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Quality of organically produced bell pepper seeds'
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ABSTRACT - The production of bell pepper seeds may be affected by the plant management and harvesting point of fruits. The
goal of this study was to evaluate the quality of organically produced bell pepper seeds according to free plant growth, branch
thinning and ripening stage. The experiment was conducted in a greenhouse with randomized block design; plants were tutored
to parallel tape supports, with and without branch thinning, and fruits were harvested at three ripening stages (completely
green, green/reddish and red). The following determinations were made: seed moisture content of at the time of harvest and
after post-harvest rest, number of seeds per fruit, seed germination, and seedling emergence. It is possible to conclude that the
production of bell pepper seeds in an organic system is viable, resulting in seeds with a germination percentage and seedling
emergence above 90%. The management system of plants without branch thinning results in the production of seeds with
greater viability and higher quantity per fruit. The cultivation of bell peppers for seed production may be carried out with fruits
at the green ripening stage (51 days after anthesis), without any quality loss.

Index terms: Capsicum annuum L., management, time of harvest, organic agriculture.

Qualidade de sementes de pimentdo cultivado em sistema organico

RESUMO - A produgio de sementes de pimentdo pode ser influenciada pelo manejo da planta e ponto de colheita dos frutos.
O objetivo do trabalho foi avaliar a qualidade de sementes de pimentdo produzidas em sistema organico, em func¢do do
crescimento livre e desbaste de ramos, ¢ do estadio de maturagdo dos frutos. O experimento foi conduzido em ambiente
protegido com delineamento de blocos ao acaso, sendo as plantas tutoradas com fitilhos paralelos, com e sem desbaste de
ramos e frutos coletados em trés estddios de maturagdo (completamente verde, verde/avermelhado e vermelho). As seguintes
determinag¢des foram realizadas: teor de dgua das sementes no momento da colheita e apds repouso pos-colheita; numero
de sementes por fruto; germinagdo de sementes e emergéncia de plantulas. Pode-se concluir que a produgdo de sementes de
pimentdo em sistema organico ¢ viavel, resultando em sementes com porcentagem de germinagdo ¢ emergéncia de plantulas
superiores a 90%. A forma de manejo das plantas sem o desbaste de hastes resulta na producdo de sementes com maior
viabilidade e quantidade por fruto. O cultivo do pimentdo para a produgdo de sementes pode ser realizado com frutos no
estadio de maturacdo verde (51 dias ap0s a antese), sem prejuizo da sua qualidade.

Termos para indexagdo: Capsicum annuum L., manejo, ponto de colheita, agricultura orgéanica.

Introduction

The bell pepper (Capsicum annum L.), a species
belonging to the Solanaceae family, occupies an outstanding
position among the vegetables that are commercialized in
Brazil (Antoniali et al., 2012), with an annual production of
approximately 290 thousand tons; the Southeastern region is
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the most representative one in this total (Martins et al., 2014).
In the seed sector, according to the last survey performed,
approximately four tons of bell pepper seeds were traded
(ABCSEM, 2009).

Since the Brazilian consumer market has a demand for bell
peppers the whole year (Palangana et al., 2012), this species
has frequently been cultivated in a protected environment
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(Silva et al., 2011; Palangana et al., 2012); this presents some
advantages, such as better development of plants, higher
productivity and fruit quality and chances of production in
periods with unfavorable environmental conditions in open
field (Aragdo et al., 2011).

The organic cultivation of vegetables in Brazil is still
performed with conventional seeds, due to the need for deep
transformations in the production process in order to obtain
organic seeds, and not because of the fact that there is a
significant volume of companies working in this market. With
the obligation of using certified organic seeds, according to the
Normative Ruling n. 64 (Brasil, 2008), the Brazilian market
keeps depending on import, thus increasing the production
costs in the organic system (Nascimento et al., 2011).

In the attempt to promote public policies to stimulate the
sector, Normative Ruling n. 46 (Brasil, 2011) defined the limit
date December 19", 2013 for the use of conventional seeds
and seedlings in organic systems; however, the dead line was
prorogated to 2016, since each state will have to produce
annually a group of species and cultivars in which it will
only be possible to use organic seeds in organic cultivations,
considering the availability of the market (Brasil, 2014).

The bell pepper culture presents continuous production; it is
possible to find on the same plant fruits at different ripening stages.
Such inconsistency may influence the physiological quality of the
produced seeds (Martins et al., 2006), since it affects the relation
between assimilated compound source and their supply to the fruit/
seed, which will also be at different development stages, having
needs that are typical from each phase.

