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Abstract

This study aimed to analyze the physical properties of the seeds of Moquiniastrum polymorphum when processed by
mini-SAS, X-ray and seed blower systems. The seeds were purchased from Seeds Caigara, located in Penapolis-SP.
After purchase, the seed lot was characterized by standard tests. In the X-ray test the seeds were classified according to
their internal morphology as filled, unfilled or malformed. The seed blower was set at six opening settings, resulting in light
and heavy fractions. The evaluations were performed by weighing the seeds that remained in the blower (heavy fraction)
and by the amount of filled seeds indicated by the X-ray test. The germination tests were composed of four replicates of
50 seeds. The mini-SAS was used for external evaluation. It was concluded that the combined use of the seed blower and
the X-ray test was efficient for the evaluation and determination of the physical quality of the seeds of M. polymorphum.
The seed blower at opening settings 5 resulted in the best lot quality. The external parameters were not able to qualitatively
evaluate the seeds of M. polymorphum.
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Qualidade fisica de sementes de Moquiniastrum polymorphum

Resumo

O presente estudo objetivou analisar as propriedades fisicas das sementes de Moquiniastrum polymorphum por meio dos
equipamentos raios-X, mini-SAS e soprador de sementes. As sementes foram adquiridas da empresa Sementes Caigara
em matrizes localizadas no municipio de Penapolis-SP. Apos adquirido ¢ beneficiado, o lote de sementes foi caracterizado
por meio de testes padrdes. No teste de raios-X as sementes foram classificadas de acordo com sua morfologia interna
como cheias, vazias ou mal formadas. O soprador de sementes foi ajustado em seis aberturas, resultando em fragdes
leves e pesadas. As avaliagdes foram realizadas pesando-se as sementes que permaneceram no soprador (fragdo pesada)
e pela quantidade de sementes cheias pela analise de raios-X. Posteriormente foram realizados testes de germinagéo
compostos por quatro repeti¢oes de 50 sementes. Na avaliagdo externa das sementes utilizou-se o equipamento mini-SAS.
Apbs analise dos dados, concluiu-se que a utilizagdo em conjunto dos equipamentos soprador de sementes e raios-X foi
eficiente para avaliagdo e determinacao da qualidade fisica das sementes de M. polymorphum. O soprador de sementes
na regulagem da abertura 5 resultou na melhor qualidade do lote. Os pardmetros externos ndo foram capazes de avaliar
qualitativamente as sementes de M. polymorphum.

Palavras-chave: Gochnatia polymorpha, cambara, raios-X, mini-SAS, soprador de sementes.

1. Introduction

The reckless forest exploitation from the past decades,
combined with tax incentives for agriculture in addition to
the growing interest in timber products have led Brazilian
native forests to diminish to a large extent (Rego et al., 2009),
even though, according to the Brazilian laws concerning
environmental protection (Law 9.605, Art. 50-A - Brasil,
1998, Law 12.651, Art. 31 - Brasil, 2012), deforestation
of native forests, without license, is considered a crime.
Furthermore, besides contributing to environmental disasters,
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such activity might also interfere with the plant/animal
interaction that is fundamental to the biological cycle.

The number of native Brazilian forest species with
little or no scientific information is still large due to the
enormous diversity of species in the ecosystems of the
country. However, several studies have been published
on the botanical and behavioral character of forest species
(Carvalho, 2003; Santos et al., 2011; Souza et al., 2010;
Lorenzi, 2014).
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The forest species Moquiniastrum polymorphum (Less.)
G. Sancho, formerly known as Gochnatia polymorpha,
and popularly known as cambara or candeia, belongs to
the family Asteraceae. M. polymorphum can be found in
the southern and southeastern regions of Brazil as well
as in some areas of the central-western and northeastern
regions. Its natural habitat is within the Cerrado biome,
Brazilian tropical savanna, in the Ombrophilous Forest
and in the Mixed Ombrophilous Forest. Because of its
predominance in sites with lack of nutrients, particularly
in sandy terrains, it is found in both primary and secondary
succession. Even though M. polymorphum appears in several
floristic surveys, there are only a few studies about its seed
production process (Lorenzi, 2014; Pinto and Kolb, 2015).

