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Abstract

The aim of this work was to study the physiological quality of ‘BRS’ passion fruit seeds grown at different altitudes stored in
cold chamber and in natural environment for six months. Hybrid passion fruit seeds (BRS Gigante Amarelo, BRS Sol do Cerrado
and BRS Rubi do Cerrado) grown at three altitudes (104; 711; 1016 meters) in the southern region of the state of Espirito Santo
were used. Germination was carried out in germitest paper rolls, placed in BOD-type germination chambers at temperature
of 20-30 °C. The following parameters were analyzed: germination, germinatfion speed index, shoot and root length and dry
mass of seedlings. The experimental design used was completely randomized in a factorial scheme with split plot in time
4x(3x3) (four bimonthly analyses x three hybrids x three altitudes), with two independent storage environments and three
replicates of 100 seeds. Hybrid Passiflora edulis f. flavicarpa seeds can be stored in natural environment or cold chamber.
Hybrid yellow passion fruit seeds grown at altitudes of 104 and 711 meters show higher germination and vigor percentages.
Hybrid ‘Gigante Amarelo’ seeds had lower averages for variables under study, regardless of altitude. Hybrid ‘Rubi do Cerrado’
seeds grown at altitude of 1016 meters and hybrid ‘Sol do Cerrado’ seeds grown at altifudes of 104 and 711 meters have
higher germination and vigor percentages and can be stored for 180 days in natural environment or cold chamber without
viability loss. Flavicarpa can be stored in natural environment or cold chamber. Hybrid yellow passion fruit seeds grown at
alfitudes of 104 and 711 meters show higher germination and vigor percentages. Hybrid ‘Gigante Amarelo’ seeds had lower
averages for variables under study, regardless of altitude. Hybrid ‘Rubi do Cerrado’ seeds grown at altitude of 1016 meters
and hybrid ‘Sol do Cerrado’ seeds grown at altitudes of 104 and 711 meters have higher germination and vigor percentages
and can be stored for 180 days in natural environment or cold chamber without viability loss. Passiflora edulis f. flavicarpa can
be stored in natural environment or cold chamber. Hybrid yellow passion fruit seeds grown at altitudes of 104 and 711 meters
show higher germination and vigor percentages. Hybrid ‘Gigantfe Amarelo’ seeds had lower averages for variables under
study, regardless of altitude. Hybrid ‘Rubi do Cerrado’ seeds grown at alfifude of 1016 meters and hybrid ‘Sol do Cerrado’
seeds grown at alfifudes of 104 and 711 meters have higher germinatfion and vigor percentages and can be stored for 180
days in natural environment or cold chamber without viability loss. Hybrid ‘Gigante Amarelo’ seeds had lower averages for
variables under study, regardless of altitude. Hybrid ‘Rubi do Cerrado’ seeds grown at altitude of 1016 meters and hybrid ‘Sol
do Cerrado’ seeds grown af altitudes of 104 and 711 meters have higher germination and vigor percentages and can be
stored for 180 days in natural environment or cold chamber without viability loss. Hybrid ‘Gigante Amarelo’ seeds had lower
averages for variables under study, regardless of altitude. Hybrid ‘Rubi do Cerrado’ seeds grown at altitude of 1016 meters
and hybrid ‘Sol do Cerrado’ seeds grown at altitudes of 104 and 711 meters have higher germination and vigor percentages

and can be stored for 180 days in natural environment or cold chamber without viability loss.
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Introduction

Passion fruit belongs to the Passifloraceae family
and Passiflora genus, which stands out as the most
economically important. Brazil is considered the center
of origin for approximately 150 known species, of which
87 are endemic. It is currently the world's largest passion
fruit producer, with production of 593,429 tons in an area
of 41,584 hectares. The Northeastern region has been
leading Brazilian production in recent years, accounting
for 64.5% of production, followed by the Southeastern,
Southern, Northern and Midwestern regions (lbge, 2019).

The most suitable regions for growing passion fruit
are at alfitudes between 100 and 1000 m, with average
temperature between 25 and 26 °C; ideal rainfall between
1,200 and 1,400 mm, well distributed throughout the year,
low relative humidity and high luminosity. The plant needs
at least 11 hours of light/day for floral induction to occur
(Fraife Filho et al., 2010).

The crop is cultivated by small, medium and large
producers in almost all regions, and can be conducted
in different types of soil, but does not adapt well to
places that suffer from frost or have soggy soils. However,
given the growing demand from the productive sector,
Embrapa maintains a passion fruit breeding program
(Embrapa, 2014).

‘BRS Rubi do Cerrado' hybrid, launched in 2012,
was obtained based on population improvement by
recurrent selection, obtaining and evaluating inter and
infraspecific hybrids, is resistant to the main passion fruit
diseases. ‘BRS Gigante Amarelo’ and ‘BRS Sol do Cerrado’
hybrids, launched in 2008, show high productivity, good
adaptation to different edaphoclimatic conditions, high
fruit quality and high pulp yield for agro-industrial purposes
(Embrapa, 2012).

The quality of seeds is an important factor for
the crop conduction and the storage conditions are
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fundamental for the preservation of their quality. Relative
humidity is related to the water content of seeds, while
temperature
processes and indirectly interferes with the water content
of seeds (Carvalho & Nakagawa, 2012).
beyond the storage period, viability responses may vary
depending on the species and seed sensitivity (Hossel et
al., 2016).

To obtain higher quality seeds, care should begin
in the field, avoiding mechanical damage, insect attack
and harvest delay (Goldfarb & Queiroga, 2013). However,
the deterioration of stored seeds is unavoidable, which
lose vigor, become more susceptible to stress during
germination and lose ability to originate normal seedlings
(Silva et al., 2014).

In view of the above, the aim of this work was to
study the physiological quality of ‘BRS' passion fruit seeds
grown at different alfitudes and stored in cold chamber

influences the speed of biochemical

However,

and in natural environment for six months.

Material And Methods

The workwas carried out at the Laboratory of Seed
Analysis, Center for Agricultural Sciences and Engineering
of the Federal University of Espirito Santo (CCAE-UFES), in
the municipality of Alegre-ES. Hybrid passion fruit seeds
(BRS Gigante Amarelo, BRS Sol do Cerrado and BRS Rubi
do Cerrado) grown at three altitudes in the southern
region of the state of Espirito Santo were used (Table 1).

