
ABSTRACT: Spinach seeds are sensitive to high temperatures during germination and plant growth. 

It is known that seed priming with water or with seaweed extract (SWE) may enhance germination 

and seedling growth. The objective of this study was to evaluate the effects of seed priming with SWE 

(Ascophyllum nodosum) on the germination, seedling growth and antioxidant capacity of spinach 

seedlings under conditions of heat stress. Five concentrations of SWE (0.0, 0.15, 0.30, 0.60 and 

1.2%) were used for priming the seeds under two temperatures (15 and 30 °C). Seeds primed with 

0.3% SWE had the greatest activity of antioxidant metabolism and showed improved germination 

percentage, germination speed and seedling vigor under conditions of heat stress (30 °C) compared 

to nonprimed controls. Hydropriming and priming with 0.3% SWE resulted in lower contents of 

hydrogen peroxide (H2O2) and malondialdehyde (MDA) under heat stress than control (nonprimed 

spinach seeds). This study showed that seed priming with SWE was effective to mitigate stress due 

to high temperatures and to improve spinach seed germination and seedling vigor.
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INTRODUCTION

Spinach (Spinacea oleracea) is cultivated mainly during the cool season, with optimal ranges for germination and plant 
growth between 7 to 24 °C and 15 to 20 °C, respectively (Chitwood et al. 2016). High temperatures are common in tropical 
and subtropical climates and may delay seed germination or loss of vigor that lead to reduced emergence and seedling 
establishment (Wahid et al. 2007). However, the adverse effects of heat stress can be ameliorated by priming techniques.

Seed priming is a process in which seeds are hydrated in different solutions including natural or synthetic compounds as 
priming agents (Jisha et al. 2013). This technique stimulates pregermination metabolic processes, increases the antioxidant system 
activity and the repair of membranes (Masondo et al. 2018) under abiotic stress. Under conditions of heat stress, seed priming was 
effective on melon (Lira et al. 2015), onion (Murili et al. 2016), pepper (Alqui et al. 2014), spinach (Ziaf et al. 2017) and other crops.

Several priming approaches that include hydropriming and chemical priming are being used. Hydropriming consists 
of noncontrolled water uptake, while chemical priming is associated with controlled water absorption by using osmotic 
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solutions (Nascimento 2004). Hydropriming is a simple technique of low cost that may be efficient to enhance the germination 
percentage and early seedling growth in vegetables grown under stressful conditions (Yan 2016). For chemical priming, 
salts, phytohormones and biostimulants may be used as chemical agents. Among biostimulants, seaweed extract (SWE) 
with Ascophyllum nodosum has been used to enhance seed germination (El-Sheekh and El-Saied 2000), promote growth 
and increase the yield and quality of vegetable crops (Sarhan et al. 2011; Hernández-Herrera et al. 2014).

Seaweed extracts are biodegradable, nontoxic, nonpolluting and nonhazardous organic biostimulants to humans, animals 
and the environment (Craigie 2011). Commercial SWEs have a complex composition, consisting of nutrients, amino acids, 
oligosaccharides and plant hormones (Sharma et al. 2012). Seaweed extracts enhance the antioxidant system activity that 
scavenge the reactive oxidative species (ROS) induced by stresses and physiological process during germination (Bailly 2004).

The ROS accumulate in the plant cells under conditions of environmental stress and are inactivated by antioxidant 
enzymes in the reduced state and by biological antioxidants that are small organic compounds or peptides (Taiz et al. 2017). 
In plants, ROS consist of the main metabolites of signaling and regulation, coordinating defense, growth and cell death 
(Carmody et al. 2016). Thermal stress can denature proteins, disrupt the integrity of the membrane system and the proper 
functioning of metabolic processes in cells, resulting in the production of large amounts of ROS and severe oxidative stress 
(Bita and Gerats 2013). Seed priming is able to provide tolerance to abiotic stress by activating DNA and antioxidant repair 
mechanisms, favoring seedling germination and growth (Wojtyla et al. 2016). Although the beneficial effects of SWE include 
improved seed germination of vegetables such as lettuce (Möller and Smith 1998) and faba bean (El-Sheekh and El-Saied 
2000), no report was found about the response of spinach seed germination to priming with SWE under heat stress.

Thus, the objective of this study was to determine the effects of seed priming with (SWE) on germination, seedling 
growth and antioxidant capacity of spinach under heat stress.

