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ABSTRACT

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 physiologicalpreaktyce
or absence of seed coat, imbibing temperature and the initial moisture content of seed. In thisestlelstrolyte
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 gireipresence 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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RESUMO

Cinética da liberacdo de eletrolitos pelas sementes Gaesalpinia echinata Lam. (pau-brasil)
durante a embebicao

A condutividade elétrica da solucao de embebicédo de sementes tem sido utilizada como diagnéstico do vigor de
sementes de diversas espécies. Os ajustes dessa metodologia para as varias espécies requerem o conhecimento da
cinética de liberacéo desses eletrélitos. Para sementes de pau-brasil, a metodologia classica ndo se mostrou adequada
e, considerando-se que elas apresentam baixa capacidade de armazenamento em temperatura ambiente, testes rapidos,
como o da condutividade elétrica, sdo essenciais. Para tanto, deve-se conhecer a cinética da liberacdo de eletrdlitos
durante a embebicao dessas sementes, em funcéo de sua qualidade fisiolégica, da presenca ou auséncia de tegumento,
da temperatura de embebicéo e do teor de 4gua inicial das sementes, que foi o objetivo deste trabalho. Para tanto, seis
diferentes categorias de sementes, obtidas de duas regides, foram analisadas quanto a liberacéo de eletrdlitos, quando
se removeu, ou ndo, o tegumento e, também, quando foram incubadas com diferentes teores de agua e em diferentes
temperaturas. Os resultados demonstraram que o padrdo de liberacao de eletrélitos das sementes de pau-brasil independe
de sua qualidade fisiolégica, da presenca ou da auséncia do tegumento e da temperatura de embebicdo, mas esses
fatores alteram a quantidade total de eletrdlitos liberadkr#ficou-se, ainda, que ha intensa liberacdo logo nos
primeiros minutos de embebicéo, sugerindo que o ajuste de metodologia deve considerar a reducao ao longo do
periodo de embebicao, a reducéo da temperatura, a utilizacdo de pré-embebicdo controlada e mais lenta e a troca da
solucdo de embebicédo, apds os primeiros minutos.
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INTRODUCTION October 2008, in the Santa Carolina farm, Jad, SP (22°19'S,

- 48° 50" W). The fruits were spread out in the sun on a
Seed samples taken from batches containing a Iarge

) nfk ground and covered with a 50% shade cloth, for two
proportion of dead seeds or seeds that produce abnor gys for opening spontaneously and releasing the seeds
seedlings often show considerable leaching of solut ' )

The seed idered -di d tored i
when imbibed in watemwhich is probably caused by the © seeds, con3|oere .as pre !spgrse , Were s gre na

cold chamber at 7 °C until the beginning of the experiments
presence of many damaged cells (Matthetna,, 2012).

arbedo et al., 2002), period not exceeding three days.
Seed solutes consist mainly of amino acids, nucleic aciéB ), peri X g ¥

S . e .

. . ) i art of these seeds have been subjected to artificial agin
and lipids which have electrolytic properties that can b ) ging
determined by measuring their electric charge

) at42 °C, 100% RH (Marcos Filho, 1994) for 6 and 12
(Krzyzanowskiet al, 1991). Thus, the increase in

, generating the aged pre-dispersed séddke end of
. N o ._eachAA period, the seeds were kept in a temperature-
conductivity of the imbibition solution, i.e., the reduction . N .
. . : controlled environment (x 20 °C) to reach the initial
in the electrical resistance caused by the electrolyte . .
. moisture content (not exceeding 20 hours) and then
leached from the seed tissues to water can be used as

. . . _ . Svaluated for germination. Seeds recently fallen to the
diagnostic test of vigor loss and degree of deterioration

e S ground (less than 24 hours) were also collected and
(Vieira, 1994). Howevethe imbibition temperature and . . . . .

. classified as newly dispersed. This was done in the morning

seed coat cracks may change electrolyte leaking (Carv

fthe f ing all h
lhoet al, 2009; Ribeiret al, 2009). Therefore, measuring0 the first day by removing all seeds under the tree canopy

: - N .~ and then covering the ground with a fine screen cloth.
the electrical conductivity of the seed imbibition solut|on|. .
. . _ _ he next dayat the same time, all the seeds that fell on the
to evaluate vigor and degree of deterioration relies on
. . . screen were collected. Part of these seeds was also
methods that avoid the influence of other variables on , . o . .
, . s%bjected to the same artificial aging, generating the aged
the results. One of the first steps to do so is to understan . .
, o newly dispersed seeds. Thus, different types of seeds
the leaching kinetics of these electrolytes when seeds are . : )
. . were obtained: 1) PD (pre-dispersed, hand collected); 2)
subjected to different procedures.

