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Abstract

The objective of this study was to evaluate the internal morphology of seeds of Campomanesia pubescens (Mart. ex DC.)
0. Berg with varying water content through X-ray image analysis, and correlate the images with the germination of
these seeds. Fruits were collected in Jatai, Goias, Brazil, and taken to the Seed Laboratory of the Federal Institute
Goiano, Rio Verde Campus, where they were processed and the seeds were extracted. To establish the predetermined
water content (43%, 37%, 34%, 31%, and 28% wet basis), seeds with an initial water content of 43% were kept in an
oven with forced air circulation at a temperature of 40 °C until they reached the predetermined water content levels.
Next, the seeds were placed in acrylic holders with double-sided tape and transported to the Federal University of
Lavras (UFLA), where they were exposed to different intensities of radiation. The X-ray test was conducted with
200 seeds per treatment, and images of the internal structures of the seeds were evaluated. The seeds were returned
to the Seed Laboratory of the Federal Institute Goiano, Rio Verde Campus, where the germination test was initiated.
The experimental design was completely randomized, in a factorial design (5 x 4), in which there were five water
content levels and four seed classes, with four replications. The X-ray test was efficient in the identification of filled,
malformed, damaged and empty seeds, which germination rate above 50% in the filled seeds. This visualization of the
internal morphology of the seed can be useful to select seeds of better quality, improving the percentage of germination
of C. pubescens seeds.

Keywords: gabirobeira, X-ray test, quality.

Analise de imagens radiograficas e germinacao de sementes de
Campomanesia pubescens (Mart. ex DC.) O.Berg (Myrtaceae Juss.)
sob secagem

Resumo

O objetivo deste trabalho foi avaliar a morfologia interna de sementes de Campomanesia pubescens (Mart. ex DC.)
0O.Berg com diferentes teores de agua por meio de analise de imagens de raios-X, e correlacionar as imagens com a
germinacdo dessas sementes. Os frutos foram coletados no municipio de Jatai, Goias, Brasil, e levados ao Laboratorio
de Sementes do Instituto Federal Goiano, Campus Rio Verde, onde foram processados e as sementes foram extraidas.
Para estabelecer o teor de dgua predeterminado (43%, 37%, 34%, 31% e 28% base timida), as sementes com um teor
inicial de agua de 43% foram mantidas em estufa com circulagdo de ar induzida, a uma temperatura de 40 °C até
atingirem os niveis de contetido de agua predeterminados. Em seguida, as sementes foram colocadas em suportes
acrilicos com fita dupla face e transportadas para a Universidade Federal de Lavras (UFLA), onde foram expostas
a diferentes intensidades de radiagdo. O teste de raios-X foi realizado com 200 sementes por tratamento, € imagens
das estruturas internas das sementes foram avaliadas. As sementes foram devolvidas ao Laboratorio de Sementes do
Instituto Federal Goiano, Campus Rio Verde, onde foi iniciado o teste de germinagdo. O delineamento experimental
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foi inteiramente casualizado, em esquema fatorial (5 x 4), no qual foram encontrados cinco niveis de umidade e quatro
classes de sementes, com quatro repeti¢des. O teste de raios-X foi eficiente na identificagdo de sementes preenchidas,
malformadas, danificadas e vazias, com taxas de germinac¢ao acima dos 50% nas sementes cheias. Essa visualizagao das
morfologia interna da semente pode ser util para selecionar sementes de melhor qualidade, melhorando a porcentagem

de germinacdo das sementes de C. pubescens.

Palavras-chave: gabiroba, teste de raios-X, qualidade.

1. Introduction

The Myrtaceae family consists of 23 genera and
1,029 species, of these, 790 are endemic to Brazil. The genus
Campomanesia stands out with 39 species distributed in
almost every national territory, of which 29 are endemic
(Sobral et al., 2015). The species Campomanesia pubescens
(Mart. ex DC.) O.Berg, is locally known as gabirobeira. It is
endemic to Brazil, and is found throughout the Midwestern
state and in some northern, northeastern, southeastern, and
southern states (Sobral et al., 2015).

