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ABSTRACT: Analyses of germination of seeds under artificial stress conditions are tools for a
better understanding of the survival and adaptation capacity of species under natural stress
conditions. Therefore, the aim of this study was to evaluate the effect of priming on seed
germination, on breaking of dormancy, and on the length of Urochloa brizantha seedlings
under water restriction and salt stress conditions. A completely randomized experimental
design was used with four replications in a 3 x 6 factorial arrangement consisting of 3
germination conditions (water, water restriction with PEG, and salinity with NaCl) and 6
treatments [five priming solutions (distilled water, potassium nitrate, spermidine, gibberellin,
and sodium nitroprusside) and a control (unprimed seeds)]. The following determinations
were made: seed moisture content after priming (before drying) and after drying the seeds,
germination test at seven and twenty-one days after sowing, germination speed index, viability
by the tetrazolium test of the seeds remaining from the germination test, and seedling length.
Priming is effective in minimizing the negative effects of water restriction and salinity. Use of
sodium nitroprusside as a priming solution results in a lower percentage of dormant seeds and
greater germination, vigor, and plant development.

Index terms: brachiaria, sodium nitroprusside, spermidine, water stress, salt stress.

Acao protetora de condicionantes em sementes de Urochloa brizantha
submetidas a restricao hidrica e salinidade

RESUMO: A resposta germinativa de sementes submetidas a condigdo de estresses artificiais sdo
ferramentas para um melhor entendimento da capacidade de sobrevivéncia e adaptagdo das
espécies em condigOes de estresses naturais. Diante disso, o objetivo neste trabalho foi avaliar
o efeito do condicionamento fisioldgico na germinagdo de sementes, quebra de dorméncia e
comprimento de plantulas de Urochloa brizantha sob condigGes de restrigdo hidrica e estresse
salino. O delineamento utilizado foi inteiramente casualizado, com quatro repeti¢cées, em
esquema fatorial (3 x 6), sendo trés condigGes de germinagdo (dgua, restri¢do hidrica com PEG
e salinidade com NaCl) e 6 tratamentos que constituiram as cinco solugdes condicionantes
(dgua destilada, nitrato de potassio, espermidina, giberelina e nitroprussiato de sédio) mais
um controle (semente ndo condicionada). Determinou-se: teor de dgua apds condicionamento
(antes da secagem) e apds a secagem das sementes; germinagdo aos sete e aos vinte e um
dias apds a semeadura; indice de velocidade de germinagdo; viabilidade pelo teste de tetrazdlio
das sementes remanescentes do teste de germinagdo; e comprimento de plantulas. O
condicionamento fisiolégico é eficiente em minimizar os efeitos negativos da restri¢do hidrica
e salinidade. Com a utilizagdo de nitroprussiato de sédio no condicionamento ocorre menor
porcentagem de sementes dormentes e maior germinagao, vigor e desenvolvimento de plantas.

Termos para indexagdo: braquidria, nitroprussiato de sdédio, espermidina, estresse hidrico,
estresse salino.
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INTRODUCTION

The production of forage seeds, especially those of the Urochloa genus, serves a growing market and has expanded
to various regions of Brazil and of the world (ABRASEM, 2018). However, more research is required, and setting up the
crop does not always achieve satisfactory results (Catuchi et al., 2019; Ribeiro et al., 2019).

Quite frequently, the problem of poor pasture formation begins from not using vigorous seeds that have good
performance in the stress situations to which they are exposed in the initial phases of germination (Cardoso et al.,
2014; Bonome et al., 2017). Salinity and water deficit are among the main stress situations that affect germination and
seedling emergence in the field, especially in arid and semi-arid regions (Gupta et al., 2014; Saberali and Moradi, 2019).
Responses to water restriction and to salinity are closely related and the mechanisms overlap, suggesting that in both
cases, the stress is perceived by plant cells as a water privation event (Bhanuprakash and Yogeesha, 2016).

Nevertheless, salinity from NaCl does not act only by restricting water absorption and causing water stress, but
also causes toxicity, due to the Na*and Cl-ions. This brings about ionic imbalance in the cell cytoplasm, which may lead
to formation of reactive oxygen species (ROS) that cause lipid peroxidation of the membrane, DNA damage, protein
denaturation, carbohydrate oxidation, and reduction in enzymatic activity (Li et al., 2018; Liu et al., 2019).

