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Abstract
Seed quality is extremely important for the crop production system, and storage conditions are important to preserve this quality.
The objective this study was to evaluate the physiological quality of yellow passion fruit seeds with different water contents pla ced
in a cold chamber room (4°C) and in a natural laboratory environment (25 ± 2°C) for a period of eight months (240 days). Passion
fruit seeds were harvested in orchards of the southern region of Espírito Santo, with water content adjusted to 10%; 14%; 18% and
22%, and placed in a cold chamber room and a natural laboratory environment. Germination, germination speed index, shoot and
root length, fresh and dry mass of normal seedlings were evaluated. The experimental design was completely randomized, with
two environments (cold chamber room and natural laboratory environment) and with a plot experimental arrangement subdivided
according to time, with four replicates of 25 seeds within each environment. Yellow passion fruit seeds placed in a cold chamber
room and natural environment with 14% of water content presented a higher physiological quality during eight months of storage.
Yellow passion fruit seeds placed in a cold chamber room and natural environment presented maximum germination and vigour
with 60 days of storage. Yellow passion fruit seeds exhibit orthodox behaviour, and should be stored at 14% of water content, in a
cold chamber room and natural environment, without loss of viability and physiological quality over eight months, presenting
maximum germination and vigour after 60 days storage, without the presence of pathogens.
Keywords: germination; Passiflora edulis Sims. f. flavicarpa Deg; storage; vigor.
Abbreviation: CC_cold chamber; DM_dry mass; FM_ fresh mass; G_germination; GSI_ germination speed index; LAP_ length of
aerial part; NE_natural environment; RL_ root length.

Introduction
The passion fruit (Passiflora spp.) species belongs to the
family Passifloraceae, and is found in tropical America. Brazil
has a large number of such species from this family, of which
more than 520 belong to the genus Passiflora. Among the
edible and marketable species, yellow passion fruit
(Passiflora edulis Sims. f. flavicarpa Deg.) is the best known
and most cultivated in Brazil, accounting for 95% of the
national production, with approximately 5% represented by
purple passion fruit (Passiflora edulis Sims.) and sweet
passion fruit (Passiflora alata Curtis) (Alexandre et al., 2009;
Ibge, 2011).
Seed quality is extremely important for the crop production
system, and storage conditions are important to preserve
this quality. Relative humidity is related to the seed moisture

content, besides controlling different metabolic processes,
while temperature influences the speed of the biochemical
processes, and indirectly interferes in the seed moisture
content (Carakal and Nakagawa, 2012). Storage is an
important method for the ex-situ conservation of genetic
resources of plant species, aiming to conserve, improve or
propagate the species (Caetano et al., 2012).
The physiological performance of yellow passion fruit seeds
presents temporal variations which can cause seed
dormancy (Martins et al., 2005). According to Souza et al.
(2015), Passiflora ligularis Juss seeds freshly harvested from
the fruit have a low germination percentage, and present a
lower growth in height when compared to plants from
stored seeds.
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During the seed storage period, relative humidity and
temperature conditions, depending on the specific
hygroscopic balance, will determine the maintenance of the
physiological quality for a greater or lesser period (Borges et
al., 2009). In this condition, there is a lower evolution of
seed damage due to moisture, while in the natural
environment, without temperature and relative humidity
control, the seeds present lower physiological quality and
greater evolution (Forti et al., 2010; Marques et al., 2014).
Proper storage depends on the good quality of the stored
product. In order to obtain better seed quality, certain care
should start in cultivation, avoiding mechanical damage,
insect attack and a delayed harvest (Goldfarb and Queiroga,
2013). However, deterioration is an irreversible process
(Popinigis, 1985), and it can be intensified by extending the
seed storage period, even if it is done under refrigerated
conditions (Cunha et al., 2009). The deterioration process of
stored seeds is inevitable. With storage, seeds may lose their
vigour, become more susceptible to stress during
germination, and lose their ability to produce normal
seedlings (Silva et al., 2014).
The objective of this study was to evaluate the behavior of
yellow passion fruit seeds (Passiflora edulis Sims. f.
flavicarpa Deg.) with different water content, placed in a
cold chamber room and in a natural laboratory environment,
without any relative humidity and temperature control for a
period of eight months (240 days).