MATERIAL AND METHODS

Plant material and treatments

Seeds of spinach (Spinacia oleracea) cultivar Python (Rijk Zwaan BR), resistant to cucumber mosaic virus (CMV)/Pfs 
1-7,9,11,13,15,16 was used for this study. The seeds were soaked in solutions of SWE (A. nodosum) at concentrations of 0.0, 
0.15, 0.30, 0.60 and 1.20% from the commercial product Improver (composed of 2% molybdenum and 96.13% Ascophyllum 
nodosum), at a rate of 10 ml of the solution per gram of seed. In addition, seeds soaked with water and seeds without priming 
were included as controls. After priming for 6 h at 15 °C in the dark, the primed seeds were washed three times with distilled 
water for 2 min each and surface-dried on absorbent paper and dehydrated at 30°C until reaching 10% moisture prior to 
priming. The imbibition time and drying time of the seeds were determined in preliminary tests (Fig. 1).

Germination test

The primed and nonprimed seeds were placed in light transparent plastic boxes (11 × 11 × 3.5 cm) containing two 
sheets of blotting paper moistened with 14 ml of water and kept at 15 °C (ideal temperature) or 30 °C (heat stress) and a 
light (6 h)/dark (18 h) photoperiod. Each treatment was replicated four times with 50 seeds per replicate. The germination 
rates were counted at seven, 14 and 21 days after sowing, according to the rules for seed testing (Brazil 2009).

Germination rate index

The germination rate index of spinach seeds was determined based on the increase on the number of new seedlings 
counted daily throughout the test period. The following the formula was used (Maguire 1962): IVG = (N1 / D1) + ... + 
(Nn / Dn); where Nn = number of normal seedlings counted daily; Dn = days after test installation (Nakagawa 1994).



504

A.P. Anjos Neto et al.

Bragantia, Campinas, v. 79, n. 4, p.502-511, 2020

Germination speed

The germination speed test was also carried out in parallel to the germination test with four replications of 50 seeds of 
each treatment. The evaluations were carried out every 24 h for 14 days, and the number of normal seedlings was computed. 
The time required for germination of 50% of the seeds was calculated through the analysis of accumulated germination data 
using the curve adjustment module of the Germinator software (Joosen et al. 2010) and the results were expressed in days.

Seedling growth analysis

Four replicates of 25 seeds each, were rolled in a germitest paper, moistened with deionized water in a quantity equivalent 
to 2.5 times the dry weight of the paper and kept in a germinating chamber with a temperature set at 15 and 30 °C in the 
dark for four days. Then, the seedlings were transferred to a blue rubberized polymer sheet and the images were obtained 
through an HP Scanjet 200 scanner, installed inverted inside a 60 × 50 × 12 cm aluminum box, adjusted to a resolution of 
300 dpi coupled to an Intel Core i7 computer (3.50 GHz, 16GB RAM and 1 TB HD). The images were analyzed with the 
Seed Vigor Imaging System (SVIS) software and seedling lengths were calculated as described by Sako et al. (2001).

Biochemical analysis

Primed seeds were collected 24 h after sowing, frozen in liquid nitrogen and stored at –80 °C for biochemical analysis. 
Lipid peroxidation was determined by measuring the content of malondialdehyde (MDA), which was extracted with 0.25% 
thiobarbituric acid (TBA) in the absorbance at 532 and 600 nm (Heath and Packer 1968); The H2O2 content was determined 
according to the methodology described by Alexieva et al. (2001). Seed material samples (0.1 g) were macerated in 0.1% (m/v) of 
trichloroacetic acid and centrifuged at 10,000 rpm for 10 min at 4 °C. The supernatant (1 ml) was mixed with 1 mL of 100 mmol·L-1 
potassium phosphate buffer (pH 7.5). The absorbance was read at 390 nm and the results expressed at mmol/g of fresh matter.

