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ABSTRACT. Knowledge about the behavior of seeds is important to support studies to minimize the effects 

of predatory extractivism on ornamental bromeliads. The aim of this study was to evaluate the germination, 

seed morphology and post-seminal development of Hohenbergia belemii and Neoregelia compacta 

(Bromeliaceae) in different substrates. Seeds were disinfested with a sodium hypochlorite solution and 

germinated in four substrates: germitest paper; washed sand; vermiculite; and the commercial substrate 

Plantmax®. The experimental design was completely randomized in a 2 x 4 factorial scheme, with four 

repetitions and 50 seeds per repetition. The seeds were sown on the substrates and stored in plastic Gerbox® 

boxes, which were kept in BOD chambers with 12 hours photoperiod at constant temperature of 30ºC. Data 

were collected daily to calculate germination percentage and growth performance. The germination started 

on the 4th day after sowing (DAS) for H. belemii, with stabilization on the 11th DAS, while this occurred from 

the 5th DAS for N. compacta with stabilization on the 21st DAS. Germination was classified as development 

of epigeal and cryptocotylar seedlings for both species. The vermiculite substrate had a significant effect 

on seed germination, GSI (germination speed index) and growth of seedlings of both species. Our findings 

can support future research on seed technology and also contribute to better knowledge of the evolution of 

morphological characters of these bromeliad species. 
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Introduction 

Bromeliaceae are one of the largest and most diversified monocot families (Kuhn, Nogueira, Chauveau, & 

Mariath, 2020), with 3,702 species divided into 79 genera (Gouda, Butcher, & Gouda, 2022) and eight 

subfamilies, namely Bromelioideae, Tillandsioideae, Brocchinioideae, Lindmanioideae, Hechtioideae, 

Navioideae, Pitcairnioideae and Puyoideae, forming clades of different (Givnish et al., 2011).  

Bromeliads are widely appreciated around the world as ornamental plants due to the diversity of shapes 

and colors of their flowers, inflorescences and leaves, and high durability of flowers (Anacleto, Roveda, & 

Ramos, 2019; Andrade-Santos et al., 2020). Besides this, recent studies have demonstrated the beneficial 

effects of using extracts of bromeliads in traditional medicine, with different pharmacological applications 

(Rathnavelu, Alitheen, Sohila, Kanagesan, & Ramesh, 2016; Espejel-Nava et al., 2020; Gollo et al., 2020; 

Pérez-López et al., 2020). However, to meet this demand, mainly from the ornamental segment, predatory 

extrativism in the natural environment can lead to extinction (IUCN, 2021). Therefore, several studies have 

been carried out seeking to minimize these effects (Negrelle, Mitchell, & Anacleto, 2012; Bastos et al., 2017; 

Souza et al., 2020; 2021; Oliveira et al., 2021). 

Brazil has great diversity of Bromeliaceae, with 1,379 species cataloged to date, of which 85% are endemic 

to the country (Forzza et al., 2020). Here we focus on Hohenbergia belemii L. B. Sm. & R. W. Read, which is 

endemic to the state of Bahia, and Neoregelia compacta (Mez) L.B.Sm., endemic to Rio de Janeiro and Espírito 

Santo. Both species form large clumps, adapted to the sun and shade and have great ornamental potential for 
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residential landscaping, parks and gardens. However, these species are classified as near threatened (NT) 

according to the International Union for the Conservation of Nature (IUCN, 2021). 

Thus, research is needed to enable the commercial production of bromeliad seedlings with low 

environmental impact and low cost, and also to preserve the genetic diversity of species and provide an 

alternative to avoid extractivism. In this respect, seed germination and seedling growth are critical steps for 

the long-term conservation of Bromeliaceae germplasm, especially of H. belemii and N. compacta, which have 

not been documented. 

Another critical point for seedling production and plant establishment is knowledge of seedling 

morphology during ontogenesis, which is of great importance for regeneration of ecosystems under natural 

conditions (Scatena, Segerin, & Coan, 2006; Pinheiro, Medeiros, Hilst, Pinheiro, & Dias, 2020), as well as to 

elucidate taxonomic and phylogenetic aspects. There are few records available in the literature about the seed 

germination and seed morphology in different phases of post-seminal development of Bromeliaceae species 

(Scatena et al., 2006; Rios, Araújo Neto, Ferreira, & Neves, 2016; Paulo & Paula 2018; Silva et al., 2021). To 

the best of our knowledge, to date there are no studies of this nature involving H. belemii and N. compacta.  

