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The imbibition process, which is essential for seed germination, can be interrupted due to lack
of water in the environment. Once this occurs, seeds have its germination process interrupted
and loses the water absorbed to the environment. The objective of this study was to evaluate
the effects of hydration and dehydration cycles (HD cycles) on seed germination of
Macroptilium atropurpureum under water deficit conditions. Seeds of M. atropurpureum were
submitted to 0 (control), 1, 2 and 3 HD cycles at different hydration times. In addition, the
seeds were also submitted to osmotic potentials of 0.0, -0.1, -0.3, -0.6 and -0.9 MPa for water
deficit simulation. Although the seeds germinated in all of the osmotic potentials used, the
seeds presented a reduction in the percentage of germination, independently of the number
of HD cycles and the hydration time between each cycle. In addition, HD cycles also
negatively affected the mean germination rate, promoting a reduction of this parameter as
seeds were submitted to HD cycles and osmotic potentials. Thus, the results demonstrated
that HD cycles did not provide an increase in water stress tolerance in M. atropurpureum
seeds during germination.
Highlighted Conclusions
1) Macroptilium atropurpureum seeds can germinate even in low osmotic potentials

conditions.
2) Discontinuous hydration confers a negative effect on M. atropurpureum
germination and does not provide a greater tolerance to water deficit.

