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ABSTRACT. Crambe is a promising crop for biodiesel production, mainly due to the high oil
content of its seeds. However, there have been no effective methodologies for evaluating the
physiological quality of crambe seeds. Seed lots have not been compared, especially by vigor tests,
such as the accelerated aging. The objective of this study was to evaluate the effects of high
temperature and exposure periods on the physiological quality and enzymatic activity of crambe
seeds during the accelerated aging test. Two lots of crambe seeds of the Brilhante cultivar were
analyzed by tests of moisture content, weight of 1,000 seeds, germination, first count, electrical
conductivity, enzymatic activity (peroxidase and superoxide dismutase) and seedling length. All
tests were carried out before and after the accelerated aging, which evaluated different
temperatures (38, 40 and 42°C) and exposure periods (24, 48 and 72 hours). The experimental
design was completely randomized with four replications. Variance analysis and mean
comparison through the Tukey and Dunnet tests (p < 0.05) were applied for statistical analysis
and means were also submitted to the linear correlation test. It was concluded that the interaction
between temperature and exposure period aftects the physiological quality and enzymatic activity
of crambe seeds. We also conclude that the best conditions of temperature and exposure period
for evaluating the physiological quality of crambe seeds through the accelerated aging test depend
on genotype.

Keywords: Crambe abyssinica, germination, vigor, deterioration.

RESUMO. Qualidade fisioldgica e atividade enzimatica de sementes de crambe, apds
o envelhecimento acelerado. O crambe é uma cultura promissora para produgio de biodiesel,
principalmente pelo alto contetido de Sleo de suas sementes. No entanto, nio hd metodologias
estabelecidas para avaliar a qualidade fisiolégica das sementes desta espécie e lotes ndo podem ser
comparados, especialmente por testes de vigor, como o de envelhecimento acelerado. O objetivo
da presente pesquisa foi avaliar o efeito da alta temperatura e do periodo de exposi¢io durante o
teste de envelhecimento acelerado na qualidade fisiol6gica e atividade enzimitica de sementes de
crambe. Dois lotes de sementes de crambe, cultivar Brilhante, foram analisados por meio dos
testes de teor de dgua, massa de 1.000 sementes, germinagio, primeira contagem, condutividade
elétrica, atividade enzimdtica (peroxidase e superdxido dismutase) e comprimento de plantulas.
As avaliagoes foram conduzidas antes ¢ apds o envelhecimento acelerado, que foram testadas
diferentes temperaturas (38, 40 e 42°C) e periodos de exposi¢io (24, 48 ¢ 72h). O delineamento
experimental foi o inteiramente casualizado com quatro repeti¢des. Os dados foram submetidos 3
andlise de variincia e as médias foram comparadas pelo teste de Tukey (p =< 0.05). O teste de
Dunnet (p < 0.05) foi utilizado para comparar os valores da testemunha (antes do
envelhecimento acelerado) com cada valor médio individualmente. O teste de correlagio linear
simples também foi aplicado. Conclui-se que a interagio temperatura x periodo de exposigio
afeta a qualidade fisiol6gica das sementes e a atividade enzimdtica e que as melhores condigdes
durante o teste de envelhecimento acelerado sio dependentes do genétipo.

Palavras-chave: Crambe abyssinica, germinagio, vigor, deterioragio.

Introduction

Concerns about the environment and the
imminent risk of an energy crisis have encouraged
the search for an energy model that is based on
biomass use, which is a clean and renewable source

of energy. In Brazil, it is estimated that there are more
than 200 species that may be potentially cropped for
biodiesel production. Crambe (Crambe abyssinica L.) is
an oil crop of the Brassicae family, and it is usually used
as forage (OPLINGER et al., 1991).
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Crambe is a winter crop originally from the
Mediterranean. It is tolerant to dry periods and frost
after its establishment. This species shows short
annual cycle and uniform maturation. Preliminary
studies show that crambe seeds contain about 35%
high-quality oil (LAGHETTTI et al., 1995).

However, few studies have been developed about
ideal conditions for seed germination. The
physiological quality and storage of crambe seeds
have also not been studied.

