Journal of Seed Science
ISSN 2317-1545
www.abrates.org.br/revista

ABRATES
Brazilian Association
of Seed Science

Journal of Seed Science, v.40, n.3, p.296-303, 2018
http://dx.doi.org/10.1590/2317-1545v40n3190838

Could packing and pelleting keep the quality of tobacco seeds during storage?!

Maria Laene Moreira de Carvalho?, Camila Aparecida Lopes®,
Ana Maria Pereira Ribeiro?, Michelle Concei¢do Vasconcelos®

ABSTRACT - The packaging, used to maintain the seeds during storage, is extremely important in their conservation. Seeds
from the cultivar BAT 2101 were used in order to evaluate the effect of packaging on the conservation of the quality of bare
and pelleted tobacco seeds stored in the long-term. After characterization of the lot profile, the seeds were stored for 180,
360, 540, and 720 days under ambient conditions at 25 °C + 2 and 62.8% relative humidity in cotton bags, aluminum cans,
laminated envelopes, plastic envelopes and paper envelopes. The seed quality throughout the storage in the different packages
was determined by the water content and germination tests, first germination count, germination speed index, initial and final
emergence and emergence speed index. The aluminum can packaging keeps the quality of bare and pelleted tobacco seeds
for a period of 720 days. Up to 360 days of storage, there was a decrease in the dormancy of bare and pelleted seeds with an
increase in deterioration after this period, except for those kept in the aluminum can packing.

Index terms: Nicotiana tabacum, conservation, germination, vigor.

Embalagem e pelotizacdo poderiam manter a qualidade de sementes de tabaco
durante o armazenamento?

RESUMO - A embalagem utilizada para manter as sementes durante o armazenamento ¢ de grande importancia na sua
conservagdo. O efeito das embalagens na conservagdo da qualidade de sementes nuas e pelotizadas de tabaco da cultivar BAT
2101 foi avaliado no armazenamento a longo prazo. Apos a caracterizag@o do perfil do lote, as sementes foram armazenadas
por 180, 360, 540 e 720 dias em condigdes de ambiente a 25 °C e umidade relativa de 62,8%, em sacos de algodao, latas de
aluminio, envelopes laminado, envelopes plastico e envelopes de papel. A qualidade das sementes ao longo do armazenamento
nas embalagens foi determinada pelo teor de agua e pelos testes de germinagéo, primeira contagem de germinagéo, indice de
velocidade de germinagdo, emergéncia inicial e final e indice de velocidade de emergéncia. A embalagem lata de aluminio
permite manter a qualidade das sementes de tabaco nuas e pelotizadas por um periodo de 720 dias. Até os 360 dias de
armazenamento houve diminui¢do da dorméncia das sementes nuas e pelotizadas e apds esse periodo um aumento da

deterioragdo, exceto para as mantidas em latas de aluminio.

Termos para indexag@o: Nicotiana tabacum, conservagdo, germinagao, vigor.

Introduction

Tobacco growing is the most important non-food
agricultural crop worldwide and contributes substantially
to the economy of more than 150 countries. Brazil is the
largest exporter and the second largest producer of Nicotiana
tabacum L. around the world, after only China (Sinditabaco,
2018), besides being the largest exporter of seeds worldwide.
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Tobacco belongs to the family Solanaceae, genus Nicotiana,
an autogamous, herbaceous annual plant with an approximate
cycle of 190 days and it is propagated by seeds. However, one
of the obstacles found in tobacco cultivation is related to the
size, shape and weight of seeds, which hinders the sowing. Each
gram of seed contains about 16,000 units (Brasil, 2009) and for
this reason, commercial seeds are pelletized to increase size and
facilitate sowing (Caldeira et al., 2016).
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The use of pelleted seeds may have some problems, since
the pellet formed around the seed can affect its performance
during germination (Carvalho and Novembre, 2011). In the
literature, there are some research demonstrating that bare
seeds of tobacco germinate faster than pelleted seeds (Carvalho
and Novembre, 2011; Caldeira et al., 2016). Moreover,
tobacco seeds are considered positive photoblastics (Leubner-
Metzger and Meins, 2000) and the coating may induce a
photoinhibition, negatively affecting seed germination.
Additionally, there is still little information available on seed
pelletizing, especially in relation to pellet composition and
performance of seed pellets during storage (Oliveira et al.,
2003; Pereira et al., 2011).

