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ABSTRACT – Seed hydration memory is the ability of seeds to retain biochemical and physiological changes caused by 
discontinuous hydration. This study aimed to determine if Senna spectabilis (DC.) H.S. Irwin & Barneby var. excelsa (Schrad.) 
H.S.Irwin & Barneby (Fabaceae) present seed memory and evaluate the effects of hydration and dehydration cycles (HD) on the 
seed germination of this species when submitted to conditions of water stress.  Seeds underwent HD cycles (0, 1, 2 and 3 cycles) 
corresponding to the hydration times X (6 hours), Y (16 hours) and Z (24 hours), determined from the imbibition curve, with 5 
hours of dehydration and submitted to water stress conditions. Germination was evaluated at 0.0, -0.1, -0.3, -0.6 and -0.9 MPa, 
obtained with polyethylene glycol 6000 solution. Germinability (%), mean germination time (days) and hydrotime (MPa d-1) were 
calculated. The seeds of S. spectabilis var. excelsa are sensitive to the low osmotic potentials tested in this study, however, when 
submitted to the HD cycles of 16 hours hydration (time Y), the tolerance to water stress conditions is increased. In addition, the 
observed benefits on the evaluated germination parameters show that S. spectabilis var. excelsa present seed hydation memory.

Index terms: Caatinga, seed hydration memory, germinability, abiotic stress, hydrotime.

A hidratação descontínua em sementes de Senna spectabilis (DC.) H.S. Irwin 
& Barneby var. excelsa (Schrad.) H.S. Irwin & Barneby (Fabaceae) confere 

tolerância ao estresse hídrico durante a germinação?

RESUMO – Memória de hidratação de sementes é a habilidade que as sementes apresentam em reter alterações bioquímicas e 
fisiológicas ocasionadas pela hidratação descontinua. Este estudo objetivou determinar se sementes de Senna spectabilis (DC.) 
H.S. Irwin & Barneby var. excelsa (Schrad.) H.S.Irwin & Barneby (Fabaceae) apresentam memória de hidratação e avaliar os 
efeitos dos ciclos de hidratação e desidratação (HD) na germinação das sementes dessa espécie quando submetidas a estresse 
hídrico. As sementes passaram por ciclos de HD (0, 1, 2 e 3 ciclos) correspondentes aos tempos X (6 horas), Y (16 horas) e Z 
(24 horas) de hidratação, determinados a partir da curva de embebição, com 5 horas de desidratação e postas para germinar em 
condições de estresse hídrico. A germinação foi avaliada nos potenciais 0,0; -0,1; -0,3; -0,6 e -0,9 MPa, obtidos com a utilização 
da solução de polietileno glicol 6000. Foram calculados a germinabilidade (%), tempo médio de germinação (dias) e tempo 
hídrico (MPa.d-1). Sementes de S. spectabilis var. excelsa são sensíveis aos baixos potenciais hídricos, porém, quando submetidas 
aos ciclos de HD no tempo Y (16 horas), há um aumento na tolerância às condições de estresse hídrico. Além disso, os benefícios 
observados nos parâmetros germinativos mostraram que S. spectabilis var. excelsa apresenta memória de hidratação da semente.

Termos para indexação: Caatinga, memória de hidratação de sementes, germinabilidade, estresse abiótico, tempo hídrico.

Introduction

The availability of water in the soil is a fundamental 

condition for the germination process of a non-dormant and 
viable seed (Popinigis, 1985). The beginning of the seed 
germination process is characterized by the absorption of water 
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and rehydration of tissues that have naturally lost water during 
seed production (Baskin and Baskin, 2014; Taiz et al., 2017). 
Tissues rehydration provides an increase in respiratory activities 
and metabolism reactivation of the seeds, which results in the 
growth of the embryo (Popinigis, 1985; Taiz et al., 2017).