Evaluating seed physiological potential is
essential in a program for quality control. It supplies
information during the production process,
increasing the seed’s final quality. The germination
test is the official procedure for evaluating the
potential of seeds to have normal seedlings in ideal
conditions. Nevertheless, this test does not always
reveal performance differences among lots during
storage or in the field (CARVALHO; NAKAGAWA,
2000). Therefore, it is important to evaluate seed
vigor as a complement to the information supplied
by the germination test. Accelerated aging is one of
the many procedures that have been used
(TORRES; NEGREIROS, 2008). This test is based
on the artificial deterioration of seeds through
exposure to high temperatures and relative
humidity, which plays an important role in the
intensity and speed of declining quality (MARCOS
FILHO, 1999).

The mechanisms that lead to seed deterioration
are still not well known, but studies show that the
decrease in physiological quality is related to
biochemical — modifications that compromise
metabolic activities. Among them, are respiratory
and enzymatic changes, and synthesis processes,
compounds, cell ~membranes and
chromosomes are all affected (ABDUL-BAKI;
ANDERSON, 1972). According to Abdul-Baki and
Anderson (1972), enzymatic activity decreases in
seeds submitted to the accelerated aging test because
protein synthesis is affected.

As for germination evaluated after the accelerated
aging test, many factors aftect seed performance. The

reserve

stress caused by the interaction temperature/exposure
period are the most studied. Dutra and Vieira (2004)
reported that the best combination is 45°C 72h for
maize and 42°C 48h™ for soybean. According to
Anfinrud (1997), seeds submitted to artificial stress
before the germination is evaluated may effectively
simulate soil temperatures up to 40°C when the crop is
sown in the field.

The objective of the present study was to
evaluate the effects of high temperature and
exposure period on the physiological quality and

Toledo et al.

enzymatic activity of crambe seeds during the
accelerated aging test.

Material and methods

Two lots of crambe seeds of the cultivar
Brilhante were used. These had been cropped in
different locations and harvested under distinct
environmental conditions, and were provided by the
“Mato Grosso do Sul Foundation”, Maracajii, Mato
Grosso do Sul State, Brazil. The seeds were stored
in paper bags and evaluated at the “Laboratério de
Anilise de Sementes, Departamento de Produgio

Vegetal — Agricultura, Faculdade de Ciéncias
Agrondmicas, UNESP”, in Botucatu, Sio Paulo
State, Brazil. The seeds were under an

environmental condition (without any control of
temperature and relative humidity).

Table 1 shows the physiological quality of the
crambe seeds before the accelerated aging test. The seeds
were previously analyzed though the following tests:

Table 1. Characterization of two lots of crambe seeds.

Evaluation LotA LotB coevfgrcliaetll;nz% )
Moisture content (%) 6.83 6.02 -
Weight of 1,000 seeds (g) 6.97b 8.16a 2.69
Germination (%) 84a 42b 11.88
First count (%) 68a 40b 6.79
Abnormal seedlings (%) 7a 2a 10.77

Electrical conductivity (uS cm™ g™) 125.09b 44.61a 3.90

Means followed by the same letter in the row do not differ significantly by the Tukey
test (p < 0.05).

Moisture content: Two replications with similar
weight were evaluated using an oven at 105 + 3°C
for 24h (BRASIL, 1992). The results were expressed
as a mean percentage for each lot.

Weight of 1,000 seeds: To obtain the mean
weight of 1,000 seeds in grams, eight replications of
100 seeds from each lot were weighed, and the
average for each seed lot was calculated by
multiplying by 10.

Germination: four replications of 50 seeds per lot
were distributed in plastic boxes (11.0 x 11.0 x
3.5 cm) on two sheets of blotter paper moistened
with 12 mL of water. The boxes were placed inside
plastic bags and left for germination at 25°C.
Normal and abnormal seedlings were evaluated
seven days after sowing, according to Brasil (1992),
and the results were expressed as a mean percentage
of normal seedlings.

First count of germination: This was performed
along with the germination test. The percentage of
normal seedlings was recorded on the fourth day after
sowing.

Electrical conductivity: Fifty seeds from each
replication were weighed and soaked in 200-mL
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plastic cups containing 100 mL of deionized water
for 24h at 25°C (VIEIRA; KRZYZANOWSKI,
1999). Afterwards, the electrical conductivity of the
solution was determined through a reading in a
conductivimeter, and the average values obtained for
each lot were expressed as uS cm™ g™