The species Nicotiana tabacum produces long-lived seeds,
which can be stored for years, as long as conditions of low
humidity and low temperature could be maintained in storage
(Leubner-Metzger, 2002). The type of packaging, the relative
humidity of the environment, moisture content of the seeds and
the temperature of seeds during storage are highly relevant in
maintaining their viability and vigor. However, there is very
little information in the scientific literature that indicates the
best form of conservation of these seeds (Lee et al., 2010; Costa
et al., 2012; Agacka et al., 2013; Caldeira et al., 2016). In this
way, the aim of the present study was to verify the best type of
packaging for preserving the physiological quality of bare and
pelleted tobacco seeds throughout long-term storage.

Material and Methods

The tobacco seeds used were from cultivar BAT 2101
(Burley varietal group), harvested in Rio Negro, PR, Brazil,
in the 2013/2014 harvest, pelletized or not. The pelletizing
was performed according to the standard established by the
seed producing company.

The characterization of the seed lot profile was performed
through the determination of the water content and the tests
of first germination count, germination, germination speed
index, initial and final emergence, emergence speed index and
electrical conductivity.

Seeds were stored under ambient conditions for 720 days,
where the average temperature was 25 °C + 2 and the relative
humidity was 62.8%. Seeds were stored in a permeable
package (cotton bag and paper envelope), semi-permeable
package (plastic envelope) and impermeable package
(aluminum can and laminated envelope). Each package
contained 3 g of seeds, being the package capacity variable
according to the marketing standard.

The seed quality evaluation was performed every 180 days
of storage in individual packages for each evaluation period.

The water content of seeds was determined and the following tests
were performed: germination, first germination count, germination
speed index, initial and final emergence, emergence speed index
and electrical conductivity (only for bare seeds).

In the germination test, three replications of 100 seeds
were used, which were sown on a blotting paper substrate,
moistened with KNO, solution (0.2%) in an amount
equivalent to 2.5 times the weight of the dry substrate, in an
acrylic gerbox with lid (11x11x3.5). The seeds were kept in
a germination chamber with alternating temperature between
20 and 30 °C, 8 h photoperiod and light intensity of 2,000 lux
(Brasil, 2009). The number of germinated seeds was evaluated
daily in order to obtain the germination speed index described
by Maguire (1962). The germination results were expressed
as percentage of normal seedlings with evaluation at seven
days after sowing in order to obtain the first germination
count, and at 16 days for germination (Brasil, 2009).

The emergence test was conducted in a float system,
with sowing performed on Carolina® commercial substrate,
previously moistened (approximately 1 L of water per kg of
substrate), placed in acrylic plates with individualized cells
perforated with 100 cells each. After sowing, the acrylic
plates were kept floating on a water depth of approximately
2 cm and kept in germination chamber with a temperature of
30 °C + 2. The evaluation of the number of seedlings with
the first pair of leaves was performed daily in order to obtain
the emergence speed index (Maguire, 1962). Counts were
performed on the seventh day in order to obtain the initial
emergence, and on the 16th day for final emergence, these
data were expressed as percentage.

The experimental design was a completely randomized
and the statistical analyses performed using the SISVAR
software (Ferreira, 2011). The data were interpreted
statistically through analysis of variance in a 5x5 factorial
design,
aluminum can, laminated envelope, plastic envelope and

an array of five types of packaging (cotton bag,

paper envelope) and five storage periods (0, 180, 360, 540
and 720 days) for each type of seed (bare and pelleted).

Results and Discussion

Bare seeds - Throughout the 720 days of storage, the
bare seeds of tobacco showed slight oscillations in the water
content, regardless of their packaging. The highest variation
(1.86%) was observed for seeds stored in paper envelope.
This behavior is explained by the environmental variation
at the storage site, which was 25 + 2 °C temperature and
62.8% relative humidity. According to Silva et al. (2010),
regardless of the species, the moisture content of seeds
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stored in permeable packages undergo more influence from
the climatic conditions of the storage site than those stored
in semi-permeable and impermeable packages, as observed
in the present study. Changes in the water content of the seeds
during storage are also expected, as this may still vary depending
on the chemical composition of the seeds (Belmiro et al., 2010).