Seed imbibition is a key process in the plant life cycle determining whether seed germination and individual growth
will be successful or not (Ribeiro et al. 2015). The imbibition process, which is essential for seed germination, can
be interrupted due to lack of water in the environment. Once this occurs, the seed has its germination process
interrupted and loses the water absorbed to the environment (Fenner and Thompson 2005). These interruptions
during germination process occur in arid and semi-arid environments, where water presents a limit of space and
time in its availability, subjecting seeds to hydration and dehydration cycles (HD cycles) (Lima and Meiado 2017).
Dubrovsky (1998) pointed that discontinuous hydration ensures a high survival rate during desiccation,
demonstrating that seeds may present seed hydration memory, caused by the discontinuous imbibition process.
In addition to the high survival rate during desiccation highlighted by Dubrovsky (1998), HD cycles may provide
other advantages during the germination process of the seeds of some species. Rito et al. (2009) demonstrated
that seeds of Cereus jamacaru DC. subsp. jamacaru (Cactaceae) present seed hydration memory, since, after
being submitted to HD cycles, seeds had their percentage of seed germination increased. Pedrero-López et al.
(2016), in experiments with seeds of Dodonaea viscosa Jacq. (Sapindaceae) also observed a significant increase
of germinability after HD cycles from 22.5% to 63.3%. Discontinuous hydration may also provide greater tolerance
to abiotic stress conditions, as observed by Li et al. (2017) in Medicago sativa L. (Fabaceae) seeds, which showed
an increase in germinability under water and saline stress conditions after being submitted to discontinuous
hydration. Lima and Meiado (2018) also observed a reduction of the time for seed germination in Mimosa tenuiflora
(Willd.) Poir. (Fabaceae) after 1, 2 and 3 HD cycles, however, seed germinability did not differ statistically after HD
cycles.
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In studies with cactus species, Contreras-Queiroz et al. (2016) observed that the presence of seed hydration
memory, resulting of HD cycles, depends on the climate and the microenvironment where individuals occur, being
then an indication that seed germination of some species is influenced by environmental conditions imposed to
parental plants. Lima and Meiado (2017) demonstrated in experiments with seeds of Pilosocereus catingicola
(Gürke) Byles & G.D. Rowley subsp. salvadorensis (Werderm.) Zappi (Cactaceae) from populations of different
ecosystems in Northeast region of Brazil that the ecosystem influences the effects that HD cycles promote in seed
germination. On the other hand, discontinuous hydration may also have negative effects on germination of some
species. Santini et al. (2017) demonstrated that HD cycles reduced the percentage of seed germination and
increased the mean germination time of Echinocereus engelmannii (Parry ex Engelm.) Lem. and Ferocactus
hamatacanthus (Muehlenpf.) Britton & Rose, both species of Cactaceae.
Fabaceae Lindl. is among the angiosperm families present in semiarid regions of Brazil that are subject to
water deficit conditions. This family presents a great diversity of seed shape, size, color, structure and
characteristics, and many species present economic value for the Brazilian Northeast (Queiroz 2009). Macroptilium
atropurpureum (Sessé & Moc. ex DC.) Urb. known as Siratro is a species of Fabaceae family that is distributed
throughout the Brazilian territory, being present in different ecosystems and submitted to diverse environmental
conditions, including climatic conditions of the Brazilian semi-arid (Snak and Salinas 2017). Moreover, this species
is a tropical pasture legume used for permanent and short-term pastures (Rusdy 2016). Furthermore, a little is
known about the ecophysiological behavior of this species. Thus, the objective of this study was to evaluate the
effects of HD cycles on seed germination of M. atropurpureum under water deficit conditions.
MATERIAL AND METHODS
General information. The study was carried out at the Laboratory of Seed Physiology, at the Federal University of
Sergipe, Campus Professor Alberto Carvalho, in Itabaiana, Sergipe. Seeds of M. atropurpureum were collected on
September, 2017, in Caatinga areas of the municipality of Nossa Senhora da Glória, Sergipe. According to Köppen
and Geiger, the weather rating is Aw and the average annual temperature is 23,4 °C. The average annual rainfall is
763 mm (Climate Data 2017). Caatinga is a semi-arid 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, Santana and Souto 2011).
Treatment to overcome seed dormancy. All of the seeds of M. atropurpureum used in this study to the
determination of the imbibition curve and germination tests were previously scarified with sulfuric acid (SigmaAldrich® P.A., 95-97%) in glass beakers for 5 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.
Imbibition curve and hydration times. To determine the imbibition curve, four replicates of 25 seeds were
weighed on analytical balance to obtain the seeds initial weight. After this, 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 (McDonald 2002). The Petri dishes were maintained in a growth chamber. No water was added to the Petri
dishes during determination of the imbibition curve. Thereafter, each repetition was weighed at 60-minute intervals,
after being placed to imbibition, until they completed the germination process with radicle protrusion. After
establishing the imbibition curve of M. atropurpureum seeds, 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 (Lima et al. 2018).
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 deficit. For each time established
through the imbibition curve (times X, Y and Z), seeds of M. atropurpureum were submitted to 0 (control), 1, 2 and
3 cycles of hydration with times of dehydration of 48 h for all cycles. Discontinuous hydration of the seeds was
carried out in 15 cm diameter Petri dishes containing two layers of filter paper moistened with 20 mL of distilled
water. For the dehydration phase, seeds were transferred to 15 cm diameter Petri dishes with dry paper and kept
at a temperature of 25°C. Each cycle corresponded to a hydration phase followed by a dehydration phase (Lima et
al. 2018).
Germination tests and parameters evaluated. Seed germination was evaluated using distilled water as control
and under the osmotic potentials of -0.1; -0.3; -0.6 and -0.9 MPa obtained with polyethylene glycol 6000 solution
(PEG 6000) (Villela et al. 1991) in the water deficit simulation. For each treatment in this study, four replicates with
25 seeds were used, which were placed to germinate in 5 cm diameter Petri dishes containing two layers of filter
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paper moistened with 3 mL of PEG 6000 solution. The Petri dishes were sealed with parafilm plastic and
maintained under white light (12 h photoperiod) and 25°C (Lima and Meiado 2017). The experiment took place in a
growth chamber. The number of germinated seeds was counted daily during a period of 15 days and radicle
protrusion was considered as the criterion for seed germination. A 15 days germination test were used once
M. atropurpureum is a fast germination species (McDonald 2002).
Processing data and statistics. After the evaluation, we calculated, using the GerminaQuant software (Marques
et al. 2015), the germination percentage (G = %) and the mean germination rate: MGR = 1/t, where t = ∑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 (arc sine √%). The
Shapiro-Wilk and Levene tests were used to verify the data normality and the homogeneity of the variances. 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). Analyzes were
performed in STATISTICA 13 software with α = 5% (StatSoft 2016).
RESULTS
The seeds of M. atropurpureum presented a three-phase pattern in their imbibition curve (Figure 1). The root
protrusion was observed after 12 hours of the beginning of seed hydration. Thus, the hydration times X, Y and Z
corresponded to 1:30, 5:15, and 9:45 hours, respectively. The osmotic potentials presented significant influence on
germination of M. atropurpureum seeds that did not undergo HD cycles (Table 1). Although seeds germinated in all
osmotic potentials, demonstrating a great tolerance to water deficit, there was a reduction in the seeds
germinability as the osmotic potential increased. The seeds reduced their germination percentage from 87% in
0.0 MPa (control) to 27% in -0.9 MPa (Figure 2). In addition, MGR was also affected by water deficit conditions
(Table 1). A reduction of the MGR was observed as the osmotic potential became more negative (Figure 3).
HD cycles and the hydration time during the cycles showed significant effects on M. atropurpureum
germinability (Table 1). However, these effects were negative, since HD cycles at all hydration times reduced the
percentage of germination in all osmotic potentials (Figure 2). This result also demonstrated that HD cycles did not
provide the seeds of M. atropurpureum an increase in tolerance to water deficit conditions to which the seeds were
submitted. Although not influenced by hydration times, MGR was influenced by HD cycles (Table 1). It was
observed a reduction of the MGR as the seeds were submitted to HD cycles and water deficit conditions (Figure 3).
DISCUSSION
In a condition of water availability and permeability of the seed coatings, the imbibition process usually presents
three phases (Rajjou et al. 2012). This three-phase pattern has already been observed in seeds of several species,
such as Schinopsis brasiliensis Engl. (Anacardiaceae) (Dantas et al. 2008); Jatropha curcas L. (Euphorbiaceae)
(Araujo et al. 2014) and Senna spectabilis (DC.) H.S. Irwin & Barneby var. excelsa (Schrad.) H.S. Irwin & Barneby
(Fabaceae) (Lima et al. 2018).