On the other hand, plant management may affect the
quantity and quality of the produced seeds. It is known that
leaves are responsible for the production of photo-assimilated
compounds and fruits for the main drains of the plant (Shirahige
et al., 2010). Thus, performing the thinning of stems may
reduce the source of assimilated compounds and their supply
for the fruit (Duarte and Peil, 2010); consequently, this may
affect developing seeds, since it reduces the availability of dry
mass during the accumulation phase.

Therefore, the goal of this work was to evaluate the quality
of bell pepper seeds produced in an organic system and under
protected cultivation, according to stem management systems
and ripening stage of fruits.

Material and Methods

Bell pepper (Capsicum annum L.) seeds from the open-
pollinated cultivar ‘Magda’ (Sakata™) were sown in September
2013 in expanded polystyrene trays (EPS), containing 128
cells filled with a substrate of composted pine bark mixed with

composted chicken manure (Provaso®) in the 3:1 proportion,
kept in a protected environment with temporized irrigation.
After 50 days, when the seedlings reached the height of 15 cm
and presented five definite leaves, they were transplanted to
a 14x15 m sized arc Agricultural Greenhouse, 3.5 m ceiling,
covered with a 150p transparent polyethylene film, located
in the organic olericulture area of the ‘Centro de Estagao
Experimental do Canguiri’ University Federal of Parand, in
the city of Pinhais, in the metropolitan region of Curitiba,
with Cfb climate and average annual temperature of 19 °C.

The soil of the experimental area, classified as alic Red-
Yellow Latosol with clayey texture (EMBRAPA, 2006),
presented the following chemical characteristics: pH (CaCl,)=
6.6; pH SMP=7.0; Al**=0; H+Al= 2.4 cmolc. dm-*; Ca™= 13.5
cmolc. dm-*; Mg™= 5.4 cmolc. dm-*; K™= 1.5 cmolc. dm?3; P=
187.0 mg. dm?3; C= 274 g. dm?3; V% = 89 and CTC= 22.8
cmolc. dm™.

Two weeks after planting, the equivalent to 5.6 t ha! of organic
compound was distributed on the total area (CQSFRS/SC, 2004)
with average values of: N=14.3 g. kg!'; P=10.7 g. kg'; K=11.3 g.
kg'; Ca=30.7 g. kg'; Mg=5.8 g. kg'; C=352 g. kg'!; pH=6.8; C/
N=26.6, with later incorporation using a rotating hoe microtractor
(Tobata®).

The transplanted seedlings were spaced 0.60 m between
plants and 1.0 m between rows; the drip irrigation system
was used. In order to tutor plants, plastic ribbons were placed
in parallel on both sides of the plantation rows, adjacent to
plants and intercropped at every 0.20 m.

The treatments, with five replications, were distributed in
randomized blocks and factor scheme composed by two stem
management systems (free growth and thinning) and by three
fruit ripening stages. The experiment consisted in 30 lots with
seven plants each; on 15 of these lots, the thinning of stems
was performed starting from the third bifurcation, leaving
them with four main stems (Factor et al., 2008; Charlo et al.,
2009). In all lots, under the first bifurcation, sprout thinning
was performed when necessary, and flowers were removed
from the first bifurcation (Blat et al., 2007). Volunteer plants
control was performed by manual weeding; on the other hand,
pest control, according to the organic production, occurred
when needed, in accordance with Normative Ruling n. 46,
issued by MAPA (Brasil, 2011).

The monitoring of fruit age, that is, the days after anthesis
(DAA) was performed through marks made with tape under
the insertion of each flower, in order to help harvesting. Five
harvests were performed, in a 7-day interval, with the first one
occurring on day 113 after seedling transplantation (DAT) and
the last one on day 141. During each harvest, fruits at the three
different studied development stages were collected and, at
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the end, they were grouped respecting fruit age, ripening stage
and the distribution of replications on the field, thus creating
the treatments to evaluate the physiological quality.

Fruits were collected at three ripening stages: completely
green (51 days after anthesis - DAA), green/yellowish
(60 DAA) and red (70 DAA). Fruits from each treatment
remained at rest for seven days in an acclimatized room, at a
temperature of 20 °C and 70% relative air humidity.

Seed extraction was performed manually, after that, they
were distributed in trays, kept in a ventilated environment at
the average temperature of 22 °C and 68% relative air humidity
and they were constantly turned for two days. On the third day,
the seeds were submitted to drying in an oven with forced air
circulation at 32 °C, until reaching the moisture content of
7.0%. In order to determine this content, the equation described
by Cromarty et al. (1985) was used: Mf = Mi (100-Ui) x (100-
Uf)!, where: Mf = sample mass after drying (g); Mi = sample
mass before drying (g); Ui = initial moisture content (%); Uf =
desired moisture content (%). Later, they were stored in a two-
liter airtight glass container and kept in a refrigerator at 7.5 °C
with 55.5% relative air humidity, during the analysis period in
laboratory.