Because of the limited knowledge about seed germination and morphology during post-seminal 

development of Bromeliaceae and the need for information to support conservation strategies, the purpose 

of this study was to assess the seed germination in four substrates, in order to establish adequate procedures 

for germination testing, as well as to provide information on seed morphology and post-seminal development 

of H. belemii and N. compacta in different substrates. The results of this study provide valuable practical 

information for the production of seedlings of these two threatened species. 

Material and methods 

Plant material 

Seeds of H. belemii (HURB 18857) (Figure 1a-b) and N. compacta (HURB 13596) (Figure 1c-d) were collected 

from 10 ripe fruits of different plants in the Bromeliad GeneBank of Embrapa Mandioca e Fruticultura, located 

in the municipality of Cruz das Almas, Bahia, Brazil (12°39'25'' S, 39°07'27'' W, 222 m altitude). Samples of 

each taxon were deposited in the Herbário do Recôncavo da Bahia (HURB) of Universidade Federal do Recôncavo da 

Bahia (UFRB). Seeds were extracted manually and stored in semipermeable plastic recipients with lids and kept 

under ambient conditions (temperature of 28 ± 2°C and relative humidity of 78 ± 2%) for 72 hours before sowing. 

 

Figure 1. General appearance of the plant (a-c) and detail of the inflorescence (b-d) of Hohenbergia belemii (a-b) and Neoregelia 

compacta (b-d). 
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Seed morphology 

The seed morphology of H. belemii and N. compacta was analyzed by measurement of biometric traits. The 

length (mm) and width (mm) of 20 seeds randomly selected from 10 ripe fruits were measured with a digital 

pachymeter. The 1,000-seed fresh weight (g) and 1,000-seed dry weight (g), were obtained by averaging the 

count and weight of eight repetitions of 100 seeds on an analytical balance and the mean was multiplied by 

10, according to the Brazilian Rules for Seed Analysis (RSA) (Brasil, 2009).  

For determination of water content (wet basis), subsamples of 400 seeds (100 seeds per repetition) were 

used according to ISTA (2019), with temperature of 105 ± 3˚C, in four repetitions of 100 seeds. The difference 

between initial and final weight was used to calculate water content (%). All these analyses were carried out 

in the Seed Analysis Laboratory of the Universidade Federal do Recôncavo da Bahia, Cruz das Almas, Bahia 

State, Brazil.  

Seed germination testing and evaluation of the biometric traits of the seedlings 

To evaluate seed germination, four substrates (germitest paper, sand, Plantmax®, and vermiculite) were 

used. These were selected for having shown good germination performance with other bromeliad species 

(Silva et al., 2021). 

Four substrates were used: Germitest paper, sand, Plantmax®, and vermiculite. On the germitest paper, 

the seeds were distributed on two sheets, while in the sand, Plantmax® and vermiculite, the seeds were sown 

in Gerbox® boxes. A total of 250 g of seeds were used for each substrate. The sand and commercial substrates 

were previously sterilized in an autoclave at 120ºC (1 atm), for 1 hour. To keep the sand Plantmax® and 

vermiculite moist, manual irrigation with 50.0, 35.0, and 42.0 mL of distilled water was performed, 

respectively, when there was no water in the bottom of the boxes. 

On the germitest paper, moistening was performed with a volume of water equivalent to 2.5 times the 

paper’s weight (Brasil, 2009). For all substrates, four replications were used containing 50 seeds per repetition. 

The germination test was performed in a BOD germination chamber with a constant temperature of 30ºC and 

photoperiod of 12 hours, using fluorescent- lighting with 32.85 µmol m-2 s-1. 

Germination assessment was performed daily until the end of the experiment at 45 days, when total 

germination (G%) was determined. The germination speed index (GSI) was calculated according to Maguire 

(1962) and seeds were considered germinated when the teguments were broken and the primary root was 

visible. The first germination count (FGC) was conducted together with the germination test, registering 

normal seedlings on the 7th day after sowing. This period corresponded to the day that germination reached 

50% in at least one of the treatments. The results are expressed as percentages. 