The economic value of M. polymorphum is mainly
attributed to wood that is considered moderately heavy,
hard and compact. With the density of 0.76 g cm?, it
has high resistance in adverse conditions. The species
has also other values, such as pharmacological (leaves
with medicinal properties) and landscape (ornamental
value). Because its anemochory dispersion, attraction
of fauna, fire resistance and regrowth capacity, this is a
highly-recommended species for the initial composition
of the reforestation in degraded areas (Rossatto and Kolb,
2010; Lorenzi, 2014; Machado et al., 2015).

According to Lorenzi (2014) and Carvalho (2003),
M. polymorphum produces a large number of seeds,
which are contained in the fruits. Even though the seeds
do not have dormancy, they lose their germination
capacity fast. In fact, their germination is considerably
low, between 30 and 50%. Yet, the cause for their low
germination index is still poorly reported.

The increasing demand for seeds of native forest species,
owing to production and conservation programs of the
Brazilian forest sector, has helped develop technologies
to enable seed quality evaluation. Among the technologies
used in the seed industry, the Seed Analysis System
(SAS) is an equipment developed by Tbit used to perform
visual analysis of seeds and process the data in graphs,
histograms and tables. This tool has become popular as
it assists with the distinctions of external characteristics
of the seeds (Pinto et al., 2015).

Another common technique in seed analysis is the
X-ray test (Carvalho et al., 2009). It originally developed
in 1953 in Sweden by Simak and Gustafsson, when testing
seeds of Pinus sylvestris L. The X-ray technique has
been incorporated in the routine of several seed analysis
laboratories, and it provides information on the occurrence
of malformed and empty seeds, which may influence the
results of germination (Amaral et al., 2011). The X-ray
test has been adopted by the International Seed Testing
Association (ISTA) when carrying out quality programs and
morphological and physiological studies of forest species
seeds. The efficiency of this technique has already been
proven for the identification of internal characteristics of
Tabebuia heptaphylla (Amaral et al., 2011), Cedrella fissilis
Vell. (Masetto et al., 2008) and Eremanthus erythropappus
(Feitosa et al., 2009) seeds. In all these studies, the X-rays
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tests showed positive results to seed processing. Furthermore,
it labels the empty and damaged seeds, which improves
the final lot of germination.

Filled and unfilled seeds also differ in weight and
can be separated by processing tests, such as gravity
table, centrifugation, separators and solutions (alcohol,
maltodextrin, sucrose) (Nogueira, 2007). In addition to
these, the seed blower is a seed separator that operates
with different opening settings for airflow passage without
compromising seed quality. It was efficient in separating
empty and full seeds of Eremanthus erythropappus
(Feitosa et al., 2009), Agapanthus afiicanus (Pereira and
Carvalho, 2008), Solanum granuloso-leprosum e Solanum
pseudoquina (Castellani et al., 2007).

The goal of the techniques that seek to improve
the quality of forest seed lots is to select homogeneous
material with high physiological potential, thus ensuring
the best growth and establishment of the plants in the
field. Consequently, there will be greater acceptance in
the market and in reforestation activities (Amaral et al.,
2011; Nery et al., 2017). This study aimed to analyze the
physical properties of the seeds of M. polymorphum when
processed by mini-SAS, X-ray and seed blower systems.

2. Material and Methods

2.1. Seed origin and processing

The experiment was conducted in the Seeds laboratory
of the Department of Forest Sciences and in the Seed
Analysis laboratory of the Department of Agriculture,
both at the Federal University of Lavras, in Lavras, Minas
Gerais. The seeds of M. polymorphum were purchased
from Seeds Caigara. They were collected in December of
2014 from 20 matrices located in Penapolis-SP, Sao Paulo,
and stored in cold room (5 °C/60%RH) in semipermeable
bags up to the time of purchase.

After acquisition, the seeds were left to dry in the sun
for two days for the removal of anemocoric dispersion
materials, after which they were shaken and sieved. In this
study the dispersion structures known as cypsela were
considered seeds (Marzinek et al., 2008). After processed,
the seeds were maintained in cold room (5 °C/60%RH) in
semipermeable bags until the beginning of the experiments.

2.2. Characterization of seed lots

Standards of purity, moisture, germination, and weight
of one thousand seeds were determined according to a
seed analysis standard known as “Regras para Analise
de Sementes” endorsed by the Ministry of Agriculture
(Brasil, 2009).

