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Abstract
The conservation of seed quality during storage is important to perform the maintenance and conservation of
germplasm banks. Several native species of Brazil are intolerant to desiccation to desirable levels for conservation
during storage is necessary to develop specific technologies for their conservation. The objective of this research
was to evaluate the physiological quality of Paquira aquatica seeds submitted to drying periods. The study was
carried out using seeds of P. aquatica dried at a temperature of 35 ºC, the following exposure times: 0 (no drying),
24, 48, 72 and 96 hours. Before and after each period of drying samples for the evaluations, the data were
submitted to analysis of variance and regressionat level of 5%. The seeds of P. aquatica were dispersed with very
high water content and a small reduction in its physiological value agrees quality, allowing the seeds to
characterize this as a recalcitrant species. The drying temperature is 35 ºC until the viable 24 hours after this period
the water content of seed reduced from 55% to 43%, which was considered the critical level for desiccation of
seeds of P. aquatica. Because it reduces the values of first count, germination, rate of germination and growth of
seedlings.The drying temperature the 35 ºC until the viable 24 hours, whit small reduction in its physiological
quality seed P. aquatica.
Keywords: conservation, drying seeds, viability, recalcitrant seed
1. Introduction
Pachira aquatica Aubl. is a native fruit tree from southern Mexico and northern Brazil, widely used in urban
afforestation, may occur in wetlands and the distribution limit of mangroves but also in dry soils due to its
adaptability in adverse climatic and soil conditions (Lorenzi et al., 2006; Lima et al., 2012; Infante-Mata et al.,
2014). Its seeds have a high oil content, 46.62%, and a significant amount of proteins, 13.75%, typical
characteristics of oleaginous species, and can be a good source for economic exploitation (Silva et al., 2010). The
observed lipid content (46.62%) in P. aquatica seeds was higher than that found in Glycine max L. (19.0-31.0%)
(Sharma et al., 2014; Sheykhbaglou et al., 2018) and Sterculia striata St Hil (23.9%) seeds (Fráguas et al., 2015),
and similar to that of the seed of Helianthus annuus L. (35.0-42.0%) (Premnath et al., 2016) and Arachis hypogaea
L. (44.0-56.0%) (Kaya et al., 2009).
P. aquatica an excellent fount basis for developing well adapted and high yielding alternative oilseeds from the
native flora for sustainable biodiesel production in Northeastern Brazil (Harand et al., 2016). This species is
adaptable to the medium-sized, fast-growing crop and produces a large quantity of fruits with edible seeds with
organoleptic characteristics (Jorge & Luiza, 2012). However, its seeds are expenses with high moisture content,
which makes it unfeasible to manage and store.
The seeds keep a constant exchange of moisture with the environment and therefore the water has great influence
on their physiology. According to the physiological behavior during storage, seeds were generally classified into
two distinct groups: orthodox and recalcitrant. The orthodox seeds, which are tolerant to desiccation, remain viable
after desiccation to a water content of around 5% and for this reason are more resistant when stored under low
temperatures, and remain viable for a long period. However, the recalcitrant seeds, or seeds susceptible to
desiccation, do not survive with low levels of humidity, which prevents their long-term storage. There are still
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seeds that have intermediate behavior, tolerating desiccation between 7 and 10% water content and do not
withstand low temperatures during prolonged periods, whose behavior during drying and storage has similar
characteristics to orthodox and recalcitrant (Roberts, 1973; Sarmento & Villela, 2010; Costa, 2016).
The drying process of the seeds have two phases, which have no specific designation, giving one in sequence the
other. The first phase happens in the movement of the water contained in the surface of the seed to the surrounding
air, happening through the process of evaporation and being subject to the factors that control this process, the
second phase consists of the passage of water from the internal tissues of the seed to the surface (Carvalho &
Nakagawa, 2012). This movement of the water molecules occurs by a process of capillarity and the mechanical
obstacles in the way to be traveled by the molecules of water to the surface competes so that the second phase is
slower than the first, also, as the seed dry, the drying becomes more time consuming (Carvalho, 2005).
At the time of dispersion, the recalcitrant seeds have a high water content, about 60 to 75% of their fresh weight,
and practically do not lose water during maturation. When they are dehydrated after collection, there is a gradual
loss of viability with drying, passing through a critical point until reaching the lethal water content, which is
variable among the seeds of the different species, and there is no standard moisture content for drying of the seeds
(Oliveira et al., 2011; Costa, 2016).