Enzymatic activity: As described by Ekler et al.
(1993), the seeds were homogenized under ice-cold
conditions in 5 mL of extraction buffer TRIS-HCI
(0.2 mol L', pH 7.8) containing 1 mmol L of
EDTA, 7.5% (w v') of polyvinylpolypyrrolidone
(PVPP) and sterilized, washed sand. The
homogenates were centrifuged at 14,000 ¢ for
30 min. at 4°C. The supernatant was collected and
centrifuged once more. Samples were stored at -
20°C. The extracts were used to evaluate superoxide
dismutase and peroxidase activity. The soluble
protein of the enzymatic extracts was analyzed
according to Lowry et al. (1951) and determined
using a spectrophotometer (660 nm absorbance).
The protein used for reference was the Bovine
Serum Albumin (BSA). Then, the activity of the
following enzymes was determined: a) superoxide
dismutase (SOD, EC 1.15.1.1): According to
Beauchamp and Fridovich (1971), the following
reagents were used: sodium phosphate buffer
(50 mmol L', pH 7.8); nitro bule tetrazolium
(NBT, 33 umol L) + EDTA (0.66 mmol L™, 5:4);
L-metionina (10 mmol L") + riboflavina (0.0033
mmol L', 1:1); and the enzymatic extract. The
mixture remained under illumination at 25°C for 10
minutes before measurement at 560 nm using a
spectrophotometer. b) peroxidase (POD, EC
1.11.1.7): according to Teisseire and Guy (2000), the
mixture consisted of the enzymatic extract; a sodium
phosphate buffer (50 mmol L', pH 6.5); pyrogallol
(20 mmol L"); and hydrogen peroxide (H,O,,
5 mmol L!). The mixture remained in environmental
conditions for 5 min. before measurement at 430 nm
using a spectrophotometer. The activity was calculated
using the extinction coefficient of 2.5 mmol L cm™
due to purpurogalline formation.

After initial characterization, the seeds were
submitted to the accelerated aging test, as follows:

Accelerated aging: According to Marcos Filho
(1999), four replications of 50 seeds were arranged
on accelerated aging trays. These were placed in
plastic boxes (11.0 x 11.0 x 3.5 cm), without any
contact, with 40 mL of water at the bottom. The
boxes were closed and placed inside plastic bags for
the artificial aging. Specific equipment (Hitachi
MT10) provided controlled temperature and relative
humidity. For this test, three temperatures (38, 40
and 42°C) and three exposure periods (24, 48 and
72h) were evaluated.
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After this procedure, the seeds from ecach
treatment were analyzed through the germination
test. Normal and abnormal seedlings and non-
germinated seeds were evaluated. In this
experiment, dormant seeds were counted as non-
germinated because there are no  specific
methodologies for the tetrazolium test to be
performed on crambe seeds. The first counts of
germination, seedling length and the enzymatic
activity of peroxidase and superoxide dismutase
were also evaluated after aging. The test to
determine seedling length is described as follows:

Seedling length: Four replications of 10 seeds per
lot were sown on a line drawn on two sheets of blotter
paper moistened with 12 mL of water. The boxes were
placed inside plastic bags and left for germination at
25°C for 7 days (NAKAGAWA, 1999).

The experimental design was completely
randomized with four replications. Variance analysis
and mean comparison through the Tukey test
(p = 0.05) were applied for statistical analysis
considering a factorial 3 x 3 (temperature x exposure
period) for each seed lot. For data obtained after the
accelerated aging test, the Dunnet test (p < 0.05)
was also applied. This compared each mean value to
a control (seeds without any artificial deterioration)
considering LSD values (least significant difference).
Mean values were submitted to the linear
correlation test (r).

Results and discussion

The initial evaluations of physiological quality
(Table 1), showed that the two lots of crambe seeds
were different in germination and vigor, considering
that they were cropped in different locations and
harvested under distinct environmental conditions.

The seeds of lot A showed higher germination
compared to the other lot. Similarly, the first count of
germination and the percentage of abnormal seedlings
showed a difference in quality among the lots. Lot A
had a better initial performance. Carlson et al. (1996)
reported that crambe is barely domesticated, and it
exhibits a post-harvest dormancy. Such mechanisms
are typical in undomesticated species to improve
longevity and success. In an annual crop, however,
such a trait makes it difficult to accurately estimate
germination percentages. This may have influenced
initial values obtained through germination and vigor
tests similarly to Gutormson et al. (1992), who
reported 18 and 12% for dormant seeds cultivars Indy
and Meyer, respectively.