According to the results of the analysis of variance for
bare seeds of the cultivar ‘BAT 2101°, there was significant
interaction between the factors Packaging*Period for the
tests first germination count (FGC) and germination speed
index (GSI). For germination (G), only the period factor was
significant. Thereby, it was observed that the storage of bare
seeds in different packages affected significantly the vigor,
but not the seed germination. Vigor tests are generally more
sensitive in the evaluation of physiological quality of the
seeds than the germination test because, according to Amaro
et al. (2015), this test shows limitations by providing results
that overestimate the physiological potential of seeds, once it
is performed under conditions considered as optimal.

The germination of tobacco seeds remained constant until
360 days, a slight decrease was observed after this period
(Figure 1). This result corroborates those obtained by Agacka
et al. (2013) for tobacco seeds stored for 12 years under
environmental conditions (20 °C and 50% relative humidity),
which observed a higher germination rate in the first year,
with a sharper decrease throughout storage.

Regarding the vigor, evaluated by the first germination count
(Table 1), a great variation of results is observed in the different
evaluation periods. However, when the seeds were stored in
aluminum cans, they presented results equal or greater than
those stored in other packages in all evaluation periods. It can be
observed in that the bare seeds stored in aluminum can maintained
their physiological quality during the 720 days. Throughout the
storage, there was a tendency to increase the germination speed
of seeds in the other packages until approximately 452 days, but
the percentage of normal seedlings in the first germination count
decreased after that period, according to the regression equation (y=
88.171429 + 0.016799x — 0.000017x2; R*= 81.67). Probably, the
increase of germination speed observed for this period was caused
by a dormancy overcoming of the seeds, since the tobacco seeds
physiological dormancy is considered to be not deep, induced by
the exogenous ABA and the mechanical resistance exerted by the
endosperm-test (Leubner-Metzger, 2002; Onelli et al., 2017).

There was variation in the germination speed index of
seeds in the different packaging (Table 2). The germination
speed of seeds was similar regardless of the packaging until
360 days, however, the seeds stored in laminated envelope
and aluminum can obtained the highest GSI at 540 days,
which was maintained for the seeds stored in the can at 720
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Figure 1. Average values of germination (G%) as a function
of the storage of bare tobacco seeds from the
cultivar BAT 2101, kept in different packages.

Table 1. Average values of first germination count (FGC)
of bare tobacco seeds from the cultivar BAT 2101,
stored for 720 days in different packages.

. Periods (days)

Packaging 0 180 360 540 1720
Cotton 86aB 96aA 93aA 84bB 85aB
Aluminum can 89aA 91aA 92aA 93aA 91aA
Laminatedenv. 83aB 85bB 95aA 90aA 85aB
Plastic env. 72bB  88bA 94aA 85bA 89aA
Paper env. 76bC  93aA 91aA 86bB 84aB

CV (%) 5.00

Averages followed by the same lowercase letter (in columns) or the same
capital letter (in rows) do not differ by the Scott-Knott test at 5% of probability.

Table 2. Average values of germination speed index (GSI)
of bare tobacco seeds from the cultivar BAT 2101,
stored for 720 days in different packages.

. Periods (days)
Packaging
0 180 360 540 720
Cotton 14aB 18aA 15aB 14bB 14c¢B
Aluminum can 14aC 17 aB 16 aB 16 aB 19 aA
Laminated env. 14aB 17aA 16aA 15aB 17DbA
Plastic env. 13aC  17aA 15aB 14bC 17bA
Paper env. 13aB  17aA  15aB 14bB 15¢B
CV (%) 5.76

Averages followed by the same lowercase letter (in columns) or the same
capital letter (in rows) do not differ by the Scott-Knott test at 5% of probability.
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days, confirming the vigor expression already presented in
the percentage of first germination count. Several research
have demonstrated the superiority of impermeable package
for the preservation of quality of some oleaginous seeds, such
as tobacco (Queiroga et al., 2009; Cardoso et al., 2012; Pinto
Junior et al., 2012). In the second storage period, at 180 days,
the seeds stored in the cotton packages, laminated envelope,
plastic envelope and paper envelope presented the highest
germination speed. With the exception of the seeds kept in
aluminum can that maintained their speed of germination
increasing until the 720 days.

