Revista Brasileira de Ciéncias Agrarias
ISSN (on line) 1981-0997
V.16, n.4, €9008, 2021
AGRONOMY (AGRONOMIA) Recife, PE, UFRPE. www.agraria.pro.br
DOI:10.5039/agraria.v16i4a9008
Protocol 9008 - 28/09/2020 « Approved in 22/02/2021
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ABSTRACT: In evaluating the quality of seed lots, vigor tests are complementary to the germination test, identifying differences
in their degree of deterioration. However, for safflower seeds (Carthamus tinctorius L.) there is little information regarding these
tests. Thus, the objective was to adapt the cold test methodology to evaluate the vigor of safflower seeds. For that, twelve lots
were initially characterized by moisture content, mass of one thousand seeds, germination and seedling emergence in the field.
After characterization the samples were conditioned in transparent plastic boxes on paper moistened with water and kept at 10
°C for the periods of 0, 3, 5 and 7 days. After the conditioning periods the samples were transferred to a germination chamber
at 25 °C, with evaluation of normal seedlings on the 3rd day. The obtained data was subjected to variation analysis and when
significant, compared by the Scott-Knott method at 5% probability. To verify the efficiency of the methodologies, the principal
component analysis was performed. The cold testing at 10 °C for 7 days is recommended for evaluating the physiological quality
of safflower seeds.
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Teste de frio na determinagao do vigor das sementes de Carthamus tinctorius L.

RESUMO: Na avaliagdo da qualidade de lotes de sementes os testes de vigor sdo complementares ao de germinagéo,
identificando diferengas no grau de deterioragdo deles. No entanto, para sementes de cartamo (Carthamus tinctorius L.) ha
poucas informagdes em relagéo a esses testes. Assim, objetivou-se adequar a metodologia do teste de frio para avaliagdo do
vigor de sementes de cartamo. Para isso, 12 lotes foram, inicialmente, caracterizados quanto ao grau de umidade, massa de
mil sementes, germinagdo e emergéncia de plantulas em campo. Apds a caracterizagao as amostras foram acondicionadas em
caixas plasticas transparentes sobre papel umedecido com agua e mantidos a 10 °C nos periodos de 0, 3, 5 e 7 dias. Apds os
periodos de acondicionamento as amostras foram transferidas para camara de germinagéo a 25 °C, com avaliagao de plantulas
normais ao 3° dia. Os dados obtidos foram submetidos a anéalises de variancia e quando significativas comparados pelo método
de Scott-Knott até 5% de probabilidade. Para verificar a eficiéncia das metodologias foi realizada a analise de componentes
principais. O teste de frio & 10 °C por sete dias é recomendado para avaliagao do vigor de sementes de cartamo.
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Cold test on the vigor determination of Carthamus tinctorius L. seeds

Introduction

Safflower (Carthamus tinctorius L.) is an oleaginous,
annual plant belonging to the family Asteraceae (Yao et al.,
2018), which is used as an ornamental plant and also its
flowers are employed in the production of natural dyes for
food and textiles; the grains are used in bird feed and its bran
in ruminant feed (Singh & Nimbkar, 2016; Soleymani, 2017).
The grain has oil content of 35 to 50% which is disseminated
in the form of capsules in natura due to its health benefits,
and is also intended for biodiesel production (Campanella et
al., 2015).

The safflower plant has tolerance to saline soils, high
temperatures, water deficit, and low humidity, making it
an alternative for crop rotation (Bonfim-Silva et al., 2015;
Bidgoly et al., 2018). It is propagated by seeds, which are one
of the main agricultural inputs. Thus, its quality is one of the
primary factors for the establishment of the crop in the field,
so it is essential to evaluate its physiological potential through
germination and vigor tests (Frandoloso et al., 2017). However,
the germination test is conducted under optimal conditions,
expressing the maximum potential of the seed lot, while in
vigor tests the seeds are subjected to adverse conditions and
may express more subtle attributes not evidenced by the
germination test.

Among the vigor tests, the cold test is widely used,
especially for corn, and because of the reliability of the results
provided, there is interest in standardizing it for other species.
This stress test has as its basic principle the exposure of seeds
to low temperature and high humidity (Marcos Filho, 2015).

In the literature there is indication of the periods of three,
five and seven days to perform the cold test on seeds of cotton
(Gossypium hirsutum L.), soybean (Glycine max L.), maize (Zea
mays L.) and cardamom, respectively (Barros et al., 1999; Kaya
et al., 2019). Thus, studies varying the conditioning times are
necessary, aiming to reduce this time, since the faster the
result, the better the destination dynamics of the seed lots.
In view of the above, the objective was to adapt the cold test
methodology to evaluate safflower seed vigor.