Difterences in physiological quality among
seed lots are relevant when evaluating the
accelerated aging test. This is because some
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characteristics may influence the tolerance level to
the stress imposed by the test. Although the seeds
of lot B had a lower percentage of normal
seedlings in the first and last counts of
germination, the test of electrical conductivity
showed a higher quality in this lot. This is
because lower values found in this evaluation
mean a better integrity of cell membranes and,
consequently, higher vigor (MARCOS FILHO,
2005). The physical conditions of the seeds
influence the results of the electrical conductivity
and  speed  of  deterioration (VIEIRA,;
KRZYZANOWSKI, 1999). Conversely, the seeds
of lot B also showed a higher weight, which may
affect the results of electrical conductivity.
Another possible explanation would be that the
seeds of lot B showed post-harvest dormancy,
which influenced both the percentage of
germination and the results of electrical
conductivity. In this case, the seeds would have
high quality, but would not yet be established due
to dormancy effects.

According to Table 2, the seed moisture content
before the accelerated aging test was low due to the
relation with the relative humidity of the air
(MARCOS FILHO, 2005) quickly reaching the
hygroscopic equilibrium. As for moisture after the
accelerated aging test, the values were uniform in
each exposure period at any temperature, but they
increased as time passed. Marcos Filho (2005) found
that seeds with higher moisture are more sensitive to
stressful conditions and, consequently, are subject to
intense deterioration. Therefore, some of the results
of this study may have been affected by the moisture
content reached by seeds in higher exposure periods.

Table 2. Means of moisture content (%) of crambe seeds before
and after the accelerated aging test.

Moisture Temperature Exposure period (h)
Lot before the ©C) 24 48 72
aging
38 21.30 24.73 30.71
A 5.95 40 23.32 26.77 31.17
42 22.38 26.05 31.41
38 21.13 24.84 30.34
B 5.79 40 22.98 26.30 27.69
42 22.15 24.76 31.96

Variance analysis carried out after the accelerated
aging test (Table 3) showed the effects of the
interaction between temperature and exposure
period and the isolated influence of both.

Table 4 shows the physiological quality of crambe
seeds before and after the accelerated aging test.

The results of germination and first count showed
different responses to stress depending on the
combination of temperature and exposure period.

Toledo et al.

The physiological quality of the seeds in lot A was
significantly affected by the exposure to high
temperatures, standing out at 38°C, which resulted in
lower values. The exposure periods also affected the
quality of this seed lot; in this case, the higher period
resulted in a higher percentage of germinated seeds.
According to the results, the higher longevity and
germination of the seeds may be related to the
conditioning eftects provided by the test conditions.
Tilden and West (1995) also observed that
conditioning reverts the effects of accelerated aging in
soybean seeds.

Table 3. Variance analysis and variation coefticient for means of
germination (G), first count (FC), abnormal seedlings (AS), non
germinated seeds (NGS), seedling length (SL) and activity of the
enzymes superoxide dismutase (SOD) and peroxidase (POD) of
crambe seeds after the accelerated aging test.

F values Variation
Evaluation Lot Exposure . coefficient
Temperature . Interaction o
period (%)
G A 12.518** 31.198** 0.985ns 17.14
B 34.707** 13.637%* 4.843%* 29.40
EC A 16.505** 36.256%*% 1.378ns 17.95
B 27.873%* 17.083** 5.269%* 32.49
AS A 7.073%* 91.187** 4.004* 4.52
B 3.692% 9.523%* 2.306ns 9.93
NGS A 19.417** 0.660ns 0.626ns 29.47
B 42.544** 17.933** 6.019%* 11.00
SL A 24.624%* 19.370** 6.815%* 65.01
B 5.848** 6.897*%* 0.655ns 78.69
SOD A 0.457ns 0.631ns 2.920ns 9.71
B 0.543ns 0.372ns 0.331ns 6.35
POD A 1.896ns 1.507ns 4.293*% 10.81
B 7.211%* 9.613** 10.937** 7.99

*and ** significant at a probability level of 5 and 1%, respectively; ns: non significant.

The seeds of lot B were influenced by
temperature at all exposure periods. The
combination of 42°C 48h™ increased the percentage
of normal scedlings evaluated in the tests of
germination and first count. Lower values were
found whenever seeds remained under any
temperatures for a longer period (72h).

Independently of the seed lot, all results of the
germination and first count differed significantly
from the control by the Dunnet test. Next, the
negative conditions of the accelerated aging test were
observed. Maeda et al. (1986) similarly reported that
different lots of sunflower seeds showed distinct
resistance to stress conditions (mainly high
temperature) during the accelerated aging test.

