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Abstract: The effect of different levels of physiological maturation of the fruit and temperature on the seed
germination and incidence of fungi that are harmful to the seeds, becomes fundamental for the improvement of
the propagation of different native fruit species. The objective of this work was to evaluate the effect of
physiological maturation and temperature on the germination and fungi incidence in Eugenia involucrata DC.
seeds. Three experiments were carried out. In the experiment |, the effect of four levels of physiological
maturation was evaluated, visually determined based on the color of the fruit, and in the experiment Il, was
evaluated the effect of two levels of maturation and two temperatures (25 and 35 °C) on the germination and
vigor of the seeds. In the experiment Ill, was investigated the incidence of fungi in the seeds at two
temperatures (25 and 35 °C). The levels of maturation evaluated did not influence the percentage of
germinated seeds, but they influenced seed vigor. The temperature of 25°C was suitable for seed germination.
The fungi genera found on the seeds were Trichoderma, Aspergillus, Fusarium, Penicillium, Alternaria, and
Colletotrichum with variable incidences depending on evaluated temperature.

Keywords: Cerejeira-do-Rio-Grande. Eugenia involucrata. Myrtaceae. Physiological maturation. Wild fruits.
Resumo: O conhecimento dos efeitos de diferentes niveis de maturagéo fisioldgica do fruto e da temperatura

sobre a germinagao e incidéncia de fungos prejudiciais as sementes é fundamental para o aprimoramento das
técnicas de propagacgao de diferentes espécies frutiferas nativas. Portanto, o objetivo desse estudo foi avaliar
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a influéncia do estadio da maturagéo fisiologica dos frutos e da temperatura sobre a germinagéao e incidéncia
de fungos em sementes de Eugenia involucrata DC.. Foram conduzidos trés experimentos, no primeiro
avaliou-se o efeito de quatro estadios de maturagao fisiologica distinguidos, visualmente, com base na
coloragao do fruto. No segundo, avaliou-se o efeito de dois estadios de maturagdao do fruto e duas
temperaturas (25 e 35 °C) sobre o vigor e germinagéo das sementes. No terceiro, foi investigada a incidéncia
de fungos nas sementes em duas temperaturas (25 e 35 °C). Os diferentes niveis de maturagéao fisioldgica
avaliados nao interferem na porcentagem de sementes germinadas, contundo, influenciam o seu vigor. A
temperatura de 25 °C é adequada para a germinagao das sementes de Eugenia involucrata DC. Os géneros
de fungos identificados nas sementes foram Trichoderma, Aspergillus, Fusarium, Penicillium, Alternaria e
Colletotrichum apresentando variagdes na incidéncia de acordo com a temperatura avaliada.

Palavras-chave: Cerejeira-do-Rio-Grande. Eugenia involucrata. Myrtaceae. Frutiferas nativas. Maturagao
fisiologica.
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1 Introduction

Brazil stands out as one of the main centers of genetic diversity of wild fruit trees worldwide.
Nevertheless, there is a lack technical information for most of these species. Wild fruits belonging to the family
Myrtaceae are widely distributed throughout Brazil, constituting a source of germoplasm of enormous value
(Lattuada et al., 2010). The Cerejeira-da-mata, Eugenia involucrata DC., belongs to the Myrtaceae family and
is a native species of southern Brazil. It can be found from Minas Gerais to Rio Grande do Sul states in forest
formations of the Atlantic complex, and in some regions of Parana state (Donadio et al., 2004). Besides, E.
involucrata also occurs in Mato Grosso do Sul, Minas Gerais and Goias states, and in other countries of South
America as Argentina, Uruguay, and Paraguay (Rodrigues & Carvalho, 2001).

E. involucrata is a native honey plant with great ecological importance disseminated by birds and useful
in the recovery of degraded areas (Carvalho, 2008; Rodrigues & Carvalho, 2001), besides its landscape value
due to the beauty of its flowers and stems (Lorenzi, 2002). In addition, this species has fruits that can be
consumed fresh and processed to make sweets, jams, and liqueurs (Carvalho, 2008). In addition, has
potential for pharmaceutical use, due its digestive, antidiarrheal and antirheumatic properties, and antifungal
activity (Sardi et al., 2017; Toledo et al., 2020; Vechi et al., 2018). The wood is of good quality and can be
used in civil construction, making agricultural tools, as firewood and for charcoal production (Carvalho, 2008).
Due to its great economic and ecological importance, studies aimed at improving propagation of this wild fruit
assume significant relevance (Avila et al., 2009).