Seeds from ripe and freshly harvested fruits
were extracted with the aid of sterilized spoon; the pulp
with the slaked lime was removed with a sieve, washed
under running water and kept on germitest paper in
the shade until reaching 14% moisture. Subsequently,
they were packed in plastic BOPP packages (bioriented
polypropylene)
temperature of 4 °C and natural laboratory environment
(25 £ 2 °C), with no relative humidity control, for six
months. The following parameters were measured every

and stored in cold chamber at

two months:

Seed water confent - periodically determined
with two replicates of 15 seeds, by the oven method at
105 + 3 °C, for 24 hours (BRAZIL, 2009);

Table 1- Seed collection location

Germination - carried out with three replicates
of 100 seeds, which were sown in germitest paper rolls
moistened with distilled water at proportion of 2.5 times
the mass of the dry paper, kept in BOD-type germination
chamber, regulated at alternating temperature of 20-
30 °C, in the absence of light. Analyses were carried
out seven and 28 days after sowing, calculating the
percentage of normal seedlings (Brazil, 2009), and results
were expressed as germination percentage;

Germination speed index (GSl) - determined
concomitantly with the germination test, being measured
daily until the 28" day as the number of seeds presenting
primary root protfrusion equal to or greater than 2 mm
(Maguire, 1962);

Shoot length - determined 28 days after sowing
with the aid of millimeter ruler, by measuring the length
between the stem and the apex of the last leaf of each
plant in the sample and the result expressed in cm plant™;

Root length - determined 28 days after sowing
with the aid of milimeter ruler, measured from the neck
of the plant fo the fip of the largest root and results
expressed in cm plant;

Seedling dry mass - defermined 28 days after
sowing, using analytical scale (0.0001 g). Seedlings were
placed in Kraft paper bags, kept in convection oven at
72 °C for 72 hours (constant mass) and results expressed
in mg seedling™.

The experimental design used was completely
randomized, in a factorial scheme with split plot in time
4x(3x3) (four bimonthly analyses for six months of storage
x three hybrids x three altitudes with two independent
storage environments (natural environment and cold
chamber), with three replicates of 100 seeds. For
the quantitative factor, linear regression analysis was
performed and for qualitative factors, the average test
was performed using the Tukey method, with significance
at 5% probability level. Statistical analyses were performed
using the R software (R Core Team, 2021).

Results and discussion
Germination, germination speed index (GSl),
shoot length (SL) and seedling dry mass (DM) did not

Data Alfitude (m)
104 711 1016
Latitude 20° 48’ 9.93"" S 20°37' 51.91"" S 20°28' 09.40"" S
Longitude 41°24' 2485 O 41°36' 15.97"" O 41° 43" 31.63"" O

Climate (Képpen-Geiger climate

classification)
Average temperature (°C)

Average anual rainfall (mm)

Tropical - Aw

23.8
1094

Subtropical with dry winter

and hot summer - Cwa
23.0 19.8

1341 1286

Hot and tempered - Cwa

Comunicata Scientiae, v.14: €3993, 2023



Lima et al. (2023)

Physiological quality of ‘BRS’ passion...

show significant difference in relation to the two storage
environments (nafural environment and cold chamber),
although seedlings from seeds stored in cold chamber
showed higher average root length (RL), suggesting
that this is the best condition for preserving viability and
maintaining vigor of hybrid ‘BRS’ yellow passion fruit
seeds (Table 2). According to Smaniotto et al. (2014),
the acclimatized environment (20 °C) provides better
conservation of the physiological quality of seeds.
However, MEZZALIRA et al. (2012) in studies with the genus

Table 2 - Anova table of yellow passion fruit BRS hybrid seeds,
stored in a natural laboratory environment and cold chamber,
for 180 days

Mean Square

Source of variation Germination  GSI SL RL DM
Treatment 251.34m 3.51™  0.54m  8.817™  0.247™
Residue 884.25 28.64 1.995 1153 0.771
Environments Mean
Naturalenvironment 65all 10.5a 67a 38b 6.7 a
Cold chambre 67 a 108a 68a 4.2a 6.7 a

nnot significant. ' Means followed by the same lowercase letter, do not differ from each other at a 5%
level, according to the F test.

Passiflora, found that storage in natural environment for a
period of six months-maintained seed vigor.

The germination percentage of the three hybrids
‘BRS’ yellow passion fruits grown at 711 or 1016 meters, at
time zero, did not present significant difference; however,
hybrid ‘Rubi
seeds grown at 104 meters presented higher average
germination values (Table 3).

Seeds grown at

‘Gigante Amarelo’ and do Cerrado’

104 meters did not show
significant difference regardless of hybrid after 60 days
of storage. However, hybrid ‘Rubi do Cerrado’ seeds
grown at altitude of 1016 meters and hybrid ‘Sol do
Cerrado’ seeds grown at altitude of 711 meters showed
the highest germination average values when stored for
60 days in natural laboratory environment, and hybrid

‘Rubi do Cerrado’ seeds grown at 1016 meters and
hybrid ‘Gigante Amarelo’ and ‘Sol do Cerrado’ seeds
grown at 711 meters of altitude showed the highest
average germination values when stored for 60 days in
cold chamber. Similar behavior was observed after 120
and 180 days of cold storage. This behavior suggests that
the germination of passion fruit seeds is influenced by
plant genotype and the place where seeds were grown
(Alexandre et al., 2004). Behavior similar to that found by
Coelho et al. (2013) in seeds of Caesalpinia ferrea Mart.
ex tul. var. ferreq, in which they observed differences in
the germination process depending on where the seeds
were harvested.