In the non-germinated seeds of lot A, there was
an isolate effect of temperature. The exposure at
38°C, then, differed from the others, resulting in
higher mean percentages. The values of this seed lot
were lower than the control. As for the seeds of lot
B, the significant effect of the interaction showed
higher values for 38°C combined with the periods of
48 and 72 hours. These values did not difter from
the control.
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Table 4. Means of germination (G), first count (FC), abnormal seedlings (AS), non-germinated seeds (NGS) and seedling length (SL) of

crambe seeds before and after the accelerated aging test.

Test Lot Temperature (°C) Ls.d.

Exposure period (h)

Control

24 48 72 Mean
38 14* 19% 23% 19 b*
A 40 9.77 58 18% 25% 33 25 a%
42 18*% 28* 32% 26 a*
<o Mean - - 17 C* 24 B* 29 A* -
G (%) 38 12 b* 4 cB* 3 bB* 6%
B 40 9.74 48 13 abAB* 18 bA* 10 aB* 14*
42 19 aB* 26 aA* 13 aB* 19%
Mean - - 15*% 16* 8* -
38 12% 15% 21% 16 b*
A 40 9.18 54 16% 19% 32% 22 a*
42 18* 24* 31* 24 a*
o Mean - - 15 C* 20 B* 28 A* -
FC (%) 38 11 bA* 3 cB* 2 bB* 6%
B 40 9.90 46 14 abAB* 18 bA* 9 aB* 14*
42 19 aA* 25 aA* 9 aB* 17*
Mean - - 15* 15* 7* -
38 18 aB* 9bA 8 bA 12
A 40 6.37 11 23 bC* 14 aB 8 bA 15
42 21 abC* 11 abB 4 aA* 12
- - X -
B 40 4.89 3 5 1 4 4b
42 5 3 1 3ab
Mean - - 4B 1A 2A -
38 19% 22 19% 20 b*
A 40 10.57 32 9* 12% 9* 10 a*
42 12% 12% 14* 12 a*
< (0 Mean - - 13* 15% 14> -
NGS (%) 38 35 bA* 46 cB 46 bB 42
B 40 10.69 52 32 abA* 31 bA* 37 aA* 33*
42 27 aA* 22 aA* 37 aB* 28*
Mean - - 31* 33* 40% -
38 0.16 aA 0.23 bA 0.74 bA 0.38
A 40 1.55 1.14 0.26 aA 0.41 bA 1.03 bA 0.56
42 0.18 aC 2.40 aB 3.71 aA* 2.09
SL (cm) Mean - - 0.20 1.01 1.83 -
38 1.55% 0.28* 0.24* 0.69 b*
B 40 2.28 4.18 1.31% 0.29* 1.12% 0.90 b*
42 2.94 1.25% 1.45% 1.88 a*
Mean - - 1.93a 0.61 b* 0.93 b* -

Means followed by the same small letter in the column and capital letter in the row do not differ significantly by the Tukey test (p < 0.05). 'Data transformed in arc sin
[ /100)+0.5 - *Means followed by this symbol do not differ from the control by the Dunnet test (p < 0.05) considering LSD values (least significant difference).

The accelerated aging test provides stress
conditions that accelerate the deterioration process. It is
to be expected, then, that the percentage of non-
germinated seeds will be higher after the test.
Nevertheless, it was observed that the crambe seeds
after the test showed values which were lower than the
control, probably due to an indirect conditioning eftect
(KHAN, 1992). Nascimento (1998) considers that the
effects of conditioning depend on stress conditions.

As for the abnormal seedlings, the seeds of lot A
were affected by the interaction between
temperature and exposure period. The combination
of 42°C 72h™" resulted in values that were lower than
the other combinations and the control. When each
mean value was compared to the control, there was
no difference for the period of 48h at any
temperatures or 72h at 38 and 40°C. The period of
24h at any temperature resulted in higher values for
seeds of lot A compared to the control, which was
expected to happen after the aging. Although

variance analysis showed positive isolate effects of
the treatments, the seeds of lot B resulted in low
percentages of abnormal seedlings.

According to Marcos Filho (2005), the
interpretation of the accelerated aging test does not
include any information for detecting the decrease
in speed and intensity of growth, usually observed
throughout seed deterioration. Hence, the
evaluation of seedling growth was carried out to
reveal other eftects of the accelerated aging test.