The average lengths of the aerial part (mm) and root (mm) were measured with a digital caliper and the 

seedling fresh weight (mg) was also determined. All tests were carried out in four replications composed of 25 

seedlings each. The physical properties of the substrate, namely apparent density, total porosity, and water 

retention capacity (Table 1), were determined in the Soil Physics Laboratory of Embrapa Mandioca e 

Fruticultura according to the methods recommended by Fretz (1979). 

Table 1. Physical attributes of the substrates used for germination of Hohenbergia belemii and Neoregelia compacta seeds. 

Substrates Density (g cm-3) Total porosity (%) Water retention capacity (%) 

Germitest paper 0.32  80.00  57.50  

Washed sand 1.80  20.44  12.68  

Vermiculite 0.24  82.30  63.93  

Plantmax® 0.65  69.62  26.27  

 

The evaluation of post-seminal development and germination were performed together. Observation of 

the post-seminal development was performed daily under a stereoscopic microscope. The main structures of 

the seeds and seedlings were identified through botanical illustrations followed the terminology adopted by 

Smith and Downs (1974). They were drawn freehand, with later versions in nankeen ink on parchment paper. 

The description of the phases of post-seminal development of the seedlings was considered to last until the 

presence of the second fully unfolded leaf. The description of seedlings employed the terminology of Pereira 

(1988) and Pereira, Pereira, Rodrigues, and Andrade (2008). 



Page 4 of 12 Rocha et al. 

Acta Scientiarum. Biological Sciences, v. 44, e58413, 2022 

Statistical analysis 

For statistical analysis, the germination percentage data were transformed into arcsine square root for 

normalization and homogenization of variances and then submitted to analysis of variance (ANOVA), and the 

means were compared by the Scott-Knott test at 5% probability. In complementation, Pearson's linear 

correlation coefficients were computed between the variables of the substrate attributes and the germination 

variables, comparing the means by the bilateral T-test. Furthermore, we ascertained the magnitudes of the 

correlation coefficients according to the classification proposed by Figueiredo Filho and Silva Júnior (2009), 

as weak (0.1 > and ≤ 0.3), moderate (0.4 > and ≤ 0.6) and strong (0.7 > and ≤ 1.0). All the analyses were 

performed with the "agricolae" package implemented in the R software (R Development Core Team, 2020). 

Results 

Seed morphology and post-seminal development 

The biometric data obtained showed different responses of the two species of bromeliads (Figure 2). 

Hohenbergia belemii recorded the highest values for seed length (3.1 mm), seed diameter (0.8 mm), 1,000-seed 

fresh weight (1.85 g), 1,000-seed dry weight (0.52 g) and water content (71.9%) in comparison with the seeds 

of N. compacta (Figure 2a-e). Regarding the number of seeds, N. compacta presented the highest (79 seeds per 

fruit) in relation to H. belemii, with 57 seeds (Figure 2f). The seeds of both bromeliad species were small and 

elliptical, without appendage, covered with a mucilaginous substance. The germination of the H. belemii seeds 

began four days after sowing, with breaking of the tegument and protrusion of the primary root (Figures 3a 

and 4a-c), as well as distinct elongation of the hypocotyl (Figure 4d). 

 
Figure 2. Seed length/diameter (L/D); water content (SWC), 1,000-seed fresh weight (FW), 1,000-seed dry weight (DW) and number of 

seeds per fruit (NSF) of Hohenbergia belemii and Neoregelia compacta. The different lowercase letters above the error bars indicate 

significant variation by the Tukey test (p ≤ 0.05). 

 
Figure 3. Comparison of the seed number germinated in different substrates during the days after sowing of Hohenbergia belemii (a) 

and Neoregelia compacta (b). 
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Figure 4. Morphology of the post-seminal development of the Hohenbergia belemii seedling. Breaking of the teguments after four days 

from the start of germination (a-c). Protrusion of the primary root followed by the hypocotyl at 11 days (d). Normal seedling obtained 

at eight days after sowing (e-f). General aspect of the seedling at 15 days after sowing (g). ah: absorbent hairs; hy: hypocotyl; pr: 

primary root; fe: first eophyll; se: second eophyll; te: third eophyll. Bar = 5 mm. 