Figure 1. Imbibition curve of Macroptilium atropurpureum (Sessé &
Moc. ex DC.) Urb. (Fabaceae) seeds.
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Table 1. Results of the factorial ANOVA of germinability and the
mean germination rate of Macroptilium atropurpureum (Sessé &
Moc. ex DC.) Urb. (Fabaceae) seeds that were submitted to
hydration and dehydration cycles (HD cycles) and were submitted
to water deficit at different osmotic potentials.
Factors

F

d.f.

p

Germinability (%)
Hydration times

17.06

2

< 0.0001

Number of HD cycles

211.37

3

< 0.0001

Osmotic potential

629.43

4

< 0.0001

Mean germination rate (days

-1)

Hydration times

2.64

2

0.0744

Number of HD cycles

76.22

3

< 0.0001

Osmotic potential

300.32

4

< 0.0001

Figure 2. Germinability (%) of Macroptilium atropurpureum
(Sessé & Moc. ex DC.) Urb. (Fabaceae) seeds that passed
through 0, 1, 2 and 3 hydration and dehydration cycles (0C,
1C, 2C and 3C, respectively) in different hydration times
(Time X: 1:30 hours, Time Y: 5:15 hours, Time Z: 9:45
hours) and were submitted to water deficit at different
osmotic potentials. 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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Figure 3. Mean germination rate (days -1) of Macroptilium
atropurpureum (Sessé & Moc. ex DC.) Urb. (Fabaceae) seeds that
passed through 0, 1, 2 and 3 hydration and dehydration cycles (0C,
1C, 2C and 3C, respectively) in different hydration times (Time X: 1:30
hours, Time Y: 5:15 hours, Time Z: 9:45 hours) and were submitted to
water deficit at different osmotic potentials. 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.