One of the methods used to determine plant tolerance to water stress is assessment of the germination capacity
of seeds under water restriction with polyethylene glycol (PEG), which is an effective technique since this inorganic
compound reduces the osmotic potential of the solution and conducts controlled restriction in seed imbibition without
causing toxicity (Pereira et al., 2012; Barbieri et al., 2019).

Studies related to the germination response of seeds under artificial stress conditions assist in understanding
the survival and adaptation capacity of the species under the conditions of natural stresses common in agricultural
and forest regions (Bhanuprakash and Yogeesha, 2016; Barbieri et al., 2019; Saberali and Moradi, 2019). In addition,
techniques that aim at reducing the risks to which seeds are exposed in the field are increasingly under study. Among
them is seed priming, a technique in which water is absorbed by the seed under controlled conditions. This absorption
activates seed metabolism during phases | and Il of imbibition, yet impedes radicle emergence (Bhanuprakash and
Yogeesha, 2016; José et al., 2016).

This technique allows for a longer time for membrane repair and reorganization, making it possible for plant tissue
to develop in an ordered way, which reduces risks of damage to the embryonic axis (Bonome et al., 2017; Batista et
al., 2018; Pereira et al., 2018; Ribeiro et al., 2019). Thus, the aim of this study was to assess the effect of priming on
seed germination, on breaking of dormancy, and on seedling length of Urochloa brizantha cv. Marandu under water
restriction and salt stress conditions.

MATERIAL AND METHODS

The experiment was conducted in the Central Seed Laboratory of the Department of Agriculture of the Universidade
Federal de Lavras, MG, Brazil. Urochloa brizantha cv. Marandu (brachiaria grass) seeds were used, provided by the
company Sementes Mineirdo Ltda., produced in the 2017/2018 crop season.

The brachiaria seeds were primed. This was performed in a BOD incubator regulated to 25 °C (Pereira et al., 2018)
without light and adapted with an air compressor that maintained the solutions aerated. The incubator was connected
to hoses that released air in Erlenmeyer flasks. Forty (40) grams of seed was placed in 400 mL of solution in 500-mL
Erlenmeyer flasks for 42 hours. Each treatment was primed in a single Erlenmeyer flask, without replications. The
priming solutions used were distilled water (water), 0.2% potassium nitrate solution (KNO,) (Cardoso et al., 2014;
Cardoso et al., 2015), 0.5 mmol.L™? spermidine solution (SPER) (Hussain et al., 2015; Lopes et al., 2018), 50 mg.L™* pure
gibberellin solution (GB) (Batista et al., 2015; Cardoso et al., 2015), and 0.10 mmol.L™? sodium nitroprusside solution
(SNP) (Ataide et al., 2015; Silva et al., 2015; Faraji et al., 2018). The seeds used as a control were not primed.
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After priming, the seeds were washed in running water, dried in an air-circulation laboratory oven for 24 hours
at 25 °C, and, after that, dried at 35 °C with air circulation for 72 hours. Moisture content was determined soon
after priming (before drying) and after drying of the seeds, a process in which four replications of 200 seeds were
removed from each treatment and dried in a laboratory oven at 105 °C for 24 hours (Brasil, 2009).

The primed and unprimed seeds were placed under different germination conditions: control condition (distilled water),
salt stress condition (NaCl solution), and water restriction condition (polyethylene glycol 6000 — PEG). The concentration
used to prepare the PEG and NaCl solutions was of -0.4 MPa (Pereira et al., 2012), which corresponds to 178.34 g.L! of PEG
(Villela et al., 1991) and 8.84 g.L'! of NaCl, calculated from the Van’t Hoff equation (Pinheiro et al., 2013).

Four replications of 50 seeds were used in the germination test for all the germination conditions. The seeds
were sown on two sheets of blotting paper in plastic germination boxes; the paper was moistened with water or
solution volume in the amount of 2.5 times the weight of the dry paper. The seeds remained in BOD type incubation
chambers with 20-35 °C alternating temperature and 8-hour photoperiod, with the first germination count made at
seven days and final count at 21 days after sowing (Brasil, 2009). Together with the germination test, the modified
germination speed index was determined (Maguire, 1962). A normal seedling was considered as one that had
ruptured the coleoptile and whose primary leaf exhibited 50% of the aerial part surrounded by the coleoptile and
50% having already grown above it.