A significant effect of the storage period on the quality
of tobacco seeds was observed in the evaluations: initial
emergence (IE), final emergence (FE) and emergence speed
index (ESI). For these tests, no effect of the packages on the
quality of the bare seed of tobacco was observed.

It can be observed through the initial stand results that
seed vigor was altered after 532 days of storage (Figure 2A).
Similar results were observed for the final emergence (Figure
2B), with increase of the stand, probably due to the dormancy
breaking of seeds up to 534 days, with increased deterioration
after that period. This result indicates that the quality of
tobacco seeds was reduced after this period regardless of the
packaging in which the seeds were stored. Different from
Caldeira et al. (2016) who observed that the tobacco seeds
from two cultivars maintained their physiological quality
during 360 days of storage in a cold chamber (10 °C). The
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emergence speed index remained constant throughout the
storage period, with a value of 16.47 (data not shown).

Pelleted seeds - The water content of pelleted tobacco seeds
showed small oscillations throughout the storage, regardless of
the packaging, ranging from 1.12 to 2.03%, and was lower than
that determined for bare seeds because, in the case of pelleted
seeds, it is measured the seed set plus coating, thus affecting
the moisture degree of seeds (Carvalho and Novembre, 2011).

According to the results of the analysis of variance for
the pelleted tobacco seeds from the cultivar ‘BAT 2101°, the
packaging effect varied as a function of the storage period
according to the results of the tests first germination count
(FGC), germination (G), germination speed index (GSI),
initial stand (IS), final stand (FS) and emergence speed index
(ESI). The long-term storage of pelleted tobacco seeds in the
different packaging affected both germination and vigor. In
Table 3, the average values of percentage of normal seedlings
were higher for seeds packed in aluminum cans in the first
germination count in four of the five evaluated periods. For
the plastic and paper envelopes, the highest percentages were
observed only for seeds stored for 180 days. At the end of
the storage period, the positive effect of the aluminum can
packaging can be observed on the conservation of seeds in
relation to the other tested packages. Masseto et al. (2013)
also observed the superiority of impermeable packaging to
maintain the physiological quality of crambe seeds during
long-term storage.
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Figure 2. Average values of initial emergence (IE%) (A), Final emergence (FE%) (B) and bare tobacco seeds from the cultivar

BAT 2101 stored for 720 days.
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In the second storage period, at 180 days, all seeds,
regardless of the packaging in which they were stored, had a
higher percentage of seedlings in the first germination count
than in the other seasons (Table 3). According to Resende et
al. (2009) the storage of pelleted seeds at low temperature and
in the dark may have increased the synthesis of gibberellins.
In positive photoblastic species, such as tobacco, gibberellin
may replace light in seed germination and increasing its level
during storage may have favored germination.

The germination (Table 4) remained constant regardless of
the package in which the seeds were stored up to 540 days.
The seeds stored in aluminum cans and cotton bags at 720 days
showed superior quality than those stored in the other packages.
Germination of the seeds stored in the laminated envelope and
plastic envelope packages decreased after the 375 days of
storage, as presented in the regression equation (y = 87.609524
+ 0.058413x - 0.000096 x* R*= 98.19%). For the seeds kept
in paper envelope, the decrease in germination was verified
from 310 days (y = 93.533333 + 0.023148x - 0.000057x%; R? =
98.28%). For the seeds kept in aluminum can and cotton bag,
the germination remained constant throughout the conservation
periods (y=90.285714+0.035899x - 0.000042x2, R*=98.02%)).
It is emphasized that the deterioration process is inevitable, but
may be delayed, depending on the storage conditions and the
characteristics of the seeds (Cardoso et al., 2012).

