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ABSTRACT: Garcinia gardneriana (Planch. & Triana) Zappi is a native species widely distributed in
Brazil. It has ornamental features, edible fruits, and its leaves have medicinal properties; however,
its potential has not been explored. The aim of this study was to evaluate seed physiological
performance due to dormancy, desiccation and storage tolerance. Only decoated seeds
germinated. Seeds had an initial water content of 1.07 g H,0.g™ dw and final germination of 95%.
Both desiccation to 0.67 g H,0.g™" dw and storage at 25 2C for ninety days resulted in decreased
germination, 43 and 41%, respectively. Desiccation below 0.25 g H,0.g"* dw and storage for ninety
days at 5 2C were lethal. A rapid decrease in enzymic protection by superoxide dismutase and
ascorbate peroxidase was correlated to desiccation sensitivity. Total polyamines content was
higher in fresh seeds and markedly decreased with desiccation. The decrease in enzyme activity
and polyamines content seems to be associated with seed viability loss. In sum, G. gardneriana
seeds have a low tolerance to desiccation and are sensitive to chilling. Therefore, the seeds can be
categorized as recalcitrant and dormant, a rare combination in terms of seed biology.

Index terms: antioxidant enzymes, desiccation tolerance, physical dormancy, polyamines,
germination.

Desempenho fisioldgico de sementes de Garcinia gardneriana (Planch.
& Triana) Zappi: uma espécie com sementes recalcitrantes e dormentes

RESUMO: Garcinia gardneriana (Planch. & Triana) Zappi € uma espécie nativa amplamente
distribuida no Brasil. Tem caracteristicas ornamentais, frutos comestiveis e folhas com
propriedades medicinais. No entanto, seu potencial ainda ndo é explorado. O objetivo deste
estudo foi avaliar o desempenho fisioldgico das sementes devido a dorméncia, dessecagao e
tolerancia ao armazenamento. Apenas sementes sem tegumento germinaram. As sementes
apresentaram um contetdo inicial de dgua de 1,07 g H,0.g" dw e germinacdo final de 95%.
Ambos, dessecagdo para 0,67 g H,0.g™" dw e armazenamento a 25 2C por noventa dias, resultaram
em decréscimo na germinagdo, 43 e 41%, respectivamente. Dessecacdo abaixo de 0,25 g H,0.g"
dw e armazenamento por noventa dias a 5 2C foram letais. Uma rapida diminuigdo na protegdo
enzimatica pela superdxido dismutase e ascorbato peroxidase foi correlacionada a intolerancia
a dessecacdo. O conteldo total de poliaminas foi maior nas sementes frescas e diminuiu com a
dessecacdo. A diminuicdo da atividade enzimatica e do contetddo de poliaminas estd associada a
perda de viabilidade de sementes. Em suma, as sementes de G. gardneriana tém baixa tolerancia
a dessecagdo e sdo sensiveis a refrigeragdo. Portanto, as sementes podem ser categorizadas
como recalcitrantes e dormentes, uma combinagdo rara em termos de biologia de sementes.

Termos para indexagdo: enzimas antioxidantes, tolerancia a dessecac¢do, dorméncia fisica,
poliaminas, germinagao.
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INTRODUCTION

Garcinia gardneriana (Planch. & Triana) Zappi, known as bakupari, is a fruit species from the Clusiaceae family,
which comprises 27 genera and 1.090 species (Stevens, 2007). The species is widely distributed in Brazil, occurring in
the Amazon Rainforest, Caatinga, Central Brazilian Savanna and Atlantic Rainforest (Bittrich et al., 2015). It is a tree-
sized plant with bright yellow fruits, containing one to three seeds. Although not domesticated, this species has high
economic potential. Its morphological structure makes it very suitable to be used as an ornamental plant, its fruits
can be consumed in natura, and its leaves are used in the traditional medicine to treat inflammations and infections
(Cechinel Filho et al., 2000). Nevertheless, little is known about the seed germination process and the influence the
environment has on it.