In arid and semi-arid regions of the world, the availability 
of water at soil surface presents a restriction of time and space, 
even during rainy periods of the year, which directly influences 
seed germination in these environments (Meiado et al., 2012). 
Not only rehydration of seed tissues can be interrupted due to 
absence of water in the soil, but  seeds can lose absorbed water 
to the surrounding environment, causing cycles of hydration 
and dehydration (HD cycles) during imbibition (Fenner and 
Thompson, 2005; Meiado et al., 2012).

Because of the discontinuous hydration due to HD cycles, 
seeds of native species to arid and semi-arid regions can present 
a high survival rate during drought periods, preserving the 
physiological characteristics resulting from previous hydration, 
demonstrating that these seeds present a seed memory. Thus, 
seed memory is the ability of seeds to store biochemical and 
physiological changes caused by discontinuous hydration 
(Dubrovsky, 1996; 1998). In addition, discontinuous hydration 
provides other advantages for the germination process of seeds, 
such as a significant increase of germination percentage, speed 
and uniformity, besides the production of vigorous seedlings 
(Dubrovsky, 1996; 1998; Aragão et al., 2002; Sánchez-Soto et 
al., 2005; Kaya et al., 2006; Rito et al., 2009; López et al., 2016; 
Gebreegziabher and Qufa, 2017).

Caatinga is a semiarid ecosystem located in the Northeast 
region of Brazil and characterized by a deficiency in water 
availability during a large part of the year and a temporal 
irregularity in the distribution of rainfall (Queiroz, 2009; 
Trovão et al., 2007; Santana and Souto, 2011). Many species 
of plants that inhabit this ecosystem produce seeds that 
germinate in superficial layers of the soil, where the water 
resource may be available for a short time and in limited 
quantity due to the evaporation process, thus subjecting seeds 
to HD cycles during seed germination (Meiado et al., 2012).

Among Angiosperms families in this ecosystem that are 
submitted to these environmental conditions, Fabaceae Lindl. 
presents a great diversity of form, size, color, structure and 
characteristics of the seeds, and many have important economic 
value for the Brazilian Northeastern region (Queiroz, 2009; 
Espírito-Santo et al., 2010). The genus Senna Mill. is part of 
the Fabaceae family and gathers about 80 species in Brazil. It 
presents a wide distribution in the Caatinga, being a floristically 
important genus for this ecosystem (Souza and Bortoluzzi, 2015). 
Senna spectabilis (DC.) H.S. Irwin & Barneby var. excelsa 
(Schrad.) H.S. Irwin & Barneby is a species popularly known 

as canafístula, canafistula-de-besouro and cássia-do-nordeste, 
with distribution concentrated mainly in areas of Caatinga 
(Queiroz, 2009; Souza and Bortoluzzi, 2015). Seeds of this 
species have physical dormancy and germinate above 80% 
over a wide temperature range, from 15 to 36 °C. However, 
temperatures between 24 and 27 °C are those that allow faster 
germination (Jeller and Perez, 1999). Frequently, this species 
is found at degraded areas of Caatinga, and has great potential 
for use in its recovery (Queiroz, 2009). Thus, the objective of 
this study was to determine the presence of seed memory in 
S. spectabilis var. excelsa and to evaluate the effects that the 
discontinuous hydration provides to the seed germination of 
this species when submitted to conditions of water stress.

Material and Methods

The study was carried out at the Laboratory of Seed 
Physiology (LAFISE), at the Federal University of Sergipe, 
Campus Professor Alberto Carvalho, in Itabaiana, Sergipe. 
Seed collection was performed on October 26, 2014, in 10 
trees of S. spectabilis var. excelsa located in Caatinga areas of 
the municipality of Brejo Santo (38º52’04.3’’W, 7º35’05.2’’S 
and 434 meters of altitude), Southern region of the State of 
Ceará. This place is characterized by semi-arid climate (Bsh), 
with maximum temperatures reaching temperatures above 
32 °C in the dry season. The average annual rainfall is about 
800 mm and the rainy season occurs between December and 
April, during which the production of the fruits of the studied 
species occurs, with seed dispersal at the beginning of the dry 
season. (Queiroz, 2009; Climate Data, 2017).

