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ABSTRACT

RESUMO

Cinética da liberação de eletrólitos pelas sementes de Caesalpinia echinata Lam. (pau-brasil)
durante a embebição

A condutividade elétrica da solução de embebição de sementes tem sido utilizada como diagnóstico do vigor de
sementes de diversas espécies. Os ajustes dessa metodologia para as várias espécies requerem o conhecimento da
cinética de liberação desses eletrólitos. Para sementes de pau-brasil, a metodologia clássica não se mostrou adequada
e, considerando-se que elas apresentam baixa capacidade de armazenamento em temperatura ambiente, testes rápidos,
como o da condutividade elétrica, são essenciais. Para tanto, deve-se conhecer a cinética da liberação de eletrólitos
durante a embebição dessas sementes, em função de sua qualidade fisiológica, da presença ou ausência de tegumento,
da temperatura de embebição e do teor de água inicial das sementes, que foi o objetivo deste trabalho. Para tanto, seis
diferentes categorias de sementes, obtidas de duas regiões, foram analisadas quanto à liberação de eletrólitos, quando
se removeu, ou não, o tegumento e, também, quando foram incubadas com diferentes teores de água e em diferentes
temperaturas. Os resultados demonstraram que o padrão de liberação de eletrólitos das sementes de pau-brasil independe
de sua qualidade fisiológica, da presença ou da ausência do tegumento e da temperatura de embebição, mas esses
fatores alteram a quantidade total de eletrólitos liberados. Verificou-se, ainda, que há intensa liberação logo nos
primeiros minutos de embebição, sugerindo que o ajuste de metodologia deve considerar a redução ao longo do
período de embebição, a redução da temperatura, a utilização de pré-embebição controlada e mais lenta e a troca da
solução de embebição, após os primeiros minutos.
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Kinetics of solute leachate from imbibing Caesalpinia echinata Lam.
(Brazilwood) seeds

The electrical conductivity of leachates from imbibing seeds has been used as a vigor test for several species. The
adaptation of this methodology to different species requires knowledge on the leaching kinetics of electrolytes. For
Brazilwood seeds, the classic method was not satisfactory and rapid tests are essential because they have low storage
capacity at room temperature. Leaching kinetics during seed imbibition is a function of physiological quality, presence
or absence of seed coat, imbibing temperature and the initial moisture content of seed. In this study, the electrolyte
leaching rate of six different categories of seeds, from two regions, was evaluated in seeds with and without seed coat
and incubated with different moisture contents and at different temperatures. The results showed that the electrolyte
leaching rate in Brazilwood seeds is independent of the physiological quality, the presence or absence of seed coat and
imbibition temperature, but these factors changed the total amount of electrolytes leached. The leaching rate increased
in the first few minutes of imbibition, suggesting that the adjustment of the methodology must consider the reduction
in imbibition time, reduction in temperature, use of a controlled and slower pre-imbibition, and replacement of the
imbibition solution after the first few minutes.
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INTRODUCTION

Seed samples taken from batches containing a large
proportion of dead seeds or seeds that produce abnormal
seedlings often show considerable leaching of solutes
when imbibed in water, which is probably caused by the
presence of many damaged cells (Matthews et al., 2012).
Seed solutes consist mainly of amino acids, nucleic acids
and lipids which have electrolytic properties that can be
determined by measuring their electric charges
(Krzyzanowski et al., 1991). Thus, the increase in
conductivity of the imbibition solution, i.e., the reduction
in the electrical resistance caused by the electrolyte
leached from the seed tissues to water can be used as a
diagnostic test of vigor loss and degree of deterioration
(Vieira, 1994). However, the imbibition temperature and
seed coat cracks may change electrolyte leaking (Carva-
lho et al., 2009; Ribeiro et al., 2009). Therefore, measuring
the electrical conductivity of the seed imbibition solution
to evaluate vigor and degree of deterioration relies on
methods that avoid the influence of other variables on
the results. One of the first steps to do so is to understand
the leaching kinetics of these electrolytes when seeds are
subjected to different procedures.