Physiological quality of stored passion fruit seeds
Seeds stored in a cold chamber with 18% and 22% water
content and seeds stored in a natural laboratory
environment, without relative humidity and temperature
control, at 22% water content were not submitted to
regression analysis because they presented low values in
relation to those with a lower water content, corroborating
the results observed in Jatropha curcas (Guzman and
Aquino, 2009). According to Antunes et al. (2010), the seed
moisture content is the factor that most interferes in the
management of the physiological quality; therefore, the
lower the water content, the greater the seed longevity.
Queiroga et al. (2009) observed that 10% of water content
conserved the physiological quality of the cotton seeds of
the cultivars BRS Verde and CNPA 7H better. On the other
hand, Marcos Filho (2015) states that the orthodox seeds
moisture content generally should be 10% to 12%, in order
to store the seeds for six to eight months. However, in the
present study, seeds with 14% water content placed in the
cold chamber presented a higher germination percentage
and GSI when compared to those with 10% water content
(Figure 1).
During the storage period, an increase in the germination
percentage and rate was observed after two months of
storage, which may be due to the seed dormancy
phenomenon, agreeing with Lima et al. (2010), who
reported that yellow passion fruit seeds present postharvest dormancy, and break seed dormancy 30 days after
storage Similarly, the storage of crambe seeds in the natural
environment broke seed dormancy after the third month of
storage (Bessa et al., 2015).
However, after 60 days of storage, there were oscillations in
the germination values, and a tendency to decrease in the
process speed over the storage period. The decline of
physiological potential over the period is not restricted to a
decrease in germination capacity, but this also becomes
slower, accompanied by a decline in sensitivity to
environmental adversities, characterizing the decrease of
vigour (Marcos Filho, 2015).
Low-temperature environments favour and preserve seed
viability, as verified in C. vernalis seeds (Vieira et al., 2008).
Similarly, Catunda et al. (2003) observed that the
refrigerated environment (4 °C) preserved the viability of
yellow passion fruit seeds for a period of 10 months of
storage, and when packed in glass and polyethylene
containers, the physiological quality was preserved for 90
and 180 days, respectively (Carlesso et al., 2008). Sunflower
seeds tolerated storage for 180 days, at temperatures below
zero and presented viability and preservation of vigour, with
low seed deterioration, indicated by the low level of
peroxides (Motta et al., 2014).
The highest mean germination rate was observed in seeds
with 14% and 10% water content respectively, stored for
two months, and the mean was 18% water content, also
with two months of storage. However, Martins et al. (2005)
state that the conservation of yellow passion fruit seeds
stored in room temperature is favoured by the combination
of 10% water content with a temperature of 20 °C. The
seeds stored in a natural environment, after two months,
showed a significant increase in germination speed and
percentage (Figure 2). After the storage period, there was a

Results and Discussion
Behaviour of yellow passion fruit seeds with different water
content
Yellow passion fruit seeds with 14% water content placed in
a cold chamber room presented a higher germination
percentage (50.4%) and germination rate (1.50), while the
seeds with the highest water content, 18% and 22%,
recorded the lowest results (3.6%, 0.10 and 1.4%, 0.05,
respectively), with no significant difference between them.
This is due to the level of deterioration that is closely
associated with the seed moisture content; adding more
moisture may promote a decrease in the seeds physiological
quality (Marcos Filho, 2015) (Table 1). However, low seed
moisture content decreases metabolic activity, deterioration
occurs and physiological quality can be preserved for a
longer period (Cardoso et al., 2012). The most evident
physiological symptoms of seed deterioration are
manifested during germination and early seedling
development (José et al., 2010).
Regarding the seedlings’ characteristics, there was no
significant difference between the seedlings from seeds with
10% and 14% water content, both presenting higher
averages when compared to the averages of 18% and 22%
water content (Table 1).
In the natural environment, seeds with 14% water content
presented a higher germination percentage and germination
speed index (69% and 3.72, respectively), while seeds with
22% water content presented lower averages (8.4% and 1.4,
respectively), seedlings from seeds with 10%, 14% and 18%
did not present a significant difference, and seedlings from
seeds with 22% had lower mean values (Table 1).
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Table 1. Germination (G), germination speed index (GSI), length of aerial part (LAP), root length (RL), fresh mass (FM) and dry mass
(DM) of Passiflora edulis Sims. f. flavicarpa Deg., with different water contents 10%; 14%; 18% and 22%, after eight months (240
days) of storage in cold chamber (CC) and natural environment (NE).
Environments
Water
G
GSI
LAP
RL
FM
DM
content (%)
(%)
(cm)
(cm)
(mg)
(mg)
10
36.4b
1.20b
5.28a
4.63a
76.13a
6.48a
14
50.4a
1.50a
5.25a
4.77a
78.22a
6.84a
CC
18
3.6c
0.10c
3.06b
1.86b
44.29b
3.41b
22
1.4c
0.05c
0.49c
0.55c
5.78c
0.53c
10
58.4b
3.46a
5.21a
4.93a
48.07a
5.94a
14
69.0a
3.72a
5.21a
5.23a
49.82a
5.71a
NE
18
50.8c
2.59b
4.27a
4.07a
46.67a
5.57a
22
8.4d
1.40c
0.80b
1.20b
8.84b
1.63b
Means followed by the same letter, lowercase in the column, not differ by Tukey's test at the 5% probability level.

Fig 1. Germination, germination speed index of seeds of Passiflora edulis Sims. f. flavicarpa Deg., with water contents 10% and 14%,
stored for eight months (240 days) of in cold chamber.

Fig 2. Germination, germination speed index of seeds of Passiflora edulis Sims. f. flavicarpa Deg., with water contents 10%; 14% and
18%, stored for eight months (240 days) of in and natural environment.
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Fig 3. Length of aerial part, root length, fresh mass and dry mass of seedlings origining of seeds of Passiflora edulis Sims. f.
flavicarpa Deg., with water contents 10% and 14%, stored for eight months (240 days) of in cold chamber.