It was observed a great variation of results in the different
evaluation periods in the germination of the pelleted tobacco
seeds (Table 5). However, when the seeds were stored in
aluminum cans, regardless of the evaluation period, they had
the equal or better results than seeds stored in other packages.
It is also observed that the germination speed results of pelleted
seeds were lower than bare seeds. The small seed size and the
coating material that prevents the passage of light and makes
the emission of the radicle harder has contributed to the slow
germination of pelleted tobacco seeds. This result corroborates
those described by Caldeira et al. (2016), which worked with bare
and pelleted tobacco seeds and observed that the pellet delayed
the seed germination process, although it did not adversely affect
germination. According to Nascimento et al. (2009), despite the
benefits of pelletizing, the seed coating process can affect the
germination due to the barrier imposed by the material making it
difficult to emit the radicle, the gas exchange, and its diffusion to
the environment external to the pellet.

For the seeds stored in the packaging aluminum can and
laminated envelope showed an increase in GSI up to 347
days for the latter (y = 8.606381 + 0.02302x — 0.000034x?;
R?= 68.15%) and up to 510 days for the first (y = 9.03181
+ 0.02098x — 0.000021x* R?*= 69.26%). After this period,
the germination speed decreased until the 720 days. However,

the seeds stored in plastic envelope, paper envelope and
cotton bag showed a decrease in germination speed from
180 days. According to Cardoso et al. (2012), this result is
expected, since seeds stored in permeable packages suffer
more influence from the atmospheric conditions of the storage
site and consequently have their physiological quality more
affected than the seeds stored in impermeable packages.

Table 3.  Average values of first germination count (FGC %)
of pelleted tobacco seeds from the cultivar BAT
2101, stored for 720 days in different packages.
) Periods (days)

Packaging 0 180 360 540 720
Cotton 00bB S51cA 02bB 00bB 07bB
Aluminum can 00bD 85aA 48aC 68aB 71aB
Laminatedenv. 00bB 73bA 10bB 02bB 08bB
Plastic env. 00bB 85aA 10bB 03bB 05bB
Paper env. 02aB 82aA 09bB 01bB 02bB

CV (%) 24.40

Averages followed by the same lowercase letter (in columns) or the same
capital letter (in rows) do not differ by the Scott-Knott test at 5% of probability.

Table 4. Average values of germination (G %) of pelleted
tobacco seeds from the cultivar BAT 2101, stored
for 720 days in different packages.

) Periods (days)
Packaging
0 180 360 540 720
Cotton 90aA 95aA 94aA 92aA 88aA
Aluminum can 90aA 96aA 98aA 92aA 95aA
Laminated env. 92aA 96aA 97aA 97aA 75bB
Plastic env. 87aB 96aA 95aA 92aA 80bC
Paper env. 93aA 97aA 94aA 89aB 81bC
CV (%) 4.59

Averages followed by the same lowercase letter (in columns) or the same
capital letter (in rows) do not differ by the Scott-Knott test at 5% of probability.

Table 5. Average values of germination speed index (GSI)
of pelleted tobacco seeds from the cultivar BAT
2101, stored for 720 days in different packages.
Packaging Periods (days)
0 180 360 540 720
Cotton 09aC 13bA 11bB 10bB 10bB
Aluminum can 08 aC 14 aA 13 aB 13 aB 14 aA
Laminated env. 08bC 14aA 11bB 10bB 08cC
Plastic env. 09aC 15aA 11bB 10bB 08cC
Paper env. 09aC 14aA 11bB 10bB 08cC
CV (%) 6.55

Averages followed by the same lowercase letter (in columns) or the same
capital letter (in rows) do not differ by the Scott-Knott test at 5% of probability.
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There was a difference between the quality of the seeds
stored in the five packages at different periods for the initial
stand (Table 6), being that the averages did not differ before
the storage. Only the seeds stored in the aluminum can
maintained their quality throughout the storage. The pelleted
seeds stored in cotton packages, laminated, plastic and paper
envelope had similar behavior during storage, with an increase
in vigor up to 383 days, with decrease after that period up to
720 days, according to the regression equation (y = 7.628571
+ 0.478571x — 0.000636 x?; R? = 94.96%). Regarding the
seeds maintained in the aluminum can packaging, the average
values of the initial stand were kept increasing throughout
the storage, ensuring a greater vigor in relation to the other
packages. Oliveira et al. (2003) worked with storage of seed
coated of tomato for 720 days in a laminated and paper
envelopes, and verified that these seeds maintained their
quality in storage regardless of the used packaging.