According to Bewley et al. (2013), seed germination begins with water absorption by the seed and ends with radicle
protrusion, followed by the emergence of the embryonic axis through the surrounding structures. It is a physiological
process that requires favorable environmental conditions of temperature, oxygen, humidity and light. However, when one
or more environmental conditions are unfavorable, the germination does not occur. Furthermore, characteristics of the
seed itself, or of the dispersion unit, may preclude germination, giving it a state of dormancy (Baskin and Baskin, 2014).

Physical dormancy is a state where the seed fails to germinate due to an impermeable structure, which prevents
water from being absorbed (Baskin et al., 2000). Water content (WC) is correlated not only to seed germination but
also to storage capacity, and this is directly associated with desiccation tolerance. In the 1970s, seeds were divided into
two categories: orthodox and recalcitrant (Barbedo et al., 2013). According to this classification, desiccation-tolerant
seeds (orthodox) survive desiccation to very low WC, below 0.1 g H,0.g™* dw, and withstand dry storage for long periods
without a significant loss in viability (Marques et al., 2018). On the other hand, desiccation-sensitive seeds (recalcitrant)
often have high WC and do not tolerate desiccation, losing viability quickly below 0.25 g H,0.g™* dw. This dichotomy,
however, is now only appropriate for technological purposes, given the vast range of different behaviors that can be
found within these two groups (Barbedo et al., 2013; Barbedo, 2018). For example, some species of the genus Garcinia
were classified as being recalcitrant and dormant (Liu et al., 2005; Anegbeh et al., 2006). This combination in seeds is
quite rare; in a survey of 886 species, only 1.4% were recalcitrant and had physical dormancy (Tweddle et al., 2003).
Vazquez-Yanes and Orozco-Segovia (1993) state that very little is known about seeds that possess this combination,
thus evidencing the importance of this species in studies about seed physiology behavior and viability.

Seed viability loss is dependent on a plethora of factors, among them genetics, mechanical damage, temperature
and humidity, and seed WC (McDonald, 2004). Physiological deterioration can be seen as a result of the loss of
membrane integrity, electrolyte leakage, reactive oxygen species (ROS) production, lipid peroxidation, changes in
enzymatic activity etc. (Goel and Sheoran, 2003). The cellular damage caused by these free radicals is usually reduced
or prevented by a protective mechanism involving peroxidase-scavenging enzymes, such as superoxide dismutase
(SOD), catalase (CAT), glutathione reductase (GR) and ascorbate peroxidase (APX) (Goel et al., 2003; McDonald, 2004).
Together with antioxidant enzymes, polyamines (PAs) have also been suggested to play a role in free radical scavenging
(Drolet et al., 1986). According to Flores and Galston (1984), under water deficit, there is an accumulation of PAs that
could act directly or indirectly as a free radical scavenger. Therefore, to study how these substances change and link
this with seed physiological performance is of primary importance to understand the G. gardneriana seeds physiology.

Considering the current global concern on strategies for plant conservation of recalcitrant seeds and the lack of
literature on the storage, dormancy-breaking and germination requirements of seeds from forest species, this study
was developed. To the best of our knowledge, no studies have investigated that this species is indeed dormant and
recalcitrant, neither was the relationship of this characteristic with the seed metabolism and dehydration. Thus, physical
and physiological aspects such as the effects of the seed coat, desiccation and storage tolerance of G. gardneriana
seeds were investigated. Additionally, PAs contents and enzyme activities were quantified over these effects, looking
to correlate its contents to the physiological seed performance of this species. The results of this study improve
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the ecological understanding of seed physiology performance, and lead to practical applications in crops and seed
conservation.