At fime zero and after 120 days of storage in
natural environment, seeds from the three hybrids grown
at 104 and 711 meters of altitude showed higher average
germination values. However, after 60 days of storage in
natural environment, the highest average germination
values were observed for hybrid ‘Gigante Amarelo’ and
‘Rubi do Cerrado’ seeds grown at 104 meters of alfitude
and hybrid ‘Sol do Cerrado’ seeds grown af 104 and 711
meters of alfitude; however, with no difference between
altitudes. After 180 days of storage in natural environment,
the highest average germination values were observed
for hybrid ‘Gigante Amarelo’ and ‘Sol do Cerrado’
seeds grown at 104 and 711 meters of altitude and for
hybrid ‘Rubi do Cerrado’ seeds grown at 104 meters of
altitude, suggesting that the origin of seeds influences
their germination. According fo Bauk et al. (2014), hybrid
‘Gigante Amarelo’ and ‘Sol do Cerrado’ seeds stored
in cold chamber, after 60 days, showed higher average
germination values, when grown at 104 and 711 meters
of altitude, and hybrid ‘Rubi do Cerrado’ seeds grown
at 104 meters of altitude. After 120 and 180 days of
storage in cold chamber, hybrid ‘Rubi do Cerrado’ and

Table 3 - Germination (%) of hybrid BRS seeds of yellow passion fruit (Gigante Amarelo, Rubi do Cerrado and Sol do Cerrado), from
fruits at three altitudes (104; 711 and 1016 meters), stored in a natural environment and cold chamber for 180 days

Storage environments and cultivation Altitudes (m)

Time (days) Hybrids BRS Natural environment Cold chamber
104 711 1016 104 711 1016

0 GA 97aaA 92 aaA 27 aabB 97 aaA 92 aaA 27 aabB
0 RC 90 abaA 93 acA 21 acB 90 abaA 93 acA 21 acB
0 SC 88 baA 89 aaA 26 aaB 88 baA 89 aaA 26 aaB
60 GA 88 abas 75 bbB 33 baC 92 aaA 84 aabA 36 baB
60 RC 87 aaA 71 bbB 51 aaC 93 aaA 54 bcB 51 aaB
60 SC 93 acA 90 acA 16 cbB 96 aaA 90 acA 28 baB
120 GA 81 bbA 76 bbA 19 bbB 95 aaA 80 bbB 20 bbC
120 RC 76 bbA 68 cbA 43 abB 91 aaA 86 ababA 45 abB
120 SC 8% aaA 92 aaA 5,0 ccB 93 aaA 91 aaA 8,0 cbB
180 GA 85 bbA 83 abas 21 bbB 89 aaA 52 ccB 22 bbC
180 RC 74 cbA 66 bbB 43 aabC 83 abas 81 bbA 52 aaB
180 SC 95 aaA 90 acA 18 babB 90 acA 91 acA 11 cbB

1§ Means followed by the same letter, lowercase between different hybrids within each altitude and time, lowercase italicized between the same hybrid at different times, and capital letters between different

locations within each hybrid and time, do not differ between si at a 5% level, by Tukey's test.
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‘Sol do Cerrado’ seeds grown at 104 and 711 meters of
altitude, and hybrid ‘Gigante Amarelo’ seeds grown at
104 meters, presented the highest average germination
values, with significant difference between them. Seeds
grown at 104 and 711 meters of alfitude, that is, grown at
lower and median alfitude, respectively, showed higher
germination percentages, unlike what has been reported
by Chen et al. (2017), in which high altitudes favor the
formation of larger seeds.

Hybrid seeds grown at
1016 meters of altitude showed higher germination
percentage at time zero and after 60 days of storage
in natural environment and cold chamber (Figure 1A
and 1B), while seeds from fruits harvested at 104 and
711 meters of altitude, at time zero (before storage) and
stored in natural environment, showed higher germination

‘Gigante  Amarelo’

percentage. Seeds from fruits harvested at altitude of
104 meters and stored in cold chamber showed no
difference in germination throughout the storage period,
while seeds from fruits harvested at altitude of 711 meters
showed higher germination percentages at time zero
and after 60 days of storage.

Hybrid ‘Rubi do Cerrado' seeds cultivated at
altitude of 1016 meters showed higher germination
percentage when stored for 60 and 120 days in natural
environment; in cold chamber, as the storage fime
increased, germinafion percentfage also increased.
However, seeds grown at 104 and 711 meters of altitude
and stored in natural environment showed the opposite
behavior, that is, as the storage time increased, the
germination percentage decreased. Only seeds grown
at 104 meters and stored for 60 and 120 days in cold

Gigante Amarelo - 104 metros - === Riti do Cerrado - 104 metros Sol do Cemado - 104 metros
Gigante Amarelo - 711 metros = === Rubi do Cerrado - 711 metros == Sol do Cemado - 711 metros A
Gigante Amarelo - 1016 metros = = = = Rubi do Cerrado - 1016 metros Sol do Cemrado - 1016 metros
Gizante Amarclo - 104 meters = 97.85%-0.2386%x + 0.0009°x°
R =0.9648
Gigante Amarclo - 711 mcters =91.017%-0.3303*x +0.0016°x*
oy Ri= 09513
’\? 0 Tl Gigante Amarelo - 1016 meters = 28.8%-0.0033%x. 0.0003%x*
S | Tttt rraccceam === Ri=0.46
N 60
g Rubi do Cemrado - 104 meters = 90.833%-0.1133%x +0.0001%%*
€504 0000 aceeeeecemenaa.. R =0.9182
= e Py, Rubi do Cerrado- 711 meters =92.4%-0.3933%x +0.0014°x*
E 40 o L S R® =0.9642
9 e Rubi do Cemrado - 1016 meters =23.167% + 0.4694°x - 0.0021°%*
O 30 e o R¥ = 0.7882
23 R
20 [ ... TTT—————____ SoldoCamado- 104 mecters = 88.6* + 0.0156%x+ 0.0001%x*
“1 0 ThNS~——.. - RI=0.5234
10 4T e e Sol do Cemrado - 711 meters = §9.1% + 0.0378%x - 0.0002%%*
R¥=0.6621
0 - : ’ . Sol do Cemrado - 1016 meters = 27.583%-0.3625*x +0.0017°x*
0 30 60 90 120 150 180 R*=0.8701
Time (days)
——— Gigante Amarelo - 104 metros = === Riti do Cerrado - 104 metros s Sol do Cemrado - 104 metros
Gigante Amarelo - 711 metros - === Rubi do Cerrado - 711 metros == Sol do Cemrado - 711 metros B
Gigante Amarelo - 1016 metros - === Rubi do Cerrado - 1016 metros -- Sol do Cemado - 1016 metros
100
RS UL LU L L L L Gigante Amarclo - 104 meters = 96.516* - 0.0247%x. 0.0001%%"
90 & S ewe——mmassettesessssasesesesessseteninfen e aiiTIii e g mz=2 R? = 0.6837
%6 \.\‘ ‘::-"'“" Gizante Amarclo - 711 meters = 90.16* + 0.0529%x -0.0014%x
T S - R? =0.9507
S T0 e et < Gigante Amarclo - 1016 meters = 29.167* + 0.0333%x - 0.0005%*
e R¥=0.3741
N
p 60 Rubi do Cemrado - 104 meters = §9.983% + 0.1014%x - 0.0008x*
< R*=0.9974
®SO4aeememmTTTIITITTTTTT s Rubi do Cerrado» 711 mcters = §7.9% + 0.438%x + 0.0024*x*
R-| g E Ri=0.33
g 0 R Rubi do Cerrado - 1016 meters = 23.15% + 0.4275%x - 0.0016°%"
S L R =0.808$
[O2 {1 R — —_— N
P e N T Sol do Cerrado - 104 meters = §8.299* + 0.1411%x - 0.0007%x*
o T —_— R =0.7363
204 e, E
________________________ Sol do Cerrado - 711 meters = §9.283* + 0.0075%x -0.0014%x*
w4 T e R?=0.9802
0 - ) Sol do Cerrado - 1016 meters = 28.683% - 0.1303%x + 0.0001%%*
Ri=0.662
0 30 60 90 120 150 180
Time (days)

