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ABSTRACT: Asymbiotic germination techniques are successful in species of the Catasetum
genus. The diverse composition of the culture media can be critical; however, viable seeds
are required for asymbiotic germination. The reliable method for viability assessment is
the tetrazolium test. A decisive step in the efficiency of the tetrazolium test is the seeds
preconditioning with sucrose solution, which has the potential to improve germination.
Therefore, this work aimed to evaluate the seed germination of three species of the genus
Catasetum in culture media, preconditioned or not with sucrose solution. Seeds of the
species Catasetum osculatum, Ctsm. galeritum and Ctsm. complanatum were assessed
by tetrazolium test and germinated in two different media, pretreated or not with 10%
sucrose solution. The statistical analysis showed that the use of sucrose pretreatment
significantly increased the germination rates of the species. We conclude that the
pretreatment with 10% sucrose for 24 hours, regardless of the species and the culture
medium, significantly increases the germination of Ctsm. complanatum, Ctsm. galeritum
and Ctsm. osculatum seeds.

Index terms: orchid, plant culture, seeds, sucrose solution, tetrazolium.

RESUMO: Técnicas de germinagdo assimbidtica sdo bem sucedidas em espécies do género
Catasetum. A composicdo diversificada dos meios de cultura pode ser critica. No entanto,
sementes vidveis sdo necessarias para a germinacdo assimbidtica. O método confidvel para
avaliacdo de viabilidade é o teste de tetrazdlio. Uma etapa decisiva na eficiéncia do teste
de tetrazédlio é o pré-condicionamento das sementes com solugdo de sacarose, o que tem
potencial para melhorar a germinagdo. Portanto, este trabalho teve como objetivo avaliar
a germinacdo de sementes de trés espécies do género Catasetum em meios de cultura,
pré-condicionados ou ndo com solugdo de sacarose. Sementes da espécie Catasetum
osculatum, Ctsm. galeritum e Ctsm. complanatum foram avaliadas pelo teste de tetrazdlio
e germinadas em dois meios diferentes, pré-tratados ou ndo com solu¢do de sacarose a
10%. A analise estatistica mostrou que o uso do pré-tratamento com sacarose aumentou
significativamente as taxas de germinagao das espécies. Concluimos que o pré-tratamento
com sacarose 10% por 24 horas, independente da espécie e do meio de cultura, aumenta
significativamente a germinagdo de sementes de Ctsm. complanatum, Ctsm. galeritum e
Ctsm. osculatum.

Termos paraindexagao: orquidea, cultura vegetal, sementes, solu¢do de sacarose, tetrazdlio.
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INTRODUCTION

The species within the Orchidaceae family have low occurrence in populations and are restricted to small forest
fragments (Davifia et al., 2007). The disturbance of these habitats and the indiscriminate collection placed many species
at risk (Hirano et al., 2005). The genus Catasetum comprises 121 species, of which 92 are endemic to Brazil (Petini-
Benelli, 2022), all suffering from continuous habitat destruction, unbalancing the flowering and fruiting percentages
along with other genera (Cardoso et al., 2016; Petini-Benelli, 2016). Most of the Catasetum species have no information
on the threat status, making a real assessment of its situation impossible (Petini-Benelli, 2022).

To avoid the over collection of plants from natural populations, since the germination rate in nature is low (< 5%),
one solution is to produce high numbers of plants through asymbiotic germination techniques (Arditti and Ernst, 1993;
Utami and Hariyanto, 2020) and turn them easily available to the consumers (Seaton and Pritchard, 2011). With this
methodology, in vitro germination, it is possible to supply carbon to the embryo to fulfill the energy needs that would
be provided in nature by mycorrhizal fungi (Zhang et al., 2013).