MATERIAL AND METHODS

Fruit harvesting and seed processing

Mature fruits of G. gardneriana were harvested from a population located in Igara, Santa Catarina. The seed
processing consisted of the removal of the mucilaginous mesocarp by friction, followed by washing in water and drying
in a paper towel. Seeds with visible mechanical damage or very small were discarded.

Imbibition curve and effect of the seed coat on water uptake

Intact (i.e., with seed coat) and decoated seeds were placed in germination boxes containing vermiculite substrate
saturated with sterilized distilled water. The boxes with seeds were arranged in growth chambers at 25 + 2 2C and
photoperiod of twelve hours (142 umol. m2.s?). Seeds were weighed before imbibition, at two-hour-intervals for the first
twelve hours, and at twenty-four-hour-intervals until 50% of seed germination. A seed was considered germinated when

it produced radicle and epicotyl (normal seedling). The percentage of mass increment over time, as a function of initial

Mt — Mi R
seed mass, was calculated as o, = (tTl)] % 100, where Mi = initial fresh mass of the sample, and Mt = mass sample
L

at the time of harvesting (Justo et al., 2007). To determine whether water was absorbed or retained in the seed coat, ten
intact seeds and ten decoated seeds were imbibed in methylene blue solution for fifteen days (based on the imbibition
curve), then cross-sectioned and evaluated in a stereo microscope for the absorption of the solution (Liu et al., 2005).

Water content determination

Seeds were dried at 105 * 3 oC for 24 h (Brasil, 2009). Four replicates of five intact seeds were cut into small pieces,
weighed initially and after the drying period. The WC was expressed on a dry weight basis (g H,0.g* dw) (Black and
Pritchard, 2002).

Desiccation tolerance

To evaluate desiccation tolerance, fresh seeds (FS) were dried in hermetically sealed containers using silica gel at
room temperature (average of 27 2C). The seeds were desiccated for 5, 10, 15 and 20 days, using as reference the WC
determined for FS. Silica gel was used in a ratio of 2:1 and was replaced every 24 h (Zhang and Tao, 1989). Every day
seeds were weighed, and water loss was calculated according to Hong and Ellis (1996).

Tetrazolium test

Four replicates of eight seeds were used for all treatments. A longitudinal cut was made in the seed, and the
embryos were immersed in 1% 2,3,5-triphenyltetrazolium chloride solution at 30 2C for two hours (Brasil, 2009). The
embryos were classified as viable or unviable, according to Brasil (2009).

Electrolyte leakage

Electrolyte leakage was estimated according to Marcos-Filho et al. (1987). Four replicates of eight seeds were
used. The seeds were weighed and imbibed in 100 mL beakers containing 50 mL deionized water and kept in a growth
chamber at 25 2C for different imbibition times (2, 4, 6, 8, 10, 12 and 24 h). After each imbibition period, the electrolyte
leakage was evaluated using a conductivity sensor (SD201, Saiv A/S, Norway). The results were expressed in puS. cm™.g™.
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Germination and seedling evaluation

For the germination test, seeds were previously disinfested with 70% ethanol for one minute, and sodium
hypochlorite solution (2%, v/v) for five minutes. Germination counts were made daily. Germination criteria were the
same used for the imbibition curve (normal seedling). The viability of the non-germinated seeds was verified through
the tetrazolium test. At the end of the germination tests, the mean germination time (MGT) was calculated according
to Edwards (1934).

Storage tolerance

Tolerance to storage was evaluated by storing intact FS at 25 °C and 5 °C for ninety days. After the storage period,
the seeds were submitted to the germination test, MGT and seedling evaluation, as described previously.

Polyamines quantification

For PAs determination, three samples (200 mg) of embryos of fresh and desiccated seeds were ground in 1.6 mL
of 5% (v/v) perchloric acid. Free and conjugated PAs were extracted, dansylated and quantified, according to Steiner et
al. (2007), with modifications. PAs concentration was determined using a fluorescence detector at 340 nm (excitation)
and 510 nm (emission). Peak areas and retention times were measured by comparison with standard PAs: putrescine,
spermidine and spermine. The 1,7-diaminoheptane (DAH) was used as the internal standard.