Figure 1 - Regressions obtained for germination (%), referring to the splitting of the factorial between the seeds
of BRS hybrids of yellow passion fruit cultivated at different altitudes and stored in natural environments (A) and
cold chamber (B). *Significant at the 5% level of probability; ™ not significant. R?2= coefficient of determination of
the regression
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chamber showed higher germination percentages.
Similar behavior was observed by Carvalho et al. (2018)
for P. alata '‘BRS Mel do Cerrado’ seeds, whose storage
120 days increased the seedling
emergence percentage and speed. When obtfained
from fruits harvested at 711 meters of altitude and stored
in cold chamber, initial decrease in the germination
percentage was observed, culminating in increase after
180 days of storage.

Hybrid ‘Sol do Cerrado’ seeds, when cultivated
at 1016 meters of altitude, showed increase in seed
germination percentage with increasing storage time,

between 60 and

regardless of storage environment. However, the fruits
from 104 meters of altitude, whose seeds were stored in
a natural environment, and cultivated at 711 meters of
altitude and the seeds stored in a natural environment
and cold chamber did noft differ in ferms of the storage
times studied, showing a reduction in the percentage
of germination after 60 days only in the seeds of fruits
harvested at 104 meters of altitude and stored in a cold
chamber. Santos et al. (2012) observed that Passiflora
mucronata seeds stored for one month, even when
submitted to pre-germinative procedures showed low
germination percentage. According to Smaniofto et al.
(2014), seeds tend to lose vigor and germination during
sforage due fo lipid peroxidation, along with high water
content and temperature.

Hybrid ‘Sol do Cerrado’ and ‘Gigante Amarelo’
seeds cultivated at altitude of 1016 meters showed higher
germination speed index (GSl), while hybrid ‘Gigante
Amarelo’ and ‘Rubi do Cerrado’ seeds culfivated at
altitude of 104 meters showed higher average GSI values
(Table 4).

Hybrid ‘Rubi do Cerrado’ seeds grown at 1016
meters and hybrid ‘Sol do Cerrado’ seeds grown at
711 meters and stored for 60 and 120 days in natural
average GSI
However, no significant difference between hybrids were
observed, when seeds were grown at 104 meters and
stored for 60 days in natural environment, but after 120
days of storage, average GSI values were similar to those
under 180 days of storage (Table 4).

Hybrid ‘Rubi do Cerrado’ seeds grown at 1016
meters of altitude and stored in cold chamber showed

environment showed higher values.

the highest average GSI values. After 60 days of storage,
hybrid ‘Rubi do Cerrado’ and ‘Sol do Cerrado’ seeds
grown at 104 meters and hybrid ‘Gigante Amarelo’ and
‘Sol do Cerrado’ seeds grown at 711 meters of alfitude
showed higher average GSI values. After 120 days of
storage, seeds grown at 104 meters of altitude did not show

significant difference in relation to the three hybrids under
study; however, hybrid ‘Sol do Cerrado’ seeds grown at
711 meters of altitude showed higher average GSI values.
After 180 days of storage, hybrid '‘Gigante Amarelo’ and
‘Sol do Cerrado’ seeds grown at 104 meters, and hybrid
‘Rubi do Cerrado’ and 'Sol do Cerrado’ seeds grown at
711 meters of altitude showed higher average GSl values
(Table 4), suggesting that the place of growth significantly
influenced seed vigor, corroborating results obtained in
sugar apple seeds by Araujo Neto et al (2013).

Hybrid ‘Gigante Amarelo’ and ‘Rubi do Cerrado’
seeds grown at 104 and 711 meters of altitude, at fime
zero, presented higher average GSI values, while hybrid
‘Sol do Cerrado’ seeds grown at 711 meters presented
the highest average GSl values. Hybrid ‘Gigante Amarelo’
and ‘Rubi do Cerrado’ seeds grown at 104 meters and
hybrid ‘Sol do Cerrado’ seeds grown at 711 meters of
altitude after 60 days of storage in natural environment
showed higher average GSI values. Hybrid ‘Gigante
Amarelo’ seeds with 120 and 180 days of storage in
natural environment grown at 104 meters and hybrid
‘Rubi do Cerrado’ and ‘Sol do Cerrado’ seeds grown at
104 and 711 meters of altitude showed higher average
GSl values (Table 4).