Identification the ideal desiccation period constitutes an important approachfor improve the conservation of
recalcitrant seeds, and it is necessary to develop specific technologies for this purpose. In this way, the work was
developed with the objective of evaluating the physiological quality of the seeds of P. aquatica submitted to drying
periods.
2. Material and Methods
Theexperimentswas carried outon Laboratory of Seed Analysis (LSA) of the Universidade Federal Rural de
Pernambuco/UnidadeAcadêmica de Garanhuns-PE.The fruits of Pachira aquatica Aubl. were collected with the
aid of a trimmer five mother trees and captured through a mesh, preventing the fruit touched the ground. Then,
the collected material was transported to the LAS, where the seeds were removed manually fruit and malformed
and injuries were taken manually lot.
The experimental design was a completely randomized design with four replications of 25 seeds each treatment.
The seeds of P. aquatica were homogenized, packed in paper bags and placed in an air circulation oven,
regulated at 35 ºC for the following exposure periods: 0 (without drying), 24, 48, 72 and 96 hours. After each
drying period was determined, the seed moisture content using four subsamples of five seeds for each treatment,
and placed in a greenhouse at 105±3 ºC for 24 hours, following the recommendations of Brasil (2009). Next the
seeds were seeded in polyethylene trays with dimensions of 0.40 × 0.30 × 0.10 m in length, width and depth,
respectively, containing as substrate washed sand, moistened with distilled water at 60% of the water retention
capacity as recommended by Brasil (2009), with four replicates of 25 seeds, kept in the BOD (Biochemical
Oxygen Demand) at 30 ºC and photoperiod of 8 hours. Substrate moisture was maintained with addition of
distilled water and the evaluations started on the eighth day ending on the 15th day after sowing, computing the
seedlings that emitted the hypocotyl and the results were expressed as a percentage.
The germination speed index was conducted jointly with the germination test, accounting the number of
seedlings that geminaram daily, and the germination speed index was calculated according to the formula
proposed by Maguire (1962). At the end of the germination test, the roots and aerial part of normal each
repetition seedlings were measured, with the aid of graduated ruler, and the results are expressed in cm pl-1.
After this determination, the roots and aerial part of seedlings of each replication were placed in paper bags and
taken to the oven set at 80 ºC for 24 hours. After this period, were weighed on an analytical balance accurate to
0.001g, and the results are expressed in g pl-1 (Nakagawa et al., 1999).
The data were submitted to analysis of variance and regression analysis were adjusted models polynomial
linearat 5% of probability.
3. Results
The seed moisture content of Paquira aquatica seeds submitted to different drying periods at 35 ºC (Figure 1),
the data were adjusted to the linear model, there being a reduction in the water content of the seeds with the
increase of the drying periods.
At the beginning of the drying, the seeds of P. aquatica were with 59.95% water content.In the first 24 hours of
drying, the reduction of humidity was slow, reducing the humidity in only 2.75% of water. With 48 hours of
drying, the seeds had moisture loss of 11.79% in the water content, accounting for 48.19%. After this period
there was a stabilization in the water content and did not differ statistically between the other drying periods.
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Figure 1. Water conteent of Pachira aquatica Aubl.
submitted to drying periods.

Figurre 2. First counnt of germinatiion of Pachira
a
aquatiica Aubl. seedds submitted to drying period
ds.

Figure 3. Germinatioon of Pachira aaquatica Aubll.
seeds submittted to drying pperiods.

Figure 44. Germinationn speed index ((IVG) of Pach
hira
aquatiica Aubl. seedds submitted to drying period
ds.

p
of seeddlings of Pachira
Figure 5. Root length primary
aquaatica Aubl. subbmitted to dryying periods.

Figuure 6. Length oof aerial part oof seedlings of
Pachiraa aquatica Aubbl. submitted tto drying perio
ods.
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Figuree 7. Dry mass of
o roots of seeddlings Pachiraa
aquaatica Aubl. subbmitted to dryying periods.

V
Vol. 10, No. 11; 2018

Figure 88. Dry mass off aerial part of sseedlings Pach
hira
aquuatica Aubl. suubmitted to dryying periods.

a the
It was obseerved that the data of first coount of germinnation where thhere was a drasstic reduction ffrom 41.00% at
beginning of the drying to
t 4% at the ennd of the 96 hoours of drying (Figure 2).