Treatment to overcome seed dormancy: All the seeds of S. 
spectabilis var. excelsa used in this study to the determination 
of the imbibition curve, dehydration curve and germination 
tests were previously scarified with sulfuric acid (Sigma-
Aldrich® P.A., 95-97%) in glass beakers for 60 minutes to 
overcome the physical dormancy presented by the seeds of 
the species. After the period immersed in the sulfuric acid, 
seeds were washed in running water for 10 minutes and dried 
on paper (adapted from Jeller and Perez, 1999).

Imbibition curve and dehydration curve: To determine 
the imbibition curve, four replicates of 25 seeds were 
weighed on the analytical balance to obtain the initial weight. 
Subsequently, each replicate was placed in 9 cm diameter 
Petri dishes containing two layers of filter paper moistened 
with 8 mL of distilled water at a temperature of 25 °C, where 
each Petri dish represented a repeat. No water was added to 
the Petri dishes during determination of the imbibition curve. 
Then, each replication was weighed at 60-minute intervals, 
after being placed to imbibition, until they completed 
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the germination process with radicle protrusion. After 
establishing the species imbibition curve, three points in the 
curve were selected, which were denominated as times X, Y 
and Z, corresponding to ½ of phase I, ¼ of phase II and ¾ of 
phase II of the imbibition process, respectively.

To determine the dehydration curve, four replicates 
of 25 seeds were weighed on the analytical balance to 
obtain the initial weight. Subsequently, each replicate was 
placed in 9 cm diameter Petri dishes containing two layers 
of filter paper moistened with 8 mL of distilled water at a 
temperature of 25 °C during a period corresponding to the 
time Z of the imbibition curve, where the seeds absorb the 
maximum water before germinating. After hydration on the 
time Z, the replications were withdrawn from the contact 
with the water, placed to dry in trays at 25 °C and weighed on 
analytical balance at 60-minute intervals until the weight of 
the replications returned to the initial weight.

Hydration and dehydration cycles (HD cycles): HD cycles 
corresponded to pre-germination treatments to evaluate the 
influence of discontinuous hydration on seed tolerance to water 
stress. For each time established through the imbibition curve 
(times X, Y and Z), the seeds were submitted to 0 (control), 1, 2 and 
3 cycles of hydration with a dehydration time between each cycle 
corresponding to the drying time of the seeds obtained through the 
dehydration curve. As five osmotic potentials were evaluated (see 
below the description of procedures for assessing water stress), 
500 seeds per cycle were required, totaling 2000 seeds for each 
hydration time. Discontinuous hydration of the seeds was carried 
out in plastic trays containing two layers of filter paper moistened 
with 100 mL of distilled water. For the dehydration phase, seeds 
were transferred to plastic trays with dry paper and kept at a 
temperature of 25 °C. Each cycle corresponded to a hydration 
phase followed by a dehydration phase.

Germination tests and parameters evaluated: Seed 
germination was evaluated using distilled water (control) and 
under the osmotic potentials of -0.1; -0.3; -0.6 and -0.9 MPa 
obtained with the use of polyethylene glycol 6000 solution (PEG 
6000) (Villela et al., 1991) in the stress simulation. For each 
treatment, four replicates with 25 seeds were used, which were 
placed to germinate in 9 cm diameter Petri dishes containing 
two layers of filter paper moistened with 8 mL of PEG 6000 
solution. The Petri dishes were sealed with parafilm plastic and 
maintained under white light (12 h photoperiod) and 25  °C. 
The number of germinated seeds was counted daily during a 
period of 20 days and radicle protrusion was considered as the 
criterion for seed germination (Jeller and Perez, 2003).

At the end of the experiment, were calculated using 
the GerminaQuant software (Marques et al., 2015) the 
germinability (G = %) and mean germination time [MGT = 

∑ni.ti/∑ni, where ti is the period between the beginning of the 
experiment and the nth observation (days) and ni is the number 
of seeds germinated in the time i (number corresponding to 
the nth observation) (Labouriau, 1983). Before statistical 
analysis, the germinability data obtained underwent an 
angular transformation (arcsine √%).