Hybrid ‘Gigante Amarelo’ seeds grown at 711
meters, hybrid ‘Rubi do Cerrado’ seeds grown at 104
meters and hybrid ‘Sol do Cerrado’ seeds grown at 104
and 711 meters of altitude, after 60 days of storage in cold
chamber, showed higher average GSI values. After 120
days of storage in cold chamber, seeds from the three
hybrids grown at 104 meters of altitude showed higher
average GSI values. Hybrid ‘Gigante Amarelo’ seeds
grown at 104 meters, hybrid ‘Rubi do Cerrado’ seeds
grown at 711 meters and hybrid ‘Sol do Cerrado’ seeds
grown at 104 and 711 meters of altitude showed higher
average GSl values (Table 4).

Hybrid ‘Gigante Amarelo’ seeds grown at the
three alfitudes, stored in natural environment and in cold
chamber, showed reduction in GSI values as storage fime
increased (Figure 2A and 2B).

Hybrid ‘Rubi do Cerrado’ seeds grown at altitude
of 1016 meters and stored in natural environment showed
increase in GSI values after 60 days and reduction after
120 days. However, when grown at 104 and 711 meters
of altitude, GSI values decreased with the increase in
storage time, and when stored in cold chamber, seeds
grown at 1016 and 104 meters showed behavior similar
fo that of seeds stored in natural environment; however,
seeds grown at 711 meters of altitude showed decrease
in GSI values affer 60 days, increasing after 180 days,
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Table 4 - Germination speed index of BRS yellow passion fruit hybrid seeds (Gigante Amarelo, Rubi do Cerrado and Sol do Cerrado),
from fruits at three altitudes (104; 711 and 1016 meters), stored in a natural environment and cold chamber for 180 days
Storage environments and culfivation Alfifudes (m)

Time Hybrids Nafural environmenf Cold chamber
(days) BRS
TO4 7T TOTS T04 7T1 TOTS

0 GA 15.4 abaAll 16.9 aaA 4.7 abaB 15.4abaA 16.9 aaA 4.7 aaB
0 RC 16.2 aaA 16.3 aaA 3.3 bcB 16.2 aaA 16.3 aaA 3.3 abB
0 SC 14.4 bbB 16.1 aabA 4.9 aaC 14.4 babB 16.1 aaA 4.9 aaC
60 GA 13.9 aabA 11.4 bbB 4.5 baC 12.3 bcB 14.7 abA 4.7 baC
60 RC 13.8 abA 10.6 bbcB 9.1 aaB 15.2 aaA 6.6 bcC 9.8 aaB
60 SC 15.2 aabB 17.6 aaA 2.2 cbC 16.0 aaA 15.2 aabA 4.8 baB
120 GA 13.9 babA 8.1 ccB 1.9 bbC 14.6 aabA 10.7 ccB 2.4 bbC
120 RC 11.5 ccA 11.9 bbA 5.8 abB 15.8 aaA 13.3 bbB 8.6 aaC
120 sC 16.5 aaA 17.5 aaA 0.3 ccB 15.6 aaA 16.6 aaA 0.8 bbB
180 GA 13.4 bbA 11.8 bbB 1.8 bbC 13.2 abcA 6.7 bdB 2.5bbC
180 RC 9.7 cdA 9.9 ccA 4.9 abcB 9.3 bbB 13.9 abA 7.6 aaB
180 SC 15.0 aabA 15.4 abA 1.8 bbcB 12.9 abA 14.1 abA 1.0 bbB

n Means followed by the same letter, lowercase between different hybrids within each altitude and time, lowercase italicized between the same hybrid at different times, and capital letters between different
locations within each hybrid and time, do not differ between si at a 5% level, by Tukey's test.

Gigante Amazelo - 104 metros - ==~ Rubi do Cerrado - 104 metros seeeees Sol &0 Cemado - 104 metros

— Gigante Amarelo - 711 metros = === RubidoCerrado- 71l metros ~ eeeeee- Sol do Cemrado - 711 metros A
—— Gigante Amarelo - 1016 metros ---- RubidoCerrado - 1016 metros  ~ ====--- Sol do Cemado - 1016 metros
20
Gigante Amarelo - 104 meters = 15.333% - 0.0225%x + 0.0001%%*
18 - R?=0.8885
% Gigante Amarelo - 711 meters = 17.142% - 0.1458*x+ 0.0006°x*
= R =0.9695
2ot Gigantc Amarclo - 1016 meters = 4.936* - 0.0198%x + 0.00001%%x*
S — Ri=0.8348
b,
8_ Rubi do Cerrado - 104 meters = 16.203* - 0.0428*x + 0.00004%*¢*
o R = 0.9998
g Rubi do Cerrado - 711 meters = 15.821% - 0.0755%x+ 0.0003*x*
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Figure 2 - Regressions obtained for the germination speed index (GVI), referring to the splitting of the factorial
between the seeds of yellow passion fruit BRS hybrids cultivated at different altitudes and stored in natural (A)
and cold chamber (B) environments. *Significant at the 5% level of probability; ™ not significant. R? = coefficient
of determination of the regression fit.
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suggesting that dormancy was overcome due to the
increase in seed vigor. According to Grzybowski et al.
(2019), seeds from freshly harvested yellow passion fruits
exhibit physical and physiological dormancy and, when
stfored, maintain their physiological quality for up fo nine
months.

Hybrid ‘Sol do Cerrado’ seeds stored in natural
environment and cold chamber, as the days of storage
increased, GSI values decreased, regardless of altitude.
The decline in physiological potential over the course of
the period is not restricted to the decrease in germination
capacity, but this becomes slower, as well as an increase
in sensitivity fo environmental adversities, characterizing a
decline in vigor (Marcos Filho, 2015).

The shoot length of seedlings from seeds grown at
altitude of 1016 meters, not stored (time zero) and stored
for 60 days in natural environment and cold chamber,
did not show significant difference, regardless of hybrid.
Similar behavior was observed for seedlings whose seeds
came from fruits harvested at 711 meters of altitude, not
stored and stored for 60 and 120 days in cold chamber,
and for those grown at 104 meters, stored for 60 days
in cold chamber. Seedlings derived from  hybrid ‘Rubi
do Cerrado’ and ‘Sol do Cerrado’ seeds harvested at
104 meters, not stored and stored for 60 and 180 days
in natural environment showed higher average shoot
length values.