Normal seedlings of H. belemii were observed eight days after sowing (Figure 4e-f). The stem can be visualized 

by the distinct demarcation at the base of the hypocotyl (Figure 4g). For N. compacta, germination began after five 

days on the germitest paper, on the sixth day in vermiculite and Plantmax® and on the seventh day in sand, with 

breaking of the tegument and protrusion of the primary root (Figures 3b and 5a-c). Germination stabilized at 

approximately 41 days (Figure 5d-e) for H. belemii and 39 days for N. compacta (Figure 5f).  

Seed germination in different substrates 

Our results showed that the seed germination and GSI of H. belemii and N. compacta were affected by 

the substrates (Figure 6). The highest germination percentage (80.0%), first seed germination count 

(54.1%) and GSI (87.5) were found in H. belemii when grown in vermiculite (Figure 6a-c). For N. compacta, 

greater seed germination percentage (56.0%) and first seed germination count (30.1%) were observed in 

the vermiculite substrate, while the highest GSI was observed on germitest paper (78.6) (Figure 6c). 

Effect of substrate on parameters of seedling vegetative development 

For length of the aerial part and root and seedling fresh weight, significant differences (p ≤ 0.05) were 

observed between the different substrates. Regarding aerial part length, a significant effect of the substrates 

was found only for H. belemii, with the highest values for Plantmax® (49.6 mm), followed by vermiculite (39.7 mm) 

(Figure 7a). For N. compacta, the vermiculite substrate favored greater length of the aerial part (18.4 mm) (Figure 

7b). Regarding the root length, the vermiculite promoted the best development of both species, although for the 

N. compacta there were no significant differences between the sand and Plantmax® (Figure 7c-d).  
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Figure 5. Morphology and post-seminal development of the Neoregelia compacta seedlings. Breaking of the tegument five days after 

the start of germination (a-c); Normal seedling; 12 days after sowing (d-e); Seedling; 20 days after sowing (f). hy: hypocotyl; fe: first 

eophyll; se: second eophyll; pr: primary root. Bar = 5 mm. 

 

Figure 6. Germination percentage (a), first germination count (b) and germination speed index (c) of Hohenbergia belemii and 

Neoregelia compacta seeds in different substrates. The different lowercase letters above the error bars indicate significant variation by 

the Tukey test (p ≤ 0.05). 
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Figure 7. Aerial part length (a-b), root length (c-d), and seedling fresh weight (e-f) of Hohenbergia belemii and Neoregelia compacta in 

different substrates. The different lowercase letters above the error bars indicate significant variation by the Tukey test (p ≤ 0.05). 

Regarding the seedling fresh weight, the highest average for H. belemii was obtained in vermiculite (41 

mg), while for N. compacta the highest value for this trait was with sand, although it did not differ from the 

commercial substrates used (Figure 7e-f). 

The Pearson correlation coefficients between the averages of first count, germination rate, 

germination speed index, aerial part length, root length and fresh weight of seedlings of H. belemii and N. 

compacta and the attributes of the substrates are reported in Table 1. According to the results of the linear 

correlation analysis, of the total of 91 possible pairwise combinations of traits, four pairs were positive 

and significant (p ≤ 0.01). For H. belemii, the strongest associations were between total porosity (TPO) 

and water retention capacity (WRC) (r = 0.8533), first count (FGC) x germination (GER) (r = 0.8597), fir st 

count (FGC) x germination speed index (GSI) (r = 0.9109), and germination (GER) x germination speed 

index (GSI) (r = 0.9918). In contrast, N. compacta presented correlation values classified as strong between 

total porosity (TPO) x water retention capacity (WRC) (r = 0.8533), FGC x GSI (r = 0.8508), and GER x GSI 

(r = 0.9021), as shown in Table 2. 
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Table 2. Estimates of the Pearson correlation coefficients (r) between the pairs of traits of Hohenbergia belemii and Neoregelia 

compacta. 

Hohenbergia belemii 

 DEN TPO WRC FCO GER GSI EPI ROL SFW 

DEN - -0.0869
ns

 -0.5773
ns

 -0.1708
ns

 0.1196
ns

 0.0593
ns

 0.6547
ns

 -0.5130
ns

 -0.2204
ns

 

TPO  - 0.8533** 0.0177
ns

 -0.1098
ns

 -0.0988
ns

 -0.0077
ns

 -0.0092
ns

 0.1630
ns

 

WRC   - 0.1600
ns

 -0.0999
ns

 -0.0586
ns

 -0.2767
ns

 0.3221
ns

 0.3522
ns

 