The first ggermination coount was affeccted with increeasing drying ttime at 35 ºC. At the zero time, the seeds of P.
aquatica ppresented 43%
% of germinatioon, reducing too 34%, 19%, 99% and 4% in the drying peeriods of 24, 48, 72
and 96 hoours, respectivvely. There waas a reduction of 0.412% att each hour off drying, accoording to the linear
adjustmennt equation.
The higheest percentagees of germinattion of Paquiira aquatica seeds were obbserved in seeeds that were
e not
submitted to drying (zeroo hour period)) and in the 24 hours period, both with 97%
% (Figure 3).
mination was more
m
affected in the drying periods of 488, 72 and 96 hhours, with 599%, 30% and 17%,
Seed germ
respectivelly. There werre no statistical differences in the waterr content of tthe seeds (Figgure 1) and in
n the
percentagee of germinatioon (Figure 3). However, waas confirmed tthe germination decrease wiith the reductio
on of
the water ccontent of the seeds.
In relationn to the germinnation speed inndex of P. aquuatica seeds (F
Figure 4), it w
was observed thhat the seeds had
h a
marked viggor loss and linnear downwarrd behavior, in other words, tthere was a redduction in the rate of germination
with an inncrease in the periods
p
of dryiing, with the hhighest index oof 2.66 in the seeds that werre not submitted to
drying. Ass in the first geermination couunt, the highesst vigor was reeached by the seeds that werre not submitted to
drying (zerro hour periodd), starting to reeduce after thee 24 hours periiod, reaching 00.37 after 96 hours of drying.
The higheest reductions in
i the germinaation speed inndex occurred in the last thrree drying periiods, following the
similar behhavior of the variables
v
waterr content, first count and germ
mination.
In the inittial development of the P. aquatica seeddlings evaluated by the lenngth of the prrimary root, itt was
observed a gradual reduction with the drying periodd of the seeds. The seeds nott submitted to drying reached the
maximum length was 7.54 cm, follow
wed by the dryying treatmentt for 24 hours with 6.85 cm
m and the lowe
est of
4.84 cm inn the period off 72 hours of drrying (Figure 55).
This vigorr test, togetherr with the firstt germination ccount test andd the germinatiion speed indeex, showed tha
at the
physiologiical quality off the seeds wass impaired afteer the first 24 hhours of dryinng, reducing thheir viability due to
the loss off water.
For the lenngth of the aerial part of thee seedlings (Figure 6), the rreduction in thhe length of thhe aerial part of
o the
seeds was verified, withh a maximum llength of 9.65 cm, reducing with the increease of the dryying periods, with
w a
smaller lenngth of 5.64 cm
m in the 96 houurs period.
The aerial part growth frrom seedling ooriginating of tthe seeds subm
mitted to drying for 24 hourss was the highe
est of
the treatm
ments studied, presenting a vvalue of 9.65 cm in heightt. The lowest development of aerial partt was
verified inn seedlings origginating from tthe seeds at 722 hours of dryiing with 6.54 ccm and 5.63 cm
m of height with 96
hours of drrying.
Regardingg the mass of thhe roots of the seedlings (Figgure 7), the greeatest accumullation of dry m
mass was verifiied in
the seeds tthat were not submitted
s
to drrying, with 0.1724.
The root dry mass of the seedlings was reduced with the incrrease of the ddrying period,, showing a linear
regressionn model with R2 of 82.6% annd a reductionn in the dry maass of 0.001 g per hour of ddrying seeds. In the
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first 24 hours of drying, root dry mass did not show statistical difference between the two treatments, with a dry
mass of 0.172 g of root in the treatment without drying (0 hours) and 0.158 g with 24 hours of drying. However,
when the seeds were submitted to the drying period longer than 48 hours, the root dry mass accumulation
reduced to 0.115 g in 48 hours, 0.071g in 72 hours and 0.092 g in 96 hours of drying.
Drying of the seeds of P. aquatica affected the accumulation of dry mass of the aerial part of the seedlings. The
highest accumulation of dry mass of aerial part 3.36 g, was found in the seedlings from the seeds with the
highest water content, without drying. The second best accumulation was found in the 24 hours drying treatment
with 2.99 g, the seeds submmited to dried for 48, 72 and 96 hours did not present statistical difference in the
aerial part dry mass (Figure 8), following the same behavior observed in the water content of the seeds (Figure
1).
