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Internal morphology and germination of sunflower seeds!'

Cartiane Rubshirley Macédo da Rocha?, Vanessa Neumann Silva’*,
Silvio Moure Cicero?

ABSTRACT - The use of high quality seeds is one of the important factors to increase productivity in areas cultivated with
sunflower. The aim of this study was to investigate the relationship between internal morphology and germination of sunflower
seeds with the X-ray test and computer-aided X-ray imaging analysis with the software Tomato Analyzer®, and check whether
or not this relationship changes after a period of seed storage under different environmental conditions. For this purpose,
five lots of sunflower seeds from cultivar Catissol 01 were used. They were evaluated during two experimental periods: at
0 and 4 months after storage; the first evaluation was performed to characterize the lots; after that, the seeds were stored in
two environments, cold and dry chamber (10 °C and 30% relative air humidity) and non-controlled environment. The seed
moisture content was determined and, after that, the seeds were submitted to the X-ray and germination tests. The X-ray
analysis allowed the visualization of seed internal structure as well as the study between seed morphology and germination; the
greater embryo size, in general, does not provide greater potential for seed germination; regardless of the storage conditions

for the four-month period, there was no reduction in the area of the embryo.

Index terms: Helianthus annus, images, X-ray.

Morfologia interna e germina¢ao de sementes de girassol

RESUMO- A utilizag@o de sementes de alta qualidade é um dos fatores preponderantes para aumentar a produtividade de areas
cultivadas com girassol. Objetivou-se investigar a relacdo existente entre a morfologia interna de sementes de girassol e a
germinagdo, com a utilizagdo do teste de raios X e analise computadorizada das imagens radiograficas com o software Tomato
Analyzer®, e verificar se essa relagdo se altera apos o armazenamento das sementes em diferentes condi¢des ambientais. Foram
utilizados cinco lotes de sementes de girassol cultivar Catissol 01, avaliados aos 0 e 4 meses de armazenamento; na primeira
época foi realizada a caracterizagdo dos lotes; apos, foi realizado o armazenamento das sementes em duas condigdes de
ambientes, camara fria e seca (10 °C e 30% umidade relativa do ar) e ambiente ndo controlado. As sementes foram avaliadas
quanto ao teor de agua e submetidas ao teste de raios X e de germinagdo. A analise radiografica das sementes permitiu a
visualizagdo da estrutura interna da semente e o estudo entre a morfologia e a germinagdo; a maior area ocupada pelo embrido,
de forma geral, ndo conferiu maior germinagdo para as sementes. Independentemente das condigdes em que as sementes

permaneceram armazenadas durante quatro meses, ndo houve reducdo da area ocupada pelo embrido.

Termos para indexacao: Helianthus annuus L., imagens, raios X.

Introduction

Sunflower cultivation has increased in recent years mainly
because of the need of raw materials for the production of
biofuels; this is one of the most important oilseed crops in the
world today. The seeds of this species have around 47% of lipids
in their composition, which can be converted into oil, both for
domestic use and for biofuel production (Gazzoni, 2005).

To increase the productivity of areas with sunflower crops,
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one of the aspects that should be considered is the use of high
quality seeds. Several factors interferes obtaining high quality
seeds; some occur during seed formation and development in the
field, while others occur when during the harvest and post harvest
stages. In particular, the flowering of sunflower seeds is uneven,
and pollination is entomophilous. Thus, seeds may occur at
different maturity stages during harvest and, consequently, there
may be differences in their internal morphology, with probable
consequences for the physiological potential of seeds. The
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conditions prevailing during seed formation affect the quality of
the seeds produced and, thus, the establishment of the crop in the
next cultivation period (Ahmad, 2001).

Seeds at different maturity stages are different in size and
in the amount of accumulated reserve substances. Research
on sunflower seeds has indicated that seed size influences
germination (Torres and Martinez, 1990) and seedling
emergence in the field (Ahmad, 2001).

Seed size can be measured manually; however, the
relationship between morphology and germination can be
better understood by means of procedures used to measure
embryo size and the area filled by the reserve tissues of seeds.