FCO    - 0.8597** 0.9109** 0.2796
ns

 0.6178
ns

 0.4512
ns

 

GER     - 0.9918** 0.5015
ns

 0.3900
ns

 0.3250
ns

 

GSI      - 0.4567
ns

 0.4480
ns

 0.3445
ns

 

EPI       - 0.0776
ns

 0.4866
ns

 

ROL        - 0.6566
ns

 

SFW         - 

Neoregelia compacta 

DEN - -0.0869
ns

 -0.5773
ns

 -0.4136
ns

 -0.1723
ns

 -0.3837
ns

 0.3898
ns

 0.0787
ns

 0.4587
ns

 

TPO  - 0.8533** 0.7149
ns

 0.7149
ns

 0.7591
ns

 -0.0219
ns

 -0.0872
ns

 -0.4766
ns

 

WRC   - 0.7372
ns

 0.6678
ns

 0.7796
ns

 -0.1332
ns

 -0.0524
ns

 -0.5643
ns

 

FCO    - 0.5808
ns

 0.8508** -0.4340
ns

 -0.2010
ns

 -0.6255
ns

 

GER     - 0.9021** -0.0640
ns

 -0.0954
ns

 -0.3503
ns

 

GSI      - -0.3165
ns

 -0.2122
ns

 -0.5698
ns

 

EPI       - 0.7640
ns

 0.7553
ns

 

ROL        - 0.6930
ns

 

SFW         - 
ns = not significant; ** significant at 1%, by the t-test. DEN = density, TPO = total porosity, WRC = water retention capacity, FGC = first germination count; 

GER = germination (%), GSI = germination speed index, EPI = epicotyl (mm); ROL = root length; SFW = seedling fresh weight. 

Discussion 

The seed morphology results of both species reported here are consistent with those reported by Pereira 

et al. (2008) and Silva et al. (2021), studying the seed morphology and post-seminal development of the same 

subfamily of Bromeliaceae. They also observed the presence of small elliptical seeds, without appendage and 

covered with a mucilaginous substance. This mucilage layer favors germination in times of prolonged 

drought, providing water for the developing seedling and helping the seed to adhere to the soil surface 

(Macedo et al., 2009; Silva & Scatena, 2011). 

The seed water content is one of the most important physiological parameters for conservation purposes, 

including preservation of the physical and physiological quality of seeds. Knowledge of this parameter also 

helps the correct classification of seeds regarding physiological behavior during storage (Ferreira et al., 2020). 

The seed water content of the two species’ varied widely, with 29.1% for N. compacta and 71.9% for H. belemii. 

The initial water content of seeds is an important factor to standardize seed vigor and viability tests, as well 

to obtain consistent results. Although the seed water content of H. belemii had a high value, this result did 

not negatively influence the final germination percentage (59%). Zucchi, Santos, Rocha, Teixeira, and Pires 

(2018), assessing water absorption and drying tolerance of Bromelia reversacantha Mez seeds, found initial 

water content of 12.8%, average germination of 93%. 

Another important factor to be considered in germination is the seed size. It is an important indicator of 

physiological quality and is commonly used in the production of seedlings of various plant species (Adebisi 

et al., 2013; Makinde, Oyekale, & Daramola, 2020; Oyewole & Patience, 2020). Size can also influence the 

germination and vigor of seeds, and the performance of their lots, which can lead to a lack of homogeneity 

(Pádua, Zito, Arantes, & Franca Neto, 2010). According to Pereira et al. (2008) Bromelioideae seeds are small, 

light, without appendages, elliptical, with yellow-orange integument and surrounded by mucilage. The results 

obtained here corroborate the morphological traits of the seeds reported by these authors. 

Therefore, the choice of substrate should be made according to the requirements of the seeds in relation 

to their shape and size (Brasil, 2009). Some authors have observed that larger seeds are generally better 

nourished during development, presenting well-formed embryos and larger amounts of reserve substances, 

and also germinate faster than smaller ones (Suárez-Vidal, Sampedrom, & Zas, 2017). These findings are 

consistent with our results, because H. belemii germinated faster than N. compacta. 
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From a morphological point of view, the seeds of H. belemii and N. compacta showed germination of the 

epigeal type, related to the tendency of epiphytism and the absence or rare presence of vascular bundles in 

Bromeliaceae. Furthermore, the germination of both species started with disruption of the integument and 

protrusion of the primary root. Our findings are consistent with observations reported by other authors who 

have observed epigeal germination in some species belonging to the Bromelioideae subfamily (Rios et al., 

2016; Paulo & Paula, 2018; Silva et al., 2021). 