Statistical analysis

In all sets of data obtained, data normality was analyzed using the Shapiro–Wilk test. The data were submitted to analysis 
of variance by the F test. The experiment was carried out in a completely randomized design with two temperatures (15 and 
30 °C) as factors, a control (seeds not subjected to priming) and four treatments with priming (hydropriming, 0.15, 0.30, 

Imbibition time (hours) Drying time (hours)

Stopped imbibition Stopped drying

Hydropriming
0.15% SWE
0.30% SWE
0.60 SWE
1.20% SWE

Se
ed

 w
at

er
 c

on
te

nt
 (%

)

Se
ed

 w
at

er
 c

on
te

nt
 (%

)

(a) (b)

0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24

50

40

30

20

10

0

50

40

30

20

10

0

Figure 1. a) Imbibition time (15 °C) and b) Drying time (30 °C) of seed priming test on spinach.
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0.60 and 1.20% of seaweed extract) with four replications (n = 48). The effects of the treatments were analyzed separately in 
the conditions without stress (15 °C) and with thermal stress and (30 °C). The mean separation of treatments was evaluated 
by the Tukey’s test at p < 0.05 using the statistical software R (R Core Team 2020).

RESULTS AND DISCUSSION

This study evaluated the effect of controlled hydration (priming) as a promoter of rapid germination and seedling growth. 
The study evaluated the use of a biostimulant based on algae extract (SWE), which increased seed vigor under thermal stress 
(15 and 30 °C, respectively). In addition, priming with SWE provided a greater antioxidant effect compared to hydropriming 
(water), mitigating possible cellular damage caused by reactive oxygen species (ROS) due to the high temperature.

Total germination (G), first count germination (FG), germination speed index (GRI) and seedling length (SL) of spinach 
under optimal temperature (15 °C) and heat stress (30 °C) are shown in the Figs. 2 and 3, respectively. For nonprimed seeds, 
the G was 89 and 55% at 15 and 30 °C, respectively. The spinach primed seeds with water or SWE at optimal temperature 
had higher germination rates compared to the nonprimed seeds, except to the 1.20% SWE treatment, which reduced the 
germination. Under heat stress, however, priming with 0.30% SWE and hydropriming had the greatest germination rates 
compared to the control, increasing by 25 and 16%, respectively (Figs. 2a and 3a).

Under optimal temperature, GRI improved with the seed priming treatments, except for SWE at 1.20%, which was similar 
to nonprimed seeds. The highest GRI was reached with hydropriming and 0.15% SWE as compared to nonprimed seeds. 
For seeds germinated under heat stress, hydropriming and priming with SWE 0.30 or 0.60% showed the highest GRI as 
compared nonprimed seeds (Figs. 2c and 3c). Under optimal temperature, the greatest SL was obtained with hydropriming. 
Under heat stress, SL increased with hydropriming and SWE at doses of 0.15, 0.30, and 0.60% (Figs. 2d and 3d).
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Figure 2. a) Total germination (G), b) First-count germination (FCG), c) Germination rate index (GRI) and d) Seedling length (SL) of spinach 
seeds after nonpriming (control), hydropriming (water) and priming with seaweed extract (SWE) (A. nodosum) at 15 °C (optimal temperature).
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The accumulative germination percentage over time was similar between priming-treatments and control at optimal 
temperature. For this condition, regardless of treatment, 50% of the seeds germinated in five days after the onset of germination 
(Figs. 4a and 5a). However, seeds primed with SWE and with water (hydropriming) germinated approximately in three 
days after the onset of germination (Figs. 4b and 5b).

Under heat stress, nonprimed seed showed reduced germination and abnormal seedling growth. Therefore, elevated 
temperatures likely induced dormancy and affected seedling growth. Temperature is considered to be a critical environmental 
factor on seed germination because it inhibits radicle emergence and affects seedling growth (Ashraf and Foolad 2005). For spinach, 
the optimal temperature range between 15 and 20 °C and outside of this temperature range, germination declines gradually 
(Chitwood et al. 2016). In this study, heat stress reduced germination of controls by 25 and 38% at 7 and 21 days after sowing, 
respectively. Futhermore, heat stress delayed the germination rate index, and resulted in abnormal seedling growth (Figs. 2 and 3).

The priming techniques used did not increase the seed germination under optimal conditions, agreeing with results 
obtained by Möller and Smith (1998) for lettuce seed priming with SWE. Guinan et al. (2013) also found that A. nodosum 
extracts were less effective in plant growth under stress-free conditions. In this research, seed priming with water or SWE 
at 0.15 or 0.30% improved seed germination at 15 °C, possibly leading to improved seedling growth and establishment 
(Fig. 4). Under heat stress, osmopriming with SWE at low dosages resulted in the best germination efficiency and in 
improved seedling growth (Fig. 4).