Seed deterioration caused by the dehydration of the seeds affected the germination and vigor, making the
germination slower and decreasing the growth of the seedlings. The drying P. aquatica seeds, probably, caused
damage to vital seed tissues, such as the embryo, which would explain the reduction of germination and seed
vigor after 48 hours drying.
4. Discussion
The seeds of P. aquatica presents 59.9% of water in the harvest period after reaching the physiological maturity,
being considered high water content (Stubsgaard, 1990). However, it is known that during the development of
most recalcitrant seeds there is no decline in water content and consequently they have intense metabolic activity.
One of the characteristics of the recalcitrant seeds is to have a high water content at the time of dispersion,
because unlike the orthodox seeds, the recalcitrant seeds do not undergo a thorough desiccation process during
maturation and/or predating the dispersion (Santos-Moura et al., 2012).
The recalcitrant seeds are not only independent of the drying process to acquire the germinative capacity, but
also present limits of desiccation tolerance (Barbedo & Marcos Filho, 1998). The water content limit of the seeds
of P. aquatica was 50.2%, below this value the germination and vigor were affected.
In addition to the water content, the dehydration speed of the recalcitrant seeds may affect the physiological
potentials of the seeds. During the first 24 hours, the seeds of P. aquatica presented slow water loss, with no
great loss in their physiological quality. After 48 hours of drying, the loss of water was more severe and fast
resulting in a greater reduction in germination and vigor. According to Delgado and Barbedo (2007) the drying
speed is considered fundamental for the evaluation of the tolerance limit to the desiccation of the seeds. The fast
loss of water by the seeds causes severe damage to the membrane structure of the cell organelles, the
cytoskeleton and the skeletal nucleus that are essential for the proper functioning of the cell and damage to these
structures during drying may lead to loss of viability of the seeds (Berjak & Pammanter, 2003).
This reduction in the germination and vigor of the seeds of P. aquatica shows that the reduction of the water
content negatively affects the physiological quality of the seeds, allowing to classify the seeds of this species as
recalcitrant. The water loss in recalcitrant seeds triggers some deteriorating processes, such as protein
denaturation, changes in the activity of peroxidase enzymes and damage to the membrane system, resulting in
the complete loss of viability (Soares et al., 2015). Unbalanced metabolism and damage due to dehydration are
the main causes of loss of viability of seeds during drying (Berjak & Pammennter, 2003). Thus, loss of water
during the dehydration phase, the loss of seed volume itself, can result in structural mechanical damage that may
not be corrected during rehydration in the germination process.
Pammenter and Berjak (2000) point out two types of damages that occur in recalcitrant seeds when subjected to
drying: macromolecule-related damages and damages resulting from the maintenance of seeds at intermediate
levels of water, leading to oxidative stress as a consequence of a deregulated metabolism, with this the seeds
remain several days with a high content of humidity. In recalcitrant seeds, the subcellular water is strongly
associated with the macromolecular surfaces, ensuring, in part, the stability of membranes and macromolecules
(Bovi et al., 2004). Thus, the loss of structural water during the drying process of recalcitrant seeds can cause
severe changes in the metabolic and membrane systems, leading to the deterioration process of these seeds
(Angelovici et al., 2010).
The activity of the enzymes present in lipid-rich seeds increases rapidly with the onset of germination, reaching
peak when lipid degradation and carbohydrate synthesis are at their peak, resulting in rapid deterioration of the
seed by the peroxidation process of lipids, resulting in reduction in the dry matter of the seedlings (Angelovici et
al., 2010; Costa, 2016).
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The increase of the respiratory activities of the seed to a level capable of sustaining the growth of the embryo,
with sufficient supply of energy and organic substances, depends on the increase of the degree of hydration of its
tissues (Popinigis, 1985). The increase in respiratory rate, due to the high water content, results in the reduction
of the speed of reconstruction of the membranes during imbibition and in degenerative changes in the
metabolism of the seeds, triggered by the destructuring and loss of the integrity of the cellular membranes
system caused especially for the degradation of the tissues of reserves that would be used in the germination of
the seeds (Marcos Filho, 2005). Thus, the energy reserve that would be used in the germination is spent in the
respiration, causing less weight transfer of the dry matter weight of the cotyledons to the embryonic axis of the
seed, giving rise to a seedling with lower dry mass.