For each seed lot HD cycle and osmotic potential, 
percentage of germination was plotted as a function of time 
and a Boltzman sigmoidal curve was fitted using the software 
Origin® 9, from which the time to achieve 10-90% germination 
of the population was estimated. The reciprocal of these times 
(germination rate) were plotted against osmotic potential 
(Gummerson, 1986). Linear regressions in each fraction were 
used to estimate the x-intercept and slope of each regression line. 
An average of the x-intercept resulted in base osmotic potential 
(ψb), below which seeds do not germinate (Gummerson, 1986). 

For each seed lot, the hydrotime (θH MPa d-1) to germination 
(g) was calculated as: θH = (Ψ – Ψb)tg, in which ψ is the actual 
osmotic potential, ψb is the base osmotic potential and tg is the 
time since start of imbibition (Gummerson, 1986).

The normality of the data and the homogeneity of the 
variances were verified through the Shapiro-Wilk and Levene 
tests. The results were submitted to factorial variance analysis 
with three factors (hydration time, number of HD cycles and 
osmotic potential) and the means were compared by Tukey 
test (Ranal and Santana, 2006). All analyzes were performed 
in STATISTICA 13 program with α = 5% (STATSOFT, 2016).

Results and Discussion

The imbibition curve of S. spectabilis var. excelsa presented 
a three-phase pattern, with germination occurring at the 28th 
hour after the initiation of seed hydration (Figure 1A). The 
hydration times X, Y and Z corresponded to 6, 16 and 24 hours, 
respectively, and imbibed seeds took 5 hours to dehydrate 
and return to initial weight (Figure 1B). Imbibition curve also 
presented a three-phase pattern in Poincianella pyramidalis 
(Tul.) L.P. Queiroz (Dantas et al., 2008a), Schinopsis brasiliensis 
Engl. (Dantas et al., 2008b) and Bowdichia virgilioides Kunth 
(Albuquerque et al., 2009).

Seeds of S. spectabilis var. excelsa which did not undergo 
HD cycles had their germinability influenced as they were 
submitted to higher water stress conditions, germinating only 
until the potential -0.6 MPa, showing germinability lower 
than 20%, and no germination was observed in the potential 
-0.9 MPa (Figures 2A, 2C and 2E). However, when these 
seeds were submitted to HD cycles, an increase in tolerance to 
water stress was observed, with germination in all evaluated 
treatments (Figures 2A, 2C and 2E). In addition, germinability 



39A. T. LIMA et al.

Journal of Seed Science, v.40, n.1, p.036-043, 2018

Figure 1. (A) Imbibition curve and (B) dehydration curve of Senna spectabilis (DC.) H.S. Irwin & Barneby var. excelsa 
(Schrad.) H.S. Irwin & Barneby (Fabaceae) seeds.

Figure 2. Germinability (%) and germination rate (1/t50) of seeds of Senna spectabilis (DC.) H.S. Irwin & Barneby var. excelsa 
(Schrad.) H.S. Irwin & Barneby (Fabaceae) that passed through 0, 1, 2 and 3 cycles of hydration and dehydration 
(0C, 1C, 2C and 3C, respectively) in different times of hydration (A and B – Time X: 6 hours, C and D – Time Y: 
16 hours, E and F – Time Z: 24 hours) and were subjected to water stress. In figures A, C and E data were expressed 
as mean ± standard deviation. Uppercase letters compare different cycles at the same osmotic potential. Lowercase 
letters compare the same cycle in different osmotic potentials.
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was also influenced by the different hydration times used in 
HD cycles (F = 83.634; df = 2; p < 0.0001).