Germination occurs differentially among orchid species. For epiphytic species such as Cattleya (Hengling et al.,
2020; Fileti et al., 2021), the embryo swells, breaks up the testae, and turns green. For terrestrials, the embryo swells,
fulfils the testae before breaking it up and stay white for long, emitting rhizoids and leaf primordia before becoming
green (Seaton and Ramsay, 2005). Catasetum species, even an epiphytic genus, follows the germination pattern of
the terrestrials. Although many authors show prominent results for asymbiotic germination in the Catasetum genus
(Ferreira et al., 2018; Zakizadeh et al., 2019), for the species Ctsm. galeritum, Ctsm. osculatum e Ctsm. complanatum,
Brazilian endemics (Petini-Benelli, 2022), which exist in environments subjected to high anthropic pressure, has no
data available until now. Some authors point out that the composition of the medium can be critical to achieving
high germination rates, as the formulation can be specific to the genus or even the species (Suzuki et al., 2012;
Diantina et al., 2020).

The different formulations and compound quantities, as well as the nutrients available (organic are crucial for
germination in different species. Determining an ideal medium can improve large-scale production and contribute to
the conservation of threatened species (Suzuki et al., 2012).

The culture media are diverse, and the MS medium is the most common (Murashige and Skoog, 1962). Another
important medium, recommended especially for terrestrial species, is the MM, Malmgren medium (Malmgren, 1996),
which effectiveness was not yet evaluated for the germination of the Catasetum genus. The main difference is the
presence of nitric nitrogen in the high concentrations in the MS medium, which has an inhibitory effect in the germination of
some terrestrials (Ponert et al., 2013; Figura et al., 2020), in the Malmgren medium nitric nitrogen is absent.

Nevertheless, viable seeds are necessary for asymbiotic germination. The most common, practical, and reliable
method is the tetrazolium test, which has the potential to assess seed viability and quality (Hosomi et al., 2011, 2012;
Vudala and Ribas, 2017). A decisive step in the efficiency of the tetrazolium test is the seeds preconditioning with
sucrose solution. This stage aims to hydrate evenly and activate the embryo’s metabolism (George et al., 2008). To
increase seed germination, this step would be of good improvement for the germination rates.

Therefore, this work aimed to evaluate if the pretreatment step with sucrose before seed germination of three
species of the genus Catasetum in culture media can increase germination rates.

MATERIAL AND METHODS

Seed Collection and storage

Seeds of Ctsm. osculatum K.G.Lacerda and V.P.Castro, Ctsm. galeritum Rchb.f. and Ctsm. complanatum F.E.L.Miranda
and K.G.Lacerda (Table 1) were produced by crossings, as this genus exhibits sexual dimorphism in Bela Vista Orchids
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(Assis — SP, -22.67299 -50.41754). At dehiscence, seeds were removed from capsules, put in paper envelopes and
these were kept over silica gel for three days at 25 °C. They were then transferred to cryotubes and stored at -18 °C,
according to the OSSSU protocol (Orchid Seed Science and Sustainable Use Seed Bank (Seaton and Pritchard, 2008), at
the Universidade do Oeste Paulista (UNOESTE — Presidente Prudente — SP).

Seed viability

Initial viability was assessed using the tetrazolium test, according to Hosomi et al. (2011). Portions of 5 mg seeds
of each species were placed in microtubes at room temperature for 15 minutes, and then add 1.0 mL of 10% sucrose
solution and kept for 24 hours at room temperature. After this period, the liquid was removed, and the seeds were
rinsed twice with distilled water, followed by the addition of 1.0 mL of 1% tetrazolium salt (2,3,5 triphenyl tetrazolium
chloride) solution and kept in a water bath at 40 °C for 24 hours. Finally, the solution was removed, and the seeds were
rinsed with distilled water.

The seed samples were placed on glass slides to obtain the images. The seeds with red embryos were considered
as viable, while those with white embryos were non-viable. Empty seeds without an embryo, were not considered.