Has great potential for cultivation in new areas, since
they are not very demanding on soil besides they present
special flavors, with great concentration of sugars, proteins,
vitamins, minerals and fibers (Martins et al., 2015),
have medicinal characteristics (Dousseau et al., 2011).
Besides it presents fruits with potential to revegetate areas
contaminated with oily residues and their fruits are very
appreciated by the fauna (Gogosz et al., 2010).

Dehydration of seeds is an important factor because
desiccation tolerance allows for the expansion of the period
during which seeds can be used following the time they were
produced, contributing to the conservation of the species
(Barbedo et al., 2002). Thus, it is essential to understand
vital processes, such as the germination process and the
degree of tolerance to dehydration (Marcos Filho, 2005).

Several authors have classified the seeds of species of
the Campomanesia genus as recalcitrant (Dresch et al., 2012;
Scalon et al., 2009; Melchior et al., 2006; Santos et al., 2004)
because, in addition to being sensitive to desiccation, they
do not tolerate storage at low temperatures owing to the
formation of ice crystals within cells and the consequent
loss of seed viability. Therefore, it is necessary to understand
processes that assist in maximizing the quality of batches
of seeds to be sown, thus homogenizing germination rates.

During some stages of seed processing, mechanical
damage may occur, and the assessment of internal morphology
is a basic requirement to identify problems associated
with the physiological potential of the seeds, and serves
both as support for quality control programs and for the
elucidation of questions regarding abnormal seedlings
and the presence of non-germinated seeds (Lima et al.,
2013). There is also an increasing concern regarding the
maintenance of the genetic variability of native species
with a wide application spectrum and that are affected
by the loss of their natural habitat and by uncontrolled
extraction (Cota et al., 2012).

The X-ray test for seeds was first used in 1953 in
Sweden by Simak and Gustafsson, it has since been
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improved and is considered a rapid and non-destructive
method because it can be used to ascertain the occurrence
of empty and poorly formed seeds, which can influence
the results of germination, it has been recommended since
the 1980s by the International Seed Testing Association
(Garay et al., 2009).

This method consists of exposing the seeds to a low
energy X-ray source and a photosensitive film. By penetrating
the seeds and reaching the film, the rays allow the formation
of a latent image, characterized by different degrees of
light and shade. The principle of the technique is defined
by X-ray absorption in various levels by the seed tissues,
because of its structure, composition and density, in
addition to the radiation exposure time (Silva et al., 2013).
In this sense, the use of X-ray tests is of great value for a
large number of species, being a non-destructive and fast
test of direct application in the identification of internal
damage of seeds and in the selection of the best quality
seed batches (Carvalho et al., 2009).

Thus, the objective of this study was to evaluate
the internal morphology of seeds of C. pubescens, with
varying water content by analyzing radiographic images
and correlating these images with the germination of
these seeds.

2. Material and Methods

The fruits of C. pubescens were collected from
approximately 50 plants in early November 2014 from a
farm located in the county of Jatai, Goias, Brazil (18°12°10”S
and 51°44°51”W) and taken to the Seed Laboratory of the
Federal Institute Goiano, Rio Verde Campus, where they
were processed and the seeds were extracted. The seeds
were immersed in a 25% ammonium hydroxide solution
(NH,OH) (1 mL of solution per 100 mL of macerated seeds)
for 48 h (Carmona et al., 1994), and were then washed in
running water to remove the mucilage.

To establish the predetermined water contents (43%,
37%, 34%, 31%, and 28% wet basis), the seeds with initial
water content (43%) were kept in an oven with forced air
circulation at a temperature of 40 °C until they reached
the water content levels. The reduction of water content
of the seeds was followed by water mass loss. Seeds
were weighed periodically on an analytical balance with
resolution of 0.001 g, and the final weight was calculated
using the following Formula 1:

(M

= iW(]OO—iWC]

100— fwC
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in which: fW = final weight of the sample (g); iW = initial
weight of the sample (g); iWC = initial water content of the
seeds (%owet basis); fWC = desired water content (%owet
basis). Water content was determined using 15 seeds
at 130 °C for four hours (h) in an oven with forced air
circulation, adapted from Brasil (2009).