Materials and Methods

The safflower seed lots used were 12, from the second
2017/2018 harvest in the University Farm of the Federal
University of Jatai, Goids, Brazil, which were sent to the
Seed Analysis Laboratory of the same institution, where the
analyses were conducted.

The samples were initially homogenized using the soil
type divider, passing them three times through the apparatus,
which were divided until four sub-samples were obtained,
which corresponded to the repetitions, and then evaluated
and the following tests and determinations were performed:

Moisture content: determined by the oven method 105 +
3 °C for 24 hours, using two sub-samples for each lot (Brasil,
20009).

Rev. Bras. Cienc. Agrar., Recife, v.16, n.4, €9008, 2021

Thousand seed mass: were weighed, on precision analytical
scales (0.001g), in four repetitions of eight sub-samples of 100
seeds for each lot, after obtaining the prescribed RAS (Brasil,
2009).

Germination test: eight repetitions of 25 seeds were sown
in transparent acrylic boxes with lids (11.0 x 11.0 x 3.5 cm)
containing “blotting paper” as substrate type, then the seeds
were covered with one of the same paper, moistened with a
volume of water (mL) equivalent to 2.5 times the mass of dry
paper (g) (Brasil, 2009). The final count on the eighth day after
the test installation (Gama et al., 2019) counting the number
of normal, abnormal and dead seedlings, as described in the
RAS (Brasil, 2009).

First count of germination: performed in conjunction
with the twinning test, with a count of the number of normal
seedlings on the third day after the test was installed (Gama
et al., 2019).

Seedling emergence test in the field: two tests were
performed, and in each one four subsamples of 50 seeds per
lot were sown in furrows one meter long, and the first test
occurred during October/November 2018, with a depth of
two centimeters at sowing, and the second in March/April
2019, with a depth of four centimeters, whose moistening was
only on the day of sowing. Evaluations were made by counting
the emerged normal seedlings (those with cotyledons above
ground) daily after sowing until seedling emergence stabilized
in each plot, calculating the percentage of seedling emergence
in the field, and also evaluating:

First emergence count - counted when 50% + 1 of the total
seedlings emerged for most plots.

Emergence velocity index (EVI) - calculated from the daily
count data of emerged seedlings from the field emergence
test and determined using Maguire formula (1962).

Initial, final, mean, and relative frequency of seedling
emergence - using the data from the daily count of emerged
seedlings, whose initial and final times corresponded to the
first and last day of emergence after sowing, respectively,
for each plot. For the mean time and relative frequency of
emergence we used the formulas described by Santana &
Ranal (2004).

Cold test: 12 lots of seeds were evaluated and sown
following the same methodology described above, using four
sub-samples of 25 seeds for each lot. The acrylic boxes were
kept in a germination chamber regulated at 10 °C for four
periods (0, 3, 5, and 7 days), then placed at 25 °C, and a count
of normal seedlings was performed on the third day after the
test was installed (Barros et al., 1999; Brazil, 2009; Gama et
al., 2019).

The data obtained in the initial characterization and
in the cold test, in which the 12 lots were evaluated within
each period, in independent experiments, were submitted
to variance analysis at 5% probability using the F test, and
for grouping the means the Scott-Knott method was used
at 5% probability. The data was tested for normality and
homogeneity and when necessary was transformed into
(x+0.5)°>, and the original data is shown in the table. To verify
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the efficiency of the methodologies, principal component
analysis was performed, processed in the R program.

Results and Discussion

The seeds of the 12 lots of safflower had an average
moisture content of 5.6% with a variation of less than 1%
between seeds of the lots (Table 1), whose values are within
the range of variation of four percentage points, which confers
reliability to the test results. The similarity of seed moisture
content values is paramount so that quality analysis tests
are not affected by differences in metabolic activity, wetting
speed, and seed deterioration intensity (Marcos Filho, 2015).

In the initial characterization by determining the mass
of one thousand seeds and the germination and seedling
emergence tests in the field, there was significance only for the
variables: dead seeds, emergence, and seedling emergence
speed index in the field, at a depth of two centimeters. It is
noteworthy that the mass of one thousand seeds was between
33.03 and 35.53 g, while the emergence was between 77 to
93% for a depth of two centimeters and 70 to 82% when sown
at a depth of four centimeters.

