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Abstract — The objective of this work was to determine the relationship of the morphological and physiological
characteristics of guanandi (Calophyllum brasiliense) fruit and seeds with ripening and harvesting time.
The reproductive cycle of a native plant population, located in the coast of the state of Parand, Brazil, was
monitored from anthesis until fruit dispersion, during three years. Monthly harvests were performed, and
the morphological and physical aspects (color, size, dry mass, and moisture content) of fruit and embryos
were evaluated, as well as the physiological ones (germination and vigor) of seeds. The ripening process of
guanandi seeds occurred between 200 and 240 days after anthesis (DAA), with anthesis peak in February
and fruit dispersion in October. The maximum dry matter mass accumulation was not synchronized with
the maximum physiological potential of the seeds. Germination potential was reached close to the middle of
the maturation process, and maximum vigor at the end of the cycle. Fruit external color did not change from
110 DAA onwards. The morphological characteristics related to harvesting time are fruit pulp and embryo
weakly adherent to the endocarp and to the tegument, respectively, as well as the dark-brown color of these
tissues.

Index terms: Calophyllum brasiliense, physiological maturity, reproductive phenology, vigor.

Caracteristicas morfofisiolégicas dos frutos e das sementes
de guanandi durante a maturagao e o ponto de coleta

Resumo — O objetivo deste trabalho foi determinar a relagdo das caracteristicas morfoldgicas e fisiologicas do
fruto e da semente de guanandi (Calophyllum brasiliense) com a maturagdo e o ponto de coleta das sementes.
O ciclo reprodutivo de uma populac¢do de plantas nativas, localizada no litoral do Estado do Parana, foi
monitorado da antese até a dispersdo dos frutos, durante trés anos. Realizaram-se coletas mensais, tendo-se
avaliado aspectos morfologicos e fisicos (cor, tamanho, massa de matéria seca e teor de agua) dos frutos e
dos embrides, bem como os fisiologicos (germinagdo e vigor) das sementes. O processo de maturagdo das
sementes de guanandi ocorreu entre 200 e 240 dias apos antese (DAA), com pico da antese em fevereiro e
dispersdo dos frutos em outubro. O maximo acimulo de massa de matéria seca nao esteve sincronizado com
o maximo potencial fisiolégico das sementes. O potencial germinativo foi atingido préximo a metade do
processo de maturagdo, e 0 maximo vigor no final do ciclo. Nao houve mudancgas na coloragdo externa dos
frutos a partir de 110 DA A. As caracteristicas morfologicas relacionadas ao ponto de coleta sdo a fraca adesédo
da polpa do fruto e do embrido ao endocarpo e ao tegumento, respectivamente, além da coloragdo marrom-
escura desses tecidos.

Termos para indexacao: Calophyllum brasiliense, maturidade fisioldgica, fenologia reprodutiva, vigor.

Introduction

Guanandi (Calophyllum brasiliense Cambess) of the
family Calophyllaceae ex Clusiaceae (Syn. Guttiferae)
is a wild species native to the Atlantic Forest. It is
considered non-endemic and promising for commercial
exploitation, since its wood has very good quality and
important chemical compounds for the chemical and
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pharmaceutical areas (Noldin et al., 2006; Oliveira &
Joly, 2010; Schultz, 2011).

An important factor to be considered for harvesting
high-quality seeds is the ripening process, which
depends on the species and on the producing region.
The main modifications observed during this process
are related to seed moisture content, dry matter, size,
and physiological potential (germination and vigor),
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which, together with morphological characteristics,
allow identifying physiological ripeness and the
ideal time for harvesting (Barbosa et al., 2015;
Marcos-Filho, 2015). When seeds are harvested at
an inappropriate stage, their physiological quality
is compromised, which will affect all future events,
such as germination, seedling production, and,
especially, storage potential (Matheus et al., 2011;
Carvalho & Nakagawa, 2012; Marcos-Filho, 2015).
Moreover, during the ripening process, seeds usually
become more tolerant to water losses because of the
accumulation of dry matter (Marcos-Filho, 2015). In
recalcitrant seeds, such as those of guanandi (Carvalho
et al., 2006), which present lower longevity due to the
incapacity of tolerating water losses, this is even more
significant.