It was observed that the average values of emergence
did not differ among themselves in four of the five evaluated
periods, regardless of the packaging in which the seeds
were stored (Table 7). A lower percentage of seedlings
was observed at the final stand only in the final evaluation
period, at 720 days, for seeds stored in plastic envelope and
laminated envelope. It was verified that the pelleted tobacco
seeds stored in the paper envelope maintained their similar
physiological quality during the 720 days. However, the
seeds stored in the other packages lost quality after 380 days
of storage (y = 82.809524 + 0.081931x — 0.000142x%; R? =
94.45) , as can be observed by the lower number of plants
in the final stand in the evaluations performed at 540 and
720 days. The seeds stored in aluminum can presented an
increase in the number of plants in the final stand along the
storage, thus demonstrating the superiority of impermeable
packaging for the conservation of the physiological quality of
the seeds. These results corroborate with Oliveira and Costa
(2009), which state that the best packaging for seed storage is
impermeable.

There was variation in the emergence speed index of seeds
stored in the different packaging (Table 8). At the end of the
storage period, the positive effect of aluminum can packaging
can be observed on the conservation of seeds in relation to
the other tested packages due to the higher emergence speed.
These results corroborate with those found by Azevedo et al.
(2003), which worked with the storage of sesame seeds and
observed that the greatest showed vigor was in seeds packed
in impermeable packages.

For the seeds stored in the packaging cotton bag,
laminated envelope, paper envelope and plastic envelope, the
emergence speed is increased until 350 days, with decrease

of ESI after this period up to the 720 days, according to the
regression equation (y = 9.838571 + 0.034097x — 0.000051x?;
R?= 88.77%). However, the emergence speed is constant for
the seeds stored in the aluminum can throughout 720 days,
showing the superiority of this packaging.

Table 6. Average values of initial emergence (IE) of pelleted
tobacco seeds from the cultivar BAT 2101, stored
for 720 days in different packages.

Periods (days)

Packaging 0 180 360 540 720
Cotton 09aD 62bB 80bA 68cB  30bC
Aluminum can 02aC 88aA 87aA 9laA 87aA
Laminated env. 02aD 87aA 89aA 78bB 25cC
Plastic env. 02aD 83aA 72bB 73bB  19cC
Paper env. 03aC 86aA 76aA 81bA 31bB

CV (%) 10.17

Averages followed by the same lowercase letter (in columns) or the same
capital letter (in rows) do not differ by the Scott-Knott test at 5% of probability.

Table 7. Average values of final stand (FS) of pelleted
tobacco seeds from the cultivar BAT 2101, stored
for 720 days in different packages.

. Periods (days)

Packaging 0 180 360 540 720
Cotton 70aB  87aA 93aA 88aA 82aA
Aluminum can 79aB 88aA 91aA 96aA 91aA
Laminated env. 84 aA 92aA 92aA 90aA 67bB
Plastic env. 78aA 86aA 91aA 88aA 62bB
Paper env. 82aA 88aA 88aA 89aA 80aA

CV (%) 8.76

Averages followed by the same lowercase letter (in columns) or the same
capital letter (in rows) do not differ by the Scott-Knott test at 5% of probability.

Table 8. Average values of emergence speed index (ESI) of
pelleted tobacco seeds from the cultivar BAT 2101,
stored for 720 days in different packages.

. Periods (days)

Packaging 0 180 360 540 720
Cotton 08 bC 14bA 13aA 12bA 10bB
Aluminum can 08 bB 14 cA 14 aA 15aA 15aA
Laminated env. 09 aC 16aA 14aB 13bB  08cC
Plastic env. 09aB 14bA 14aA 13bA 07cB
Paper env. 09aB 14bA 13aA 14bA 10bB

CV (%) 8.78

Averages followed by the same lowercase letter (in columns) or the same
capital letter (in rows) do not differ by the Scott-Knott test at 5% of probability.
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Conclusions

The aluminum can packaging keeps the quality of bare
and pelleted tobacco seeds from the cultivar BAT 2101 for
a period of 720 days. Up to 360 days of storage, there was a
decrease in the dormancy of bare and pelleted seeds with an
increase in deterioration after this period, except for the seeds
kept in the aluminum can packs.
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