PDAG (PD aged for 6 hours); 3) PDA12 (PD aged for 12
Brazilwood(Caesalpinia echinatdam) is a species ( g ) 3) ( g

native to Brazil that has great historical and ecologic hlours); 4) ND (newly dispersed, collected after natural
. all); 5) NDAG6 (ND aged for 6 hours) and 6) NDA12 (ND
importance (Rochat al, 2007; Rocha, 2010). Because o? ):5) ( g ) ) (

. e . aged for 12 hours).
its exploitation in the past and the lack of effective .
. - . . . Seeds of each category were evaluated for moisture
conservation policies, now Brazilwoasl in the list of . L
) . content, water potential (only embryos), germination and
endangered species (Pilag&t al, 2011). Seeds of . ; .
electrolyte leaching. The moisture content was determined

Brazilwood are tolerant to desiccation (Barbedal., . . . . o
. . : y the gravimetric method with oven drying, at 103 °C for
2002), but retain the ability to germinate for prolonge
7 hours, and the results expressed as percentage on a

periods only when stored at -18 ° C (Hellmanal, 2006). wet basis (Brazil, 2009). The water potential

The low storage tolerance at room temperature hinders . .
. . . o . 'Was measured for embryos with a potentiometer based on
the preservation of genetic material, making it essential

L . .7 e dew point temperature of the air in equilibrium with
develop rapid diagnostic tests for deterioration of stor

: . . . g sample examined. The potential was assessed by
seeds, helping decision making on the use, disposal an . ) . .
orption isotherms in solutions of polyethylene

replacement of seed batches. Thus, understanding the

. L L : col (PEG) of different osmotic potentials (Michel &
leaching kinetics during imbibition of Brazilwood seed yeol ( ) ! . I P lals (Mi
S ; . . ~Kaufmann, 1973). The germination test was conducted as
can provide important information for developing rapi

diaanostic tests for phvsioloaical lity of q fthidescribed by Barbedo & Mello (2007). Germination was
ag .os ¢ tests for physiological qualily of seeds oTthig, 4 uated daily for 15 days by recording the seeds that
species. . . T
developed the primary root (for calculating germination)

From the for_egqmg, th.ls study aimed _at e_valga_lt_mgnd those that produced normal seedlings (for calculating
electrolyte leaching in Brazilwood seeds during imbibition

. . . _ the development of normal seedlings). The mean
in response to physiological qualiyresence or absence R

R L i ermination time was also recorded as a measure of seed
of seed coat, imbibition temperature and initial moistur

content vigor, according to Bahetti & Ferreira (2004).
' Electrolyte leaching was determined using a bench
digital conductivity meter calibrated with standard solution
MATERIALS AND METHODS (146.7 uS cm). Samples of fresh seeds were placed in
Brazilwood seeds were collected from fruits at the pre300-ml plastic cups with 75 ml of deionized water in a BOD
dehiscence stage (Borgetsal, 2005) in November 2007 incubator adjusted to constant temperature, in the dark.
in the Mogi Guagu Biological Reserve and Experimentathe result expressed in uS ¢nwas divided by the
Station, Mogi Guagu, SP (22° 15' S, 47° 10" W) and, iequivalent dry weight of the sample (g) to provide the
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leaching of solid electrolyte per unit of dry mattep® The electrolyte leaching increased in all seed categories
cmiguSt. For the equivalent in dry mattsamples were until the last evaluation time (Figure 1). Only in PD seeds,
taken from each treatment for determination of total drfyom Mogi Guacu, the leaching up to the first 10 minutes
matter in the same test for the determination of moistur@as significantly lower than that up to the 30 minutes,
content (Barbedo & Cicero, 1998). showing that seeds with lower physiological quality
In the first experiment, in order to analyze the electrolyt@ached high amounts of electrolytes as early as the start
leaching during the imbibition phase of seed germinatioff imbibition. Howevey even for seeds with higher
samples of the seeds PD, PDA12, ND and NDA1®hysiological qualitythe leaching values were considered
collected in Mogi Guacu, were placed in deionized watdigh when compared with seeds of other crop or forest
at 20 °C for 10, 30, 60, 90, 120, 180, 360, 720 and 144@ecies, ranging from 30-16( cm'guS* (Marqueset
minutes.After each time, electrolyte leaching wasal., 2002; Santos & Paula, 200&ladares & Paula, 2008,
determined as described above. Araujoet al, 2011). For Brazilwood seeds, after 10 minutes
In the second experiment, aiming to analyze th@f imbibition, on average, the electrolyte leaching had
influence of seed coat and temperature on electrolyf@ached about 20% of the total leaching within the 24
leaching, ND, NDA6 and NDA12 seeds collected in Mogilours recommended by the tesigka, 1994), and after 60
Guagu were incubated at 20 °C, with and without coat, féRinutes they had reached 37%, that is, 50 minutes after
180, 360, 540, 720 and 1440 minutes. PD, PDA6 and PDAE first evaluation (after 10 minutes), there was an increase
seeds from Jal were incubated without coat (only tK&only 17% inleaching (Figure 1). The leaching of 50% of
embryo) at 15 and 20 °C for 720, 1440, 2880 and 433e total electrolyte occurred after 180 minutsthe
minutes. The times of incubation were defined accordir@d Of the imbibition (1440 minutes), the total electrolyte
to previous tests. Because the ND seeds were storedigched by seeds in each category followed their
40 days (8 °C in paper bags) from the first to the secoRfysiological qualities, i.e., 276, 277, 321 and 340 uS cm