As for length of crambe seedlings, lots A and B
were affected by the combination and isolate factors,
respectively. The data of lot A showed that as time
passed, the temperature of 42°C resulted in an
increase of seedling length. Also, the values were
statically different from each other. For the seeds of
this lot, the temperature of 42°C combined with 48
and 72h stood out. However, only the combination
of 42°C 72h™" was significantly different and resulted
in values higher than the control. When lot B was
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evaluated, the combination of 42°C 24h™ was the
best for the development of crambe seedlings.
Binotti et al. (2008) reported that bean seeds
maintained at 41°C for 72h produced seedlings with
a shorter primary root and hypocotil.

Table 5 shows the activity of the enzymes
superoxide dismutase (SOD) and peroxidase
(POD). According to Matés (2000), the cell
possesses antioxidant enzymes such as SOD and
POD to defend the organism against redox-active
oxygen species (ROS).

Although the SOD enzyme catalyses superoxide
radicals (O,), produced in different parts of the
cells, to oxygen and H,O, (RABINOWITCH;
FRIDOVICH, 1983), there was no modification in
the activity of this enzyme provided by any of the
stress conditions. Similarly, Menezes et al. (2008)
did not observe any effects of the controlled
deterioration on the SOD activity of maize seeds of
different genotypes.

As for the activity of the POD enzyme, it was
observed that the interaction significantly affected
the results. Therefore, higher values were observed
for the combination of 40°C 24h™. Although there

was no influence from temperature, it was found

Toledo et al.

that the increase in time for 48h resulted in higher
enzymatic activity. Typical behavior of the
antioxidant enzymes was observed for the seeds of
lot B. The increase in the exposure period at 42°C
resulted in higher enzymatic activity, increasing the
stress level. The POD enzyme is considered the
most stable enzyme to heat (FREITAS et al., 2008),
but according to Lu and Whitaker (1974), the

enzymes can be reactivated after thermal
inactivation. This phenomenon is known as
renaturation.

The correlation test (Table 6) showed different
significances depending on the evaluation. For the
seeds of lot A, it was observed that the activity of the
POD enzyme correlated to the percentage of
germinated and non-germinated seeds at the first
and last count of germination. Peroxidase has been
implicated in a variety of physiological processes,
and response to injury is among them (GILLIKIN;
GRAHAM, 1991). Considering the seeds of lot B, a
significant correlation was found only for the first
count of germination. Nevertheless, a correlation
between the enzymes POD and SOD was reported.
The activity of SOD explains the results of the non-
germinated seeds.

Table 5. Activity of the enzymes superoxide dismutase (SOD) and peroxidase (POD) of crambe seeds before and after the accelerated aging test.

Exposure period (h)

Test Lot Temperature (°C) Ls.d. Control o e 7 Mean
38 38.02 38.33 33.57 36.64
A 40 8.67 33.17 34.42 32.47 38.49 35.13
42 36.62 37.92 32.05 35.53
SOD Mean - - 36.35 36.24 34.70 -
38 27.11 27.30 28.73 27.71
B 40 4.34 28.54 27.37 27.01 27.38 27.25
42 26.42 2731 26.86 26.86
Mean - - 26.96 27.21 27.66 -
38 46.14 aB* 43.11 abAB* 35.20 aA* 41.48*
A 40 11.98 23.73 50.06 aB* 38.61 aA* 45.52 bAB* 44.73*%
42 42.09 aA* 48.54 bA* 46.25 bA* 45.63*
POD Mean - - 46.10* 43.42*% 42.32% -
38 59.60 bA* 51.06 aA* 51.70 aA* 54.12%
B 40 11.05 26.25 41.16 aA* 56.12 aB* 54.89 aB* 50.72*
42 47.86 aA* 59.09 aB* 68.52 bC* 58.49*%
Mean - - 49.54* 55.42*% 58.37* -

'Means followed by the same small letter in the column and the capital letter in the row do not differ significantly by the Tukey test (p < 0.05). *Data transformed in arc sen

V(x /100)+0.5 . *Means followed by this symbol do not differ from the control by the Dunnet test (p < 0.05) considering LSD values (least significant difference).

Table 6. Correlation test among germination (G), first count (FC), abnormal seedlings (AS), non-germinated seeds (NGS), seedling length (SL)
and activity of the enzymes superoxide dismutase (SOD) and peroxidase (POD) of crambe seeds after the accelerated aging test.