The average germination time varied from 4 to 7 DAS for H. belemii and N. compacta, respectively. Studies 

carried out with other species of bromeliads have demonstrated germination results very close to those 

obtained in our study. Mantovani and Iglesias (2005) observed that the seed germination of Aechmea 

nudicaulis Griseb, Neoregelia cruenta (Graham) L.B.Sm. and Vriesea neoglutinosa Mez. occurred on the third 

day after sowing. Paulo and Paula (2018) reported the initial germination of Aechmea bambusoides L.B.Sm. & 

Reitz on the fourth day after sowing. Information about these physiological differences of the seeds among the 

various species of Bromeliaceae can contribute to the protection and recovery of natural environments and also 

the conservation of species, especially those threatened with extinction, such as H. belemii and N. compacta. 

The substrate has great importance in the seed germination and seedling growth due to the presence of 

factors that can favor or harm germination, such as water and nutrients retention capacity, aeration, structure 

and degree of pathogen infestation (Gruda, 2019; Silva et al., 2021, Oliveira et al., 2021). In the present study, 

the substrates tested influenced the germination of H. belemii and N. compacta seeds. Among them, the 

vermiculite promoted the best performance of GER, FGC and GSI for both species studied. It is likely that the 

water retention capacity of each substrate, combine with the intrinsic characteristics that regulate the flow 

of water to the seeds, influenced the results. We found vermiculite to be most suitable for the production of 

seedlings of both species of bromeliads, because it provided better conditions for germination and seedling 

development. This result may be associated with a greater capacity for water retention by the substrate along 

with good aeration and drainage (Martins, Bovi, & Spiering, 2009), favoring absorption by the seed and 

consequently development of the embryo. Other authors have also reported a higher germination percentage 

of different plant species using vermiculite (Lakshmi, Seethalakshmi, & Jijeesh, 2018; Ochieng, 2019).  

The presence of normal seedlings occurred around eight and 15 days after sowing for H. belemii, 

respectively. In contrast, for N. compacta, the appearance of normal seedlings was later, occurring 12 and 20 

DAS, respectively. This difference in seedling formation may be related to genetic constitution of the 

evaluated individuals, influencing the seed vigor and germination results. In a previous study, Pereira et al. (2008) 

described the appearance of normal seedlings of Bromeliaceae species between 8 and 30 DAS. Another 

consideration is that the seeds of both species presented negative photoblastism, since the highest germination 

percentages were observed in dark conditions when using the substrates vermiculite and Plantmax®. 

The correlation analysis revealed for both bromeliads positive and significant pairwise correlations (r > 

0.85) between the variables WRC x TPO; GSI x FGC; GSI x GER. These correlations are classified, according to 

Figueiredo Filho and Silva Júnior (2009), as strong (0.7 > and ≤ 1.0). This indicates there was an effect of the 

relationship between the substrate and the analyzed variables, and that when one variable changed, the other 

variable was immediately affected. According to Cruz, Regazzi, and Carneiro (2004), it is important to identify 

the traits with strongest direct effect in the favorable direction of selection among those highly correlated 

with the basic variable for breeding purposes.  

The results obtained in this study help identify essential seedling structures, understand their life cycle, 

and identify important characters for taxonomy and essential baseline data for the conservation of the 

species. In addition, we investigated the best substrate for seed germination, which is crucial for the 

production of seedlings and also for the conservation of threatened endemic species, as is the case of H. 

belemii and N. compacta. 

Conclusion 

Because of the limited amount of information regarding the characteristics of seed germination and 

morphology and initial development of the seedlings of H. belemii and N. compacta, this study provides 

information of great utility for seed quality control programs and also contributes to better knowledge of the 

evolution of morphological characters of these bromeliad species. Another interesting aspect analyzed was 

the most suitable substrate for the production of seedlings of these two bromeliads. Our findings reveal the 

possibility of obtaining seedlings of H. belemii and N. compacta using vermiculite as substrate, although 
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several adjustments and complementary studies should be carried out, mainly considering the difference in 

behavior between these species. Studies related to seed morphology and post-seminal development are 

important to support conservation strategies, both in situ and ex situ.  
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