Enzyme extraction and assays

Three samples (300 mg) of embryos of fresh and desiccated seeds were homogenized on ice with 1 mL of 50 mM
potassium phosphate buffer (pH 7.0) containing 1 mM EDTA and 1% polyvinylpyrrolidone (PVP). The homogenate was
centrifuged at 15000 g for twenty minutes at 4 °C. Protein content was determined according to Bradford (1976). The
resulting supernatant was filtered and used for the enzyme assays. Superoxide dismutase (SOD; EC 1.15.1.1) activity was
measured by monitoring the inhibition of photochemical reduction of NBT, according to Giannopolitis and Ries (1977).
Catalase (CAT; EC 1.11.1.6) activity was determined by following the consumption of hydrogen peroxide (H,0,) (Peixoto
et al., 1999). Ascorbate peroxidase (APX; EC 1.11.1.11) activity was determined by following the decrease in A290
(Koshiba, 1993). Glutathione reductase (GR; EC 1.6.4.2) activity was determined by following the oxidation of NADPH
(Bailly and Kranner, 2011). SOD, CAT, APX and GR activities of each extract were measured three times, and the results
correspond to the means + SD of the values obtained with three different extracts and three measurements per extract
(i.e., nine measurements).

Statistical procedures

The design was completely randomized in all tests unless stated otherwise. Each treatment was composed of four
replications of fourteen seeds each. Data normality was evaluated using the Shapiro-Wilk test and analyzed using an
analysis of variance (ANOVA), followed by a Student-Newman-Keuls posthoc test (p < 0.05). Statistical procedures were
carried out with R 3.4.4 programming environment (R Core Team).

RESULTS AND DISCUSSION

Decoated seeds absorbed water slowly and started germinating twelve days after sowing (DAS) (Figure 1a). Removal
of the seed coat resulted in a mass increment of 11% throughout the imbibition test. On the other hand, intact seeds
showed a rapid increase in mass in the first hour, reaching 5% in only six hours of imbibition. However, after this point,
water absorption plateaued; between 8 and 360 h, there was a mass increase of only 1%, thus showing that water
absorption became nearly stable. Intact seeds failed to germinate by the end of the imbibition test. The imbibition test
with methylene blue solution showed that only decoated seeds absorbed the solution (Figure 1b).
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Data are means + SD.
Bar: 1 mm.
Star: beginning of germination.

Figure 1. Imbibition curve of G. gardneriana seeds and the effects of the seed coat in water uptake. (a) Dynamics of
increment on initial fresh mass in function of time (%). Details of water uptake in the first 24 h indicated on
the right lower corner. (b) Cross-section of seeds imbibed in methylene blue solution. Intact seed showing no
absorption and decoated seed with visible absorption of the solution.

According to Hidayati et al. (2001), the increase in mass does not necessarily indicate that water has surpassed
the seed coat; instead, it can be true that water was absorbed just on the seed coat itself. The data presented in this
work corroborate with this statement since the seeds could not overcome the physical barrier imposed by the seed
coat, resulting in the near stabilization of water absorption. Conversely, decoated seeds absorbed water slowly but
throughout until seed germination occurred. According to Liu et al. (2005), this slow absorption rate is due to the seeds
having a high initial WC. Nevertheless, 50% of the seeds germinated at the end of the test in a relatively short period.
These results indicate that the seed coat of G. gardneriana confers physical dormancy on the seeds, which prevents
water uptake and quick germination. In nature, these structures that preclude germination become permeable through
the action of moist and dry heat, strong acids, coat piercing, or even by going through an animal gut (Vazquez-Yanes
and Orozco-Segovia, 1993). This means that, in nature, G. gardneriana seeds could have different germination times,
depending on the speed on which these factors act on the seed coat, which is a good strategy for germination and
seedling establishment success on a wild ecosystem. In this sense, because the seed coat of G. gardneriana prevents
germination, to propagate this species in practical application or experimental research, the removal of the seed coat
is recommended to obtain more immediate and uniform germination.

