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Abstract: This work aimed to identify the effects of the ripening stage and
post-harvest storage fruits period on the physiological quality of Passiflora edulis
Sims ‘SCS437 Catarina’ seeds. The experiments were conducted over two cycles:
2019/2020 (experiment 1) and 2020/2021(experiment 2). Four fruit ripening
stages (50, 57, 64, and 71 days after anthesis [DAA]) and four storage durations
(0, 7, 14 and 21 days post-harvest) were evaluated. In experiment 1, the highest
seed germination percentage was observed in fruits harvested at 57 DAA, stored
for 16 days, and displaying a yellow coloration. In the experiment 2, no specific
ripening stage consistently resulted in a higher germination percentage as stor-
age durations progressed. In both experiments, post-harvest fruit storage facili-
tated seed maturation in younger fruits, enhancing both germination speed and
percentage across all ripening stages. Harvesting fruits with yellow-colored skins
is recommended as an indicator of superior seed physiological quality.

Index Terms: Passiflora edulis Sims; harvest time; seed germination; seed vigor.

Efeito do estagio de maturacao e do
armazenamento pos-colheita na qualidade
fisiologica de sementes de maracuja

Resumo: O objetivo deste trabalho foi identificar os efeitos do estadio de matu-
racao e do periodo de armazenamento pds-colheita dos frutos na qualidade fisi-
oldgica de sementes de Passiflora edulis Sims ‘SCS437 Catarina’. Os experimentos
foram conduzidos em dois ciclos: 2019/2020 (experimento 1) e 2020/2021 (ex-
perimento 2). Foram avaliados quatro estadios de maturacao dos frutos (50; 57;
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64 e 71 dias apds a antese [DAA]) e quatro periodos de armazenamento (0; 7; 14 e 21 dias
apos a colheita dos frutos). No experimento 1, os resultados mostraram que a maior por-
centagem de germinagao das sementes foi obtida dos frutos colhidos aos 57 DAA e arma-
zenados por 16 dias, com a coloracdao amarela dos frutos. No experimento 2, ndo houve um
tempo especifico que resultasse em maior porcentagem de germinacdo e avancasse com
o periodo de armazenamento. O armazenamento de frutos, em ambos os experimentos,
permite a continuidade do processo de maturagdao das sementes em frutos jovens, promov-
endo aumento na velocidade e na porcentagem de germinacdo, em todos os estdgios de
maturagao. A colheita de frutos com cascas de coloragdao amarela pode ser usada como indi-
cador de maior qualidade fisioldgica das sementes.

Termos para indexagao: Passiflora edulis Sims; tempo de colheita; germinacdao de sementes;

vigor de sementes.

Introduction

Commercial propagation of passion fruit
(Passiflora edulis Sims) primarily relies on
seeds (FALEIRO et al., 2019). Seed production
can be achieved through open pollination or
hybridization methods (JESUS et al., 2017).
The ‘SCS437 Catarina’ passion fruit cultivar is
open-pollinated, allowing farmers to produce
their seeds (PETRY; MARCHESI, 2019).

Harvesting timing has a direct impact on
crop production and quality and is a key
factor in determining seed viability and vig-
or. According to BEWLEY et al. (2013), fruits
should be harvested at or close to the physi-
ological maturity of the seeds to obtain high
physiological seed quality. During matura-
tion, seeds accumulate metabolic reserves
like sugars, proteins and lipids while under-
going essential processes like drying and
dormancy induction (BAI et al., 2023). These
processes are vital to ensure the seeds’ full
development and functionality.

Fruit maturity also directly affects seed qual-
ity (SRIPATHY; GROOT, 2023). Visual indica-
tors, such as fruit skin color, are commonly
used to assess the maturation stage. The
fruit maturation process typically involves
changes in peel color, reduced firmness, in-
creased sugar content, and the release of
volatile organic compounds (MCATEE et al.,
2013). However, in crops with indeterminate
maturation, like sour passion fruit, the vari-

able ripening times make it challenging to
pinpoint the ideal harvest moment.

This variation in fruit maturation, and con-
sequently seed maturation, can result in
seed batches with different viability levels,
including immature and overripe seeds,
thereby compromising overall quality (CELIK;
KENANOGLU, 2023). As a result, identifying
the appropriate fruit maturation stage is crit-
ical for optimizing seed germination.