The reduction of the germinability in S. spectabilis 
var. excelsa with reduction of the osmotic potential can 
be explained due to the high viscosity characteristic of 
PEG 6000 and its effects of reducing the solubility and 
diffusion of the oxygen as the concentration of the solution 
increases (Hinge et al., 2015), this mean that the increase 
in the amount of PEG 600 used in the solution to simulate 
water stress reduced the conditions required for seed 
germination and, consequently, decreased germinability of 
the seeds. This reduction of the germinability observed in 
the seeds of S. spectabilis var. excelsa due to higher water 
stress conditions was also observed in the germination of 
other tree species that also occur in the Caatinga, as in 
Simira gardneriana M.R. Barbosa & Peixoto (Rubiaceae) 
(Oliveira et al., 2017), Pityrocarpa moniliformis (Benth.) 
Luckow & R.W. Jobson (Fabaceae) (Azerêdo et al., 2016), 
Ceiba glaziovii (Kuntze) K. Schum. (Malvaceae) (Silva 
et al., 2016), Mimosa ophthalmocentra Mart. ex Benth 
(Fabaceae) (Nogueira at al., 2017) and Zizyphus joazeiro 
Mart. (Rhamnaceae) (Lima and Torres, 2009).

Despite the seeds of S. spectabilis var. excelsa show 
sensitivity to water stress, reducing germinability with the 
reduction of the osmotic potential of the solutions, seeds that 
were submitted to cycles of HD developed a greater tolerance to 
the evaluated stress, indicating that the passage through cycles 
of HD is fundamental for the development of this capacity to 
germinate at lower osmotic potentials. As in S. spectabilis var. 
excelsa, HD cycles also provided an increase in tolerance to water 
stress during the germination of seeds of Pilosocereus catingicola 
(Gürke) Byles & Rowley subsp. salvadorensis (Werderm.) Zappi 
(Cactaceae) (Lima and Meiado, 2017), Carthamus tinctorius 
L. (Asteraceae) (Ashrafi and Razmjoo, 2015), Tanacetum 
cinerariifolium (Trevir.) Schultz Bip. (Asteraceae) (Li et al., 
2011) and × Triticosecale (Yagmur and Kaydan, 2008).

The increased in tolerance of S. spectabilis var. excelsa 
seeds to low osmotic potentials after going through HD cycles 
is due to an improvement of the physiological and biochemical 
events that occur during the germination process of these 
seeds. This tolerance may be related to the accumulation of 
LEA proteins during the HD cycles, which are responsible 
for increasing the tolerance to seed desiccation (Chen and 
Arora, 2013). Seeds that undergo discontinuous hydration 
process show protoplasm with lower viscosity and greater 
permeability to water (Thomas et al., 2000). This may explain 
the germination of S. spectabilis var. excelsa even in higher 
water stress conditions after going through HD cycles, 
acquiring the ability to take advantage of the low amount of 

available water in the lower osmotic potentials.
The MGT of the seeds of the species studied was also 

significantly influenced by the interaction between cycle, 
hydration times (6, 16 and 24 hours) and osmotic potentials 
used in water stress conditions (F = 34.476; df = 18; p < 
0.0001). This influence can be observed in seeds that did not 
undergo HD cycles and had their MGT changed from 1.70 ± 
0.08 days in 0.0 MPa to 3.57 ± 0.25 days in -0.3 MPa (Table 1). 
However, when they were submitted to HD cycles for 16 hours, 
the seeds of S. spectabilis var. excelsa had their MGT reduced 
from 8.40 ± 1.65, in the case of seeds submitted to one cycle 
of HD and placed to germinate at potential -0.3 MPa, to 5.45 ± 
0.83 when these seeds went through 3 cycles of HD and were 
placed to germinate in the same osmotic potential (Table 1).

The water stress imposed on seeds of S. spectabilis var. 
excelsa which were not submitted to cycles of HD induced an 
increase on MGT, indicating that the lower osmotic potentials 
delay the process of imbibing of these seeds. However, when 
subjected to the HD cycles for 16 hours, the benefit of this 
treatment on the seeds is evident, because promoted faster 
water absorption after the HD cycles, reducing its MGT 
(Table 1). Kaya et al. (2006) in experiments with seeds of 
Helianthus annuus L. (Asteraceae) also verified the benefit 
of hydration and drying for these seeds when the MGT was 
evaluated under conditions of water stress and compared to 
the seeds of the control group.