However, seedlings from hybrid ‘Rubi do Cerrado’
seeds harvested at 1016 meters and stored for 120 days
in natural environment showed higher average shoot
length values. However, when stored in cold chamber,
the highest averages were obtained for hybrid ‘Gigante
Amarelo’ and ‘Rubi do Cerrado’ seeds (Table 5).

Hybrid ‘Sol do Cerrado’ seeds grown at altitude of
104 meters and stored for 120 days in natural environment
and in cold chamber for 180 days showed the highest
average shoot length values (Table 5).

Seedlings derived from hybrid ‘Gigante Amarelo’
and ‘Sol do Cerrado’ seeds culfivated at 711 meters of
altitude and stored in natural environment for 60 and 180
andin cold chamber for 180 showed higher average shoot
length values, with the exception of ‘Gigante Amarelo’
hybrid stored for 120 days in natural environment (Table
5).

The shoot
‘Gigante Amarelo’ and ‘Sol do Cerrado’ seeds not
stored (recently harvested), hybrid ‘Rubi do Cerrado’
and ‘Sol do Cerrado’ seeds stored for 60 days in natural
environment and 120 and 180 days in cold chamber
and hybrid ‘Sol do Cerrado’ seeds stored for 180 days

length of seedlings from hybrid

in natural environment showed no significant difference
regardless of alfitude (Table 5).

Seedlings from hybrid ‘Gigante Amarelo’ seeds
grown at 711 and 1016 meters of altitude stored for 60
days in natural environment and cold chamber and for
120 days stored in natural environment, derived from
seeds grown at 711 meters stored for 180 days in natural
environment and chamber cold, and seeds grown af 1016
meters of altitude stored for 120 days in cold chamber,
showed the highest average shoot length values (Table
5).

Seedlings from hybrid ‘Rubi do Cerrado’ seeds
grown at 1016 and 104 meters of altitude at time zero,
at 1016 and 711 meters stored for 120 days in natural
environment and 60 days in cold chamber and at 1016
meters stored for 180 days showed the highest average
shoot length values (Table 5).

Seedlings from hybrid ‘Sol do Cerrado’ seeds
grown at 104 and 711 meters of altitude stored for 120
days in natural environment and those grown at 1016 and
711 meters stored for 60 days in cold chamber showed
the highest average shoot length values (Table 5).

The shoot length of seedlings from hybrid
‘Gigante Amarelo’ seeds cultivated at the three alfitudes
and stored in natural environment and cold chamber
increased after 60 days of storage, with a decrease after
120 days of storage. Similar behavior was observed for
hybrid ‘Rubi do Cerrado’ and ‘Sol do Cerrado’ seeds,
without; however, significant difference from those grown
at 1016 meters of altitude and stored for 60 days in natural
environment (Figure 3A and 3B).

The roof length of seedlings from seeds grown at
711 and 1016 meters of alfitude, not stored, did not show
significant difference, regardless of hybrid under study.
However, hybrid ‘Gigante Amarelo’ seeds grown at 104
meters of altitude presented lower average root length
values (Table 6).

Seeds grown at 1016 meters stored for 60 days
in natural environment and hybrid ‘Gigante Amarelo’
and ‘Sol do Cerrado’ seeds stored for 120 and 180 days
in natural environment and hybrid ‘Rubi do Cerrado’
seeds had higher average root length. However, when
stored in cold chamber for 60 and 120 days, the highest
average root length values were found for hybrid ‘Rubi
do Cerrado’ and ‘Sol do Cerrado’ seeds, and with 180
days of storage for hybrid ‘Rubi do Cerrado’ seeds (Table
6).

Seeds grown at 104 meters with 60 days of
storage in natural environment showed higher average
root length values when from ‘Rubi do Cerrado’ and
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Table 5 - Length of the aerial part (cm) of seedlings from seeds of yellow passion fruit BRS hybrids (Gigante Amarelo, Rubi do Cerrado
and Sol do Cerrado), from fruits at three altitudes (104; 711 and 1016 meters), stored in natural environment and cold chamber for

180 days
Storage environments and cultivation Alfitudes (m)
Time (days) HyBl:;r;ds Natural environment Cold chamber
104 711 1016 104 711 1016

0 GA 4.7 baAll 5.1 acA 5.8 abA 4.7 babA 5.1 abA 5.8 abA
0 RC 6.1 aabAB 5.0 abB 6.4 abA 6.1 aaAB 5.0 abB 6.4 abA
0 SC 7.0 aabA 6.0 abA 6.2 abA 7.0 aaA 6.0 abA 6.2 acA
60 GA 6.0baB 8.8 acA 8.5 aaA 6.0 aaB 7.6 aaA 8.1 aaA
60 RC 7.4 aaA 7.2 baA 7.7 aabA 6.8 aaB 7.4 aaAB 8.3 aaA
60 SC 7.2 ababA 7.5 abaA 8.5 aaA 6.9 aaB 7.4 aaAB 8.2 aaA
120 GA 6.2 baB 9.2 aaA 8.6 aaA 5.6 cabC 7.8 aaB 9.1 aaA
120 RC 6.6 babB 7.2 baAB 8.4 aaA 6.9 baA 7.8 aaA 8.0 abaA
120 SC 8.0 aaA 7.2 babAB 6.5 bbB 8.1 aaA 8.3 aaA 7.9 babA
180 GA 3.0 bbC 6.8 abA 4.5 bbB 4.4 cbB 7.1 aaA 5.1 bbB
180 RC 5.7 abB 3.7 bbC 7.8 aabA 6.0 baA 5.0 bbA 6.1 abbA
180 SC 6.2 abA 6.6 aabA 7.3 aabA 7.4 aaA 7.4 aaA 6.6 abcA

Means followed by the same letter, lowercase between different hybrids within each altitude and time, lowercase italicized between the same hybrid at different fimes, and capital letters between different

locations within each hybrid and time, do not differ between si at a 5% level, by Tukey's test.
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Figure 3 - Regressions obtained for the shoot length (cm), referring to the splitting of the factorial between the
seeds of BRS yellow passion fruit hybrids grown at different altitudes and stored in natural (A) and cold chamber
(B) environments. *Significant at the 5% level of probability; ™ not significant. R? = coefficient of determination
of the regression fit.
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Table 6 - Root length (cm) of seedlings from BRS yellow passion fruit hybrids seeds (Gigante Amarelo, Rubi do Cerrado and Sol do
Cerrado), from fruits at three altitudes (104; 711 and 1016 meters), stored in natural environment and cold chamber for 180 days