Previous studies indicate that the physiologi-
cal maturity of P. edulis seeds occurs between
70 and 77 days after anthesis (DAA), during
which higher germination rates are observed
(SIQUEIRA; PEREIRA, 2001). However, varia-
tions in germination rates have been observed
at different maturation stages and storage pe-
riods. According to Negreiros et al. (2006), the
extraction of sour passion fruit seeds should
be carried out from fruits at maturation stag-
es 2 (5-50% yellow coloration) and 3 (more
than 50% yellow coloration).

In addition, post-harvest practices, such as
resting, play a vital role in the full develop-
ment of immature seeds, ensuring their
physiological maturity (DIAS, 2001). Seeds
harvested before reaching full maturity can
result in underdeveloped embryos and en-
dosperms or seeds in partial dormancy,
resulting in reduced viability and quality
(OZDEN et al., 2024). This approach is par-
ticularly significant for species with indeter-



minate maturation, as it helps ensure seeds
reach full maturity, minimizes losses caused
by adverse conditions, and allows for fruit
harvesting at various ripening stages (DIAS;
NASCIMENTO, 2009).

Determining the optimal fruit ripening stage
and post-harvest storage conditions for max-
imizing seed germination is crucial, with
external fruit coloration as an indicator of
the ideal harvest point. The cultivar SCS437
Catarina is the primary passion fruit variety
cultivated in the states of Santa Catarina and
the Rio Grande do Sul, Brazil. Limited infor-
mation exists regarding the ideal harvest
stage, which is a crucial factor for producing
early and uniform seedlings. In addition, the
possibility to anticipate fruit ripening with-
out affecting seed germination is important
to prevent issues related to environmental
conditions, diseases and insect infestations.

This work aimed to determine the optimal
fruit ripening stage and post-harvest storage
period that maximize seed germination and
vigor in P. edulis cultivar SCS437 Catarina un-
der subtropical conditions.

Material and Methods

The research was conducted over two cycles
in @ commercial P. edulis ‘SCS437 Catarina’
orchard located in Brochier, Rio Grande do
Sul, Brazil (29° 31’ S, 51° 37" W - SIRGAS,
2000). The soil in this region is classified as a
typical Ferric Argiluvic Chernosol, in associa-
tion with typical Eutrophic Regolithic Neosol
(SANTOS et al., 2018).

The first evaluation period spanned from
December 2019 to May 2020. Flowers were
marked on December 17, 2019, and the ini-
tial harvest occurred on February 5, 2020,
corresponding to 50 days after anthesis
(DAA). The second evaluation period ex-
tended from December 2020 to May 2021.
Flowers were marked on December 15,
2020, and the first fruit harvest (50 DAA) oc-
curred on February 3, 2021.

Plant selection followed the criteria de-
scribed by Silva et al. (2019), prioritizing
healthy and vigorous plants with desir-
able fruit characteristics. In the first cycle,
36 marked plants produced a total of 383
open flowers, while in the second cycle, 68
marked plants produced 400 open flowers.
Flowers on the marked plants were labeled
on the day of anthesis, and manual pollina-
tion was performed to ensure random cross-
ing and avoid self-fertilization.

Harvests were conducted at 50, 57, 64, and
71 DAA. Fifteen fruits were collected at each
stage. Harvested fruits were stored for O, 7,
14, and 21 days under ambient conditions
(25 oC + 2 °C) before seed extraction. This
resulted in a 4 x 4 factorial experiment (fruit
ages - DAA periods x fruit storage periods).
From the 15 fruits harvested at each fruit
age, three were allocated to each storage
period.

Immediately after harvest, peel color was
measured using the Konica-Minolta® CR-
400 colorimeter. The colorimeter readings
were used to calculate the peel color index
(PCl) using the formula (1000 x a) / (L x b)
(Jimenez-Cuesta et al., 1981). Subsequently,
pulp, aril, and seeds were separated by fric-
tion, following the method described by
Aguiar et al. (2014).