Brazilwood (Caesalpinia echinata Lam) is a species
native to Brazil that has great historical and ecological
importance (Rocha et al., 2007; Rocha, 2010). Because of
its exploitation in the past and the lack of effective
conservation policies, now Brazilwood is in the list of
endangered species (Pilatti et al., 2011). Seeds of
Brazilwood are tolerant to desiccation (Barbedo et al.,
2002), but retain the ability to germinate for prolonged
periods only when stored at -18 ° C (Hellmann et al., 2006).
The low storage tolerance at room temperature hinders
the preservation of genetic material, making it essential to
develop rapid diagnostic tests for deterioration of stored
seeds, helping decision making on the use, disposal and
replacement of seed batches. Thus, understanding the
leaching kinetics during imbibition of Brazilwood seeds
can provide important information for developing rapid
diagnostic tests for physiological quality of seeds of this
species.

From the foregoing, this study aimed at evaluating
electrolyte leaching in Brazilwood seeds during imbibition
in response to physiological quality, presence or absence
of seed coat, imbibition temperature and initial moisture
content.

MATERIALS AND METHODS

Brazilwood seeds were collected from fruits at the pre-
dehiscence stage (Borges et al., 2005) in November 2007
in the Mogi Guaçu Biological Reserve and Experimental
Station, Mogi Guaçu, SP (22° 15' S, 47° 10' W) and, in

October 2008, in the Santa Carolina farm, Jaú, SP (22º 19' S,
48° 50' W). The fruits were spread out in the sun on a
brick ground and covered with a 50% shade cloth, for two
days, for opening spontaneously and releasing the seeds.
The seeds, considered as pre-dispersed, were stored in a
cold chamber at 7 °C until the beginning of the experiments
(Barbedo et al., 2002), period not exceeding three days.
Part of these seeds have been subjected to artificial aging
(AA) at 42 °C, 100% RH (Marcos Filho, 1994) for 6 and 12
h, generating the aged pre-dispersed seeds. At the end of
each AA period, the seeds were kept in a temperature-
controlled environment (± 20 °C) to reach the initial
moisture content (not exceeding 20 hours) and then
evaluated for germination. Seeds recently fallen to the
ground (less than 24 hours) were also collected and
classified as newly dispersed. This was done in the morning
of the first day by removing all seeds under the tree canopy
and then covering the ground with a fine screen cloth.
The next day, at the same time, all the seeds that fell on the
screen were collected. Part of these seeds was also
subjected to the same artificial aging, generating the aged
newly dispersed seeds. Thus, different types of seeds
were obtained: 1) PD (pre-dispersed, hand collected); 2)
PDA6 (PD aged for 6 hours); 3) PDA12 (PD aged for 12
hours); 4) ND (newly dispersed, collected after natural
fall); 5) NDA6 (ND aged for 6 hours) and 6) NDA12 (ND
aged for 12 hours).

Seeds of each category were evaluated for moisture
content, water potential (only embryos), germination and
electrolyte leaching. The moisture content was determined
by the gravimetric method with oven drying, at 103 °C for
17 hours, and the results expressed as percentage on a
wet basis (Brazil, 2009). The water potential
was measured for embryos with a potentiometer based on
the dew point temperature of the air in equilibrium with
the sample examined. The potential was assessed by
sorption isotherms in solutions of polyethylene
glycol (PEG) of different osmotic potentials (Michel &
Kaufmann, 1973). The germination test was conducted as
described by Barbedo & Mello (2007). Germination was
evaluated daily for 15 days by recording the seeds that
developed the primary root (for calculating germination)
and those that produced normal seedlings (for calculating
the development of normal seedlings). The mean
germination time was also recorded as a measure of seed
vigor, according to Borghetti & Ferreira (2004).

Electrolyte leaching was determined using a bench
digital conductivity meter calibrated with standard solution
(146.7 µS cm-1). Samples of fresh seeds were placed in
300-ml plastic cups with 75 ml of deionized water in a BOD
incubator adjusted to constant temperature, in the dark.
The result expressed in µS cm-1 was divided by the
equivalent dry weight of the sample (g) to provide the
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leaching of solid electrolyte per unit of dry matter in µS
cm-1gµS-1. For the equivalent in dry matter, samples were
taken from each treatment for determination of total dry
matter, in the same test for the determination of moisture
content (Barbedo & Cicero, 1998).