Seed germination

Each species was divided into two subsamples for germination: one was pretreated for 24 hours in a 10% sucrose
solution, and the other did not receive any treatment. Samples were placed in microtubes at room temperature before
the pretreatment. All subsamples were disinfected with 3% sodium dichloroisocyanurate solution (DCCA), added with
Tween 80 for 10 minutes in a laminar flow chamber, and shaken occasionally (Machado-Neto and Custddio, 2005). After
this period, samples were rinsed twice with sterile water and distributed in Petri dishes containing nutrient medium.

The chosen media for germination were the half concentration MS media, with 1% agar and 2% sucrose, and the
MM medium described by Malmgren plus MS vitamins, 1% agar and 1% sucrose. The pH for both media was 5.7 before
autoclaving at 121 °C for 15 minutes and subsequently were distributed in 60 mm Petri dishes.

Pretreated and not-pretreated seeds were sowed in a laminar flow chamber according to Machado-Neto and
Custédio (2005). Three Petri dishes were used per treatment, sealed with PVC film, and transferred to a growth room
at 25 * 3 °C with a 16 h light / 8 h dark. Germination was evaluated weekly in nine selected areas containing at least
30 seeds per area. Only seeds whose embryos were in stage 1 of germination, meaning swelled and rhizoid protrusion
(zettler and Hofer, 1998; Seaton and Ramsay, 2005; Pereira et al., 2011) were counted as germinated; the evaluation
continued until germination stabilized. A camera attached to a stereoscope microscope obtained high-definition quality
images for evaluation in Gnu Image Manipulation Program.

The germination speed index (GSl), described by Maguire (1962) and modified by Hosomi et al. (2012) for orchids,
was also evaluated, as in the following formula:

GSI=G1/N1+G2/N2+--+Gn/Nn

Table 1. Catasetum species, their place of origin and conservation status.

Catasetum species Origin® Conservation Status?
Ctsm.? osculatum Pard, Ronddnia, Mato Grosso do Sul, Mato Grosso NE3
Ctsm. galeritum Amazonas, Para, Tocantins, Maranhdo, Mato Grosso NE

Ctsm. complanatum Ronddnia, Mato Grosso NE

'Flora do Brasil 2020, Reflora Project (PETINI-BENELLI, 2020).
2Abbreviations of scientific names followed the rules of Royal Horticultural Society for orchid genera and hybrids (RHS, 2017).

3NE — Not evaluated
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Where G is the number of germinated seeds per period, and N is the time in days after germination. Germination is
evaluated weekly; therefore, the time intervals were 7, 14, 21, and so forth until germination stabilization.

Experimental design and statistical analysis

The work was carried out in triplicate in a completely randomized design with a triple factorial arrangement of
species x preconditioning x culture medium (3 x 2 x 2).

Normality and homogeneity of the results were initially checked for the germination and GSI data so that it could
be subjected to analysis of variance (ANOVA). Then the means were compared by the Tukey test at 5% probability.
Statistical analysis was made using the software SISVAR 5.7 (Ferreira, 2011).

RESULTS AND DISCUSSION

Viability was assessed utilizing the tetrazolium test by the methodology proposed by Hosomi et al. (2011, 2012)
(Figure 1). We could observe seeds with viable embryos stained in red (Figure 1, red arrows); non-viable embryos
were not stained (white arrow, Figure 1) and empty testa (Figure 1, black arrows). The observed results shown that
viability was 44.13% for Ctsm. complanatum, 21.13% for Ctsm. galetirum and 21.95% for Ctsm. osculatum. Although
not considered for the viability test, we detected in the total amount of seeds 53.64% of empty testae for Ctsm.
osculatum, 28.07% for Ctsm. complanatum, and 5.73% for Ctsm. galeritum (Table 2 and Figure 1).

Figure 1. Stained seeds of Catasetum complanatum (A), Catasetum galeritum (B) and Catasetum osculatum (C), with
the 2,3,5-triphenyl tetrazolium chloride (TZ). Viable seeds show embryo stained in red (red arrows), empty
seed are indicated by black arrows and non-viable seed are indicated by white arrows.