Seed viability was evaluated using a tetra-
zolium test. Two hundred seeds were soaked
in distilled water for 24 hours at 25°C.
Subsequently, transverse cuts were made in
the seeds, which were then immersed in a
1% tetrazolium solution and incubated in the
dark at 25°C for 4 hours. Viability was deter-
mined under a magnifying glass. Seeds were
classified as viable if the embryonic axis, rad-
icle, and at least 50% of the cotyledons dis-
played a uniform pink coloration.

Seed moisture content was determined fol-
lowing the Rules for Seed Analysis (RAS) meth-
od (BRASIL, 2009), using an oven set at an av-
erage temperature of 105°C for 24 h. The ger-



mination test was performed in gerbox con-
tainers lined with a double layer of blotting
paper moistened to 2.5 times its weight with
distilled water. Four replicates of 25 seeds per
treatment were used. The containers were
sealed in transparent polyethylene bags and
placed in germination chambers for 28 days,
maintained at alternating temperatures of
20/30°C and a photoperiod of 12 h hours of
light and 12 hours of darkness.

The following variables were evaluated: ger-
mination percentage (G), mean germination
time (MGT), calculated using the Edmond
and Drapala formula (1958), and germination
speed index (GSI) estimated according to the
Maguire formula (1962). Germination and
GSI were assessed every three days, starting
from the 7th day after sowing (DAS) until the
28th day. Seeds were classified as germinat-
ed when they displayed all structures with
fully exposed and open cotyledons.

Statistical analyses were conducted to as-
sess normality and homogeneity of varianc-
es. These analyses were performed with the
aid of R software v.3.6.1 (R Core Team, 2019)
and SigmaPlot 14.0. Germination data from
the second cycle were transformed using the
square root method to meet the assump-
tions of the chosen ANOVA test. Polynomial
regression was used to analyze the effects
of fruit ripening stages and storage periods
on seed germination and vigor. Additionally,
correlation analysis was carried out using
Pearson’s correlation coefficient.

Results and Discussion

Statistical analysis revealed a significant ef-
fect of harvest time, expressed as DAA, and
the post-harvest fruit storage period on the
evaluated variables (Table 1). This effect was
consistently observed in both experimental
cycles (2019/2020 and 2020/2021).

Table 1. Analysis of variance for DAA and Storage time of P. edulis cv. SCS437 Catarina fruits in ex-
periment 1 (2019/2020) and experiment 2 (2020/2021). Variables include germination (G), mean
germination time (MGT), and germination speed index (GSl). Location: Porto Alegre, RS, Brazil,

UFRGS, 2021.
Experiment 1

GL G (%) ™G
DDA 3 <0.001 <0.001
Storage time 3 <0.001 <0.001
DDA*Storage time 9 <0.001 <0.001
Residue 48

CV (%) 21.99 6.15

In experiment 1, the highest germination
rate (70%) was achieved at 57 DAA with 16
days of storage (Figure 1A). However, no sig-
nificant correlation was observed between
the harvest time and storage duration con-
cerning germination (Table 2). In contrast,
experiment 2 demonstrated a positive cor-
relation between both DAA and fruit stor-
age duration with germination rates (0.540
and 0.535, respectively) (Figure 1B; Table 2).
Consequently, advancing the harvest period
and implementing post-harvest storage sig-

Experiment 2

IVG GL G (%) T™MG IVG
<0.001 3 <0.001 <0.001 <0.001
<0.001 3 <0.001 <0.001 <0.001
<0.001 9 <0.001 <0.001 <0.001

64
21.86 5.56 5.02 8.17

nificantly improved germination, resulting in
rates approaching 100%.