To extend the conservation period of seeds,
particularly of recalcitrant species, harvest must
be carried out the closest possible to physiological
ripeness, i.e., when the maximum reserve accumulation
and probable maximum physiological potential are
reached (Barbosa et al., 2015).

Knowledge of the ripening process, as well as the
determination of the physiological ripeness point, canbe
used in the wild seed technology area for improvements
in, for example, protocols to conduct germination
tests, seed preservation, sanity, seedling production,
and genetic breeding. However, considering the wide
diversity of wild species, the number of works on these
issues is still modest. Among the wild species studied,
mostly with recalcitrant seeds, stand out: Fugenia
uniflora L. (Avila et al., 2009), E. pyriformis Cambess
(Lamarca et al., 2013), Inga striata Benth (Mata et al.,
2013), and 7. vera Willd. (Caccere et al., 2013).

Specifically for guanandi seeds, the researches in
this area focus on clarifying topics related to dormancy
(Vasquez-Carballo et al., 2004), germination methods
(Nery et al.,, 2007), and conservation (Silva et al.,
2014). However, the scarceness of specific parameters
to help identifying the ideal time for seed harvesting
may hinder the progress of these works, as reported
by Sorol et al. (2015) in a study about drying and
conserving guanandi seeds.

The objective of this work was to determine the
relationship of the morphological and physiological
characteristics of guanandi fruit and seeds with
ripening and harvesting time.

Materials and Methods

The study was carried out from February to October,
during three consecutive years (2013, 2014, and 2015),
using a sample composed of 15 guanandi trees from
a population of native forest plants located in the
municipality of Antonina, in the coast of the state of
Parana, Brazil. The monitored trees were divided into
three groups, with approximately 3.5 km between the
first and the third. The first group was concentrated
in an area of approximately 1,200 m?, close to the
coordinates 25°22'57"S, 48°46'59"W; the second, in
an area of approximately 300 m?, at the coordinates
25°21'42"S, 48°46'11"W; and the third, also in an area
of approximately 1,200 m?, at 25°21'7"S, 48°46"20"W.
The climate of the region is classified as Cfa, according
to Koppen-Geiger. The averages of temperature and
monthly accumulated rainfall during the experimental
period are shown in Figure 1.

The selected plants were monitored for 15-30 days
in order to identify the beginning of the reproductive
period, defined as the occurrence of floral buds. Once
the beginning of this period was verified, plants were
monitored every 7 to 10 days, until 50% of the flowers
were in anthesis. From then on, the development of fruit
and seeds was checked through monthly harvesting,
until complete fruit dispersal.

The ripening process was monitored by evaluating
the morphological and physical characteristics of fruit
and embryos (color, moisture content, and dry matter),
as well as the physiological characteristics of seeds
(germination and vigor).

During each harvest, 100 to 150 fruit (5 to 25 per
tree) were harvested from plants in the reproductive
periodfruit. The harvested fruit were taken to the seed
laboratory of the Department of Crop Science and
Phytosanitary Measures of Universidade Federal do
Parand, washed under running water, and then dried
with a paper towel. After this procedure, four replicates
of five randomly chosen fruit were evaluated as to their
external (epicarp) and internal (endocarp) color, as well
as to their size — vertical and horizontal diameters of
fruit and embryos (cotyledons and embryonic axis) —,
which was measured with the aid of a 0.1-mm digital
caliper. For the vertical diameter of fruit, the ends of
the caliper were placed at the insertion point of the
stalk and at its opposite apex; and, for the horizontal
diameter, the middle portion of the fruit was measured.
In the case of the embryos, the endocarp, tegument,

Pesq. agropec. bras., Brasilia, v.53, n.2, p.212-220, Feb. 2018
DOI: 10.1590/S0100-204X2018000200010


http://dx.doi.org/10.1590/S0100-204X2018000200010

214

and endosperm were removed (when present) until
the embryo was bare; then, the vertical diameter was
measured from the apex of the embryonic axis to its
opposite apex, and the horizontal diameter, in the
middle portion, from one cotyledon to the other, so that
the suture line of the cotyledons remained centered.
During the ripening process, mainly at the initial
stages, the aid of a stereomicroscope was necessary to
visualize the embryos; however, their diameters were
not measured at this stage, nor was their dry matter
mass determined, since it was not possible to obtain
precise measures for all sampled embryos.