Data regarding the physiological maturation of fruits and germination of seeds are crucial for the
propagation of wild fruits, as they prescribe conditions for the collection and processing of seeds at appropriate
times (Nogueira et al., 2013), providing for maximum physiological seed quality. Seed quality is also closely
related to the presence of some fungal pathogens that may be associated with a decrease in germination rate
and lower seedling development (Yorinori, 1982). Temperature is also an important factor that must be
considered in the germination of the seeds, as it directly and indirectly influences the germination process
(Huang et al., 2018).

Considering the above-mentioned factors, our objective with this work was to evaluate the effect of
physiological maturation and temperature on the germination and fungal incidence in Eugenia involucrata DC.
seeds.

2 Material e Methods
2.1 Experimental location
The experiments were conducted in the laboratory of plant biotechnology and propagation of the

Federal University of the Southern Frontier - UFFS, Campus Chapecé-SC, using seeds from four individuals of
E. involucrata species located in the municipality of Vitorino (26°15'31.9"S and 52°47'44.0"W), Parana, Brazil.
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The fruits were collected and immediately taken to the laboratory for manual removal of the seed. After
processing, the seeds were cleaned with sodium hypochlorite (2.5% active chlorine) at a concentration of 10%
(v/v), for 10 minutes. Then, were placed in a sieve, leaving them in running water for three minutes. After that,
experiments | e |l carried out as follows:

2.2 Experiment | — Evaluation of the effects of physiological maturation of fruits on seed germination

Seeds were removed from fruits at four levels of physiological maturation, determined according to the
coloring of the epicarp of the fruit: yellow with red spots (RS), bright red (BR), wine-colored (WC) and fruits
that were on the ground (GR). The fruit coloration levels were determined based on the classification of Oro et
al. (2012).

The seeds (25 seeds per box) were packed in transparent polyethylene boxes with dimensions of 11 x
11 x 3.5 cm (Gerbox®) containing a distilled water moistened substrate. The substrate was moistened
whenever necessary. The substrate used was of vegetable origin for germination of tree species (Turfa
Fértil®; conductivity: 1.5 £ 0.3 mS/cm; dry weight density: 280 kg/m?; pH: 5.5 + 05; water retention capacity:
57%). The plastic boxes were placed in bio-oxygen demand incubators with 12-hour light cycles at 25 °C, to
evaluate the seed germination parameters.

Emerging seedling counts were performed daily. Seedlings were considered emerged when they
presented aerial parts and root systems with sufficient size for determination of normal seedlings, according to
the rules for seed analysis (Brazil, 2009). The 'normal seedlings' were growing in tubes to confirm their normal
development.

The germination was displayed in percentage of germinated seeds (%). The mean germination time
and the germination speed index (GSI) were calculated according to the method established by Edmond and
Drapala (1958) and Maguire (1962), respectively. The first count was performed on the 18" day after installing
the experiment.

2.3 Experimental design and statistical analysis

The experimental design was completely randomized, with four treatments (different levels of
physiological maturation: GR, WC, BR e RS) and five replicates of 25 seeds each. For the variable percentage
of germination, the arcsine transformation (x/100)°° was used and for the other variables the applied
transformation was (x+1)>°. The data was submitted to Liliefors’ normality test and analysis of variance (F
test). When a significant difference was observed between the treatments the means were compared by
Tukey's test (p<0,05). Sisvar version 5.6 (Ferreira, 2011) and SigmaPlot version 12.5 from Systat Software,
Inc., San Jose California USA, were used for statistical analysis.

2.4 Experiment Il - Influence of physiological fruit maturation and temperature on seed germination

The seeds used were removed from fruits with wine-colored epicarp (WC) and fruits that were on the
ground (GR), according to the classification described previously (Experiment I). The seeds were cleaned and
sowed in transparent polyethylene boxes with substrate, in the same conditions described in the experiment |,
and placed in bio-oxygen demand incubators with 12-hour light cycles at 25 and 35 °C. The parameters
evaluated were seed germination (%), the mean germination time (Edmond & Drapala, 1958), the germination
speed index (Maguire, 1962) and the germination on first count (%). All the evaluations were carried out as
described in the experiment 1.