The reduction of the water content affected the vigor of the seeds of Paquira aquatica, demonstrating that they
are sensitive to desiccation, and drying after the 24 hours period compromises the physiological quality of the
seeds.
Seeds of other arboreal species, classified as recalcitrant, presented the same behavior. The initial water content
of the seeds of Bunchosia armenia (Cav.) DC. was 62.6%, reducing to 43.3 and 32.1% after 120 hours of drying
in a laboratory environment and greenhouse, respectively (Silva et al., 2012). In drying conditions, the seeds of
Blepharocalyxs alicifolius and Casearia decandra were sensitive to moisture reduction between 29% and 25%
and lost viability around 14% and 8% of humidity, respectively, in relation to physiological changes during
drying of the seeds, it was observed a decrease of viability and vigor from 25% of humidity (Rego et al., 2013).
Santos-Moura et al. (2012) verified that the drying at 40 ºC of the seeds of Tapirira guianensisAubl. reduced in
the first germination count, the maximum percentages (62%) occurred in the seeds that were not dehydrated
(zero hour of drying), not being verified germination from the 12 hours of drying, noting that the reduction of the
water content affected negatively the vigor, determined by the first germination count, as observed for the seeds
of P. aquatica.
Seeds of Theobroma subincanum tolerate a reduction in water content, without compromising the germinative
power, only up to a level around 30% (Nascimento & Carvalho, 2012). However, Barrozo et al. (2014) verified
that the percentage of germination in seeds of Inga laurina (Sw.) Willd. presented maximum germination values
(99%) after 16 hours, at which time the seeds were still with the water content around 46.52%. Drying at 30 ºC
of the seeds of Campomanesia pubescens (DC.) O. Berg., Dousseau et al. (2011) observed that the water content
of the seeds extracted from the fruits was 42%, which was reduced exponentially as a result of drying, reaching
4% moisture at 810 minutes, classifying them as recalcitrant seeds because they were intolerant to drying.
The drying of the seeds of P. aquatica at 35 °C affected the length of the aerial part of the root of the seedlings,
because the loss of water caused damage to the embryo reserves, those that would be unfolded and transported to
the embryonic axis, aiding in their growth. According to Oliveira et al. (2011) the energetic reserves destined for
the growth of the seedlings is compromised in the drying process due to the deterioration of the seeds during the
process, which would explain the reduction of the length of the aerial part verified in this work with the increase
of the periods of drying. Laime et al. (2011) observed the highest lengths of seedlings of Inga ingoides (Rich.)
Willd., 12 cm of root and 8,5cm of aerial part were obtained when the water content of the seeds of 47%, with a
drastic reduction of the length of seedlings after desiccation of the seeds.
The dry mass of the Inga ingoides seedlings was also influenced by periods of exposure to drying (Laime et al.,
2011). It was identified by Scalon et al. (2012) than for the seeds of Eugenia pyriformis Camb. there was a
significant negative interference in the first count, percentage of germination, dry mass and length of shoot and
root of seedlings, reflecting in lower values as the seeds of this species were submitted to the dehydration
process, being the effects more noticeable from 30% humidity.
Results those found by Alves et al. (2008) in seeds of Talisia esculenta (A. St. Hil) Radlk, they observed that
prolonged periods of drying caused harmful physiological effects on dry mass of seedlings.
Drying of the seeds of P. aquatica at 35 ºC after 24 hours had harmful effects on the vigor of the seeds, proving
their sensitivity to desiccation, since prolonged periods of drying caused deleterious effects to the germination
and vigor of the seeds. The desiccation tolerance is directly related to the environment in which the seeds
develop (Nascimento et al., 2007). Tolerant species to desiccation are able to survive with reduced values of
cellular water for long periods (Buitink, 2000). Species under study are recommended for recovery of riparian
forest because spontaneously the tree vegetates in humid places, riverbanks and lakes or flooded lands, where the
word “aquatic” comes from its scientific name, this may justify the behavior of its seeds drying.
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5. Conclusion
Seeds of the species Paquira aquatica Aubl. are dispersed with very high water content, and a small reduction in
this value compromises their physiological quality, allowing to characterize the seeds of this species as
recalcitrant. Drying at 35 ºC is feasible for up to 24 hours, after that period the water content is reduced affecting
germination and vigor of the seeds.
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