The improved seedling growth observed for primed seeds with SWE 0.30% may have occurred due to the increased 
metabolic activity and mobilization of reserves to the embryo axis to promote fast primary root emission, as observed by 
Chen and Arora (2013). Guinan et al. (2013) verified the positive effects of seaweed extract as a plant growth promoter. 
Priming with seaweed extract (Ascophyllum nodosum) indicated that the constituents of this biostimulant include 
growth promoting substances (Kavipriya et al. 2011) which might help germination seeds overcome temperature stress. 
Masondo et al. (2018) highlighted the use of priming techniques with biostimulants as a promising alternative to enhance 
germination and seedling growth under abiotic stress.
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Figure 3. a) Total germination (G), b) First-count germination (FCG), c) Germination rate index (GRI) and d) Seedlings length (SL) of spinach 
seeds after nonpriming (control), hydropriming (water) and priming with seaweed extract (SWE) (A. nodosum) at 30 °C (heat stress).
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The H2O2 and MDA content in seedlings from the seed-priming treatments with water and SWE at a rate of 0.30% 
optimum temperature (15 °C) and heat stress (30 °C) are shown in Figs. 6 and 7. Seeds primed with SWE 0.30% were used 
as a target dose to mitigate heat stress (Figs. 2, 3, and 5b). Thus, the antioxidant capacity of SWE 0.30% was evaluated to 
compare hydroprimed and nonprimed seeds.

Hydrogen peroxide (H2O2) contents were decreased in seeds primed with SWE (0.30%) as compared to those from 
nonprimed controls and to hydroprimed spinach seeds at optimal temperature. Under heat stress, primed-seeds with water 
and SWE 0.30% resulted in seedlings with lower hydrogen peroxide than nonprimed seeds (Fig. 6). Malondialdehyde 
(MDA) content in the treatment with hydropriming and 0.30% SWE decreased (p < 0.05) as compared to controls at optimal 
temperature. Under heat stress, priming of seeds with SWE 0.30% decreased MDA content in the seedlings as compared 
to hydropriming and nonprimed seeds (Fig. 7).

Seed priming is an important mechanism of induced resistance in plants to alleviate abiotic stress such as high temperatures that 
lead to increased reactive oxygen species (ROS) levels, causing redox imbalance and oxidative stress (Nahar et al. 2014). The ROS as 
hydrogen peroxide (H2O2), superoxide (O2

-), the hydroxyl radical (OH-) and singlet oxygen (-O2) are produced naturally in cells as 
a signaler in plants controlling their growth and as a response of plant cells to environmental stress (Das and Roychoudhury 2014).
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Environmental stresses, such as high temperature, cause excessive accumulation of ROS and lipid peroxidation in plants 
(Mittler and Zilinskas 1994; Chen et al. 2010). Thus, the treatment with 0.30% SWE plausibly reduced oxidative stress 
caused by hydrogen peroxide (H2O2) and lipid peroxidation (MDA) during the germination process under both temperature 
conditions (Figs. 5 and 6). Success of the germination process, from imbibing to the primary root protrusion, depends on 
antioxidant protection against ROS, especially under stress conditions during the early stages of development (Bailly 2004).

Antioxidant activity is associated with germination performance (Bailly et al. 2000), and primed spinach seeds with SWE 
under thermal stress showed improved physiological performance than nonprimed seeds (Chen et al. 2010). Therefore, the 
metabolites present in the SWE possibly promoted higher efficiency in the repair mechanism of the membranes and 
DNA system (Chen and Arora 2013), nucleic acid synthesis, proteins, ATP production and higher efficiency of the antioxidant 
system (Paparella et al. 2015). Seaweed extracts with A. nodosum increased the tolerance of crops to environmental stress, 
such as: water stress, absorption of nutrients from the soil and antioxidant capacity of plants (Turan and Köse 2004; Verkleij 
1992). The beneficial effect of A. nodosum is attributed to the presence of minerals, nutrients, amino acids, vitamins, pigments 
and complex polysaccharides that contribute to the growth of plants and antioxidant capacity (Calvo et al. 2014).

CONCLUSION

Hydropriming and a 0.30% SWE dose is an effective approach to mitigate stress due to high temperatures and enhance 
the germination and seedling vigor of spinach under tropical conditions. Nevertheless, more studies are needed in order 
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to better understand the physiological and biochemical role of seaweed extracts during spinach seed germination and 
seedling growth under abiotic stress.
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