experiment, in the latter they were named \NDAG_and ~ 9MS", respectively for PD, PDA12, ND and DE12.
NDA12. The application of the electrical conductivity test for

To evaluate the influence of the initial moisture conteri€®d evaluation has shown that regardless of the seed

on electrolyte leaching, PD, PDA6 and PDA12 seeds froffti@lity, the electrolyte leaching is high in the beginning,
Jad were incubated in moistened paper with pure wafd{'t ténds to stabilize faster in higher quality seeds
(2.5 times the dry paper weight) at 25 °C, for 60 and 1dlylcDonald, 1999; Roset al, 2000). For Brazilwood seeds,
minutes, based on the results of Lamagtal (2009). howeverwe found that the general pattern of electrolyte
Seeds with different moisture contents had the seed c43@ching was independent of seed quality., high
removed and the embryos, including those not subjectlé“tf“:h'ng rate within the first 10 minutes followed by subtle
to pre-imbibition, were incubated in deionized water at opfabilization (up to approximately 120 minutes) and, then,

°C for 180, 360 and 720 minutes, to determine electrolyfi@ain increased leaching (Figure 1). The electrolyte
leaching, as previously described. leaching curve followed the same trend of the water

The experiments were arranged in compIeteI'mb'db'tlofntﬁurve performgd P{},Limar?aa_l' (E(E)Otg) fo.r h

randomized design with four replications. The firsfeet 1300 . etsam]?-s%g;ltgs. Igd vxiabe-lr- Imt' tortion "T[h €

experiment compared the imbibition times for eac s ) minutes ot imbibition an §a _' & |or? near _e
20 minutes (early phase Il of germination). This behavior

category of seed. The second experiment was arrange&m

a factorial design, associating coat x imbibition time (2 )r(esembles the seeds of other species such as Brazilian

5), temperature x imbibition time (2 x 5) and moisturéosewofd lll)all;grg;;l nlgrz(YEII.) Fr.A_Ill.hE>,< Begth.t(Maf
content x imbibition time (3 x 3). Data were subjected gueset ak, ) an ranquilho’ ebastiania

analysis of variance (F test) at 5% probability level. MeancsommersonlanéBall) Smith and Downs (Santos & Paula,

were compared by Tukey test, 5% probability IeVe?OOS), difering, howeveras to the time and intensity of

occurrence.
Santana & Ranal, 2004). . .
( ) Seeds of Brazilwood have characteristics that could

RESULTSAND DISCUSSION help _unders.tar?d t.hg.kinetics and rate of electrol_yte
leaching during imbibition. One would be the short period
Analysis of variance showed significant differencesf the early stages of germination, that is, the speed of the
for the germination, development of normal seedlings angater entering the seed and the speed of the embryonic
mean germination time @ble 1), indicating that the axis initial growth (Mello & Barbedo, 2007), because these
collection method and the accelerated aging treatment wei@cesses occur concurrently with the membrane system
efficient to generate different categories of Brazilwoodrganization during imbibition (Simon & Raja-Harun, 1972;
seeds, based on their physiological quality Bewley & Black, 1994)Another would be the rapid
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Table 1Moisture content, water potential, germination, development of normal seedlings and mean germination time of
Brazilwoodseeds with diérences in initial physiological qualjtyollected pre and newly-dispersed irfefiént 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 %)