Storage environments and cultivation Alfitudes (m)

Time (days) Hthler;ds Natural environment Cold chamber
104 711 1016 104 711 1016

0 GA 2.8 bbAB! 2.7 aabB 3.6 abA 2.8 bbA 2.7 abA 3.6 abA
0 RC 3.9 abA 2.7 aabB 4.0 abA 3.9 acA 2.7 aabB 4.0 acA
0 SC 4.7 aaA 2.3 acC 3.8 aabB 4.7 abA 2.3acC 3.8 acB
60 GA 3.8 baB 4.5 baAB 5.3 acA 4.7 aaA 4.6 aaA 4.9 baA
60 RC 5.0 aocA 3.2 caB 5.3 aaA 4.9 aabB 3.6 baC 5.9 aocA
60 SC 5.1 aaA 5.4 aaA 4.1 baB 4.4 abB 4.9 abAB 5.3 abaoA
120 GA 3.1 babA 3.9 aoA 3.1 bbA 3.7 abA 4.4 aaA 3.6 bbA
120 RC 3.6 abbB 2.4 babC 5.0 acA 4.5 abcA 2.6 bbB 4.7 abcA
120 SC 4.4 aaA 4.7 aaA 2.9 bbB 4.3 abA 4.7 abA 4.0 abcA
180 GA 2.3 cbB 4.3 aaA 2.9 bbB 3.1 bbB 4.9 baA 4.3 aabA
180 RC 4.1 babA 1.8 bbB 4.6 aabA 5.0 aaA 2.1 cbB 5.0 aabA
180 SC 5.2 aaA 3.6 abB 3.7 aabB 5.8 aaA 6.1 aaA 4.8 aabB

Means followed by the same letter, lowercase between different hybrids within each altitude and time, lowercase italicized between the same hybrid at different times, and capital letters between different

locations within each hybrid and time, do not differ between si at a 5% level, by Tukey's test.

‘Sol do Cerrado’ hybrids; however, when stored in
cold chamber for 60 and 120 days, they did not show
significant difference regardless of hybrid under study.
Seeds stored for 120 days in natural environment and
180 days in cold chamber showed higher average root
length values when from ‘Rubi do Cerrado’ and ‘Sol do
Cerrado’ hybrids; however, seeds from ‘Sol do Cerrado’
hybrid stored for 180 days in natural environment and
cold chamber showed higher average root length values
when grown at 104 meters and 711 meters of altitude,
respectively (Table é).

Seeds grown at 711 meters and stored for 60 days
in natural environment, from ‘Sol do Cerrado’ hybrid, and
stored for 120 and 180 dayys in natural environment and 60
and 120 days in cold chamber from ‘Gigante Amarelo’
and ‘Sol do Cerrado’ hybrids showed the highest average
root length values (Table 6).

Seedlings from hybrid '‘Gigante Amarelo’ seeds,
not stored, stored for 60 days in natfural environment
and 180 days in cold chamber, showed higher average
root length values when grown at 711 and 1016 meters;
however, when stored for 120 days in natural and cold
chamber and for 60 days in cold chamber, seeds showed
no significant difference regardless of altitude (Table 6).

Seedlings from hybrid ‘Rubi do Cerrado’ seeds
grown at 104 and 1016 meters not stored, stored for 60
and 180 days in natural environment and 120 and 180
days in cold chamber, showed the highest average
root length values; however, when stored for 120 days in
natural environment and 60 days in cold chamber, the
highest average root length values were obtained for
seeds grown at 1016 meters of altitude (Table 6).

Seedlings from hybrid ‘Sol do Cerrado’ seeds, not
stored and stored for 180 days in natfural environment,

showed higher average root length values when grown
at 104 meters; however, when stored for 60 and 120 days
in natural environment and 180 days in cold chamber, the
highest average values were obtained for seeds grown
at 104 and 711 meters of altitude. Seeds stored in cold
chamber for 60 days showed higher average root length
values when grown at 711 and 1016 meters; when stored
for 120 days, there was no significant difference regardless
of altitude, suggesting that seeds can be stored for this
period without reduction in their physiological quality,
corroborating results obtained by Carlesso et al. (2008)
(Table 6).

The root length of  hybrid ‘Gigante Amarelo’
seeds stored in natural environment and in cold chamber
grown at 104 and 1016 meters of alfitude showed increase
after 60 days and reduction after 120 days of storage;
however, while seedlings from seeds grown at 711 meters,
the average values increased over the days of storage
(Figure 4A and 4B). The same root length behavior was
observed for hybrid ‘Rubi do Cerrado’ seeds when
stored in natural environment, and when stored in cold
chamber and for seeds grown at 104 and 1016 meters of
altitude, the average increased over the days of storage,
confrasting with seedlings from fruits grown at 711 meters
of altitude, which showed decrease after 120 days of
storage.

The root length of hybrid ‘Sol do Cerrado’ seeds
cultivated at 104 and 1016 meters of altitude showed
increase after 120 days of storage in natural environment,
and when cultivated at 711 meters, values increased
after time zero and reduced after 60 days of storage.
When stored in cold chamber and cultivated at 711 and
1016 meters of altitude, seeds showed increase after 60
days and reduction after 120 days of sforage; however,
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Figure 4 - Regressions obtained for root length (cm), referring to the splitting of the factorial between the seeds

of BRS hybrids of yellow passion fruit cultivated at different altitudes and stored in natural (A) and cold chamber
(B) environments. *Significant at the 5% level of probability; ™ not significant. R? = coefficient of determination
of the regression fit.