Next, the seeds were placed in acrylic holders with
double-sided tape and transported to the Laboratory of
Forest Seeds of the Department of Forest Sciences of
the Federal University of Lavras (UFLA), MG, where
they were exposed to different radiation intensities
(10, 25, 35, 45, 50, and 60 KV) in an X-ray machine
(Faxitron MX20) with exposure times of 10, 20, 30, 40,
50, 60, 70, and up to 360 seconds. The standard of specific
X-rays was the one that allowed clear visualization of
seed morphology. The images were saved on CDs for
later analysis.

The X-ray test was conducted with 200 seeds from
each treatment. Seeds with different water content were
evaluated to obtain the images of the internal structures
of the seeds and to assess possible natural damage. Seeds
were arranged in the acrylic holders so as to allow better
visualization of the embryo and of the empty internal
spaces within the seeds.

After exposure to radiation, the seeds were removed
from the plates, maintaining the numerical sequence, and
were sent to the Seed Laboratory of the Federal Institute
Goiano, Rio Verde Campus where the germination test
was initiated. Seeds were sown in transparent plastic
boxes (gerbox), on two sheets of blotter paper previously
moistened with distilled water (Brasil, 2009) containing
individualized and numbered cells, allowing the seed
identification and their respective image. They were set to
germinate in a Biochemical Oxygen Demand (B.O.D.) type
germination chamber with 40% average relative humidity
and an automatic photoperiod of 12 h light.

The effect of different water content and internal
morphology classes were evaluated by the germination test.
On day 14, the number of seeds with root protrusion was
counted, and this criteria was used to assess germination.

A B & D

The data were expressed as the percentage of germinated
seeds (adapted from Brasil, 2009).

The experimental design was completely randomized,
in a factorial design (5 x 4), in which there were five water
contents and four seed classes, with four replications of
50 seeds. The quantitative data were submitted to homogeneity
(Levene test) and error normality (Shapiro-Wilk test)
evaluations, followed by ANOVA and mean comparisons
via Tukey’s test (P < 0.05) using the Genes software
(Cruz, 2013).

3. Results and Discussion

The analysis of the X-ray images allowed the internal
morphology of C. pubescens seeds to be observed and the
identification of the following seed classes: filled seeds
(A) with their embryonic cavities fully filled, and with
their embryos and cotyledons well formed; malformed
seeds (B) with their embryonic cavities not fully filled,
and with their embryos and/or cotyledons malformed;
damaged seeds (C) with some mechanical damage to their
structure (broken or cracked); and empty seeds (D), with
their embryonic cavity empty (Figure 1).

Even so, the seeds of all classes were submitted to
the germination test, for the validation of the classes of
seeds used. The use of the X-ray image analysis technique
is promising in that it may assist with the selection of
high quality seeds and the seedling formation process
(Lima et al., 2013; Pinto et al., 2012).

The radiation intensity that provided the clearest
visualization of the images of C. pubescens was 18Kv and
the most appropriate exposure time was approximately 10's.
For seeds of Eugenia pleurantha O.Berg (Myrtaceae), the
best combination was determined to be 50 Kv for 60 s in
a similar device (Masetto et al., 2007), showing that the
radiation intensity and the exposure time differs among
species and may vary depending on the brand and model
of the device used.

X-ray analyses revealed that most of the seeds were in
the class of filled seeds, with well-formed embryos. This
was followed by malformed seeds and a small number of

Figure 1. Classes of seeds of Campomanesia pubescens (DC.) O. Berg (Myrtaceae), obtained by radiographic images
analysis. Filled seeds (A); malformed seeds (B); damaged seeds (C); and empty seeds (D).
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damaged and empty seeds. In seeds with a water content of
28%, the proportion of malformed seeds was higher than
filled seeds, indicating an effect of water content because
they are recalcitrant seeds. When one of the internal seed
structures was not complete, the chances of the formation
of either low-vigor seedlings or no seedlings increases
(Nunes et al., 2014).

Muxfeldt et al. (2012) also found a higher percentage
of seeds with internal voids or malformations in desiccated
seeds of Cryptocarpa aschersoniana Mez (Lauraceae);
however, this characteristic did not result in reduced
germination, as observed in this study. This can be explained
by the deleterious effects that drying could have caused
to the internal morphology of the seeds, which can also
be seen in the different percentage of filled seeds among
the various water contents (Table 1).