In order to determine the dry matter mass of fruit,
a sample of 20 fruit divided into four replicates was
used. The fruit were carefully separated into sections
and weighed on an analytical scale (0.001 g) in order
to determine their fresh matter mass, then placed
on Kraft paper and taken to an oven with forced-air
circulation at 65°C, until obtaining a constant mass.
In addition, a total of 20 embryos, divided into four
replicates, were extracted from their respective
fruit without their endocarp; after their mass was
obtained, they were also placed on Kraft paper and
taken to a forced-air circulation oven, following the
aforementioned procedure. The fruit were separated
into sections to facilitate the water loss of their internal

R.C. da Silva et al.

parts, mainly of the structures that are stuck to the
woody endocarp. In order to minimize fresh mass
losses, this procedure was performed as quickly as
possible, in a period of 4 min maximum, based on the
recommendations to determine the moisture content of
large seeds, according to the rules for seed analysis in
Brazil (Brasil, 2009).

The moisture content in the embryos was evaluated
in two replicates of five embryos, which were placed
in aluminum capsules and taken to an oven at 101-
105°C for 17 hours; data were obtained on a wet basis,
according to recommendations (Brasil, 2009).

Germinating power was obtained with five replicates
of ten embryos, distributed on four paper towel sheets
and dampened with water at a ratio 2.5 times the dry
matter mass of the paper substrate. After their seed
coat was removed (Silva et al., 2014), the embryos were
placed in a Mangelsdorf-type germinator at 30°C.
Evaluations were performed weekly until constant
germination.

Seed vigor was determined together with the
germination test, through the germination rate index
(Maguire, 1962) and the first germination count (Silva
et al., 2014).

The experimental design was completely
randomized, and data homogeneity was analyzed by
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Figure 1. Accumulated rainfall and monthly average temperatures in 2013, 2014, and 2015 in the municipality of Antonina,
in the coast of the state of Parand, Brazil. Data obtained from the weather station of Sistema Meteorologico do Parana

(Simepar).
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Cochran’s test. The analysis of variance was performed,
and significant data were explored by the polynomial
regression analysis, adjusting the equation based on
the regression coefficient and its significance of 5%
probability. For the analyses, the statistical software
Assistat, version 7.7 beta, was used (Silva, 2015).

Results and Discussion

In 2013, plants began their reproductive cycle with
the emission of floral buds, followed by the start of
anthesis. However, there was a high index of flower
abortion and fall of fruit at early development stages,
with no late flowering. The lack of fruit production in
2013 was probably related to the occurrence of droughts
from February to April, since, in the following years,
the flowering peak occurred in February, with rainfall
accumulation of 1,031 mm in 2014 and of 1,065.4 mm
in 2015, very different from that of 563.2 mm in 2013
in the same period (Figure 1). This is an indicative that
the rainfall volume in the first months of the year may
be determinant in consolidating the reproductive cycle
of this plant species.

In 2014 and 2015, considered the monitoring years,
plants completed the full cycle of fruit ripening.
However, in 2015, this cycle was slightly longer.
One reason may be the occurrence of the anthesis of
flowers (characterized by 50% or more flowered plants)
approximately ten days earlier than in 2014, which

extended the whole cycle, slowing the development
of the embryo. Another may be related to slightly
lower amount of rainfall in 2014 compared with 2015
(Figure 1). There was an increase of 264.6 mm in the
accumulated rainfall from October 2014 to September
2015, in comparison with the period from October 2013
to September 2014, when the 2014 reproductive cycle
ended and the plant started a new vegetative cycle,
preparing for the next reproductive cycle; therefore,
the plant probably extended its reproductive cycle in
2015 due to the higher water availability. Lamarca
et al. (2013), while studying the ripening process of
E. pyriformis recalcitrant seeds under different climate
conditions, also observed a reduced reproductive cycle
with decreased rainfall.