2.5 Experimental design and statistical analysis

The experimental design was completely randomized in 2 x 2 factorial arrangement with two levels of
physiological maturation (WC and GR) and two temperatures (25 °C and 35 °C), with 5 replicates of 25 seeds
each. For the variable percentage of germination, the arcsine transformation (x/100)°° was used and for the
other variables the applied transformation was (x+1)>°. The data was submitted to Liliefors’ normality test and
analysis of variance (F test). When a significant difference was observed between the treatments the means
were compared by Tukey's test (p<0,05). Sisvar version 5.6 (Ferreira, 2011) and SigmaPlot version 12.5 from
Systat Software, Inc., San Jose California USA, were used for statistical analysis.
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2.6 Experiment lll — Evaluation of the influence of temperature on the incidence of fungi in seeds

To evaluate the incidence of fungi in seeds of E. involucrata, the seeds were subjected to superficial
cleaning with 70% ethanol (30 sec), followed by 1% sodium hypochlorite (1 min) and three washes with
distilled water (1 min each). Subsequently, the seeds were placed to dry on sterile filter paper at room
temperature.

The seeds were packed in plastic transparent boxes (Gerbox®) with distilled water moistened
germination paper (Germitest®) and incubated in bio-oxygen demand incubators at 25 °C and 35 °C, with a
12-hour light cycle for 7 days. In each box were placed 25 seeds, and the germination paper was moistened
with distilled water daily. The method was the “Blotter test’ with freezing (Brazil, 2009). To evaluate the
incidence of fungi in the seeds, we used stereoscopic and optical microscopes. The fungi present in the
samples were identified at the genus level, based on a specialized bibliography (Barnett & Hunter, 1998),
determining the percentage of incidence of each fungal genus.

2.7 Experimental design and statistical analysis

The experimental design was completely randomized with 6 replicates of 25 seeds for each evaluated
temperature (25 °C and 35 °C). The data was submitted to the arcsine transformation (x/100)°°, and then to
Liliefors’ normality test. The fungal incidence was compared between temperatures for each genus by
Student's t-test (p<0,05). SigmaPlot version 12.5 from Systat Software, Inc., San Jose California USA, was
used for statistical analysis.

3 Results and discussion
3.1 Experiment |

Seed germination (SG) was not influenced by the levels of physiological maturation of the fruits, with a
mean of 89.25% of germinated seeds. However, the mean germination time (MGT), germination speed index
(GSI) and germination at the first count (FCG) were influenced by the levels of physiological maturation of the
fruits (Table 1).

Because seed germination was not influenced, we may infer that the complete formation of the seeds
had already occurred at the maturation levels of the fruits evaluated in this study and that, therefore, only the
vigor of the seedlings was altered. It is important to point out that the seeds collected from fruits on the ground
were visually selected for the presence of insect or fungal damages, being discarded approximately 10% to
12% of the total number of seeds collected.

Table 1. Seed germination (SG), mean germination time (MGT), germination speed index (GSI) and first count
germination (FCG) of Eugenia involucrata DC. seeds from fruits at different levels of physiological
maturation in 12-hour light cycles at 25°C.

Levels of maturation” SG (%) MGT (Days) GSI FCG (%)
GR 89.5™ 23 b* 1.01 a* 20.8 a*
wceC 87.0 26 a 0.80b 48¢c
BR 91.0 25 ab 0.98 a 12.0 bc
RS 90.0 23b 1.06 a 19.2 ab

CV (%) 3.41 5.25 5.21 28.52

"Yellow with red spots (RS), bright red (BR), wine-colored (WC) and fruits that were on the ground (GR). ns: not significant. * Means
followed by the same letter in the column do not differ significantly by Tukey’s test (p<0.05).

The effect of fruit physiological maturation on the germination of E. involucrata seeds was verified by
Oro et al. (2012). The authors demonstrated that seeds removed from fruits on the ground presented the
lowest percentage of germination, while seeds removed from wine-colored fruits exhibited the highest
percentage of germination. This difference in seed germination in relation to our study may be related to the
visual separation of damaged seeds from the fruits that were on the ground.

The mean seed germination time was highest for seeds from wine-colored fruits (26 days). The seeds
from the fruits that were on the ground and fruits with a yellow coloration with red spots exhibited the shortest
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germination time (23 days). Seeds collected from fruits with bright red coloration showed intermediate
germination time (25 days). The mechanism of endogenous plant hormonal regulation is supposed to be
highly conserved in seed germination process. Genetic and physiological studies have shown the important
roles of the phytohormones, abscisic acid (ABA), gibberellins (GAs), ethylene and brassinosteroids in seed
germination process (Koornneef et al., 2002; Kucera et al., 2005; Xia et al., 2019). Therefore, the differences
in mean germination time of the seeds may be attributed to the presence of substances that negatively
modulate the germination process when the fruits reach maturation (wine-colored fruits). On the other hand, in
the seeds from fruits that were in the ground these substances were possibly already in lower concentrations,
and in the seeds from fruits visually at the beginning of maturation (yellow with red spots), there were still no
substances formed or accumulated enough to interfere on the germination process.