when cultivated at 104 meters, there was an increase in ) )
Table 7 - Dry mass (mg) of seedlings from seeds of yellow passion

fhe average root length values after 60 days of sforage,  fit BRs hybrids (Gigante Amarelo, Rubi do Cerrado and Sol do
culminating in the highest average values after 180 days  Cerrado), from fruits at three altitudes (104; 711 and 1016 meters),

of storage. According to Carlesso et al. (2008), when stored in natural environment after 180 days

packaged in glass and polyethylene containers, yellow Gigo:éblfzorelo Dry zgs;(]()mg)
passion fruit seedlings preserve their physiological quality Rubi do Cerrado 6.9 a
and vigor for periods of 90 and 180 days. Sol do Cerrado 6.5b
According to (Table 7), no interaction between Altitudes (m) Dry mass (mg)
hybrids, alfitudes and storage fimes was observed. ]7?? ?:; Z
Seedlings from hybrid ‘Rubi do Cerrado’ seeds 1016 6.9b
grown at 104 and 711 meters of altitude, stored in natural Time (days) Dry mass (mg)
environment for 120 and 180 days, showed higher 0 58¢c
average dry mass values. ]6200 g:g Z
The dry mass of seedlings from seeds of the three 180 73a

hybrids under study, recently harvested, did not present 1 Means followed by the same lowercase letter in the column do not differ from each other at a 5%

level, according to Tukey's test.

significant difference in relation to altitudes they were
grown (Table 8).

Comunicata Scientiae, v.14: €3993, 2023 10



Lima et al. (2023)

Physiological quality of ‘BRS’ passion...

Table 8 - Dry mass (mg) of seedlings from BRS yellow passion fruit hybrid seeds (Gigante Amarelo, Rubi do Cerrado and Sol do
Cerrado), from fruits at three altitudes (104; 711 and 1016 meters), stored in a cold chamber for 180 days

Storage environments and cultivation Alfitudes (m)

Time Hylbrids
(days) BRS Cold chamber
104 711 1016
0 Gigante Amarelo 5.70 aAB 6.13 A 5.00 aB
0 Rubi do Cerrado 6.50 oA 6.20 aAB 5.50 aB
0 Sol do Cerrado 5.87 aAB 6.10 aA 5.13 aB
60 Gigante Amarelo 6.97 aA 6.40 bA 6.67 aA
60 Rubi do Cerrado 6.63 abB 7.73 aA 6.03 aB
60 Sol do Cerrado 5.93 bA 6.73 bA 6.30 aA
120 Gigante Amarelo 7.07 aA 7.47 oA 7.10 aA
120 Rubi do Cerrado 7.47 aAB 8.00 A 6.70 abB
120 Sol do Cerrado 7.10 aA 7.30 oA 6.13 bB
180 Gigante Amarelo 7.63 aA 7.47 bA 6.47 bB
180 Rubi do Cerrado 8.17 aA 8.43 oA 6.73 abB
180 Sol do Cerrado 7.37 aA 7.47 bA 7.53 aA

IMeans followed by the same lowercase letter between the different hybrids within each altitude and time and the capital letters between the different locations within each hybrid and time, do not differ from

each other at the 5% level, by Tukey's test.

Considering seed storage, seedlings from seeds
of the three hybrids with 180 days of storage in cold
chamber, grown at 104 meters of alfitude, from ‘Rubi do
Cerrado’ and ‘Sol do Cerrado’ hybrids grown at 1016
meters and from ‘Rubi do Cerrado’ hybrid grown at 711
meters of altitude presented the highest average dry
mass values.

Seedlings from seeds of the three hybrids
cultivated at 104 and 711 meters of alfitude, at time zero,
showed higher average dry mass values. Hybrid ‘Gigante
Amarelo’ and 'Sol do Cerrado’ seeds, after 60 days of
storage, showed no significant difference in relation
to altitudes they were grown. However, seedlings from
hybrid ‘Rubi do Cerrado’ seeds cultivated at 711 meters
of altitude had higher average dry mass values. Seedlings
from hybrid ‘Gigante Amarelo’ seeds stored for 120 days
did not show significant difference regardless of altitude,
but the average dry mass value of seedlings from hybrid
‘Rubi do Cerrado’ and ‘Sol do Cerrado’ seeds culfivated
at 104 and 711 meters of altitude were higher.

According fo (Figure 5A), seedlings derived from
seeds of the three hybrids showed higher average dry
mass values as the number of days of storage increased,
reaching higher averages after 120 days of storage in
natural environment. Regarding the three hybrids under
study, seedlings from hybrid ‘Rubi do Cerrado’ seeds had
significantly higher dry mass values than those from hybrid
‘Gigante Amarelo’ and ‘Sol do Cerrado’ seeds.

According to (Figure 5B), seedlings from hybrid
‘Gigante Amarelo’ seeds cultivated at 1016 meters of
altitude showed increase in dry mass after 60 days of
storage, and reduction after 120 days, differing from
seedlings from seeds cultivated at 104 and 711 meters
of altitude, which presented higher average dry mass

values with increasing storage days.

Seedlings from hybrid ‘Rubi do Cerrado’ and
‘Sol do Cerrado’ seeds cultivated at the three altitudes
showed higher average dry mass values with increasing
storage days. For all hybrids, seeds not submitted to
storage showed lower average seedling dry mass values,
a behavior similar to that observed for sugar apple seeds
(Morais et al., 2014).

Conclusions

Hybrid Passiflora edulis Sims. f. flavicarpa Deg.
seeds can be stored in natural environment or cold
chamber.

Hybrid Passiflora edulis Sims. f. flavicarpa Deg.
seeds grown at altitudes of 104 and 711 meters have
higher germination and vigor percentages.

Hybrid
average values for variables under study, regardless of

‘Gigante  Amarelo’ seeds had lower
altitude they were grown.

Hybrid ‘Rubi do Cerrado’ seeds cultivated at 1016
meters show higher germination and vigor percentages
and can be stored for 180 days in natural environment or
in cold chamber without viability loss.

Hybrid ‘Sol do Cerrado’ seeds grown at 104
and 711 meters have higher germination and vigor
percentages, and can be stored for 180 days in natural
environment or cold chamber without viability loss.
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Figure 5 - Regressions obtained for dry mass (mg), referring to the splitting of the factorial between the seeds
of BRS hybrids of yellow passion fruit culfivated at different altitudes and stored in natural environments (A) and
cold chamber (B). *Significant at the 5% level of probability; ™ not significant. R?= coefficient of determination

of the regression fit.
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