In the laboratory evaluations the completely randomized
design was used, except for the number of seeds, which used
the same design used on the field (randomized block design).
The following determinations were performed:

a) Number of seeds per fruit. 10 fruits per harvest, per
each treatment, were randomly sampled during the analysis
period, totalizing 50 fruits per treatment, with later seed count.

b) Moisture content of recently harvested seeds: evaluated
by the oven method at 10543 °C, for 24 hours, using five 3.0 g
seed replications per treatment (Brasil, 2009). The results were
expressed in average percentage per treatment, on a wet basis.

¢) Seed moisture content after post-harvest rest of fruits:
after the resting period of fruits (seven days), the seeds were
extracted and the moisture content was determined similarly
to the aforementioned.

d) Seed germination: for each treatment, 10 replications
with 50 seeds were used, distributed over towel paper
dampened with a water quantity equivalent to three times
the mass of the dry substrate; they were kept in plastic
boxes (11.0x11.0x3.5 cm) for 14 days inside a chamber with
alternated temperature of 20-30 °C (Brasil, 2009). After this
period, normal seedlings were counted and the results were
expressed in average percentage.

e) Seedling emergence: performed with five replications
of 100 seeds per treatment, distributed in 128-cell expanded
polystyrene trays with composted pine bark substrate, in a
greenhouse. Irrigations were daily and the total number of

emerged normal seedlings was counted in each treatment after
21 days; the results were expressed in average percentage.

All collected data were submitted to statistical analysis
of variance, and the averages were grouped by Tukey’s test at
5% probability.

Results and Discussion

As for the number of seeds per fruit, it is possible to
observe in Table 1 that there was no interaction between the
two analyzed factors; there was only the effect provided by the
management. Fruits coming from non-thinned plants (Table 2)
presented an average seed quantity that was higher than the one
from the treatment with branch thinning; thus, not performing
the thinning makes the cultivation more attractive to organic
seed producers, since it reduces costs and increases productivity.

Stem management may have promoted changes in the
partition of photo-assimilated compounds, as well as in
the redistribution of nutrients such as calcium, boron and
phosphorus, which may influence the fecundation process
(Marschner, 2012) and, consequently, the number of bell
pepper fruit seeds; these possible changes shall be investigated
in future works.

The isolated averages of the ripening stages (Table 1)
did not present statistical differences, supporting what was
obtained by Oliveira et al. (1999) in a work with bell peppers
in conventional system.

The moisture content in recently harvested seeds
(Table 1) was influenced by the interaction of the analyzed
factors (Management and Ripeness). In Table 2, it is
possible to observe that at the green ripening stage, seeds
coming from plants with thinned branches presented a
higher moisture content than the ones produced without
branch thinning; it was also higher compared to seeds
produced with branch thinning at the green/reddish and
red ripening stages.

With the fertilization of the egg, the ripening process of
seeds starts; at this point, the moisture content is high and
it decreases as seeds complete their development (Marcos-
Filho, 2015). Oliveira et al. (1999), under conventional
system, studied the physiological ripeness of bell pepper
seeds according to the fruit age, observing the reduction of
the moisture content of seeds along the ripening process of
fruits which, on an average, reached 50.0% water when ripe.

The moisture content value of recently harvested seeds
was, generally speaking, high, varying from 52.2% to 56.9%
(Table 2), which may be explained by the fact that bell
peppers have fleshy fruits, that during the ripening and color
changing process maintain a high moisture content in their
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seeds, due to the protection provided by the pericarp (Nazario
et al., 2008). After the resting period of fruits, there was no
factor interaction in terms of seed moisture content (Table 1)
and there was also no difference in the isolated analysis.
When analyzing the germination of organic bell
pepper seeds (Table 1), it is possible to observe that there
was no interaction between the factors and, in turn, plant

management interfered in the viability of seeds. The quality
of seeds produced with four stems per plant was lower than
the one of seeds produced by non-thinned plants (Table 3),
since this stem rearrangement may have modified the relation
between assimilated compounds source and their supply to
fruit/seeds, and there was no damage for the viability of seeds
coming from green fruits, since for this variable there was no