FC AS NGS SL SOD POD

G 0.99%**x -0.47ns 0.54ns 0.40ns -0.37ns -0.71%

FC - -0.44ns 0.51ns 0.43ns -0.34ns -0.68*

f AS - - -0.28ns -0.65* 0.17ns 0.24ns
3 NGS - - - -0.08ns -0.17ns -0.79%%
SL - - - - -0.30ns 0.13ns

SOD - - - - - 0.44ns
G 0.99%**x 0.33ns 0.05ns 0.76%* 0.41ns -0.60ns

FC - 0.38ns 0.02ns 0.75* 0.41ns -0.64*
% AS - - -0.39ns 0.61ns -0.08ns -0.41ns
3 NGS - - - 0.06ns 0.75% -0.48ns
SL - - - - 0.20ns -0.56ns

SOD - - - - - -0.67*

*, %% and *** significant at a probability level of 5, 1 and 0.1%, respectively; ns: non significant.
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Accelerated aging of crambe seeds

Conclusion

The interaction between
exposure period affects the physiological quality and

temperature  and

enzymatic activity of crambe seeds.

The best conditions of temperature and exposure
period for evaluating the physiological quality of
crambe seeds through the accelerated aging test
depend on genotype.

Acknowledgements

To the Mato Grosso do Sul Foundation for
providing the seeds for this experiment.

References

ABDUL-BAKI, A. A;; ANDERSON, J. D. Physiological
and  biochemical  deterioration of seeds. In:
KOZLOWISKI, T. T. (Ed.). Seed biology: germination
control, metabolism and pathology. New York: Academic
Press, 1972.v. 2, p. 283-315.

ANFINRUD, M. N. Planting hybrid seed production and
seed quality evaluation. In: SCHNEITER, A. A. (Ed.).
Sunflower technology and production. Madison:
American Society of Agronomy, 1997. p. 697-708.

BEAUCHAMP, C.; FRIDOVICH, I. Superoxide
dismutase: improved assays and applicable to acrylamide
gels. Analytical Biochemistry, v. 44, n. 1, p. 276-287,
1971.

BINOTTI, F. F. S.; HAGA, K. 1.; CARDOSO, E. D
ALVES, C. Z.; SA, M. E.; ARF, O. Efeito do periodo de
envelhecimento acelerado no teste de condutividade
elétrica e na qualidade fisiolégica de sementes de feijio.
Acta Scientiarum. Agronomy, v. 30, n. 2, p. 247-254,
2008.

BRASIL. Ministério da Agricultura e Abastecimento e de
Reforma Agriria. Regras para anilise de sementes.
Brasilia: SNDA/DNDV/CLAYV, 1992.

CARLSON, K. D.; GARDNER, J. C.; ANDERSON, V.
L; HANZEL, J. J. Crambe: new crop success. In:
JANICK, ]J. (Ed.). Progress in new crops. Alexandria:
ASHS Press, 1996. p. 306-322.

CARVALHO, N. M.; NAKAGAWA, ]J. Sementes:
ciéncia, tecnologia e produgio. Jaboticabal: Funep,
2000.

DUTRA, A. S.; VIEIRA, R. D. Envelhecimento acelerado
como teste de vigor para sementes de milho e soja.
Ciéncia Rural, v. 34, n. 3, p. 715-721, 2004.

EKLER, Z.; DUTKA, F.; STEPHENSON, G. R. Safener
effects on acetochlor toxicity, uptake, metabolism and
glutathione = S-transferase activity in maize. Weed
Research, v. 33, n. 4, p. 311-318, 1993.

FREITAS, A. A.; FRANCELIN, M. F.; HIRATA, G. F.;
CLEMENTE, E.; SCHMIDT, F. L. Atividades das
enzimas peroxidase (POD) e polifenoloxidase (PPO) nas
uvas das cultivares benitaka e rubi e em seus sucos e
geléias. Ciéncia e Tecnologia de Alimentos, v. 28, n. 1,
p- 172-177, 2008.

693

GILLIKIN, J. W.; GRAHAM, ]J. S. Purification and
developmental analysis of the major anionic peroxidase
from the seed coat of Glycine max. Plant Physiology,
v. 96, n. 1, p. 214-220, 1991.

GUTORMSON, T. J.; LARSON, K. L.; WAQAR, T.
Germination of freshly harvested and after-ripened
crambe (Crambe abyssinica Hochst. ex. R. E. Fries) seeds.
Journal of Seed Technology, v. 16, n. 1-2, p. 17-23,
1992.

KHAN, A. A. Preplant physiological seed conditioning.
Horticultural Reviews, v. 13, n. 1, p. 131-181, 1992.