The color of guanandi fruit during the ripening
process (Figure 2) was marked by the gradual
alteration in the shade of the epicarp (most external
layer of the fruit), from a lighter and homogenous
green to a darker one, which became predominant
at 110 days after anthesis (DAA) and remained until
the end of the process. As time passed, in the second
month of harvest but more noticeably from 110 DAA
onwards, the exposure of fruit to the environment
caused small dark spots on the epicarp. These spots
may be due to friction damage by wind action or by
predation attempts from insects; when this happens,
a collector that is not very experienced may conclude

Figure 2. Development of guanandi (Calophyllum brasiliense) fruit and embryos. A, whole fruit; B, cut fruit, internal
visualization; and C, embryos. Representation of the development sequence from 27 to 209 days after anthesis (DAA), in

2014.
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that the fruit are ready for harvesting, supposing they
are in senescence because of their darker appearance.

The internal morphology of the fruit at the initial
stages from 27 to 47 DAA showed that the endocarp,
which is the inner layer of the pericarp surrounding the
seed, presented a yellowish line (Figures 2 and 3). More
internally, starting from the endocarp, it was possible to
visualize the cellular endosperm (solid), a larger layer
formed by a white mass of cells with cell walls; and,
closer to the center, both the nuclear endosperm (liquid),
formed by cells with free nucleus, which characterizes
the helobial endosperm (Carvalho & Nakagawa, 2012),
and a small, translucent, and greenish-colored embryo
involved by the endosperm. At the initial development
stages, it was not possible to identify the tegument,
because it is adherent to the endocarp.

From the following stage (78 DAA) onwards, only
the cellular endosperm surrounding the embryo
showed a more fibrous aspect (Figures 2 and 3). The
endocarp became more yellowish and firm, whereas
the embryo appeared more developed, non-translucent,
and cream colored.

At 110 and 133 DAA, the endosperm became a small
whitish layer (Figure 2), being practically consumed
during the development of the embryo, which occupied
almost the entire internal cavity. The endocarp became
firmer and changed to a color between intense yellow

and light brown; from 133 DAA, it was possible to
observe more clearly the presence of a yellow-colored
tegument, below the endocarp.

At 155 DAA (Figure 2), there was a predominance
of fruit with internal aspects similar to those of the
previous stage (133 DAA); however, some fruit
presented an endocarp with a darker brown shade and
the internal face of the tegument with the same brown
color. The endosperm was not observed, since, starting
at this stage, it was totally consumed by the embryo.
At 182 DAA, fruit with a dark brown endocarp and
tegument became the most frequent.

At 209 DA A, when harvests ended and most fruit had
already detached from the plants, the fruit pulp appeared
loosely adherent to the endocarp and all fruit presented
dark brown endocarp and tegument, with the embryo
being loosely adherent to these structures (Figure 2).

At the later stages (182 and 209 DA A), unlike at the
previous ones, the pulp had a slightly sweeter taste.
A great amount of partially eaten fruit, probably by
bats, was also found fallen on the ground, close to the
monitored trees. Therefore, it is possible to deduce that
the dispersion of fruit and seeds by fauna begins at these
stages, making it the most proper time to harvest seeds.

There are reports in the literature indicating the
participation of animals, such as bats from the Artibeus
genus (Mello et al., 2005), in guanandi seed dispersal.

Figure 3. Guanandi (Calophyllum brasiliense) fruit in a longitudinal cut. A and B, fruit at initial development stages, with
the presence of the helobial (nuclear and cellular) and sole cellular endosperms, respectively; and C, fruit at the end of the
ripening process, without the presence of the endosperm. ep, epicarp; ms, mesocarp; end, endocarp; embr, embryo; edp-n,
nuclear endosperm; and edp-c, cellular endosperm. White bars represent a 10-mm scale.
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However, studies combining this information with
the specific interests of the seed technology area are
still necessary, because, when a species is explored
for commercial purposes, quality seeds should be
obtained regardless of the action of fauna, especially
since, in many cases, there may be a conflict of interests
between seed producers and natural dispersers.