The tetrazolium test revealed seed viability
exceeding 70% in both harvest years, with vi-
ability ranging from 70% to 89% in 2019/2020
and from 83.5% to 97% in 2020/2021.
Variations in germination percentage be-
tween the two experiments years may be at-
tributed to differences in environmental con-
ditions during fruit development, which can
significantly influence seed physiological po-
tential (KLUPCZYNSKA; PAWLOWSKI, 2021).
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Figure 1. Germination of P. edulis seeds, cv. SCS437 Catarina, harvested at 50, 57, 64, and 71 DAA
and stored for 0, 7, 14, and 21 days at room temperature. Germination percentage in (a) Experiment
1 (2019/2020) and (b) Experiment 2 (2020/2021); GSI in (c) Experiment 1 and (d) Experiment 2.
MGT in (e) Experiment 1 and (f) Experiment 2. Brazil, RS, Porto Alegre, UFRGS, 2021.
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Table 2. Pearson correlation between DAA, storage time, peel color index (PCl), viability and mois-
ture, germination percentage, MGT, and GSI of the seeds of P. edulis cv. SCS437 Catarina, in the
2019/2020 (experiment 1) and 2020/2021 (experiment 2) harvests. Brazil, RS, Porto Alegre, UFRGS,

2021.
DAA
Germination -0.0275
MGT -0.260
Experiment1 GSI 0.0565
DAA
Storage time
Germination 0.540*
MGT -0.377
Experiment2  GSlI 0.415
DAA

Storage time

Storage PCI Viability Moisture
-0.0623 0.0195 -0.292 -0.00746
-0.817* -0.734* -0.174 -0.432

0.280 0.348 -0.256 0.161

0.000 0.333 0.392 0.385

0.712* -0.0511 0.303

0.535* 0.795* 0.535* -0.276
-0.642* -0.862* -0.575* 0.343
0.646* 0.793* 0.602* -0.319
0.000 0.391 -0.0448 0.257

0.576* 0.583* -0.305

*Significant when p < 0.05. As for the meaning, the pair of variables with positive correlation tends to increase togeth-
er, and with negative correlation, one tends to decrease while the other increases. When there is no significance, the

variables do not show a correlation.

During flower selection in December, during
experiment 1, we observed lower precipita-
tion levels (38,8 mm) than during experiment
2 (119 mm), which could have decreased the
likelihood of germination (Figure 2). This
water deficit likely contributed to a reduc-
tion in germination potential. Water stress
impairs plant metabolic processes, particu-
larly during seed development. Insufficient
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water availability can lead to reduced leaf
area and photosynthesis, resulting in flower
drop, embryo abortion, and decreased seed
size. Furthermore, water restriction during
flowering reduces seed formation and car-
bohydrate supply, affecting their physiologi-
cal quality (MARCOS FILHO, 2005; SRIPATHY;
GROOT, 2023).
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Figure 2. Temperature (maximum, average and minimum) and precipitation recorded at the
Meteorological Station of Teutdnia/RS (20.7 km from the orchard): (A) from November 2019 to
March 2020; (B) from November 2020 and March 2021.

In both experiments, the seeds from fruits
harvested at 50 and 57 DAA showed an in-
crease in the percentage of germinated

seeds as the storage days increased (Figure
1A and 1B). In experiment 1, these seeds
exhibited zero germination when the fruits



were not stored, reaching a maximum ger-
mination rate at 16 days of storage, followed
by a decline, demonstrating a quadratic
mathematical adjustment (Figure 1A). In ex-
periment 2, the seeds from fruits harvested
at 50 DAA showed a linear increase in ger-
mination with fruit storage, starting from
8% and exceeding 90% as the storage days
increased. For seeds from fruits harvested
at 57 DAA, germination also improved with
storage, which led to a quadratic mathemat-
ical adjustment and the highest germination
point at 17 days (Figure 1B).

These findings show that keeping the fruit
for about 16 days improves germination
and that fruits taken at 50 and 57 DAA pro-
duce immature seeds. This period allows the
seed maturation process to continue inde-
pendently from the mother plant, leading to
improved physiological quality.

In experiment 1, there was a linear decrease
in the germination rate of seeds from fruits
harvested at 64 DAA as the storage period
increased (Figure 1A). The germination per-
centages of seeds in experiment 2 showed
a quadratic adjustment, peaking at 13 days
of storage after exhibiting lower germina-
tion percentages without storage (Figure 1B).
For seeds from fruits harvested at 71 DAA
in experiment 1, the quadratic mathemat-
ical adjustment best explains germination,
with higher rates at 0 and 21 days of storage
(Figure 1A). In experiment 2, seeds from fruits
harvested at 71 DAA showed no mathemati-
cal adjustment, with germination percentages
ranging from 95% to 98% (Figure 1B).