One way to examine the internal morphology of seeds is
by analyzing X-ray images. The X-ray test has been shown
effective for analysis of seeds of various species, such as
tomato (Silva et al., 2013), eggplant (Silva et al., 2012), castor
beans (Kobori et al., 2012), sweet corn (Gomes Junior and
Cicero, 2012a), among others. Another advantage is that it is
a nondestructive technique, allowing these seeds to be used
for other purposes; moreover, this test provides information
on the occurrence of malformation of seeds and empty seeds,
and allows the visualization of the position and extent of the
damage occurring in the embryonic axis (Cicero et al., 1998;
Carvalho et al., 1999), which may interfere with seed viability.

Through X-ray analysis, it is possible to measure the internal
parts of seeds and calculate embryo size; the latter can be defined
by the degree of development of the embryo and the free space in
the internal seed cavity (Marcos-Filho et al., 2010). This space is
described in the literature as empty or free space, and it is an
expression used for the occurrence of empty spaces between
the embryo and the endosperm or between the seed contents
and the seed coat. It can occur in different parts of the seed,
but it usually occurs around the embryo and it was determined
for the first time for tomato seeds (Liu et al., 1993).

The measurement of free space within the seed and,
for that matter, embryo size can be determined by analysis
of X-ray images with the software Tomato Analyzer®.
While carrying out studies with cotton and pumpkin seeds,
Marcos - Filho et al. (2010) found that the software Tomato
Analyzer® was sensitive to consistently evaluate the degree
of development of seed embryos and suggested that the
procedure is promising for seeds of other species with similar
structure to those studied in their research. Likewise, Gomes
Junior et al. (2013) were successful in using the software
for analysis of the internal morphology of cucumber seeds.
However, this method has been studied for a only few species
to date, and further research is needed on the subject.

In this sense, the objective of the present study to verify
the relationship between the internal morphology of sunflower

seeds and germination, using the X-ray tests and computer-
aided X-ray imaging analysis with the software Tomato
Analyzer® and check if this relationship changes after the
seeds are stored for a particular period of time under different
environmental conditions.

Materials and Methods

The research was conducted in the Laboratories of Image
Analysis and Seeds Analysis, Department of Plant Production
(LPV), College of Agriculture “Luiz de Queiroz” (ESALQ),
University of Sao Paulo (USP), in the city of Piracicaba, state of
Sao Paulo. Five lots of sunflower seeds (cultivar Catissol 01) were
used. The experiment lasted for four months with two evaluation
periods (0 and 4 months); the lots were characterized in the first
period; then the seeds were stored in Kraft paper bags, under two
environmental conditions (cold and dry chamber - 10 © C and 30%
relative air humidity) and in an non-controlled environment.

Before the evaluations of the second period, seed moisture
content was homogenized because the seeds had been exposed
to different storage conditions. Thus, in the second evaluation
period, the seeds that had been stored in the cold and dry
chamber were maintained in the non-controlled environment for
approximately ten days before the tests were performed. This
fact is crucial for performing the tests, because the homogeinity
of seed moisture content is essential for standardization and
comparability of results (Marcos-Filho, 1999).

Seed moisture content was determined by oven-drying at
105 °C for 24 hours (Brasil, 2009) in two samples. The results
were expressed as mean percentage (wet basis) per lot.

X-ray test: this test was conducted with four replications
of 50 seeds, which were placed on double-sided tape on a
plastic transparent sheet; the seeds were numbered according
to their position on the sheet, so that they could be identified
in subsequent measurements. Then, the transparent sheet was
placed inside a Faxitron MX-20 DC-12 digital X-ray system,
connected to a Core 2 Duo computer (3:16 GHz, 2 GB RAM,
160 GB Hard Disk) and 17-inch MultiSync® LCD1990SX
monitor, and kept 28.6 cm apart from the source of radiation
emission for 20 seconds. After the images were generated,
they were saved on a hard disk drive for subsequent analysis.
The seeds were removed from the sheet and transferred to an
acrylic tray with individual cells, and numbered in the same
order they had in the X-ray images. After that, the seeds were
submitted to the germination test, as described below.