After the germination test was conducted, the tetrazolium test was performed on the seeds that remained (those that
did not germinate and were not deteriorated or with flaccid seed tissue) (Brasil, 2009). The seeds were cut longitudinally
using a tweezers and scalpel. After each seed was cut, only half was placed in 0.1% 2,3,5-triphenyl tetrazolium chloride
solution in a dark container and kept in a BOD type germination chamber at the constant temperature of 40 °C for
3 hours. The seeds were evaluated considering the location and intensity of coloring of their parts, which allowed
identification of viable seeds (Brasil, 2009; Dias and Alves, 2000). The viable seeds remaining from the germination
test were regarded as dormant seeds and expressed in percentage. These viable seeds were not added to the sum of
normal seedlings. The criterion for inclusion in germination percentage was only the percentage of normal seedlings.

Four replications of 25 seeds were used for analysis of seedling images. The seeds were sown on two sheets
of germination paper and one more sheet was overlaid; the rolled seeds/paper were moistened with water or
solution in the amount of 2.5 times the weight of the dry paper. They remained in BOD type chambers with
20-35 °C alternating temperature and 8-hour photoperiod. The rolls were placed in plastic bags to prevent
moisture loss. Seedling images were obtained at 7 days after setting up the test, equivalent to the period of
first germination count (Brasil, 2009).

The GroundEye® system, version S800, was used to capture the images. It is composed of an image capture module
with an acrylic tray, a high-resolution camera, and integrated software for evaluation. The seedlings were removed
from the paper and inserted in the tray of the capture module to obtain images. In the analysis configuration step, the
CIELab lightness index from 0 to 100 was used for background color calibration — dimension “a” from -17.5 to 42.5 and
dimension “b” from 57.0 to -28.9. After calibration of background color, the images were analyzed and values of root
length and shoot length were extracted.

A completely randomized experimental design was used, with four replications, in a 3 x 6 factorial arrangement,
consisting of three germination conditions and six treatments, comprised of the five priming solutions plus a control
(unprimed seed). Analysis of variance was performed on the mean values and, when significant, Tukey’s test was
applied at 5% probability.

RESULTS AND DISCUSSION

The primed seeds took up a greater amount of water when primed with sodium nitroprusside (SNP), followed by
those that were primed with potassium nitrate (KNO,) and spermidine (SPER) (Figure 1).
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Mean values before drying and after drying followed by the same letter do not differ from each other by Tukey’s test at 5% probability of error.

Figure 1. Moisture content of Urochloa brizantha seeds before and after drying without priming (Control) and under
priming in solutions of water (Water), spermidine (SPER), potassium nitrate (KNO,), gibberellin (GB), and
sodium nitroprusside (SNP).

Water sufficient for initial physiological processes to occur must be absorbed in a balanced way up to equilibrium
between the osmotic potential of the solution and of the seeds (Almeida et al., 2016). Hydration is important to initiate
seed metabolism, which is reduced under low moisture content (Batista et al., 2016).

Batista et al. (2016) evaluated the carbohydrate content of Urochloa brizantha and found that the hydration period
markedly provided a larger amount of free sugars, which would be used as energy sources during the germination process.
The authors explain this by the longer time available for hydrolysis of the seed reserve tissue provided by priming.

After drying, all the treatments returned to the moisture content near that of the seeds that were not primed
(Figure 1). At the end of priming, it is possible to dry the seeds until they reach the moisture content they had before
the process, without losing the activation of the metabolism acquired by imbibition, which allows them to be stored
for a certain time up to sowing (Wojtyla et al., 2016).

Under water restriction and salt stress, the cultivar Marandu obtained the highest percentage of germination when
the seeds were primed with SPER and SNP. For water restriction with PEG, the SNP led to the highest germination
percentage among all the priming solutions (Figure 2A). In relation to the unprimed seeds (control), lower germination
was found under salt stress than under water restriction (Figure 2A).

Various authors have found that the positive effects of the SPER are associated with maintenance of membrane
integrity, regulation of gene expression, breaking of dormancy, and seed germination, flower and fruit development,
and senescence (Gupta et al., 2014; Lopes et al., 2018; Yalamalle et al., 2019). In addition, the SPER also plays a crucial
role in tolerance to abiotic stresses (Yalamalle et al., 2019).