The germination percentage was between 77 and 94%,
remaining higher than 60%, which is the minimum required
for the production and marketing of seeds of major crop
species entered in the national register of cultivars not
contemplated with a specific standard, such as safflower
(Brasil, 2013). It is still important that the samples evaluated
have similar germination, in the present work it was 92
t* 4%, and compatible with the standards established for
commercialization, since one of the objectives of vigor tests is
to identify significant differences in the physiological quality of
marketable lots with similar germination (Marcos Filho, 2015).

The lowest percentage of dead seeds occurred in lots 1,
3, 4, and 7, while the other lots showed a higher percentage
(Table 1). The RAS define dead seeds as those that at the end

Table 1. Seed moisture content (SMC), dead seeds (DS),
emergence (E 2 cm) and emergence velocity index of seedlings
from sowing at a depth of two centimeters (EVI 2 cm) of twelve
lots of safflower seeds.

Means followed by the same letter do not differ by the Scott-Knott method at 5%
probability. - Not submitted to statistical analysis. CV: Coefficient of variation.
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of the test do not germinate, are neither hard nor dormant,
and generally present themselves as softened and attacked by
microorganisms (Brasil, 2009). However, each individual seed
was not evaluated by the tetrazolium test, so when they were
opened and observed they could be either dead or malformed
(empty).

In the emergence test at a depth of two centimeters it was
possible to classify lots 1, 2, 3 and 11 as less vigorous, however,
there was divergence between the tests when sowing in
different environmental conditions and depth, even though
the same lots of safflower seeds were used. The divergence
of results of the field seedling emergence test was also seen
in work by Maziero et al. (2019) who obtained difference in
the percentage and speed of emergence index analyzing six
safflower cultivars.

In the emergence of seedlings in the field, at a depth of
two centimeters, the polygons of the relative frequency of
emergence (Figure 1) showed that the seedlings began to
emerge on the 3rd day after sowing. The behavior of the
distribution was unimodal, with only one peak, for all lots,
demonstrating high uniformity of the initial stand. Through
the frequencies, according to Santana & Ranal (2004) it is
possible to observe if over time the seeds germinate until they
reach a maximum value and then decline.

In all plots studied it can be seen that emergence was
concentrated in the periods from three to six days after
sowing (Figure 1), and in plot 6 a peak of emergence was
observed on the fifth day and the highest percentage of
relative frequency. For the other lots, the peak of seedling
emergence was between the fourth and fifth day, when the
highest percentage was observed.

In the emergence of seedlings in the field, at a depth
of four centimeters, it was verified by the polygons of the
relative frequency of emergence, that the seedlings began to
emerge between the 6" and 7t day after sowing, while the
time to the last emergence varied from 11 to 14 days (Figure
2). The behavior of the distribution was polymodal, with
more than one peak in emergence, except for lot 8, showing
that there was no homogeneity in emergence. This fact is
explainable because the germination process is not perfectly
synchronized, distributing itself over time (Oliveira et al.,
2017). There was no displacement of the polygon in any of
the cases, since the mean times were similar, but in general,
the displacement of the polygonal line to the right or left of
the mean time, evidences a delay in the germination process,
as a result of a reduction in seed vigor (Berger et al., 2014).

The second emergence of seedlings in the field, unlike
the first, was concentrated in different periods, which started
later and continued for a longer period. This divergence can
be explained, since in addition to a longer dry period in the
second emergence the depth was greater (4 cm) than in the
first (2 cm). The emergence peaks were related to the rainfall
periods, thus demonstrating that the seedling emergence test
in the field varies according to the seasons and environmental
conditions of the environment, making this test difficult
to standardize, so its use as a standard for defining the
methodology of vigor tests can lead to errors (Figure 2).
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AT = average germination time; %E = emergence percentage. Precipitation data (INMET, 2019).

Figure 1. Relative frequency distribution (RF) of seedling emergence of 12 lots of safflower seeds sown in a field two centimeters
deep and rainfall (R) during the course of the experiment.
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AT = average germination time; %E = emergence percentage. Precipitation data (INMET, 2019).

Figure 2. Relative frequency distribution (RF) of seedling emergence of 12 |ots of safflower seeds sown in a field four centimeters
deep and rainfall (R) during the course of the experiment.
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Regarding the cold test it was observed that the 12 lots
differed statistically within the periods 3, 5, and 7 days (Table
2). The average results of 82, 81, and 82% normal seedlings at
3, 5, and 7 days, respectively, indicated the high physiological
quality of the seeds, since, even under stress conditions, the
germination percentage remained higher than 60%. This
percentage is the minimum required for the production and
marketing of seeds of major crop species registered in the
national register of cultivars not contemplated with a specific
standard, such as safflower (Brasil, 2013).