Each species germinates at a specific critical osmotic potential (Oliveira et al. 2017). In addition, the
environmental conditions from which the seeds were produced may influence the physiological responses to the
abiotic conditions present during the germination of these seeds (Lima and Meiado 2017). Sevik and Cetin (2015),
in germination experiments with Cupressus sempervirens L. (Cupressaceae), Koelreuteria paniculata Laxm.
(Sapindaceae) and Pinus nigra J.F.Arnold (Pinaceae) showed that these species, as well as M. atropurpureum,
also germinate at low osmotic potentials (-0.8 MPa), even though in a reduced percentage compared to the control.
Santos et al. (2018), evaluating Handroanthus impetiginosus (Mart. ex DC.) Mattos (Bignoniaceae) seeds
germination under water stress conditions, observed 0% of germinability at the osmotic potential -0.8 MPa. Unlike
M. atropurpureum, as demonstrated in this study, H. impetiginosus is an example of a species with greater
sensitivity to water stress conditions.
As observed, M. atropurpureum has the capacity to germinate at low osmotic potentials (-0.9 MPa), although it
reduces the mean germination rate and the final percentage of germination. This inhibition or reduction of the
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germinability and the mean germination rate of seeds under water deficit conditions is related to the reduction of
enzymatic activities due to the low availability of water and, consequently, to the reduction of seed metabolism,
which needs to be activated for the reserve mobilization process, fundamental for seeds germination (Bewley and
Black 1994).
Yan (2017) emphasized that the benefits of HD cycles are related to the improvement of the germinative
metabolism. Many studies pointed positive responses regarding the HD cycles effects on germination of different
species, increasing the percentage of germination, mean germination rate and tolerance to abiotic stresses.
Alvarado-López et al. (2014) observed positive effects of HD cycles on seeds of Tecoma stans (L.) Juss. ex Kunth
(Bignoniaceae) and Cordia megalantha S.F.Blake (Boraginaceae). HD cycles also favored the germination of
Parkia nitida Miq. (Fabaceae) (Moraes et al. 2015) and Tanacetum cinerariifolium (Trev.) Sch. Bip. (Asteraceae) (Li
et al. 2011).
Although discontinuous hydration favors the germination of many species, HD cycles did not provide positive
effects on M. atropurpureum germination. Santini et al. (2017) demonstrated that discontinuous hydration also did
not favor seed germination of Echinocereus engelmannii (Parry ex Engelm.) Lem. (Cactaceae). According to
Sliwinska and Jendrzejczak (2002), this response may be related to loss of desiccation tolerance after the seeds
are submitted to HD cycles, causing an increase in seed mortality. In M. atropurpureum seeds, HD cycles may not
have provided the germinative metabolism, inhibiting the positive effects that the HD cycles could confer during the
seeds germination. Lima and Meiado (2017) demonstrated that the numbers and the hydration times had direct
effects on seeds response to HD cycles. In this present study, hydration times and numbers of HD cycles may had
interfered negatively on M. atropurpureum seed germination. Contreras-Queiroz et al. (2016) observed that the
effects of HD cycles are related to the climate and the microenvironment where the parental individuals occur. Lima
and Meiado (2017) demonstrated that seeds produced in different ecosystems present differentiated germinative
responses after being submitted to the cycles of HD.
In conclusion, the present study suggests that M. atropurpureum seeds is highly tolerant to water deficit
conditions due to the ability to germinate at low osmotic potentials (-0,9 MPa). HD cycles did not improve seed
tolerance to water deficit and had a negative effect on final germination percentage and mean germination rate.
This could be attributed to climate conditions where seeds were produced. Therefore, future studies can evaluate
the effects of HD cycles on M. atroporpureum seeds from different populations.
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