In addition to SPER, exogenous application of SNP, a nitric oxide donor, has also played important roles in tolerance
to stress situations (Kaiser et al., 2016; Pires et al., 2016; Silva et al., 2019). For Senna macranthera, SNP favored seed
germination under salt stress at osmotic potentials of -0.4 and -0.5 MPa of NaCl at a concentration of 100 uM of SNP
(Silva et al., 2019). Studies with Brassica sp. have shown that salt stress affects seed physiological quality and vigor, but
that the application of SNP reverses the stress caused by salinity (Kaiser et al., 2016).

The role of nitric oxide (NO) and of other compounds containing nitrogen, such as nitrate, in breaking seed dormancy
and in stimulating germination (Zanotti et al., 2013) was reported in various species. Nagel et al. (2019) studied the
action of nitric oxide in breaking dormancy in barley seeds. In Arabidopsis seeds, nitric oxide reduced the ABA levels
during imbibition by positive regulation of the ABACYP707A2 catabolism gene (Matakiadis et al., 2009). There are
similar reports in lettuce (Beligni and Lamattina, 2000) and Paulonia tomentosa (Giba et al., 1998).
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Figure 2. Germination (A), First germination count (B), Germination speed index (C), and Viable seeds remaining after
the germination test (D) of Urochloa brizantha seeds germinated in water (Water), under salt stress (NaCl),
and under water restriction (PEG) without being primed (Control) and under priming in solutions of water
(Water), spermidine (SPER), potassium nitrate (KNO3), gibberellin (GB), and sodium nitroprusside (SNP).

Priming led to a significant increase in first germination count compared to the control under the condition of
germination in water (Figure 2B). The SNP priming agent led to the highest values of all the treatments when seeds were
placed to germinate under salt stress and water restriction conditions. There was no difference for first germination
count in assessment of each priming agent between the salt stress condition and water restriction condition.

Results similar to those of first germination count were observed for the germination speed index; the SNP and SPER priming
agents had the highest index for the condition of germination in water (Figure 2C). Under stress conditions, SNP resulted in a
germination speed index higher than the indices in the other priming solutions and the control. The stress conditions reduced
the germination speed index in comparison with water, regardless of whether the seed were primed or not.

One of the factors responsible for reduction in germination may have been the excess of Na+ and Cl- ions, which cause
toxicity and can lead to oxidative damage in various cellular components, such as proteins, lipids and DNA, disrupting vital
cell functions of plants (Gupta et al., 2014). Another factor may have been the excess of soluble salts, resulting in lower
water potential, that is, seed water absorption capacity is reduced (Kaiser et al., 2016; Silva et al., 2019).

Priming reduces germination time and makes the germination process more uniform, and thus reduces the effects
of the environmental variables, which allows germination under different temperature, light, soil, and water availability
conditions. This then allows acceleration in shoot and root growth (Bhanuprakash and Yogeesha, 2016; Ribeiro et al., 2019).
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Under the condition of germination in water, the percentages of viable seeds remaining after the germination test
were lower in the treatments primed with SPER and SNP (Figure 2D). For the salt stress and water restriction conditions,
the treatments primed with SNP exhibited lower numbers of viable seeds remaining. This suggests that SPER and SNP
act in breaking the dormancy of this cultivar in optimal situations; however, SNP acts in breaking dormancy not only in
optimal situations but also under stress situations.

Nitric oxide (NO) was proposed as responsible for interference of ethylene and of ABA in the seed. In fact, convergent
evidence indicates that NO is rapidly produced after seed imbibition and promotes germination, inducing expression
of the ABA 8’-hydroxylase CYP707A2 gene and stimulating ethylene production (Arc et al., 2013; Bethke et al., 2018). A
series of independent studies have revealed that the -NO blocks the ABA signaling network in various steps, ensuring
the control of germination (Krasuska et al., 2016; Graeber et al., 2012; Signorelli and Considine, 2018).

However, studies show that NO-releasing substances stimulate the germination of seeds under accelerated aging
(Kaiser et al., 2016). Such substances act on the permeability of the membrane, preventing or reversing the damage
caused by the abiotic stress conditions, which reduce seed vigor (Pereira et al., 2010). Considering that the salt stress
and water restriction process involves changes in osmotic potential and stress on the cell membrane, it is possible that
the nitric oxide-releasing agents favor the germination process under salt stress.