Moisture content Water potential Germination Normal seedlings

Seedcategoryandorigin (%, wetbasis) (-MPa) %) %) Meantime
PD from Mogi Guagu 10.81 b 86.54 a 71la 58 a 297b
PDA12 from Mogi Guagu 12.43 a 25.61c 27b 25b 3.38ab
ND from Mogi Guagu 10.79 b 88.26 a 69 a 62a 3.92a
NDA12 from Mogi Guagu 12.24 a 34.24 b 20b 9b 391la
Coefficient of variation (%) 0.99 5.42 17.23 19.26 7.87
ND from Mogi Guagu 12.45c 58.20 a 50 a 26 a 3.08a
NDAG, from Mogi Guagu 15.06 b 36.44 b 45a 29a 271a
NDA12, from Mogi Guagu 16.87 a 31.69c 20b 10a 3.3la
Coefficient of variation (%) 4.57 5.68 19.44 4.83 10.22
PD from Jau 10.55¢ 75.93 a 90 a 73a 2.41b
PDAG6 from Jau 15.03 b 33.40b 65b 38D 3.73a
PDA12 from Jau 17.37 a 26.22 ¢ 45¢ 19b 3.95a
Coefficient of variation (%) 474 5.60 10.63 34.07 8.15
A B
400 A 400
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100 100

)
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w
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{ ]
0 - 0
10 30 60 90 120 180 360 720 1440 10 30 60 90 120 180 360 720 1440
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Figure 1.Electrolyte leaching by Brazilwood seeds during the imbibition. PD from Mogi Guacu (A); PDA12 from Mogi Guagu (B);
ND from Mogi Guacu (C); NDA12 from Mogi Guacu (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 There are other factors related to the kinetics and rate
high initial quality and low moisture content (Hellmaatn of electrolyte leaching by Brazilwood seeds, including seed
al., 2006). The high electrolyte leaching could then beoat and imbibition temperature. The analysis of variance
associated with this rapid deterioration (Madieal, 2007). showed no interaction between coat x imbibition time and

A D
son 4| With sead coat = 532A 300 o 1°°C=2224
Without seed coat = 399 20°C = 2194
a
600 4 600 - .
h
400 + a 400 A
h b C
200 4 C 200
d .
0 ‘—. T T T T 0 T | 7 I T 1
180 360 540 720 1440 720 1440 2880 4320
B E
% 800 o With sead coat = 542A & 800 4 15°C=223B
% Without seed coat = 427B % 20°C = 2508
- ~ a
g 600 4 g 600 4 b
5 3 c
S 400 A S 400 A
o a o d
> 2004 ¢ I I I 2 200 |
8 J 8
@ <@
w 0 = Y T T T w 0 T T T 1
180 360 540 720 1440 720 1440 2880 4320
C F
300 | With sead coat = 543A 300 - 15°C =220B
Without seed coat = 442B 20°C = 2734
a
600 600 - b
C
400 4 400 A
d
200 200 4
0 0 1 | 1 1
130 360 540 720 1440 720 1440 2880 4320
Imbibition time (minutes) Imbibition time (minutes)

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 an¥a0ié€. 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, from Mogi Guagu (A); NDAGfrom Mogi Guacu (B); NDA12from Mogi Guagu (C), PD from Jau (D); PDAG 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,NDalready had their membranes organized, avoiding the high
NDAG, and NDA12a, from Mogi Guagu, and PD, PDAGinitial leaching of electrolytes (Simon & Raja-Harun, 1972).
and PDA12, from Jau éble 1). Howeverthe analysis The initial moisture content is correlated with the rate of
showed significant differences between seeds with amtectrolytes leached during imbibitioni@ifaet al, 2002).
without seed coat, between imbibition for 15 and 20 °Gowever the results of this study showed that, for
and among imbibition periods (Figure 2). The resultBrazilwood seeds, besides the initial moisture content,
showed that the lowest electrolyte leaching rates occurrether factors such as the origin of the material, seed coat,
for seeds with seed coat and lower imbibition temperatumabibition temperature and initial quality influence the rate
(Figure 2). The decrease in temperature increases the water

viscosity which reduces ion mobility and electrolyte 400 A
leaching (Loeffleet al, 1988). For seeds of other species,

such as corn and soybean, the decrease in temperature  3gg -
also reduced electrolyte leaching (Carvathal.,, 2009;