The models generated from the seed germination rate of S. 
spectabilis var. excelsa indicated that the HD cycles provided 
seeds a greater tolerance to water stress (Figures 2B, 2D and 2F). 
However, seeds that underwent discontinuous hydration presented 
a reduction in the germination rate, indicating a delay in the 
germination process after HD cycles. Among the three hydration 
times of the HD cycles evaluated in the present study, 16 hours 
hydration conferred greater tolerance to water stress with the 
increase of HD cycles (Figures 2C and 2D), with a reduction in 
the ψb values from -0.74 in untreated seeds to -1.85 MPa in seeds 
submitted to three HD cycles at time Y (Table 2). The benefits 
provided by the HD cycles with 16 hours hydration are more 
evident in treatments with higher water restriction, with a 14 and 
12% increase in germination of the seeds submitted to treatments 
of -0.6 and -0.9 MPa, respectively (Figure 2D).

On the other hand, the HD cycles with only 6 hours 
hydration did not provide an increase in tolerance to water stress 
(Figure 2A), and was not observed a significant increase in the 
germinability of seeds submitted to water stress (Figure 2B). 
The seeds of S. spectabilis var. excelsa that went through the 
cycles of HD with 24 hours hydration became more tolerant to 
water stress conditions, being observed a reduction in the value 
of ψb from -0.81 to -1.17 MPa after two HD cycles (Table 2). 
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Table 1. Mean germination time (days) of seeds of Senna spectabilis (DC.) H.S. Irwin & Barneby var. excelsa (Schrad.) H.S. 
Irwin & Barneby (Fabaceae) that were submitted to cycles of hydration and dehydration and were submitted to water 
stress in different osmotic potentials. Data expressed as mean ± standard deviation. Uppercase letters compare different 
cycles at the same osmotic potential. Lowercase letters compare the same cycle in different osmotic potentials.

Time X 
(6 hours) 

0.0 MPa -0.1 MPa -0.3 MPa -0.6 MPa -0.9 MPa 

0 Cycle 1.70 ± 0.08 Bd 2.42 ± 0.23 Ac 3.57 ± 0.25 Ab   8.3 ± 0.57 Aa - 
1 Cycle 1.37 ± 0.12 Cc 2.22 ± 0.15 Ab 4.12 ± 0.78 Aa   1.75 ± 3.5 Cb - 
2 Cycles 1.90 ± 0.08 Ad 2.42 ± 0.09 Ac 4.22 ± 0.59 Ab 6.05 ± 0.91 Ba - 
3 Cycles 2.10 ± 0.11 Ab 2.42 ± 0.22 Ab 4.97 ± 0.42 Aa - - 
Time Y 

(16 hours) 
0.0 MPa -0.1 MPa -0.3 MPa -0.6 MPa -0.9 MPa 

0 Cycle 1.70 ± 0.08 Cd 2.42 ± 0.23 Bc 3.57 ± 0.25 Bb   8.3 ± 0.57 Aa - 
1 Cycle 2.15 ± 0.12 Bc 4.79 ± 0.99 Ab 8.40 ± 1.65 Aa   4.37 ± 0.9 Bb - 
2 Cycles 2.42 ± 0.09 Bc 3.82 ± 0.46 Ab 6.25 ± 0.64 Aa 3.57 ± 1.12 Bb 3.50 ± 4.12 Ab 
3 Cycles 2.80 ± 0.27 Ab 4.55 ± 1.06 Aa 5.45 ± 0.83 Aa   4.05 ± 0.1 Ba 3.62 ± 2.80 Aa 
Time Z 