A smaller number of viable seeds remaining after the germination test was observed for seeds under priming
compared to the control (Figure 2D). Studies showed that priming of Urochloa sp. seeds led to a lower percentage
of dormant seeds and a higher percentage of germination and of seedling emergence in a shorter time (Bonome et
al., 2017; Batista et al., 2018; Pereira et al., 2018; Ribeiro et al., 2019).

According to Delledonne et al. (1998), nitric oxide acts in breaking dormancy by increasing the influx of Ca?* in the
cytoplasm, which can activate the transcription of specific genes, for example TCH genes, which codify calmodulin
(TCH1), and enzymes involved in synthesis and/or modification of the cell wall, which facilitates the process of cell
expansion necessary for germination.

For the shoot length variable, there was no difference for the control under the conditions of growth in water,
under salt stress, and under water restriction (Figure 3A). Comparing the control with the primed seeds, shoot length
was less for the seeds that were primed with water than those under SNP, GB, and SPER priming. For the shoot length
variable under the salt stress and water restriction conditions, the control was only inferior to the SNP.

A greater reduction in root length was observed in the seedlings in salt solution than under water restriction (Figure
3B). In growth in water and salt solution, only priming with the SNP agent led to greater root length than root length in
the control. In general, the growth of this forage plant was more sensitive to salt stress than to water restriction (Figure 3).

In response to salt stress, the production of reactive oxygen species (ROS), such as singlet oxygen, superoxide,
hydroxyl radical, and hydrogen peroxide, is enhanced (Gupta et al., 2014; Du et al., 2015; Kaiser et al., 2016; Silva et
al., 2019). The formation of ROSs induced by salinity can lead to oxidative damage in various cell components, such
as proteins, lipids, and DNA, interrupting vital cell functions of the plants (Gupta et al., 2014; Liang et al., 2018; Liu et
al., 2019). In addition, the high concentration of Na* inhibits capture of K* ions, an element essential for growth, which
results in lower yield and can even lead to plant death (Gupta et al., 2014; Liang et al., 2018).

In seedlings coming from Brassica oleracea L. seeds under salinity (-0.6 MPa), Kaiser et al. (2016) found reduction
from 4.14 cm to 1.74 cm in radicle length. The authors explain that abnormal development of the seedlings caused by
salinity might be associated with the action of the salts in bringing about water deficit due to the high osmotic potential
of the solution; moreover, the ions may have a toxic effect, which can culminate in metabolic and physiological damage
(Kaiser et al., 2016). Du et al. (2015) observed that salinity (200 mM of NaCl) resulted in high levels of toxic substances,
such as malondialdehyde (MDA) and hydrogen peroxide (H,0,), in Spinacia oleracea plants.

Theincrease in salinity brings about changes in plant capacity in taking up, transporting, and using the ions necessary
for plant development and reduces the activity of enzymes responsible for respiration and photosynthesis (Gupta et
al., 2014; Du et al., 2015; Silva et al., 2019). Thus, obtaining energy for development and differentiation of cells in plant
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tissue is restricted (Kaiser et al., 2016; Barbieri et al., 2019; Silva et al., 2019). Consequently, knowing how forage plant
seeds respond under these conditions is important, especially because of the strong expansion of this crop in various
regions of Brazil and around the world, not only for raising livestock but also for intercropping and in providing straw
cover in the no-till system (ABIEC, 2019; ABRASEM, 2018).
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Mean values followed by the same uppercase letter among priming solutions (within each condition) and lowercase letter among conditions for
germination do not differ from each other by Tukey’s test at 5% probability.

Figure 3. Length (cm) of shoots (A), length of roots (B), and ratio between them (C) obtained by analysis of images
of Urochloa brizantha seedlings at 7 days of germination in water under salt stress (NaCl) and under water
restriction (PEG) without priming (Control) and under priming in solutions of water (Water), spermidine
(SPER), potassium nitrate (KNO,), gibberellin (GB), and sodium nitroprusside (SNP).
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CONCLUSIONS

Priming is effective in minimizing the negative effects of water restriction and salinity.
A lower percentage of dormant seeds and greater germination, vigor, and plant development occur with the use of
sodium nitroprusside in seed priming.
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