In the first experiment, in order to analyze the electrolyte
leaching during the imbibition phase of seed germination,
samples of the seeds PD, PDA12, ND and NDA12,
collected in Mogi Guaçu, were placed in deionized water
at 20 °C for 10, 30, 60, 90, 120, 180, 360, 720 and 1440
minutes. After each time, electrolyte leaching was
determined as described above.

In the second experiment, aiming to analyze the
influence of seed coat and temperature on electrolyte
leaching, ND, NDA6 and NDA12 seeds collected in Mogi
Guaçu were incubated at 20 °C, with and without coat, for
180, 360, 540, 720 and 1440 minutes. PD, PDA6 and PDA12
seeds from Jaú were incubated without coat (only the
embryo) at 15 and 20 °C for 720, 1440, 2880 and 4320
minutes. The times of incubation were defined according
to previous tests. Because the ND seeds were stored for
40 days (8 °C in paper bags) from the first to the second
experiment, in the latter they were named ND

s
, NDA6

s
 and

NDA12
s
.

To evaluate the influence of the initial moisture content
on electrolyte leaching, PD, PDA6 and PDA12 seeds from
Jaú were incubated in moistened paper with pure water
(2.5 times the dry paper weight) at 25 °C, for 60 and 180
minutes, based on the results of Lamarca et al. (2009).
Seeds with different moisture contents had the seed coat
removed and the embryos, including those not subjected
to pre-imbibition, were incubated in deionized water at 20
°C for 180, 360 and 720 minutes, to determine electrolyte
leaching, as previously described.

The experiments were arranged in completely
randomized design with four replications. The first
experiment compared the imbibition times for each
category of seed. The second experiment was arranged in
a factorial design, associating coat x imbibition time (2 x
5), temperature x imbibition time (2 x 5) and moisture
content x imbibition time (3 x 3). Data were subjected to
analysis of variance (F test) at 5% probability level. Means
were compared by Tukey test, 5% probability level
(Santana & Ranal, 2004).

RESULTS AND DISCUSSION

Analysis of variance showed significant differences
for the germination, development of normal seedlings and
mean germination time (Table 1), indicating that the
collection method and the accelerated aging treatment were
efficient to generate different categories of Brazilwood
seeds, based on their physiological quality.

The electrolyte leaching increased in all seed categories
until the last evaluation time (Figure 1). Only in PD seeds,
from Mogi Guaçu, the leaching up to the first 10 minutes
was significantly lower than that up to the 30 minutes,
showing that seeds with lower physiological quality
leached high amounts of electrolytes as early as the start
of imbibition. However, even for seeds with higher
physiological quality, the leaching values were considered
high when compared with seeds of other crop or forest
species, ranging from 30-160 µS cm-1gµS-1 (Marques et
al., 2002; Santos & Paula, 2005; Valadares & Paula, 2008,
Araujo et al., 2011). For Brazilwood seeds, after 10 minutes
of imbibition, on average, the electrolyte leaching had
reached about 20% of the total leaching within the 24
hours recommended by the test (Vieira, 1994), and after 60
minutes they had reached 37%, that is, 50 minutes after
the first evaluation (after 10 minutes), there was an increase
of only 17% in leaching (Figure 1). The leaching of 50% of
the total electrolyte occurred after 180 minutes. At the
end of the imbibition (1440 minutes), the total electrolyte
leached by seeds in each category followed their
physiological qualities, i.e., 276, 277, 321 and 340 µS cm-1

gMS-1, respectively for PD, PDA12, ND and DE12.
The application of the electrical conductivity test for

seed evaluation has shown that regardless of the seed
quality, the electrolyte leaching is high in the beginning,
but tends to stabilize faster in higher quality seeds
(McDonald, 1999; Rose et al., 2000). For Brazilwood seeds,
however, we found that the general pattern of electrolyte
leaching was independent of seed quality, i.e., high
leaching rate within the first 10 minutes followed by subtle
stabilization (up to approximately 120 minutes) and, then,
again increased leaching (Figure 1). The electrolyte
leaching curve followed the same trend of the water
imbibition curve performed by Lamarca et al. (2009) for
seeds of the same species: high water imbibition in the
first 10 minutes of imbibition and stabilization near the
120 minutes (early phase II of germination). This behavior
resembles the seeds of other species such as Brazilian
rosewood (Dalbergia nigra (Vell.) Fr.All. Ex Benth. (Mar-
ques et al., 2002) and ‘branquilho’ (Sebastiania
commersoniana (Bail) Smith and Downs (Santos & Paula,
2005), differing, however, as to the time and intensity of
occurrence.