Fig 4. Length of aerial part, root length, fresh mass and dry mass of seedlings origining of seeds of Passiflora edulis Sims. f.
flavicarpa Deg., with water contents 10%; 14% and 18%, stored for eight months (240 days) of in and natural environment.
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progressive decrease in the germination speed, which is
associated with the decrease in the seed vigour. Similar
results were observed in jatropha seeds (Worang et al.,
2008); beans (Silva et al., 2010); ipê-branco (Abbade and
Takaki, 2014) and soybean (Smaniotto et al., 2014).
The storage time did not influence the shoot length, root
length, fresh mass and dry mass of the seedlings in seeds
stored in a cold chamber room with 10% and 14% water
content (Figure 3). In contrast, Morais et al. (2014), when
studying the vigour conservation of pinha seeds, observed
that the storage time significantly affected the dry mass of
the seedlings.
For seedling characteristics, the seeds stored for two months
in a natural laboratory environment with 14% water content
showed a higher mean in the length of shoot, root length,
and fresh and dry mass of the seedlings. In addition, there
was a decrease in the means of seedling characteristics after
two months of storage (Figure 4).

Germination speed index (GSI) - determined according to
Maguire' methodology (1962), concomitant with the
germination test, calculated daily on the number of seeds
that had primary root protrusion equal to or greater than 2
mm.
Length of aerial part - was determined 28 days after sowing,
using a millimetre ruler, by measuring the length between
the collar and the last leaf apex of ten seedlings, and the
-1
result expressed in plant cm.
Root length was determined 28 days after sowing, using a
millimetre ruler, measuring ten seedlings from the neck to
the tip of the largest root, and the results expressed in plant
1
cm.
The fresh and dry mass of the seedlings were determined 28
days after sowing in an analytical balance (0.0001 g). After
the fresh mass was obtained, the seedlings were packed in
kraft-type paper bags, kept in a convection oven at 72 ºC for
72 hours (constant mass), and the results expressed in
-1
plantula .mg.

Materials and Methods
Study design and statistical analysis
Plant materials
The experimental design was completely randomized, with
two environments (cold chamber room 4°C and natural
laboratory environment 25 ± 2°C) and with a plot
experimental arrangement subdivided according to time,
(plot: seed moisture contents 10%; 14%; 18% and 22%,
subplot: zero, two, four, six and eight months of storage),
conducted with four replicates of 25 seeds within each
environment. All statistical analyzes were performed using
the software R (R Core Team, 2017). The plot averages were
compared by the F test at a 5% probability level and the
Tukey test was performed, while the subplots were
submitted to a regression analysis.

The study was carried out in the Seed Analysis Laboratory of
the Center of Agrarian Sciences and Engineering of the
Federal University of Espírito Santo (CCAE-UFES), in the city
of Alegre-ES, using yellow passion fruit seeds, the hybrid BRS
Rubi do Cerrado - BRS RC (Passiflora edulis Sims. f. flavicarpa
Deg.) from fruit harvested in orchards located in the
southern region of the state of Espírito Santo, Brazil.
Adjusting the seed moisture content
The seeds of ripe and freshly harvested fruit were extracted
with a sterilized spoon, and then the pulp was removed by
extinguished lime, using a sieve. The seeds were washed in
running water and kept on germitest paper roll for drying,
adjusted to water contents of: 10%; 14%; 18% and 22% using
humid chambers, and weighed periodically to adjust the
water content to desired levels. Afterwards, the seed
samples were submitted to germination and vigor tests, and
the rest of the samples were placed in plastic bags of 0.10
mm, sealed and placed in a cold chamber room at 4°C and a
natural laboratory environment, ± 25°C without relative
humidity and temperature control for eight months (240
days), being evaluated every two months:

Conclusion
Yellow passion fruit seeds placed in a cold chamber room
and natural environment with 14% water content present
higher physiological quality during eight months (240 days)
of storage. Yellow passion fruit seeds placed in a cold
chamber room and the natural environment present
maximum germination and vigour after 60 days of storage.
Yellow passion fruit seeds exhibit orthodox behaviour, and
should be stored at 14% water content in a cold chamber
room and natural environment, without loss of viability and
physiological quality, for eight months (240 days), presenting
maximum germination and vigour after 60 days storage,
without the presence of pathogens.

Physiological quality of the passion fruit seeds
The seed moisture content - was determined with two
replicates, by the greenhouse method, at 105 ± 3°C, for 24
hours, according to the instructions of the Rules for Seed
Analysis (Brasil, 2009).
Germination - four replicates of 25 seeds for each treatment
were produced, seeded on germitest paper rolls moistened
with distilled water at a ratio 2.5 times the mass of the dry
paper, kept in a BOD-type germination chamber, with
alternating temperatures of 20-30ºC, without the presence
of light. The evaluations were held seven and 28 days after
sowing, calculating the percentage of normal seedlings
(Brasil, 2009), and the results expressed the germination
percentage.
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