Evaluating the mean germination time at various levels of physiological maturation of E. involucrata
seeds, Oro et al. (2012), showed that seeds of fruits with green coloration (a maturation level not evaluated in
the present study) exhibited the highest mean germination time (32 days), while the seeds removed from fruits
with bright red color had the shortest mean germination time (27 days). In our study the seeds removed from
fruits with bright red color did not present differences compared with seeds removed from fruits yellow with red
spots, wine-colored fruits or fruits collected on the ground. The effect of various levels of physiological
maturation of the fruits on the mean germination time of the seeds was also demonstrated by Gongalves et al.
(2015), in pepper seeds (Capsicum chinense Jacq.) removed from fruits at five levels of physiological
maturation. In that study, seeds from fruits with green color showed the highest mean germination time, and
seeds removed from fruits with red-carmine color (the most advanced maturation level) had the shortest mean
germination time.

We observed the shortest germination speed index in seeds removed from wine-colored fruits, being
21.56% lower than the other maturation levels evaluated. Seeds removed from fruits that were on the ground,
bright red fruits and yellow fruits with red spots exhibited the highest germination speed index, with a mean of
1.02, not different from one another. Evaluating the effect of physiological maturation on the germination of
Luehea divaricate, Schulz et al. (2017), observed that the germination speed index was highest in seeds
obtained from fruits with green coloration than that of brown fruits. Brown-colored fruits corresponded to a
stage of maturation more advanced than the that of fruits with green coloration. However, when the fruit
reached the most advanced level of maturation evaluated, the germination speed index did not differ from that
of other stages of maturation. In the present study, seeds removed from fruits collected on the ground showed
the highest percentage of seeds germinated at the first count, with an increase of 8.8% and 16% compared to
seeds from bright red and wine-colored fruits, respectively. However, seeds from fruits collected on the ground
did not differ of the seeds from yellow-colored fruits and red spots, with a mean of 20% of germinated seeds at
the first count.

Seed germination began on the 18™ day and extended until the 58" day after the experiment
implementation. The seeds from wine-colored fruits had the lowest germination percentages per unit of time
(Figure 1). The same behavior was also observed for the germination speed index, mean germination time
and percentage of seeds germinated at first count shown previously (Table 1). These results indicating
curiously that the seeds show a reduction of vigor at this moment for some reason yet don’t know in this

species.
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Figure 1. Accumulted germination of Eugenia involucrata DC. seeds. Seeds removed from fruits yellow with
red spots (RS), bright red (BR), wine-colored (WC), and fruits that were on the ground (GR).

Seed germination can occur normally even when they are not physiologically 'ready'. However, when
this happens, there is the possibility of delayed seed germination and the formation of seedlings with low vigor
(Carvalho & Nakagawa, 2012). This phenomenon was observed in our study, where only the vigor of the
seedlings was influenced by the levels of physiological maturation of the fruit evaluated. The germinative
process and initial seedling development, in addition to being influenced by environmental conditions, is
controlled by the interaction of endogenous phytohormones, such as gibberellic acid (germination promoter)
and abscisic acid (germination inhibitor). Recently, it was demonstrated that auxins acting negatively on
germination. The phytohormones ethylene and brassinosteroids also influence the germination process
(Finkelstein et al., 2008; Gupta & Chakrabarty, 2013; Koornneef et al., 2002; Kucera et al., 2005; Shu et al.,
2016; Xia et al., 2019).Thus, it can be inferred that the variation of the germinative parameters related to the
vigor of the seeds demonstrated in our study for the different levels of fruit maturation evaluated, may be
related to fluctuations and/or interactions among phytohormones on germinative process.

The plant’s environmental conditions at the time of seed formation can also influence the germination
of the seeds, as demonstrated by Huang et al. (2018). Considering this fact, it may be inferred yet that some
discrepancies in the results obtained in our study from those of other studies may be related to local and
temporal variations in climatic conditions at the time of seed formation. In addition, one may mention the
peculiarities of each species with respect to environmental and physiological conditions that modulate the
germinative process.