Table 2. Tetrazolium test (TZ) results and empty testae percentages of Catasetum species. Values expressed as means
and standard error.

Treatments TZ Empty testae* (%)
Ctsm. complanatum 44,13 + 2.66 28.07+2.24
Ctsm. galeritum 21.13+1.56 5.73+0.81
Ctsm. osculatum 2195+ 1.64 53.64+11.87

*Empty testae percentages were based in the total count of seeds.
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The analysis of the triple factorial of species, pretreatment, and culture medium showed no interaction between
them (Table 3). Only the use of sucrose pretreatment significantly increased the germination rate (Table 3 and Figure
2). However, there was no difference in comparing the performance of the culture media MS and MM, as observed in
not pre-treated seeds of Cyrtopodium aliciae (Oliveira et al., 2023).

The germination averages for all treatments can be seen in Table 4. The treatment without sucrose addition for
Ctsm. complanatum, Ctsm. galeritum and Ctsm. osculatum germinated, 4.70%, 2.87% and 6.39%, respectively, while
pretreatment with 10% sucrose solution, germination had higher means of 57.31% for Ctsm. complanatum, 25.80% for
Ctsm. galeritum and 44.70% for Ctsm. osculatum.

Even though there is a difference between MS and MM media in not treated seeds (1.13% and 8.84%), the observed
germination in pretreated seeds does not differ in both used media (Figure 3). The GSI supports the germination and
media average, as the observed Speed Index from the pretreated seed is higher than those form the not pretreated
seeds (Table 4).

Actual germination occurred from the second week of incubation, when seeds reach stage 1 of germination
according to Pereira et al. (2011) and Zettler and Hofer (1998) in pretreated seeds of Catasetum galeritum, third week
in Ctsm. complanatum and fourth week in Ctsm. osculatum. After the fourth week of cultivation, it was possible to
observe germinated seeds in both pretreated and not pretreated seed of Ctsm. complanatum, fifth week of Ctsm.
galeritum and seventh week of Ctsm. osculatum. Development was followed until protocorms reached stage 3
proposed by Zettler and Hofer (1998). These results imply that regardless of the species and the culture medium, the

Table 3. Germination average (%) of Catasetum in MS and MM media, with and without pretreatment and their

interactions.
Species Germination (%)
Catasetum complanatum 31.00a
Catasetum galeritum 15.37 ¢
Catasetum osculatum 25.02b
F 21.58*
Culture medium
Murashige and Skoog 2291a
Malmgren 25.24 a
F 1.43 ns
Pretreatment
With 42.25a
Without 4.75b
F 373.78*
F. . Species x Culture medium 0.48 ns
F..Species x Pretreatment 24.50*
F..Culture medium x Pretreatment 9.49%*
F. . Species x Culture medium x Pretreatment 0.56ns
CV (%) 23.85

Means followed by equal letters do not differ by Tukey’s test at 5% probability. *Significant at 1% probability by the F test. CV: coefficient
of variation.
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Figure 2. Germination percentage accumulated of Catasetum complanatum (A), Catasetum galeritum (B) and
Catasetum osculatum (C) in MS and MM media, with and without pretreatment.
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Table 4. Germination (G%) and germination speed index (GSI) of Catasetum species with and without pretreatment in

MS and MM media. Values expressed as means and standard error.

G% GSlI
Treatments
Not Pre-treated Pre-treated Not Pre-treated Pre-treated

Ctsm. complanatum 4,70+ 1.64 aB 57.31+3.39aA 0.13+0.05aB 1.72+£0.10aA
Ctsm. galeritum 2.87£0.92 aB 25.80 £ 2.08 cA 0.06 £0.02 aB 0.62+0.05cA
Ctsm. osculatum 6.39+1.78 aB 43.66 + 3.16 bA 0.11+£0.03 aB 0.87 £0.07 bA
MS 1.13+0.31bB 44.70+2,52 aA 0.03+0.01 bB 1.13 £ 0.07 aA
MM 8.841+1.02 aB 39.81+2.42 aA 0.19+0.02 aB 1.01 £ 0.09 aA

Means followed by the same letter, lowercase for column, uppercase for line, do not differ in Tukey’s test at 5% probability.