The lifespan of recalcitrant seeds is significantly affected by temperature, humidity and the WC of the seeds (Marques
et al., 2018). G. gardneriana FS were shed at a high WC (1.07 g H,0.g™ dw), showed high viability (Figure 2b), the lowest
electrolyte leakage rate (Figure 2c) and fastest MGT and highest normal seedling production (Table 1). The seeds lost
water at a rate of 4% per day until the end of the desiccation period (Figure 2a). Reduction in WCto 0.67 g H,0.g™ dw had
an adverse effect on the seeds; germination was reduced by 57% (Figure 2d). This discrepancy suggested that this was
the critical WC for these seeds. Desiccating seeds to 0.43 g H,0.g™ dw was very detrimental. All tests indicate that seeds
do not tolerate this WC loss; only 8% of seeds germinated (Figure 2d). Desiccation below 0.25 g H,0.g™ dw was lethal.
Our results, together with the fact that a few Garcinia species were classified as having recalcitrant seeds (Liu et al., 2005;
Malik et al., 2005), suggest that G. gardneriana also has this behavior, since its seeds are highly sensitive to desiccation.

Seeds of G. gardneriana also showed to be very sensitive to storage and chilling. FS were capable of retaining viability for
ninety days at 25 C to the same level as seeds desiccated to 0.67 g H,0. g* dw (Table 2). One possible explanation for this
may be that these seeds lost water slowly during storage due to the high temperature. Therefore, these seeds may also have
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suffered the same damages as the desiccated seeds, which caused the loss of viability. Seeds stored for ninety days at 5 2C
did not germinate (Figure 2d), thus indicating that this species is very sensitive to chilling.

Abbreviation: FS = fresh seeds.
Means followed by the same letters do not show significant differences according to the SNK test (p < 0.05).

Bar:1cm.

Figure 2. Physiological performance of the seeds due to desiccation. (a) Water content of G. gardneriana seeds as a
function of desiccation time (days). (b) Tetrazolium test with G. gardneriana seeds of different WC. On the right,
Percentage of positive reaction of G. gardneriana seeds to 1% 2,3,5-triphenyltetrazolium chloride (Tetrazolium).
CV =9.58%. On the left, the effect of desiccation on the Tetrazolium salt reaction with the embryo tissues. Seeds
that reacted positively to tetrazolium: FS, 0.67 and 0.43 g H,0.g™" dw. Seeds that did not react to tetrazolium:
0.25and 0.14 g H,0.g™ dw. (c) Effects of desiccation on electrolyte leakage (uS. cm™.g*) in G. gardneriana seeds.
CV = 11.73%. (d) Germination curve of G. gardneriana seeds with different WC (g H,0.g™ dw). CV = 6.29%.
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Table 1. Mean germination time (MGT) and germination of G. gardneriana seeds with different water content.

Germination (%)

Treatment MGT (days)
Normal seedling Abnormal seedling Dead seed
Fresh seeds 18+0.3¢c 95+3a 5+3c od
0.67 g H,0.g* dw 22+0.2b 43+5b 39+4a 19+3c
0.43 gH,O0.g"dw 24+1a 8+3c 14b 78 b
0.25 g H,0.g* dw 0d 0d od 100 a
0.14 g H,0.g" dw od od od 100 a

Data are mean £ SD.
Means followed by the same letters do not show significant differences according to the SNK test (p < 0.05).

Table 2. Mean germination time (MGT) and germination of G. gardneriana seeds with different storage conditions.