3.2 Experiment Il

The mean germination time (TMG), the germination speed index (GSI), and the percentage of seed
germination in the first count (FCG) were influenced by temperature and physiological levels of fruit
maturation. There was an interaction between temperature and physiological maturation levels of the fruit for
the vigor of the seeds. However, seed germination (SG) was influenced only by temperature (Table 2).

Table 2. Seed germination (SG), mean germination time (MGT), germination speed index (GSI) and first count
germination (FCG) of Eugenia involucrata DC. seeds from wine-colored fruits and fruits that were on
the ground in two temperatures (25 °C and 35 °C) with 12-hour light cycles.

Levels of physiological maturation”

Temperature

GR wC
Seed germination (%)
25°C 89.5 aA” 87.0 aA
35°C 0.00 bA 0.00 bA
CV (%) 2.60
Mean germination time (Days)
25°C 23.5 aA* 26.0 aB
35°C 0.00 bA 0.00 bA
CV (%) 5.34
Germination speed index (GSI)
25°C 1.01 aA* 0.80 aB
35°C 0.00 bA 0.00 bA
CV (%) 3.02
First count germination (%)
25°C 21.8 aA* 5.8 aB
35°C 0.00 bA 0.00 bA
CV (%) 48.41

" WC: seeds removed from wine-colored fruits; GR: seeds removed from fruits that were on the ground.
¥ Lowercase letters for comparison of means in the vertical (column) and uppercase letters in the horizontal (line). The means followed
by the same letter did not differ significantly from each other by Tukey's test (p<0.05).
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Seed dormancy is common in wild plants and ensures that seeds germinate only when environmental
conditions are optimal. It thus is an adaptive trait in numerous seed-plant species, enabling wild plants to
survive under stressful conditions in nature (Finkelstein et al., 2008; Shu et al., 2016). Temperature is among
the principal factors influencing seed germination (Pereira et al., 2013), being able to alter the rate of water
absorption and the biochemical reactions that determine the germination process (Carvalho & Nakagawa,
2012). In this study, the influence of temperature on the germination of E. involucrata seeds was clearly seen,
because when they were exposed to a temperature of 35 °C there was total inhibition of germination (e.g.;
secondary dormancy) at both fruit maturation levels evaluated.

Results demonstrating the negative influence of high temperatures on seed germination and
emergence of seedlings were reported by Oliveira and Barbosa (2014) in their work with Cedrela fissilis. The
authors demonstrated that germination was impaired with increasing temperature and that the lower
germination percentage was observed when the seeds were exposed to 35 °C. The influence of temperature
on seed germination was also verified by Gomes et al. (2016) in their study with Eugenia involucrata,
Campomanesia xanthocarpa, Acca sellowiana and Eugenia pyriformis. The results obtained by these authors
corroborate with those found in our study, demonstrating that E. involucrata seeds exhibited the highest seed
germination at 25 °C. However, Lamarca et al. (2011) did not verify differences in seed germination of E.
involucrata among the temperatures of 20, 25 and 30 °C, and the alternate temperatures of 20/30 and 20/35
°C.

The mean germination time at 25 °C was lower for seeds collected from fruits that were on the ground
(Table 2), as demonstrated in experiment |, showing a reduction of 2.5 days in relation of the seeds removed
from wine-colored fruits. The influence of temperature on mean germination time was also demonstrated in
other studies. Nogueira et al. (2014), evaluating the effect of temperature and the presence or absence of light
on the Dalbergia cearensis seeds, showed that the lowest germination time of the seeds occurred between
25°C and 30 °C.

The germination speed index at 25 °C obtained in our study was highest for fruits collected on the
ground, with an increase of 20.8% when compared with seeds removed from wine-colored fruits. Lamarca et
al. (2011) observed similar results, with the highest germination speed index of E. involucrata seeds at 25 and
30 °C. Significant differences were also observed by Nogueira et al. (2014), evaluating the effect of
temperature and the presence and absence of light on the seeds of Dalbergia cearensis, where the highest
germination speed index was detected at temperatures of 25 °C and 30 °C. On the other hand, Zucareli et al.
(2015), evaluating the effect of temperature and light on the germination of Passiflora incarnata seeds,
demonstrated that the highest values of germination speed index were obtained at 35 °C. These results
indicating that different species exhibited distinctions with respect to the best temperature for seed
germination, a factor that may be associated with the environmental conditions and physiological adaptation of
each species.