Thus, it can be determined that the seeds
from fruits harvested at 64 and 71 DAA were
already physiologically mature, consistent
with the findings reported by Araudjo et al.
(2007). They identified that the fruit reaches
physiological maturity starting from 60 DAA
when the dry matter stabilizes, and nutrient
translocation within the fruit becomes slow
and irregular.

A significant negative correlation was ob-
served between storage time and PCl for MGT
in experiment 1 (-0.817 and -0.734) (Table 2).
In experiment 2, significant correlations were
found among DAA, storage time, PCl, and
seed viability with germination percentage,
with values of 0.540, 0.535, 0.795, and 0.535,
respectively. For MGT, the correlations were
-0.642, -0.862, and -0.575, while for GSI, they
were 0.646, 0.793, and 0.602.

This can be attributed to the climacteric be-
havior exhibited by the passion fruit peel,
evidenced by the positive correlation be-
tween Storage time and PCl in both harvest
seasons (0.712 and 0.576). In both seasons,
regardless of harvest age, fruits exhibited a
green coloration with no storage. This was
particularly evident in fruits harvested at 50
DAA, which displayed a significantly green-
er peel color (-10.67 in Experiment 1 and
-15.13 in Experiment 2). As the storage peri-
od increased, the peel color gradually transi-
tioned to yellow (Table 3). Therefore, PCl can
effectively be used to determine fruit color-
ation at each harvest stage and monitor the
advancement of maturation during storage.

Table 3. PClI of the fruits of P. edulis cultivar SCS437 Catarina, in the 2019/2020 (Experiment 1) and
2020/2021 (Experiment 2) harvests. Brazil, RS, Porto Alegre, UFRGS, 2021.

Experiment 1

Storage time 50 57 64
0 -10.674 -5.098 -3.103
7 -0.028 0.743 0.927
14 1.600 2.417 6.744

21 5.762 2.092 7.933

Experiment 2

7 50 57 64 7
-1.104 -15.127  -4.700 -0.278 -1.748
5.417 -3.732 -0.909 -0.946 -0.438
6.433 -1.496 0.950 -0.457 0.779
2.903 0.466 2.622 0.465 -0.638



In general, the fruits from experiment 2
exhibited a greener coloration compared
to those from the previous harvest sea-
son (experiment 1) and showed a positive
correlation with germination (Figure 3A).
As the peel color progressed, germination
increased, with the higher percentage of
germinated seeds observed when the PCI
reached 0, corresponding to yellow fruits.

"100 ‘
100 4
L

@ ®  (=90.01+6.56"x, r = 0.6328, p = 0.0002

80 4
70 -
60 4
50 4

40

Germination (%)

30 4

20 -

MGT (days)

This finding aligns with the observations of
by Negreiros et al. (2006), who found that
seeds from fruits at stage 1 (green beginning
to change to yellow) had lower germination
compared to fruits at maturation stage 2 (5
to 50% yellow coloration) and stage 3 (more
than 50% yellow coloration), with average
germination percentages of 93.24% and
96.56%, respectively.
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Figure 3. Correlation of seed germination percentage (A) and GSI (B) with PCl of fruits from the
2020/2021 harvest; and (C) correlation of MGT of seeds of P. edulis, cv. SCS437 Catarina, with PCl
of fruits from experiment 1 (2019/2020) and experiment 2 (2020/2021) harvests. Brazil, RS, Porto

Alegre, UFRGS, 2021.

One important point to highlight is that in
experiment 1 the fruits storaged at 64 and
71 DAA showed detrimental and unstable
results. The peel coloration became more in-
tense (yellow-orange) with an increase in the
storage period, indicating that the fruit had
ripened to a more advanced stage compared

to those harvested in experiment 2. This ad-
vanced ripening stage likely contributed to a
lower germination speed index by triggering
seed deterioration.

Late harvesting, particularly in seeds with high
moisture content, can lead to deterioration
and a decline in seed viability, as observed



in crops such as beans, canola, Arabidopsis,
tomato, pepper, and melon (BEWLEY et al.,
2013). Seed deterioration is a complex pro-
cess influenced by various factors, including
plasma membrane damage, reserves de-
pletion, genetic material damage, increased
leaching, decreased respiratory rates, and
loss of enzymatic activity (EBONE et al., 2019).
However, oxidative damage caused by free
radicals and reactive oxygen species is consid-
ered the primary cause of seed deterioration
(ZHANG et al., 2021).