Germination (%)

Treatment MGT (days)
Normal seedlings Abnormal seedlings Dead seeds
Fresh seeds 18+0.3b 95+3a 5+3b Oc
Stored at 25 °C 21+2a 41+3b 39+4a 20£3b
Stored at 5 °C Oc Oc Oc 100 a

Data are mean * SD.
Means followed by the same letters do not show significant differences according to the SNK test (p < 0.05).

According to Pammenter and Berjak (1999), the loss of germination capacity is associated with a lack of mechanisms
related to the acquisition of tolerance to desiccation. Among these mechanisms are protective proteins and metabolites
(LEAs, antioxidant enzymes, sugars, polyamines), hormones (ABA accumulation, GA reduction), transcription factors and
physiological processes (DNA and protein repair, cytoplasm vitrification, membrane stabilization) (Marques et al., 2018).

However, maintaining this machinery comes with a high cost; hence, several species have lost tolerance to desiccation
or storage, depending on the environment they are found. Seed longevity, desiccation tolerance and dormancy are very
important traits for seeds that are found in a heterogeneous environment because they enhance the ability to survive in
adverse conditions (Marques et al., 2018). On the other hand, most species that evolved in relatively stable environments,
such as ecosystems with typical rainy seasons, do not need these mechanisms since the environment they are found favors
faster germination (Souza et al., 2015).

Barbedo et al. (2013) define seed longevity as an interaction among genetic information, reduction factors (WC,
temperature, degree of maturation at shedding) and improvement factors (dormancy). These factors seem to be
established in a dynamic way, varying in intensity based on what is more advantageous to the adaptation of the species.
Therefore, according to their model, the paradoxical combination of physical dormancy and desiccation sensitivity in
G. gardneriana can be explained.

To shed light on the metabolism of these seeds, antioxidant enzymes and polyamines as biomolecules involved in
the seed physiology performance were also studied. G. gardneriana FS showed high activities of SOD, CAT, APX and
GR (Figure 3), indicating that the antioxidant system was operating efficiently in the removal of ROS, since seeds were
the most viable. Several studies have investigated the relationship between loss of viability and the oxidative stress in
recalcitrant seeds (Li and Sun, 1999; Varghese and Naithani, 2002; Cheng and Song, 2008).

ROS play an important role in seed physiology, acting as signaling of cellular pathways, but also as toxic products that
accumulate under stress conditions, such as desiccation (Jeevan Kumar et al., 2015). For the successful destruction of
superoxide radicals and H,0,, scavenging enzymes need to work together. Superoxide radicals produced by biochemical
reactions in plant cells are rapidly converted to H,0, by SOD, and then CAT converts H,O, to H,0 and oxygen (Cheng and

Journal of Seed Science, v.42, €202042001, 2020



8 W. G. Viana et al.

Song, 2008). APX and GR are closely correlated in the ascorbate-glutathione cycle and are known for scavenging H,0,
directly and indirectly (Bailly, 2004).

Comparatively to G. gardneriana FS, desiccation resulted in a decrease in SOD and APX activity (Figures 3a and 3b),
with no difference among the desiccated treatments. CAT activity showed an inverse pattern, increasing significantly
(Figure 3c). GR activity did not differ among fresh and desiccated seeds (Figure 3d). According to Bailly et al. (2001), loss
of SOD and APX activity leads to an accumulation of ROS, which can be compensated by the increase in CAT activity,
who also scavenges H,0,. This seems to be the case for G. gardneriana seeds, where CAT activity increased in desiccated
seeds, as a result of impairment of SOD and APX activities. However, it was not enough to keep the seeds viable. Even
though GR is known for contributing to the regeneration of ascorbate and participates indirectly in scavenging of H,0,
(Tommasi et al., 2001), in G. gardneriana desiccated seeds, this enzyme does not seem to have played a significant role,
because APX activity decreased and viability decreased as well. The results indicate that the significant decreases in
SOD and APX may be correlated to the desiccation sensitivity of the seeds. These results corroborate with the study of
Li and Sun (1999), who found a correlation between the rapid decrease in enzymatic protection by SOD and APX against

Abbreviations: APX = ascorbate peroxidase; CAT = catalase; GR = glutathione reductase; SOD = superoxide dismutase; FS = fresh seeds.
CV SOD: 19.5%; CV APX: 7%; CV CAT: 7.5%; CV GR: 13%.
Bar: germination percentage.
Enzyme activity means followed by the same letters do not show significant difference according to the SNK test (p < 0.05).