Germination test: it was performed on a paper towel
substrate moistened with distilled water in the ratio of 1:
2.5 (paper: water). The previously numbered seeds were
distributed on two sheets of paper towel (in the upper third
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of the substrate to enable the development of individual
seedlings) and covered with another sheet. The wrapped
seeds were placed in the incubator at 25 °C and the evaluation
was performed on the fourth day after sowing (Brasil, 2009).
The normal and abnormal seedlings and the dead seeds were
removed from the paper towel and photographed with a Nikon
D10 digital camera connected to the computer. The images
were saved on the hard disk drive for subsequent analysis.

X-ray imaging of the seeds was analyzed with the
software Tomato Analyzer® by determining the seed area, the
free space within the seed and the ratio between these areas
(Marcos-Filho et al., 2010). The calculation was performed
by subtracting the free space area from the total seed area to
obtain the area filled by the embryo tissues. Also, calculations
were performed for the mean value of the seed cavity area
filled by the embryo of each lot, for the overall mean of all
lots, as well as for the standard deviation. Based on these
values and on the morphology of seed parts, the seeds were
classified into one of the three categories below:

a) Category 1: seeds whose area filled by the embryo
was smaller than the mean minus one standard deviation; b)
Category 2: seeds whose values of the area filled by the embryo
ranged between the mean minus one standard deviation and
the mean; Category 3: seeds whose area filled by the embryo
was larger than the mean.

The analysis of results was performed by comparing the
X-ray images with the respective images of normal or abnormal
seedlings and dead seeds used in the germination test.

Results and Discussion

In the first evaluation period, seed moisture content ranged
from 9.5% to 10.6% for all lots. According to Simak (1991), the
lower the seed moisture content, the higher the optical density,
which enables greater differentiation of the internal parts of the
seeds as seen in the X-ray images.

X-ray imaging analysis with the software Tomato
Analyzer® allowed the measurement of internal free areas of
sunflower seeds and, thus, the determination of embryo size,
confirming the results of Marcos Filho et al. (2010), which
indicate that the software is a feasible choice for evaluating
seeds of several species, as also noted by Gomes Junior et
al. (2012b) for watermelon seeds. This finding is of great
importance for the field of seed analysis, because computer-
aided imaging analysis is currently the most advanced method
to obtain highly accurate results (Dell’ Aquila, 2009).

According to the results, it was observed that the embryo
filled more than 60% of the internal seed area for all lots
(Table 1); examples of seeds with differences in the internal

area filled by the embryo may be seen in Figure 1. During the
X-ray tests, the seeds are submitted to a radiation beam, which
forms an image as it goes through the seeds and reaches the
film. Such image is characterized by different grayscale tones,
and X-ray absorption in different amounts by the tissues of
the seeds depends on their structure, composition and density,
as well as the period of exposure to radiation (ISTA, 2004).

Table 1.  Area (%) filled by the embryo of sunflower seeds,
cultivar Catissol, compared with the total seed area
(mean for each lot) and values of the categories used
for data analysis in the first and second storage period.
Lot Area Standard Category
(Embryo) Deviation (area of the embryo)
First period (0 months) 1 2 3
1 63 5
2 62 5
3 ol > <57 57-63 >63
4 62 6
5 62 5
Mean 62 5.2
Second period (4 months) — Non-controlled environment
1 64 5
2 63 5
3 03 > <57 57-62 > 62
4 64 5
5 63 5
Mean 64 5
Second period (4 months) - Controlled environment
1 63 4
2 62 5
3 62 5
4 63 6 <58 58-63  >63
5 62 5
Mean 62 5

<58 58.01-63

>63.01

Figure 1. Examples of sunflower seeds, cultivar Catissol, lot
1, with differences in the internal area filled by the
embryo, in categories 1-3.
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The results in Table 1 also show that both at the beginning
of the experiment, and after four months of storage, regardless
of'seed storage conditions in this period, there was no reduction
in the area filled by the embryo, something that could have
occurred depending on the progress of the deterioration
process. After four months of storage, seed moisture content
was on average around 7 and 8% for the controlled and non-
controlled environments, respectively. It was observed that
these values were lower than those of the first period, and
seed moisture content did not increase, a fact that could have
accelerated deterioration reactions.