Because these guidelines do not provide information
for the analysis of cypsela dispersal structures, pure seeds
were determined according to the definition of achene,
once achenes are the closest dispersal elements to cypsela.
Thus, all achenes and achene fractions more than half
the original size (unless seedless), and seeds and seed
fractions more than half'the original size, with pericarp and
tegument partially or entirely removed were considered
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as pure seeds. Two replicates of 1.0 gram were analyzed
and pure seeds were separated from other seeds and inert
material. The result was expressed as percentage of pure
seeds in the seed lot.

To measure the moisture content, another two 1.0 gram
samples were selected. The samples were first placed in
aluminum foil, then taken to the oven at 105 + 3 °C for
24h and finally cooled with desiccator containing silica
gel. The weight of wet samples, dry samples and foil were
recorded with an analytical balance of 0.0001 g accuracy.
Moisture content was determined by the average of the
replicates calculated through the Equation 1 below:

MC(%) = W‘i x100 1)
-

where: MC = moisture content; w = wet weight; d = dry
weight; and T = tare.

Four replications of 50 pure seeds were tested for
germination. Seeds were washed in sodium hypochlorite at
2% (two minutes) and rinsed with distilled water. Samples
were incubated in a gerbox germinator (with acrylic boxes)
at 30 °C with regular lighting. Blotting paper sheets
moistened with distilled water (two and a half the weight
of the paper) were used as substratum. The result was
expressed as average percentage of normal seedlings.
It was considered normal seedlings the ones that displayed
uniform and proportional growth of essential structures, such
as: aerial meristems; root system, with main root colored
white; short and fine secondary roots; main stem colored
light green and first pair of leaflets colored dark green.

Eight replications of 100 pure seeds were selected to
calculate the weight of one thousand seeds. The calculation
was performed according to the seed analysis standard
(Brasil, 2009). The seed samples were weighed, averaged
and multiplied by ten to obtain the weight of the 1000 seeds.
The result was expressed in grams.

2.3. Quantification, assessment, and separation of
unfilled seeds

Characterization of the physical quality of seeds was
performed by a Faxitron X-ray system set at 26 KV and
exposure time 16 seconds. The equipment was automatically
adjusted based on seed size. The radiography allowed to
categorize the seeds in three groups: filled seeds (with
well-developed embryo filling the entire interior of the
seed), malformed seeds (with the embryo only partially
filling the seed), and unfilled seeds (without embryo).
Subsequently, each group of seeds was taken to germinate.
The seeds were immersed in sodium hypochlorite solution
diluted 2% for two minutes and rinsed in distilled water.
The germination test followed the same methodology as
in the initial assessment of seeds.

For external evaluation, a mini-SAS was used.
The equipment captured high resolution images from
the seeds placed in a tray and then had them analyzed
with a software. All filled, unfilled and malformed seeds
were assessed regarding: dominant color, area, maximum
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diameter, minimum diameter, maximum/minimum diameter
ratio and perimeter.

A DeLeo seed blower (type General) was used to
separate embryonic seeds. This equipment regulates the
air flow velocity by dividing the original sample into a
light and a heavy fraction. A metallic valve numbered
from 0 to 25 adjusts the air flow speed, that increases with
the number of adjustment. This equipment regulates the
air flow velocity by dividing the sample in two fractions,
lighter and heavier ones. The equipment is manually
adjusted — the greater the calibration, the greater the airflow
speed through the equipment. The blower was set at the
opening settings 1, 2, 3, 4, 5 and 6 and at 30 seconds’
ventilation time. Opening settings were defined in such
a way that at least some of the seeds remained in place.
Each opening tested corresponded to one treatment with
four replicates of two grams of seeds.

After fractions were separated, the heavy fraction
was manually purged of residual inert material and seeds
were weighed. The weight was converted into percentage
of the original weight. The percentage of filled seeds in
the heavy fraction was quantified by X-ray analysis, with
four replicates of 50 seeds analyzed per heavy fraction.
Then, these samples were submitted to germination test,
following the same criteria as in the initial assessment of
the seed lot. Data were analyzed by SISVAR® 5.3 statistical
software, comparing means by the Tukey test ata 0.05 level
of probability (Ferreira, 2011).