Table 1. Analysis of variance for data about the moisture content of recently harvested seeds and after fruit resting, germination,
seedling emergence and number of seeds per bell pepper fruit.
Variation factor E.D.® M.C.2 (%) M.C.%(%) G.® (%) S.E.9 (%)
Recently harvested rest
Management 1 3.15™ 0.54™ 9.47%* 0.18™
Ripeness 2 3.01% 0.63" 0.03™ 0.71%
Management x Ripeness 2 4.48% 0.16™ 0.78™ 0.71™
Treatments 5 3.63* 0.42" 2.22% 0.61"
Waste 24 - - - -
Total 29 - - - -
C.V. (%) 3.8 3.6 3.9 2.4
V.F." F.D.?) N.S.F.7
Management 1 6.59*
Ripeness 2 1.37%
Management x Ripeness 2 3.26™
Treatments 5 3.17*
Blocks 4 0.63™
Waste 20 -
Total 29 -
C.V. (%) 26.5

*: significant at 5%; **: significant at 1%; ns: non-significant.
(MVariation factor; @ Freedom degree; ®Moisture content of recently harvested seeds; » Moisture content of seeds after the resting period of fruits; ® Germination;
© Seedling emergence; ' Number of seeds per fruit; @ Absence of values.

Table 2. Number of seeds per fruit and moisture content of organically produced bell pepper seeds, cv. Magda, according to
management system and ripening stage of fruits.

Fruit ripening stage

Green Green/reddish Red
Management (51 DAA) (60 DAA) (70 DAA) Average
Number of seeds per fruit
unit
Without thinning 200 269 262 244 a
With thinning 206 147 220 191b
Average 203 A 208 A 241 A
C.V. (%) 259
Moisture content of recently harvested seeds
%
Without thinning 52.5bA 52.8 aA 53.9 aA 53.0
With thinning 56.9 aA 52.2 aB 54.0 aB 543
Average 54.7 52.5 54.0
C.V. (%) 3.8

Averages followed by the same lowercase letter in the column and the same capital letter on the line do not different among themselves by Tukey’s test at 5% probability.
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Table 3.
management system and ripening stage of fruits.

Germination and seedling emergence (vigor) of organically produced bell pepper seeds, cv. Magda, according to

Fruit ripening stage

Green Green/reddish Red
Management (51 DAA) (60 DAA) (70 DAA) Average
Germination
%
Without thinning 98 95 96 96 a
With thinning 91 93 92 92b
Average 94 A 94 A 94 A
C.V. (%) 3.9
Seedling emergence
%
Without thinning 90 90 91 90 a
With thinning 89 91 90 90 a
Average 90 A 91 A 91 A
C.V. (%) 2.4

Averages followed by the same lowercase letter in the column and the same capital letter on the line do not different among themselves by Tukey’s test at 5% probability.

statistical difference among the ripening stages.

It is also possible that the germination of organically
produced bell pepper seeds was higher than the trading
standard for the species (Brasil, 1986), that is, 70%
minimum germination for distribution, transportation and
commercialization of seeds and 75% for import.

The ideal period to harvest seeds is at the physiological
ripeness point, characterized by the maximum accumulation
of dry matter and, consequently, the best possible quality
(Marcos-Filho, 2015). By the obtained data, it is possible
to observe that there was no germination difference as for
the ripening stage of fruits, that is, for the production of
“Magda” bell pepper seeds in organic systems and protected
cultivation, fruits may be harvested when green, starting
from day 51 after anthesis.

Pereira et al. (2014) reported that in vegetables with fleshy
fruits, seed ripeness generally coincides with the start of the
color change of fruits; they however highlighted that it is not
always necessary to wait for complete ripeness in order to
collect them. Nonetheless, the results obtained in this research
contradict literature, since maintaining fruits on the field is a
decision that may reduce the physiological quality of seeds,
due to the exposure to the attack of insects and pathogens.

In the analysis of seed vigor, through the seedling
emergence test, there was no interaction between the factors
nor isolated effect of the treatments (Table 1).This result
establishes the free growth as profitable compared to branch
thinning, since it provided a higher germination percentage
and did not interfere in the establishment capacity of seedlings
on the field. It is worth highlighting the high quality of seeds

produced in an organic system and protected environment,
which showed an emergence value of 90% (Table 3).

Under the conditions of this experiment, using the cultivar
“Magda”, the production of bell pepper seeds in an organic
system appeared to be promising, since a high physiological
potential was obtained without using agrochemicals during
the development of plants. The absence of plant thinning
proved to be enough for this kind of cultivation, enabling the
reduction of costs and increasing the number of seeds per fruit
and, also, providing higher seed viability. This management
may have caused changes in the capture of photo-assimilated
compounds and in the distribution of nutrients, thus affecting
the fecundation process (Marschner, 2012), and increasing the
production of seeds.

Conclusions

The absence of branch thinning on bell pepper plants
results in the production of more viable seeds and more seeds
per fruit.

The bell pepper harvest to produce seeds may be
performed with fruits at the green ripening stage (51 DAA),
without damages in the seed quality.
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