Ribeiro et al., 2009). On the other hand, higher 200

Aa
Ba

-4 C
temperatures favor the differentiation between seed Ca Bh Eb
batches (Ribeiret al, 2009). Thus, the following assays 100 - Ca
for determination of electrolytes were carried out at 20 °C. Cb

Same as the temperature, the seed coat removal was ;
180 360 720

Ab

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 ofte? 400 7 B
has cracks and crevices and may cause undesiralife
variations in the determination of electrolytes IeacheGE» 300 4
during imbibition. Therefore, from the results of this

A
- L . @ B
experiment, the determination of electrolyte leaching wag; 200
carried out with seeds without seed coat. 3 c
There was a continuous increase in the leaching rag 100 -
with the decrease in seed quality (Figure 2 falole 1). .
180 360 720

Y

trol

Above 1440 minutes, the electrolyte leaching continued t@
increase, but teded 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

Aa

seedsAlthough the correlation between most of the ae h
variables was not significant, the association between 200 1 Ba s Bb
initial moisture content and electrolyte leaching after 720 Bab
minutes (r=0.72, p<0.05) was significant, showing that the 100 4 Bh
higher the initial moisture content of the seed batch, the ]_ﬂ
greater the electrolyte leaching. Howeegpre-imbibition 0 4 . :

360 720

of these seeds can change this result. 180
The analysis of variance of the pre-imbibition results Imbibition time (minutes)
showed interaction between moisture content and

S . . igure 3. Electrolyte leaching by Brazilwood seeds during the
imbibition period for PD and PDA12 seeds (Figures 3'iEmbibition. In A and C: black columns: seeds without pre-

and C_)v but not for PDA6 (Figure 3_B)- 'I"h'e. rate of electrolyt@npipition: white columns: seeds pre-imbibed for 60 minutes:
leaching by seeds without pre-imbibition (12% water)ight gray columns: seeds pre-imbibed for 180 minutes. In B:
remained high and increasing. Howe\after 60 and 180 dark gray columns: means of seeds with and without pre-

minutes of pre-imbibition, seeds with 42 and 51% moistu'i@bibition, with no significant interaction. PD from Jau (A);

decreased the rate of electrolyte leaching (Figure 3)2A° from Jau (B); PDA12 from Jau (C). Means followed by
y 9 9 'e same letter (small letters compare the initial moisture content

regardless of seed category (PD and PDAEDle 1). and capital letters the imbibition time) are not significantly

This was probably because previously imbibed seedsferent (Tukey 5%).

400 - C
Aa

300 4

o~
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of electrolytes leached, but without influencing théarvalho LF Sediyama CS, Reis MS, Dias DCFS & Moreira MA
kinetics of solute leaching. The results also showed that29%9) Influéncia da temperatura de embebico da semente de

. . soja no teste de condutividade elétrica para avaliagdo da quali-
the adjustment of methodology for determining the degreegage fisiologica. Revista Brasileira de Sementes, 31:009-017.
of dete”pr_atlon of BraZ"WO(?d seeds, such as the el_ecmcl%”mann ME, Mello JIO, Figueiredo-Ribeiro RCL & Barbedo CJ
conductivity test, may achieve success by reducing the2006) Tolerancia ao congelamento de sementes de pau-brasil
imbibition period, reducing the temperature, using (Caesalpinia echinatd.am.) influenciada pelo teor de agua.

. . Revista Brasileira de Botanica, 29:91-99.

controlled and slower pre-imbibition and replacing the "°''S' Brasteira de sotanica

imbibition solution after the first initial minutes. Krzyzanowski FC, Franca-Neto JB & Hennifgh (1991) Relato
dos testes de vigor disponiveis para grandes culturas. Informati-

CONCLUSION vo Abrates, 1:15-50.
Lamarca EYLeduc SNM & Barbedo CJ (200®)abilidade e vigor
The electrolyte leaching rate of Brazilwood seeds 4¢ sementes d€aesalpinia echinatd.am. (pau-brasil —
. . s .. . . . Leguminosae) pelo teste de tetrazdlio. Revista Brasileira de
during imbibition is independent of their physiological ggtanica 32:793-803.
quality, the presence or absence of seed coat apd ., . TM, Tekrony DM & Egli BD (1988)The bulk
temperature of imbibition. Nevertheless, these factorsconductivity test as an indicator of soybean seed qudlityrnal

change the total amount of electrolytes leached. of SeedTechnology 12:37-53.
Marcos Filho J (1994)este de envelhecimento acelerado. In:
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