3. Results and Discussion

3.1. Characterization of seed lots

Original moisture, purity, germination, and weight of
one thousand seeds are shown in Table 1. The purity test
showed high proportions of impurities, including fragments
ofleaves and dispersion structure. The lot showed a lower
germination rate. Equilibrium moisture content resulted
in 8% and the weight of one thousand seeds was 0.435 g
(Table 1).

Due to the low percentage found in the germination
test, the radiograph images were used to characterize the
internal properties of the seeds, and the mini-SAS system to
evaluate the external properties. The automatic regulation
of 26 KV energy settings and exposure time of 16 seconds
allowed greater viewing of the internal structures of
seeds and distinction of the three seed groups: unfilled
seeds (A), malformed seeds (B), and filled seeds (C), as
shown in Figure 1.

To distinguish the three groups of seeds, dark image
color characterized unfilled seeds due to absence of internal
mass, while partially light colored image characterized
malformed seeds due to partial presence of internal mass.
As for filled seeds, the image was much lighter because of
the higher density of tissues, preventing the transposition
by x-rays (Figure 1).

Simak et al. (1989) reported that although X-ray
testing is not specific to evaluate seed viability, it may
reveal embryo formation and morphological damage that
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Table 1. Purity, moisture, germination, and weight of a thousand seeds of seed lots of M. polymorphum.

Lot Purity (%) Moisture (%)

Germination (%) Weight of a thousand seeds (g)

Penépolis (SP) 43.48 8.00

12.66 0.435

Figure 1. Categorization of M. polymorphum seeds by radiograph images generated by X-ray technique, with the following
lines: (A) Unfilled seeds; (B) Malformed seeds; and (C) Filled seeds.

can affect physiological potential. In this experiment, the
X-ray technique allowed us to detect several empty seeds,
but no insect attack.

The mini-SAS system provided information regarding
the size and color of the seeds. All the three groups of
seeds were black. The geometric dimensions showed
similar mean results for area, maximum and minimum
diameter, ratio of maximum and minimum diameter and
perimeter (Table 2).

The physiological potential of seeds is inherent to
each species. Some studies in the literature argue that the
external characteristics of fruits and seeds are important
for the understanding of the germination of forest species
(Lopes etal., 2005; Silva et al., 2015; Mendonga et al., 2016).
As observed by the mini-SAS system, no difference was
found regarding external characteristics, therefore, we do
not recommend the use of such parameters when doing
qualitative evaluation of M. polymorphum seed lots.

The seed groups obtained by the X-ray test (filled, malformed
and unfilled) directly influenced germination. As shown in
Table 3, only filled seeds germinated and emitted normal
seedlings. On the contrary, unfilled, and malformed seeds
had no germination.

It was found that not all filled seeds germinated and/or
formed normal seedlings. Abnormal seedlings were defined
as having no potential to growth to a normal plant.
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3.2. Seed separation in the blower

The heavy fraction had the largest number of filled
seeds since they have higher density than unfilled and
malformed seeds. The results regarding the percentage
of the heavy fraction weight and filled seeds for opening
settings are in Tables 4 and 5.

Airflow increases with the number of the seed blower
openings, therefore the heavy fraction weight (compared
to its original weight) decreased with opening settings,
reaching the lowest at opening 6, when it was 5.18% of
the original sample weight. Opening 1 had the highest
percentage of heavy fraction weight of seeds, with an
average value of 52.51% of the original sample (Table 4).

When evaluated by the X-ray test, the opening settings
5 and 6 resulted in the highest percentage of filled seeds,
whereas the opening settings 1 and 2 led to the lowest
percentage of filled seeds (Table 5).

Socolowski and Cicero (2008) claim that seed mass is
an indicator of physiological quality and that radiograph
images are crucial to assess the physical quality of seeds.
This has been confirmed by Amaral et al. (2011) for seeds
of Tabebuia heptaphylla and by Feitosa et al. (2009)
for seeds of Eremanthus erythropappus. In this study,
the percentage of filled seeds was linked to the increase
of air flow in the opening settings of the seed blower.
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Table 2. Mean results of dominant color, area, maximum diameter, minimum diameter, perimeter, and predominant color of
the three groups of seeds of M. polymorphum, as observed by the mini-SAS system.