Seeds of Brazilwood have characteristics that could
help understand the kinetics and rate of electrolyte
leaching during imbibition. One would be the short period
of the early stages of germination, that is, the speed of the
water entering the seed and the speed of the embryonic
axis initial growth (Mello & Barbedo, 2007), because these
processes occur concurrently with the membrane system
organization during imbibition (Simon & Raja-Harun, 1972;
Bewley & Black, 1994). Another would be the rapid
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Table 1.Moisture content, water potential, germination, development of normal seedlings and mean germination time of
Brazilwoodseeds with differences in initial physiological quality, collected pre and newly-dispersed in different regions and periods
and subjected or not to accelerated aging. Means followed by the same letter within each experiment are not significantly different
(Tukey 5 %)

PD from Mogi Guaçu 10.81 b 86.54 a 71 a 58 a    2.97 b
PDA12 from Mogi Guaçu 12.43 a 25.61 c 27 b 25 b    3.38 ab
ND from Mogi Guaçu 10.79 b 88.26 a 69 a 62 a 3.92 a
NDA12 from Mogi Guaçu 12.24 a 34.24 b 20 b 9 b 3.91 a

Coefficient of variation (%) 0.99 5.42 17.23 19.26 7.87

ND
a
from Mogi Guaçu 12.45 c 58.20 a 50 a 26 a 3.08 a

NDA6
a 
from Mogi Guaçu 15.06 b 36.44 b 45 a 29 a 2.71 a

NDA12
a 
from Mogi Guaçu 16.87 a 31.69 c 20 b 10 a 3.31 a

Coefficient of variation (%) 4.57 5.68 19.44 4.83 10.22

PD from Jaú 10.55 c 75.93 a 90 a 73 a 2.41 b
PDA6 from Jaú 15.03 b 33.40 b 65 b 38 b 3.73 a
PDA12 from Jaú 17.37 a 26.22 c 45 c 19 b 3.95 a

Coefficient of variation (%) 4.74 5.60 10.63 34.07 8.15

MeantimeSeedcategoryandorigin
Moisture content

(%, wetbasis)
Water potential

(-MPa)
Germination

(%)
Normal seedlings

(%)

Figure 1. Electrolyte leaching by Brazilwood seeds during the imbibition. PD from Mogi Guaçu (A); PDA12 from Mogi Guaçu (B);
ND from Mogi Guaçu (C); NDA12 from Mogi Guaçu (D). Columns with the same letter are not significantly different (Tukey 5%).
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deterioration of the seed at room temperature, even with
high initial quality and low moisture content (Hellmann et
al., 2006). The high electrolyte leaching could then be
associated with this rapid deterioration (Møller et al., 2007).

There are other factors related to the kinetics and rate
of electrolyte leaching by Brazilwood seeds, including seed
coat and imbibition temperature. The analysis of variance
showed no interaction between coat x imbibition time and

Figure 2. Electrolyte leaching by Brazilwood seeds during the imbibition. Black columns: means of seeds with and without seed coat;
gray columns: means of seeds incubated at temperatures of 15 and 20 °C. Values   in the boxes within each graph represent the overall
mean of seeds with or without coat and seeds imbibed at different temperatures that had no interact with the factor imbibition period.
ND

a
 from Mogi Guaçu (A); NDA6

a
 from Mogi Guaçu (B); NDA12

a
 from Mogi Guaçu (C), PD from Jau (D); PDA6 from Jau (E);

PDA12 from Jau (F). Columns with the same letter are not significantly different (Tukey 5%).
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temperature x imbibition time (Figure 2) for the seeds ND
a
,