The percentage of germination at the first count was 20% highest at 25 °C in seeds from fruits collected
on the ground. Melo et al. (2017), evaluating the effect of different substrates and temperatures on the
germination of Eriotheca gracilipes seeds, also demonstrated the influence of temperature on seed
germination in all tested substrates. The authors demonstrated that the highest germination at first count
occurred at 25 and 30 °C for E. gracilipes.

Seed germination can be influenced by external and internal factors. Internal factors include
physiological dormancy and seed viability, among others. External factors include availability of water (in the
seed and the substrate of germination), luminosity, the presence of gases (particularly O,) and temperature
(Carvalho & Nakagawa, 2012). In this study, it was possible to clearly demonstrate the effect of temperature
on the germination of E. involucrata seeds. The effect triggered on E. involucrata seeds at 35 °C can be
characterized as termo-dormancy, that is, inhibition of seed germination due to temperature. According to
Huang et al. (2018), dormancy is dependent on the temperature at the time of seed formation in the plant
(‘'maternal temperature'). Therefore, because E. involucrata is a native species of mild temperatures, it can be
inferred that 35 °C prevented the germination of seeds of this species by creating an environment different
from the favorable conditions for its development, like a survival strategy in stressful conditions.

3.3 Experiment Il

Seed germination and the initial development of the seedlings are related to seed health. Some fungal
pathogens can affect negatively seeds depending on environmental conditions. The primary factors for fungal
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development in seeds are temperature and humidity. Therefore, in our study, we evaluated the incidence of
the fungi in E. involucrata seeds at 25 and 35°C.

The seed health test revealed the presence of six fungi genus in the E. involucrata seeds and the
influence of temperature on their development (Figure 2). The following fungi genera were identified:
Trichoderma, Fusarium, Penicillium, Colletotrichum, Aspergillus, and Alternaria. The fungi genera Penicillium,
Aspergillus and Colletotrichum exhibited the highest incidence at 25 °C while, Alternaria was the unique fungi
genus that exhibited the highest incidence at 35°C. The fungi genus Trichoderma showed non-temperature-

dependence for its development in the E. involucrata seeds.

30 q
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Figure 2. Incidence of fungi by genus (%) in Eugenia involucrata DC. seeds at 25 and 35°C with 12-hour light
cycles. *Indicates significant differences in the fungi growing under the two temperatures by
Student’s t-test (p<0.05). ns: not significant.

At 25 °C, the fungi genera Fusarium, Trichoderma, Penicillum, Aspergillus, Colletotrichum, and
Alternaria were detected in 23%, 11.5%, 9.5%, 7%, 3.5%, and 1% of the seeds, respectively. At 35 °C, the
fungi genera Trichoderma, Fusarium, Alternaria, Penicillium, Aspergillus were detected in 13.5%, 12.5%, 6%,
5% and 1% of the seeds, respectively. The fungi genus Colletotrichum did not develop at 35 °C.

Oliveira et al. (2011) evaluated the influence of various thermal treatments on fungi control in Eugenia
brasiliensis, Eugenia pyriformis and Eugenia uniflora seeds, and observed the effect of temperature on the
incidence of fungi in seeds. Various water temperatures were used, and various periods of time in which the
seeds remained under these conditions. The authors demonstrated that the treatments tested modified the
development of fungi genera Cladosporium, Penicillium, Pestalotiopsis, and Alternaria present in the seeds.

4 Conclusion

Considering the conditions under which our study was carried out, it is possible to point out:

The temperature of 25 °C is adequate for E. involucrata seed germination. The different levels of
maturation evaluated do not affect the percentage of germinated seeds, however, influence their vigor. Seeds
removed from yellow fruits with red spots and from fruits collected on the ground exhibited good germination
and faster seedling development and may be used to the propagation of E. involucrata. Nevertheless, it is
important to mention that the seeds removed from fruits collected on the ground should be inspected visually
at the time of processing, so that it is possible to remove damaged seeds.

The influence of temperature on the fungi development in the seeds of E. involucrata can be clearly
observed. However, the effective temperature for decreasing the fungi development inhibited the germination
of the seeds, making it impossible to use this method as an auxiliary technique to control the health of the
seeds. In addition, further studies should be carried out to identify which fungi genus are harmful and which
ones are beneficial or neutral to the seed germination. The effect of the temperatures lower than 35 °C, where
the seeds germinate and hinder the harmful fungi development may be investigated.
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