Categorization Predominant Area Maximum Minimum Ratio D.max/ Perimeter
color (mm?)  diameter (mm) diameter (mm) Dmin (mm)
Unfilled Dark 1.74 3.116 0.652 4.779 7.437
Malformed Dark 1.85 3.031 0.712 4.254 7.483
Filled Dark 1.87 3.057 0.718 4.253 7.553

Figure 2. Radiograph images obtained from two samples of seeds separated by the blower: (A) heavy fraction from opening

setting 1; and (B) heavy fraction from opening setting 6.

This indicates an increase in the quality of the final sample
of the heavy fraction.

Figure 2 shows the difference of unfilled, malformed
and filled seeds for the opening settings 1 and 6.
This demonstrates that the separation by the seed blower
improved the quality of the seed lot.

Germination tests at 30 °C and constant lighting
were carried out to verify the quality of the seeds
that were blown through the six opening settings.
Root emission and normal seedling formation mean values
ranged from 24 to 80% and 24 to 74%, respectively.
From opening setting 5, no significant increase is observed
in the percentage of radicle protrusion and normal seedling.
As expected, seeds from opening setting 1 had the lowest
mean values for radicle protrusion and normal seedling
and highest values for dead seeds (Table 6). Similarly, the
percentage of dead seeds decreases with the increase in
airflow. This highlights the efficiency of General seed
blower to separate filled seeds from unfilled and malformed
seeds. Unfilled seeds were considered as dead seeds at
the end of the test.

Regarding the percentage of hard seeds, all treatments
were statistically equal. It is known that variation in
temperature, light, oxygen, and humidity are the most
common conditions that affect germination for hard seeds
(Zucareli et al., 2015; Lone et al., 2016).

Based on the results shown in Tables 4, 5 and 6, the
opening settings 4, 5 and 6 were superior to qualitatively
separate seeds of M. polymorphum. We recommend opening
setting 5, as the fraction performed better in the germination
test compared to opening setting 4, and it showed greater
heavy fraction weight than opening setting 6.

Subsequently, moisture and weight of one thousand
seeds were again determined for the seed lot from opening
setting 5. The moisture content and weight of one thousand
seeds were 7.35% and 0.8642 g, respectively.
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Table 3. Germination test results for filled, malformed and
unfilled seeds of de M. polymorphum.

Seeds conditions (%)

Criteria Filled Malformed Unfilled
Radicle protrusion ~ 69.23 0 0
Normal seedling 46.15 0 0

Table 4. Percentage of the heavy fraction weight for seeds
of M. polymorphum, after passing through seed blower with
opening settings 1, 2, 3,4, 5 and 6.

Opening Heavy fraction (%)
1 5251 a
2 42220
3 3420 ¢
4 26.36d
5 1556 ¢
6 5.18f

Means followed by the same small letter in a row and capital
letter in a column are similar by the Tukey test at the 5%
probability level.

Table 5. Mean percentages of embryonic seeds of
M. polymorphum in the heavy fraction for each opening
setting, as observed by the X-ray test.

Opening Filled seeds (%)
1 46 d
2 50d
3 76 ¢
4 90 b
5 100 a
6 100 a

Means followed by the same letter in a column do not differ
by the Tukey test at the 5% probability level.
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Table 6. Germination test results of the heavy fractions
for six opening settings tested by the seed blower for
M. polymorphum seeds.

Radicle Normal Dead Hard
Opening protrusion seedling  seeds seeds
Y%
1 24d 24d 70 a 6a
2 38¢ 36¢ 55b 7a
3 64 b 58b 26¢ 10a
4 66b 60b 26¢ 8a
5 80a 74 a 13d 7a
6 78 a 74 a 14d 8a

Means followed by the same letter in a column do not differ
by the Tukey test at the 5% probability level.

4. Conclusions

The use of a General seed blower plus an X-ray
system is efficient for assessing physical quality in seeds
of M. polymorphum.

To improve the seed lot of M. polymorphum, it is
recommended to use opening setting 5 in the General seed
blower, which is the one that obtains the largest number
of filled seeds.

The external parameters evaluated by the mini-SAS
system were not able to qualitatively evaluate the filled,
unfilled, and malformed seeds, and its use is not recommended
for the characterization of M. polymorphum seed lots.
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