In experiment 1, seeds from fruits harvest-
ed at 50 and 57 DAA showed an increasing
trend in germination speed as the storage
period increased. A quadratic adjustment
revealed maximum germination speed in-
dices at 17 and 14 days of storage, respec-
tively (Figure 1C). Seeds from fruits har-
vested at 64 DAA exhibited a gradual de-
crease in GSI as storage days progressed.
However, for seeds from fruits harvested
at 71 DAA, GSl increased starting from 14
days of storage, also showing a quadratic
adjustment.

In experiment 2, a significant positive cor-
relation was observed between the storage
period and GSI (0.646), with an increase in
GSI for all fruit maturation stages with an in-
crease in post-harvest storage days (Figure
1D). For 50 and 71 DAA, there was a linear
increasing trend in GSI. For 57 and 64 DAA, a
quadratic mathematical adjustment was ob-
tained, with the maximum point at 17 days
of storage for 57 DAA and at 19 days of stor-
age for 64 DAA.

When correlating the GSI with PCl, a signifi-
cant positive correlation was observed only
in experiment 2 (Figure 3B). This indicates
that as the fruit peel color was intensified,
the germination speed of the seeds acceler-
ated, with higher GSI obtained in seeds from
yellow fruits (near 0).

In general, with no post-harvest storage
(zero days), a reduction in germination

speed, and consequently, seed vigor, was
observed regardless of the fruit harvest age.
However, longer storage periods (14 and 21
days) resulted in increased seed vigor across
all fruit ages, emphasizing the importance
of post-harvest storage duration for opti-
mal seeds physiological quality. This finding
contrasts with the results by Negreiros et al.
(2006), who reported no significant differ-
ence or interaction between fruit ripening
stage and storage duration on the emer-
gence speed index, which ranged from 3.55
to 3.99.

In both experiments, as the post-harvest
storage days increased, resulted in a reduc-
tion of the MGT, exhibiting a strong and sig-
nificant negative correlation (Table 2; Figure
1 E-F). In experiment 1, for the ripening stag-
es of 50, 57, and 64 DAA, a linear mathemat-
ical adjustment of MGT was observed over
the storage periods. For 71 DAA, a quadratic
adjustment was noted, with the lowest MGT
(16.20 days) occurring at 14 days of storage,
followed by an increase.

In experiment 2, a linear reduction was again
observed at 50 DAA. For 57 DAA, a quadrat-
ic adjustment was found with the lowest
germination time at 14 days of storage, fol-
lowed by an increase. For 64 and 71 DAA, a
guadratic adjustment indicated stabilization
of MGT at 7, 14, and 21 days of storage.

In experiment 2, significant positive correla-
tions were established between seed viabili-
ty and germination (0.535) with GSI (0.602)
and with the storage period (0.583). A nega-
tive correlation was also observed with MGT
(-0.575). These results suggest that higher
seed viability corresponds to increased ger-
mination percentages, faster germination
speed, and shorter MGT. Furthermore, seed
viability improved with extended post-har-
vest storage periods.

The findings demonstrate the benefi-
cial effects of post-harvest fruit storage.
Monitoring fruit coloration and prioritizing



the use of yellow fruits can significantly en-
hance germination rates and reduce ger-
mination time. Notably, the storage period
proved particularly advantageous for seeds
from younger (green) fruits harvested at 50
and 57 DAA. This storage period allowed
these fruits to achieve physiological maturi-
ty, resulting in higher germination percent-
ages, faster germination rates, and shorter
germination times.

Post-harvest storage enables earlier harvest-
ing, thereby reducing the time fruits remain
on the mother plant. This minimizes pro-
longed exposure to environmental factors
such occasional rains, high humidity, strong
winds, and elevated temperatures. These
unfavorable conditions in the production
field can adversely affect the physiologi-
cal and sanitary quality of the seeds (DIAS;
NASCIMENTO, 2009).
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they must be stored for at least 16 days to
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