(24 hours) 
0.0 MPa -0.1 MPa -0.3 MPa -0.6 MPa -0.9 MPa 

0 Cycle 1.70 ± 0.08 Ad 2.42 ± 0.23 Ac 3.57 ± 0.25 Ab 8.3 ± 0.57 Aa - 
1 Cycle 1.67 ± 0.05 Ab 2.50 ± 0.37 Aa 3.90 ± 0.92 Aa 4.75 ± 3.31 Ba 1.25 ± 1.25 Ab 
2 Cycles 1.25 ± 0.05 Ba 1.62 ± 0.23 Ba 1.82 ± 0.55 Ba 1.30 ± 0.47 Ca 1.25 ± 1.89 Aa 
3 Cycles 1.25 ± 0.19 Ba 1.00 ± 0.71 Ba 1.50 ± 1.00 Ba 2.00 ± 2.16 Ca - 

 

Table 2. Base osmotic potential (ψb – MPa) and hydrotime 
to germination (θH – MPa d-1) of seeds of Senna 
spectabilis (DC.) H.S. Irwin & Barneby var. 
excelsa (Schrad.) H.S. Irwin & Barneby (Fabaceae) 
that passed through to cycles of hydration and 
dehydration (0, 1, 2 and 3 cycles) in the times X 
(6 hours), Y (16 hours) and Z (24 hours) and were 
submitted to water stress.

Time Cycle b – MPa H – MPa d-1 

X 
(6 hours) 

0 -0.7412 1.1630 
1 -0.7950 1.1133 
2 -0.8360 1.3308 
3 -0.7574 1.4686 

Y 
(16 hours) 

0 -0.7412 1.1630 
1 -0.8139 2.2346 
2 -1.1542 2.7295 
3 -1.8476 4.8144 

Z 
(24 hours) 

0 -0.7412 1.1630 
1 -0.8180 1.1668 
2 -1.1699 0.8365 
3 -0.9812 0.7170 

 

However, although they become more tolerant after HD cycles, 
the germinability of S. spectabilis var. excelsa seed subjected to 
HD cycles with 24 hours hydration was significantly reduced in 
all osmotic potentials evaluated in this study.

The θH values were also influenced by the HD cycles in the 
different hydration times evaluated. Seeds of S. spectabilis var. 
excelsa that were submitted to HD cycles with 6 hours hydration 
had a gradual increase of θH as they were conditioned to a 
greater number of HD cycles (Table 2). Responding differently 
to seeds that underwent HD cycles with 6 hours hydration, those 
submitted to HD cycles with 24 hours hydration presented a 
reduction of θH values as the numbers of HD cycles increased 
(Table 2). After HD cycles with 16 hours hydration, the seeds 
of S. spectabilis var. excelsa presented a reduction in the θH 
value from the control to one HD cycle, however, the value 
of θH increased again as the seeds were submitted to higher 
numbers of HD cycles (Table 2).

The reduction of ψb and θH values of S. spectabilis var. 
excelsa that underwent HD cycles and were submitted to 
conditions of low osmotic potentials indicates that the HD 
cycles are beneficial at specific hydration times for the species 
studied and promote the increase of the physiological limit 
for radicle protrusion, allowing these seeds to germinate at 
low osmotic potentials such as, for example, at -0.6 and -0.9 
MPa. Bradford and Still (2004) attribute the reduction of 
ψb values to the increase of the tolerance of the seeds to the 

evaluated stress. Casenave and Toselli (2010) also observed, 
in experiments with melon seeds, a reduction in θH of 0.982 
MPa d-1 in the seeds of the control group to 0.615 MPa d-1 
in the seeds that underwent 16 hours of previous hydration. 
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This demonstrates that the HD cycles can provide the seeds 
a rapid water absorption, reducing the time required for the 
germination process to be completed.

Conclusions

Seeds of S. spectabilis var. excelsa are sensitive to the 
low osmotic potentials tested in this study, however, when 
these seeds are submitted to the HD cycles with 16 hours 
hydration, their tolerance to water stress conditions increased. 
In addition, the observed benefits on the evaluated germination 
parameters show that the seeds of S. spectabilis var. excelsa 
present seed memory.
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