of seedlings, it was observed that there was a quadratic behavior
at concentrations of 0.0 (H;) and 21.0 pmol L (H,), with an estimated minimum value of
3.32 and 2.32 cm, at the salinity level of 9.7 and 10.0 dS m”, respectively. The behavior of the
concentrations of 7.0 (H,), 14.0 (Hs) and 28.0 ymol L' (Hs) was linear decreasing, with a
reduction of 60.8; 65.0 and 38.4% between the highest and lowest saline levels evaluated, that
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is, as the concentration of salts in the water increased, regardless of the treatment employed,
there was a drastic reduction in seedling growth (Figure 3C).
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Figure 3. Length of the aerial part (A), root (B) and total (C) of Myracrodruon urundeuva seeds
submitted to different concentrations of hydrogen peroxide (H1: 0.0; H2: 7.0; H3: 14.0; H4: 21.0
and H5: 28.0 pmol L") and salinity levels.

The accumulation of Na* and Cl-ions causes protoplasm to swell, affecting enzyme activity
and causing quantitative and qualitative changes in metabolism. Consequently, a reduction in
energy production occurs as well as the formation of disturbances in the assimilation of
nitrogen, changes in the pattern of amino acids and in the metabolism of proteins; all factors
that may compromise the growth and development of the plant (Lucchese et al., 2018).

From the data in Figure 4A, it can be seen that the concentrations of 7.0 (H,) and
14.0 pmol L' (Hs) provided a gradual increase, reaching maximum values estimated at
0.022 and 0.024 g at the salinity level of 2.3 and 3.9 dS m™, respectively, followed by a
reduction trend in these values, reaching a salinity level of 10.0 dS m™ with dry weight of
0.0064 and 0.001 g. However, it was also found that in the absence of hydrogen peroxide (H)
or high concentrations of 21.0 and 28.0 pmol L™ (H4 and Hs, respectively), seedling dry weight
performance and accumulation was negatively affected, with linear decreasing behavior in
these concentrations and a reduction of 85.7, 80 and 75.8%, between salinity levels of
0.0and 10.0dS m™".

High concentrations of NaCl affect the translocation of the tissue reserve substances
from seeds to the embryo and synthesis of hormones from the roots to the shoot, which
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causes a reduction in the leaf area and, consequently, reduces the accumulation of dry weight
in the seedling tissues (Schossler et al., 2012).

At concentrations of 0.0 (H,), 14.0 (Hs), 21.0 (Hs) and 28.0 (Hs) pmol L' of hydrogen
peroxide, there was a quadratic behavior, whose estimated minimum values were 0.0009,
0.0003,0.0012 and 0.001 g at the salinity level of 8.1 dS m™, with the latter three concentrations
showing minimum accumulation of dry weight of the radicle when subjected to 10.0 dS m™".
In the dry weight of the radicle, it was observed that at the 7.0 pmol L (H,) concentration the
behavior was decreasing linearly, equivalent to a 55.9% reduction between the lowest and

highest analyzed salinity level (Figure 4B).
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Figure 4. Dry weight of the aerial part (A), roots (B) and total (C) of Myracrodruon urundeuva seeds
submitted to different concentrations of hydrogen peroxide (H1: 0.0; H2: 7.0; H3: 14.0; H4: 21.0 and
H5: 28.0 pmol L") and salinity levels.

The total dry weight followed a decreasing linear effect due to the increase in NaCl in the
water for seeds that were treated only with a concentration of 28.0 pmol L™ (Hs) of hydrogen
peroxide, with a reduction of 77.2%, while in the concentrations of 7.0 (H,) and 14.0 pmol L (Hs)
the behavior was quadratic, reaching an estimated maximum of 0.029 g in both salinity levels
(1.6and 3.2 dS m™, respectively). At concentrations of 0.0 (H;) and 21.0 ymol L™ (H,), the behavior
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was also quadratic, with the estimated minimum values of 0.0019 and 0.0026 g at the salinity
level of 8.4 and 8.8 dS m™, respectively (Figure 4C).

Hydrogen peroxide in high concentrations causes oxidative damage to important cellular
metabolites, while at lower concentrations it initiates cell signaling (Gechev & Hille, 2005;
Bhattacharjee, 2012). The redox imbalance associated with environmental stresses, such as
salinity and temperature extremes, increases the overall rate of metabolism and eventually
increases the production of hydrogen peroxide in plant cells (Bhattacharjee, 2013), which
explains the reduction of dry weight accumulation, due to the increase in water salinity
in seeds treated with the highest concentration of hydrogen peroxide.

In view of this, it is evident that the use of hydrogen peroxide is an effective alternative for
mitigating the effects of excess salts in the seeds, especially in the initial stages that involve the
germination of the seeds and consequently in the growth and development of the seedlings.

CONCLUSION

The concentrations of 7.0 and 14.0 ymol L of hydrogen peroxide attenuate the negative
effect caused by salinity to 3.2 dS m” on the germination and vigor of M. urundeuva seeds.
Hydrogen peroxide in high concentrations reduces and is harmful to the germination process
of M. urundeuva seeds. High concentrations of salts (NaCL) compromise the physiological
quality of M. urundeuva seeds.
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