NDA6
a
 and NDA12a, from Mogi Guaçu, and PD, PDA6

and PDA12, from Jaú (Table 1). However, the analysis
showed significant differences between seeds with and
without seed coat, between imbibition for 15 and 20 °C
and among imbibition periods (Figure 2). The results
showed that the lowest electrolyte leaching rates occurred
for seeds with seed coat and lower imbibition temperature
(Figure 2). The decrease in temperature increases the water
viscosity, which reduces ion mobility and electrolyte
leaching (Loeffler et al., 1988). For seeds of other species,
such as corn and soybean, the decrease in temperature
also reduced electrolyte leaching (Carvalho et al., 2009;
Ribeiro et al., 2009). On the other hand, higher
temperatures favor the differentiation between seed
batches (Ribeiro et al., 2009). Thus, the following assays
for determination of electrolytes were carried out at 20 °C.

Same as the temperature, the seed coat removal was
also important for the determination of electrolytes
leached. Even with higher values, the seed coat removal
favored homogenization of the seeds for this analysis
(Figure 2A, B and C). The seed coat of Brazilwood often
has cracks and crevices and may cause undesirable
variations in the determination of electrolytes leached
during imbibition. Therefore, from the results of this
experiment, the determination of electrolyte leaching was
carried out with seeds without seed coat.

There was a continuous increase in the leaching rate
with the decrease in seed quality (Figure 2 and Table 1).
Above 1440 minutes, the electrolyte leaching continued to
increase, but tended to stabilize, especially for PD seeds
(Figure 2D), reducing the leaching rate in about four times
between 2880 and 4320 minutes compared to the period
between 1 440 and 2880 minutes (Figures 2D - F).

The initial moisture content also influenced the
electrolyte leaching during the imbibition of Brazilwood
seeds. Although the correlation between most of the
variables was not significant, the association between
initial moisture content and electrolyte leaching after 720
minutes (r=0.72, p<0.05) was significant, showing that the
higher the initial moisture content of the seed batch, the
greater the electrolyte leaching. However, a pre-imbibition
of these seeds can change this result.

The analysis of variance of the pre-imbibition results
showed interaction between moisture content and
imbibition period for PD and PDA12 seeds (Figures 3A
and C), but not for PDA6 (Figure 3B). The rate of electrolyte
leaching by seeds without pre-imbibition (12% water)
remained high and increasing. However, after 60 and 180
minutes of pre-imbibition, seeds with 42 and 51% moisture
decreased the rate of electrolyte leaching (Figure 3),
regardless of seed category (PD and PDA12, Table 1).
This was probably because previously imbibed seeds

already had their membranes organized, avoiding the high
initial leaching of electrolytes (Simon & Raja-Harun, 1972).
The initial moisture content is correlated with the rate of
electrolytes leached during imbibition (Vieira et al., 2002).
However, the results of this study showed that, for
Brazilwood seeds, besides the initial moisture content,
other factors such as the origin of the material, seed coat,
imbibition temperature and initial quality influence the rate

Figure 3. Electrolyte leaching by Brazilwood seeds during the
imbibition. In A and C: black columns: seeds without pre-
imbibition; white columns: seeds pre-imbibed for 60 minutes;
light gray columns: seeds pre-imbibed for 180 minutes. In B:
dark gray columns: means of seeds with and without pre-
imbibition, with no significant interaction. PD from Jau (A);
PDA6 from Jau (B); PDA12 from Jau (C). Means followed by
the same letter (small letters compare the initial moisture content
and capital letters the imbibition time) are not significantly
different (Tukey 5%).
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of electrolytes leached, but without influencing the
kinetics of solute leaching. The results also showed that
the adjustment of methodology for determining the degree
of deterioration of Brazilwood seeds, such as the electrical
conductivity test, may achieve success by reducing the
imbibition period, reducing the temperature, using
controlled and slower pre-imbibition and replacing the
imbibition solution after the first initial minutes.

CONCLUSION

The electrolyte leaching rate of Brazilwood seeds
during imbibition is independent of their physiological
quality, the presence or absence of seed coat and
temperature of imbibition. Nevertheless, these factors
change the total amount of electrolytes leached.
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