In several studies, the color of fruit and seed
teguments was considered as a criteria to monitor the
ripening process and to determine the proper time
to harvest E. uniflora (Avila et al., 2009), Erythrina
variegata L. (Matheus et al., 2011), E. pyriformis
(Lamarca et al., 2013), and Copernicia hospita Mart.
(Pereira et al., 2014). In the case of guanandi, the
changes in the external color of fruit were not a good
criterion for determining harvesting time, since no
color alterations were observed starting at 110 DAA
(Figure 2), which is the stage corresponding to half
of the whole ripening period. However, the color of
endocarp and of the internal face of the tegument
(dark brown at the final stages), together with the easy
detachment of the pulp from the endocarp and of the
embryo from the endocarp and tegument (Figures 2 B
and 3 C), is a good indicator to identify the harvesting
time of seeds. Therefore, before harvesting a great
amount of fruit, the collector should identify the
internal characteristics of a sample in order to verify
if the seeds are ready or not to be harvested. This
procedure is viable when there are no significant
variations in ripening among the fruit of a same plant,
which seems to be a characteristic of guanandi; in the
present study, there were no significant differences in
the development of fruit and embryos from the same
tree, and the most evident differences occurred at the
beginning of embryo formation and not at the end of
the reproductive cycle.

At the first development stages in 2014 (27 to
47 DAA) and in 2015 (28 to 76 DA A), the embryo could
only be observed with the aid of a stereomicroscope
(Figure 2). When visualized, the embryos measured
approximately 1.0 and 5.0 mm vertical and horizontal
diameters, respectively. Due to their small size, it was
not possible to evaluate their physical and physiological
characteristics in these periods; therefore, the analyses
were performed starting at 78 DAA in 2014 and at
113 DAA in 2015.

Guanandi fruit and seeds, during both monitoring
years, presented maximum vertical (Dv) and horizontal

(Dh) diameters close to the middle of the ripening
process (Figure 4), which is commonly observed
(Barbosa et al., 2015). Their size only decreased after
three or four harvests, usually due to the water losses
at the end of the ripening stage (Avila et al., 2009;
Carvalho & Nakagawa, 2012; Lamarca et al., 2013).

Because they are recalcitrant, guanandi seeds are not
subjected to an intense drying process during ripening.
It should be pointed out that the initial moisture content
of these seeds is normally quite elevated, close to 80%
on a wet basis, and remains unchanged for a period
of time; at this stage, the dry matter mass also does
not change because the cells are going through intense
division and expansion (Marcos-Filho, 2015). During
the first harvests, the moisture content of the embryos
could not be measured due to their much reduced
size; however, at the end of the ripening process, their
initial moisture content was close to 82 and 90%,
decreasing to 39 and 47%, respectively, in 2014 and
2015 (Figure 4). The dry matter mass of fruit (whose
composition includes the embryo) was determined
since the first harvest, showing stability, followed by
a period of increase and then by a new tendency of
stabilization in the last harvests. Once it was possible
to measure the embryos individually, there was a
continuous increase in their dry matter mass until
stabilization in the last three harvests in 2014 and in
the last two in 2015.

Water loss of guanandi embryos, due to the
recalcitrant behavior of the seeds, was more constant and
accentuated at the initial ripening stages, with values
between 40 and 46% from the beginning to the end of
ripening, when it was almost stable (Figure 4). Yu &
Chen (2012) also verified a more accentuated decrease
in the moisture content of Aesculus chinensis Bunge
seeds during the first stages of the ripening process,
with later stabilization. Marcos-Filho (2015) highlighted
that water loss is more gradual in orthodox seeds at the
beginning of their development and is accentuated after
they reach the maximum accumulation of dry matter,
preparing to later enter the quiescence or dormancy
state; however, this does not occur with recalcitrant
seeds, which detach from the mother plant with a high
moisture index and are ready to germinate.