At three days of conditioning at 10 °C (Table 2), the seeds
were stressed, ranking the lots in four levels of vigor, with lots
3,7,8,9, and 11 classified as most vigorous, then lots 4, 5, 6,
10, and 12 as medium-high vigor, followed by lot 1, medium-
low vigor, and lastly lot 2 as low vigor. In the five-day period
after the stress period, for plots 1, 2, 4, 8, 10, and 11 the lowest
percentage of normal seedlings was found, differing from plots
5,6,7,and 9, which were intermediate to the others; thus, plots
3 and 12 were the most vigorous. At seven days, the plots were
stratified into four levels, with a higher germination percentage
of seeds from plots 7, 8, and 9, being the most vigorous, then
plots 1, 3, 5, 10, 11, and 12, classified as medium-high vigor,
which were higher than plots 4 and 6, medium-low vigor, which
differed from plot 2, these being low vigor.

In the 5-day period the cold test differentiated the
safflower seed lots into three groups, however, the 3 and
7-day periods stratified the lots into four levels of vigor, thus
being more promising (Table 2).

In the principal components analysis (Table 3), three
components were found to account for 73.98% of the
accumulated variation, in which the first component
accounted for 39.99%, the second for 19.86%, and the third
for 14.13% of the data variation. Similarly, Lorentz & Nunes
(2013), working on vigor in rice seeds, found the need for
three principal components for representativeness of their
data by using the same analysis.

The accumulated variance close to 70% was verified in
studies on vigor tests for seeds of other species, for example

Table 2. Germination (%) of seeds from twelve lots of safflower
after four conditioning periods (0, 3, 5, and 7 days) at 10 °C
temperature for the cold test.

Means followed by the same letter in the column do not differ by the Scott-Knott method
at 5% probability.
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Table 3. Matrix of eigenvectors and eigenvalues of principal
components (PC) and evaluation of physiological quality of
seeds from 12 lots of safflower with emphasis on the cold test.

Representative component variables based on the modulus of the 0.5/(A)°° ratio,
highlighted in bold (Collins & Ovalles, 1988).

soybean (Barbosa et al., 2013) and Urochloa decumbens
(Silva et al., 2019), whose value was indicated by Rencher
& Christensen (2012) for determining the number of
components to be adopted.

The eigenvectors between the original variables and the
principal components were calculated, according to this
assumption by Collins & Ovalles (1988), and eigenvectors
greater than 0.26, 0.37, and 0.44 were considered significant
for components 1, 2, and 3, respectively, that is, variables with
eigenvectors equal or greater are those that contribute to the
accumulated variance in that component.

Only the variables emergence and first count of seedlings
in the field sown at 4 cm had no discriminatory power for
principal component 1 (Table 3). The cold test variables for 3,
5, and 7 days correlated with the two field emergence tests,
since their vectors are in the same direction and quadrant,
as well as forming acute angles with each other (Figure 3).
The cold test for 7 days was promising in the evaluation of
safflower seeds, since the highest eigenvector was obtained
in principal component 1 (Table 3, Figure 3).

The variables germination, emergence of seedlings in the
field sown at 4 cm and cold test for 3 days had discriminatory
power for principal component 2 (Table 3), with a higher
correlation between the last two, by the acute angle formed
between their vectors. However, the variable cold test for 3
days, even with discriminatory power for principal component
2, has a negative sign. Therefore, the higher the percentage of
seedlings obtained after the cold test, the lower the values of
the germination variable, so that this variable would not be
efficient to evaluate the quality of safflower seeds.

In principal component 3, the variables that had the
highest discriminatory power were first count of germination,
emergence, and first count of seedlings in the field sown at
4 cm depth (Table 3). As the number of components used
increases the accumulated variance is reduced, therefore, the
variables in these components would have less discriminatory
power in the evaluation of safflower seed lots.
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Figure 3. Dispersion of eigenvectors along a circular plane
and formation of groups obtained by principal component
analysis according to the variables: first count germination
(FCG), germination (G), seedling emergence in field 2 cm (E 2
cm), first count seedling emergence in field 2 cm (FCE 2 cm),
seedling emergence in field 4 cm (E 4 cm), first count seedling
emergence in field 4 cm (FCE 4 cm), cold test 3 (CT 3 days), 5
(CT 5 days) and 7 (CT 3 days) days in the evaluation of 12 lots
of safflower seeds.

Conclusions

The cold test at 10 °C for 7 days is recommended for
evaluating the physiological quality of safflower seeds.

Multivariate principal component analysis is efficient in
discriminating the vigor of safflower seed lots.
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