Figure 3. Effects of desiccation of G. gardneriana seeds on SOD (a), APX (b), CAT (c) and GR (d) activities.
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oxidative stress and desiccation sensitivity of cocoa (Theobroma cacao) axes and cotyledons. Conversely, Varghese
and Naithani (2002) found that SOD increased markedly with desiccation of neem (Azadirachta indica A. Juss) seeds;
however, an impairment in CAT leads to ROS production, thus resulting ultimately in the loss of viability. This contrast
in enzyme activities serves as evidence that an entirely functional and cooperating antioxidant system is required to
retain seed viability.

Together with antioxidant enzymes, the role of PAs regarding stress tolerance has been widely investigated. One
of the many roles PAs play is in the scavenging of ROS by influencing the activity of antioxidant enzymes (Li et al.,
2015b; Juzon et al., 2017). In general, plants are characterized for possessing a high capacity of increasing endogenous
contents of PAs in response to stress (Juzon et al., 2017). In G. gardneriana seeds, free PAs content was higher in FS for
PUT and SPD (Figures 4a and 4b). After desiccation, the content of these two PAs significantly decreased. Conversely,
SPM content increased when seeds were desiccated to 0.67 g H,0.g™ dw, but decreased when seeds were desiccated
further (Figure 4c). These results corroborate with the fact that PUT is used for the synthesis of SPD, which is then
converted into SPM (Liu et al., 2015).

Abbreviations: PAs = polyamines; PUT = putrescine; SPD = spermidine; SPM = spermine; FS = fresh seeds.
CV free PUT: 23%; CV free SPD: 11%; CV free SPM: 26%; CV Total PAs: 18%.
Enzyme activity means followed by the same letters indicate a significant difference between treatments at p < 0.05
according to the SNK test.

Figure 4. Endogenous contents (nmol.g* fw) of free polyamines: PUT (a), SPD (b), SPM (c) and total PAs (free + conjugated).
(d) In mature seeds of G. gardneriana under different data are means of three replicates + SD.
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It seems that for G. gardneriana, PUT and SPD was converted to SPM in an attempt to stop seed deterioration caused
by desiccation. SPM is involved in membrane stability and osmotic adjustment, both important processes during the
desiccation phase of seeds (Li et al., 2015b). Furthermore, several studies found that the exogenous application of SPM
increased drought tolerance by elevating the activity of antioxidant enzymes, such as SOD and CAT, which then resulted
in a decrease in ROS activity (Shi et al., 2010; Li et al., 2015a), indicating the effective role of this PA against abiotic stress.
These findings corroborate with the SPM contents found for G. gardneriana seeds (Figure 4c).

Desiccation to 0.67 g HZO.g'1 dw resulted in an increase in SPM content; however, the action of SPM in membrane
stabilization and increasing the activity of antioxidant enzymes was not enough to prevent seed deterioration and,
thus, the seed viability was lost. The high content of total PAs (Figure 4D) for G. gardneriana FS, and the markedly
decrease after desiccation and germination indicate a positive correlation in seed viability and PAs in this species.

These data are considered to be a starting point for understanding and establishing the main biological criteria for better
management of this species seeds in its wild ecosystem, considering its economic, medicinal and ecological potential.

CONCLUSIONS

The results indicate that the seed coat in this species precludes imbibition and, consequently, germination. The
seeds do not tolerate desiccation and storage; therefore, this species is categorized as having highly recalcitrant seeds.
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