LAGHETTI, G.; PIERGIOVANNI, A. R.; PERRINO, P.
Yield and oil quality in selected lines of Crambe abyssinica
(Hochst. ex R.E. Fries) and C. hispanica (L.) grown in Italy.
Industrial Crops and Products, v. 4, n. 3, p. 203-212,
1995.

LOWRY, O. H.; ROSEMBROUGH, N. J.; FARR, A. L.;
RANDALL, R. J. Protein measurement with Folin-phenol
reagent. Journal of Biological Chemistry, v. 193, n. 1,
p. 265-275, 1951.

LU, A. T.; WHITAKER, J. R. Some factors affecting rates
of heat inactivation and reactivation of horseradish
peroxidase. Journal of Food Science, v. 39, n. 6,
p. 1173-1178, 1974.

MAEDA, J. A; RAZERA, L. F; LAGO, A A;
UNGARO, M. R. G. Discriminac¢io entre lotes de
sementes de girassol através do teste de envelhecimento
ripido. Bragantia, v. 45, n. 1, p. 133-141, 1986.

MARCOS FILHO, ]J. Testes de envelhecimento
acelerado. In: KRZYZANOWSKY, F. C.; VIEIRA, R. D;
FRANCA NETO, J. B. (Ed.). Vigor de sementes:
conceitos e testes. Londrina: Abrates, 1999. p. 1-24.

MARCOS FILHO, ]J. Fisiologia de sementes de
plantas cultivadas. Piracicaba: Fealq, 2005.

MATES, J. M. Effects of antioxidant enzymes in the
molecular control of reactive oxigen species toxicology.
Toxicology, v. 153, n. 1-3, p. 83-104, 2000.

MENEZES, M.; VON PINHO, E. V. R;; PEREIRA, A.
M. A. R;; OLIVEIRA, J. A. Identifica¢io de cultivares de
milho, feijio, algodio e soja por meio de enzimas e
proteinas resistentes ao calor. Revista Brasileira de
Sementes, v. 30, n. 2, p. 111-122, 2008.

NAKAGAWA, J. Testes de vigor baseados no desempenho
das plantulas. In: KRZYZANOWSKI, F. C.; VIEIRA. R.
D.; FRANCA NETO, J. B. (Ed.). Vigor de sementes:
conceitos e testes. Londrina: Abrates, 1999. p. 1-24.
NASCIMENTO, W. M. Condicionamento osmotico de
sementes de hortaligas: potencialidades e aplicagdes.
Horticultura Brasileira, v. 16, n. 2, p. 106-109, 1998.
OPLINGER, E. S;; OELKE, E. A.; KAMINSKI, A. R;
PUTNAM, D. H.; TEYNOR, T. M.;; DOLL, ]J. D
KELLING, K. A;; DURGAN, B. R;; NOETZEL, D. M.
Crambe: alternative field crops manual. St. Paul:
University of Minnesota, 1991.

RABINOWITCH, H. D.; FRIDOVICH, I. Superoxide
radicals, superoxide dismutases and oxygen toxicity in
plants. Photochemistry and Photobiology, v. 37, n. 6,
p. 679-690, 1983.

Acta Scientiarum. Agronomy

Maring, v. 33, n. 4, p. 687-694, 2011



694

TEISSEIRE, H.; GUY, V. Copper-induced changes in
antioxidant enzymes activities in fronds of duckweed
(Lemna minor). Plant Science, v. 153, n. 1, p. 65-72, 2000.
TILDEN, R. L.; WEST, S. H. Reversal of the effects of
aging in soybean seeds. Plant Physiology, v. 77, n. 3,
p. 584-586, 1995.

TORRES, S. B.; NEGREIROS, M. Z. Envelhecimento
acelerado em sementes de berinjela. Revista Brasileira
de Sementes, v. 30, n. 2, p. 209-213, 2008.

VIEIRA, R. D.; KRZYZANOWSKI, F. C. Teste de
condutividade elétrica. In: KRZYZANOWSKI, F. C,;

Toledo et al.

VIEIRA, R. D.; FRANCA NETO, J. B. (Ed.). Vigor de
sementes: conceitos e testes. Londrina: Abrates, 1999.
p. 1-26.

Received on September 15, 2009.
Accepted on December 19, 2009.

License information: This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Acta Scientiarum. Agronomy

Maringi, v. 33, n. 4, p. 687-694, 2011