We observed that filled seeds exhibited a high percentage
of germination, except for water contents of 37% and
28%, in which germination was less than 50% (Table 2).
These results are similar to those found by Amaral et al.
(2011), where most seeds with completely filled embryonic
cavities, or with more than 50% filled cavities, produced
normal seedlings. Thus, we can state that filled seeds of
C. pubescens, or those without internal empty spaces, are
of good physiological quality and are adequate to obtain
a high degree of batch homogeneity.

In the malformed seeds with water content of 28%,
the germination percentage was higher than that of filled
seeds (Table 2). Van der Burg et al. (1994) affirmed that
the existence of filled seeds that are not able to germinate
might be caused by the presence of characteristics that
are invisible to the X-ray test, such as infection by
microorganisms or complete decay.

Most malformed seeds germinated because their
malformation was less restrictive (Figure 2A); however,

in some cases, when the malformation was close to
50% of the total seed (Figure 2B), germination did not
occur. Silva et al. (2013) claimed that embryo size is a
characteristic that may be related to the performance of
the seeds and may be defined in relation to the available
space in the internal cavity of the seeds. Therefore, these
seeds may have immature embryos, which would explain
the lack of germination.

The identification of filled, empty, or malformed
seeds of Lychnophora pinaster Mart., Asteraceae (arnica)
by the use of images was also efficient to classify viable
seeds, suggesting that the use of this technique can be
more effective than the use of blowers in seed processing
(Melo et al., 2009).

For seeds that presented some kind of damage in their
structure (Figure 3A), we confirm that when the damage
was present in the embryo, no germination occurred;
however, when the damage was in the endosperm areas,

A B

Figure 2. Campomanesia pubescens seeds with
malformations. (A) Small malformation; (B) Malformation
close to 50% of the total seed.

Table 1. Percentage of Campomanesia pubescens (DC.) O. Berg (Myrtaceae) seeds subjected to the X-ray test and classified
into pre-established classes within the different water content treatments.

‘Water content

Classes 28% 31% 34% 37% 43%
A 43.96 Db 7222 Ba 74.00 Aa 64.50 Ca 7426 Aa
B 5330 Aa 20.71 Db 21.50 Db 32.50 Bb 24.26 Cb
C 220 Ce 5.05 Ac 4.00 ABc 250 BCc 0.99 Cc
D 0.55 Ac 2.02 Ad 0.50 Ad 0.50 Ad 0.50 Ac

Filled seeds (A); malformed seeds (B); damaged seeds (C); and empty seeds (D). Averages followed by the same capital letters
horizontally, and lower case letters vertically, do not differ statistically.

Table 2. Percentage of germinated seeds of Campomanesia pubescens (DC.) O. Berg (Myrtaceae), with different water
content subjected to the X-ray test and classified according to pre-established classes.

Water content

Classes 28% 31% 34% 37% 43%
A 29.00 Eb 64.50 Ba 54.50 Ca 35.50 Da 71.00 Aa
B 32.50 Aa 13.50 Bb 10.00 CDb 10.50 CDb 12.00 BCb
C 1.50 Ac 1.00 Ac 0.50 Ac 1.00 Ac 0.00 Ac
D 0.00 Ac 0.00 Ac 0.00 Ac 0.00 Ac 0.00 Ac

Filled seeds (A); malformed seeds (B); damaged seeds (C); and empty seeds (D). Averages followed by the same capital letters
horizontally, and lower case letters vertically, do not differ statistically.
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A B

Figure 3. Campomanesia pubescens seed with damage to
its structure. (A) Damage in the seed embryo; (B) Damage
in the seed endosperm.

that is, in the tissue with a nutritional reserve, the seed
could germinate (Figure 3B). For the empty seeds, no
germination occurred, as expected, because they had no
embryo or endosperm.

Carvalho et al. (2010) also found a low percentage of
germination in seeds with deformations in the embryo and
no germination for empty seeds, reinforcing the hypothesis
that damage to the embryo is lethal, and as such, these
seeds should be discarded.

4. Conclusion

The X-ray test was efficient in the identification of filled,
malformed, damaged and empty seeds, which germination
rate above 50% in the filled seeds. This visualization
of the internal morphology of the seed can be useful to
select seeds of better quality, improving the percentage
of germination of C. pubescens seeds.

The drying of C. pubescens seeds, with different water
content, might influence the internal structure and the
germination of the seeds.
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