The maximum accumulation of dry matter was
reached at 155 DAA in 2014, when there was no
more significant transfer of reserves from the mother
plant to the embryos (Figure 4). However, in 2015,
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Figure 4. Development of guanandi (Calophyllum brasiliense) fruit and seeds during the ripening process, in 2014 and
2015. A and B, diameter of fruit and embryos, respectively; C and D, dry matter mass of fruit and embryos; and E and F,
germination, first count, and germination rate index (GRI) of embryos. Dv, vertical diameter; Dh, horizontal diameter; Ms,
dry matter mass; and Ta, moisture content. **Significant at 1% probability.
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with the delay in the ripening process, the maximum
accumulation of dry matter in the embryos only
occurred at 205 DAA.

At 99 DAA in 2014 and 177 DAA in 2015, 74 and
73% of the germinated embryos grew into normal
seedlings, respectively (Figure 4). In the following
harvests, no significant differences were observed in
the number of germinated embryos, which became
stable with a total of normal seedlings between 98 and
100% in 2014 and 92 and 94% in 2015.

Germination stabilization in 2014 was not
synchronized with the maximum accumulation of
dry matter mass, since total germination had already
reached 98% at 110 DAA (Figure 4) and the maximum
accumulation only started at 155 DAA. However,
in 2015, the stabilization of both germination and
reserve accumulation was observed from 205 DAA
onwards. In both years, such stabilization was not
found for seed vigor, based on the speed index and the
first germination count, which increased and reached
maximum values in the last harvest.

It should be noted that, in some species, the
maximum accumulation of dry matter mass does not
always coincide with the physiological ripeness of
seeds, which still need to reach their physiological
potential. This may be the case in species producing
fleshy fruit (Marcos-Filho, 2015), which could explain
the results obtained for guanandi, which presents a
fleshy pulp.

Similar results were found by other authors. In a
study on the ripening of E. uniflora seeds, a species
with recalcitrant behavior like that of guanandi, Avila
et al. (2009) also did not report synchrony between
the beginning of the germinating power of the seeds
and the maximum accumulation of dry matter mass
— seeds reached 86% germination at 42 DAA and
dry matter mass stabilization occurred from 63 DAA
onwards. In Nihoa fan palm seeds (Pritchardia remota
Becc.), arecalcitrant species that presents endospermic
reserves, Pérez et al. (2012) found that the process of
dry matter mass accumulation of the embryo was
desynchronized with that of the endosperm and the
fruit, reaching maximum accumulation at 250 DAA,
whereas endosperm and fruit did so at 340 DAA. The
maximum germination and vigor of the endosperm and
fruit were only reached between 340 and 400 DAA,
and the last harvest and evaluation point were marked
by the fall of the fruit.

The desynchronization between physiological
ripeness and maximum accumulation of dry matter,
however, is not an exclusive characteristic of species
with recalcitrant seeds, also being verified in orthodox
species. Nakagawa et al. (2010) concluded that
copperpod (Peltophorum dubium Taub.) seeds did not
show germination capacity in spite of reaching their
maximum dry matter mass, i.e., they stopped receiving
photoassimilates from the mother plant before reaching
physiological ripeness; for this reason, according to the
authors, these seeds need to undergo a drying process.

In the present study, the development of guanandi
fruit and seeds in the studied region started in
February, when 50% of the flowers from the selected
plant population were in anthesis. In March and April,
the fruit were beginning to develop and the presence
of the helobial endosperm was observed; however,
it was quickly consumed in the initial development
stages of the embryo, with the permanence of the
sole solid endosperm starting in May. Fruit and seeds
reached maximum development between August
and September, and the natural dispersion ended the
reproductive cycle in October.

Conclusions

1. The ripening of guanandi (Calophyllum
brasiliense) seeds, in the coast of the state of Parana,
Brazil, lasts from 200 to 240 days, with the peak of
flower anthesis in February and dispersion of fruit and
seeds in October.

2. The maximum accumulation of the dry matter
mass of seeds is not synchronized with their maximum
physiological potential.

3. The germination potential of seeds is reached
close to the middle of the ripening process and the
maximum vigor at the end.

4. Changes in the external color of guanandi fruit
have no relation with harvesting time, since there are
no more color changes starting from 110 days after
anthesis.

5. The morphological characteristics related to
harvesting time are fruit pulp and embryo weakly
adherent to the endocarp and tegument, respectively,
as well as the dark brown color of these tissues.
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