After seeds have reached physiological maturity, they
start to suffer these deteriorative reactions, which lead to loss
of germination capacity. However, several factors can affect
this process, e.g., environmental conditions, especially high
temperatures and relative air humidity, as they can accelerate
catabolic reactions, leading to the reduction of stored seed
reserves, as well as other injuries that may reduce physiological
potential, such as denaturation of enzymes, among others.

The results of this research showed that the period of seed

storage did not produce significant changes in the embryo or
in the seed reserves when the X-ray images were analyzed.
Catabolic reactions may have occurred slowly, as the seeds
had reduced moisture content, even in an environment with
non-controlled conditions.

It can also be noted that in more than half of the seeds
from each lot, the internal area filled by the embryo was above
60% (Tables 1 and 2), both at the beginning of the experiment
and after four months of storage, in most cases, except for
lots 1 and 2 when stored in a controlled environment and lot 3
after storage under non-controlled conditions.

As for embryo size of the seeds and germination, there was
little difference between the categories under study for most
lots, except for lot 4 in the first evaluation period (Table 2);
thus, it can be inferred that the larger embyo size offered higher
germination potential for lot 4 only, but it was not influential for
the other lots. Similar results were observed for seeds of tomato
(Silva et al., 2013), and eggplant (Silva et al., 2012). These
researchers found that seeds whose area filled by the embryo is
larger do not always have higher germination potential.

Table 2. Seed percentage (S) in each internal morphology category (C) and normal seedlings (NS) obtained in the germination
test of sunflower seeds stored in the controlled environment (CE) and the non-controlled environment (NCE).
Storage period (months)
4
Lot 0
NCE CE
C S (%) NS (%) C S (%) NS (%) C S (%) NS (%)
1 12 100 1 15 48 1 63 94
1 2 28 96 2 31 51 2 25 94
3 60 91 3 54 39 3 22 72
1 18 99 1 16 91 1 18 86
2 2 30 99 2 36 85 2 27 96
3 52 92 3 48 82 3 55 95
1 21 99 1 20 93 1 21 95
3 2 38 96 2 31 87 2 27 100
3 41 99 3 49 79 3 52 99
1 18 68 1 15 28 1 17 74
4 2 23 72 2 26 34 2 18 80
3 59 83 3 59 40 3 65 79
1 13 99 1 18 84 1 15 97
5 2 34 94 2 31 19 2 33 92
3 53 93 3 51 69 3 57 97

In this context, it is important to note that there were small
differences between the categories in the values for the area of the
embryo, which might explain the lack of association with potential
for seed germination. Similar results were found for seeds of
tomato (Silva et al., 2013) and eggplant (Silva et al., 2012).

The seeds of the different categories yielded both normal

and abnormal seedlings and dead seeds, regardless of embryo
size. Figure 2 shows an example of sunflower seeds of lot 1,
classified in different morphology categories, which produced
normal seedlings.

After four months of storage, both in non-controlled and
controlled environments, there was a similar behavior to the
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one observed at the beginning of the study: differences in
germination potential between different categories of seed
morphology were small, and germination was favored by
larger embryo size only in lots 2 and 4.

Figure 2. Examples of sunflower seeds, cultivar Catissol, lot
1, morphology categories 1 (A), 2 (B) and 3 (C) and
their respective normal seedlings (A’, B’ and C’).

The analysis of the effect of length and storage condition
showed that there were no differences in the percentage of seeds
found in each morphology category, which suggests that the
conditions used did not change the internal morphology of seeds.
However, it is observed that although there was no change in
the internal morphology of the stored seeds, there was a greater
reduction of the physiological potential for the seeds stored in
the non-controlled environment, showing the progress of the
decay process of these seeds. Studying the effect of storage on
the germination of sunflower seeds, Grisi and Santos (2007)
found that germination potential of seeds remained high until
approximately 120 days after the start of storage, but this varied
across the cultivars used and the levels of vigor.

Conclusions

X-ray imaging analysis revealed the internal structure of
the seeds;

Larger embryos, in general, do not provide higher
germination potential for sunflower seeds;

Regardless of the storage conditions of the seeds in the
four-month period, there was no reduction of the area of the
embryo.
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