Figure 3. Germination images of 12 weeks old seeds of Catasetum complanatum (A), Catasetum galeritum (B) and
Catasetum osculatum (C), in MS media without pretreatment (1), MS media with pretreatment (2), MM
media without pretreatment (3) and MM media with pretreatment (4).
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use of preconditioning with a 10% sucrose solution for 24 hours before sowing was of great value for the germination
process (Figure 2). The GSI corroborates these results, exhibiting higher values in pretreated seeds. Deconninck and
Gerakis (2021) presoaked Anacamptis laxiflora seeds with 10% sucrose solution, but for microorganism growth and
increase sterilization susceptibility not for germination.

Comparing the pretreated seeds to not pretreated seeds, the observed increase in germination was 6.8 times for
Ctsm. osculatum seeds, 9 times for Ctsm. galeritum up to 12.2 times for Ctsm. complanatum. This may be due to the
osmoregulatory activity of the sucrose solution, reducing the osmotic potential and delaying the absorption of water
by the seeds, avoiding damage to the embryo during hydration and activating the germination metabolism even before
contact with the nutrient medium (Li et al., 2005; George et al., 2008; Hosomi et al., 2011).

According to Manning and Van-Staden (1987), a simple sugar exogenous source from the culture medium, would
facilitate the energy cell machinery, supplying the enzyme system to activate the embryo germination. The pretreatment
with sucrose 10% probably initiates the energy cascade, as imbibition occurs.

Usually, culture media with amino acids as a source of nitrogen are indicated for the germination of terrestrial
orchids (Ponert et al., 2013; Figura et al., 2020) and some authors suggest that seeds and protocorms assimilate
nitrogen more easily from the amino acids form than from nitric nitrogen which must be converted into amino acids
before plant absorption (Malmgren, 1996; Majerowicz et al., 2000; Kauth et al., 2008; Gupta, 2016). Studies with Ctsm.
fimbriatum demonstrated its preference for ammoniacal nitrogen form over nitric form or amino acids (Majerowicz et
al., 2000). However, the results here are promising, with no difference in average germination rates between MM and
MS medium. Comparing the usage of pretreatment, the observed germination comparison shows an increase in 4.5
times for MM and 39.5 times in MS medium, demonstrating that the use of sucrose 10% independent of the species
was efficient.

Ferreira et al. (2018) proposed that the culture media are specific to the Ctsm. macrocarpum development stage.
The ease of having seeds and plants available to evaluate the different asymbiotic conditions increase the capacity of
reintroduced species in nature (Kitsaki et al., 2004).

The tetrazolium test presented inferior results than those observed in actual germination using pretreatment with
10% sucrose solution, which may indicate that despite being a good predictor of viability, the test does not substitute
qguantification for in vitro asymbiotic germination, or it might need adjustments to the Catasetum genus.

CONCLUSIONS

The pretreatment with 10% sucrose for 24 hours, regardless of the culture medium, significantly increases the
germination potential of Ctsm. complanatum, Ctsm. galeritum and Ctsm. osculatum seeds.

ACKNOWLEDGMENTS

We would like to thank Universidade do Oeste Paulista (UNOESTE), for the Coordenagdo de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES) (Brazil) Financing Code 001 PROSUP - CAPES doctorate scholarship to the first author’s
and the Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico (CNPq) for DT fellowship of NBNM.

REFERENCES

ARDITTI, J.; ERNST, R. Micropropagation of orchids. New York: John Wiley & Sons, 1993. 640p.

CARDOSO, J.C.; SILVA, J.AT.; VENDRAME, W.A. Impacts of deforestation on some orchids of S3o Paulo State, Brazil. Natureza e
Conservagdo, v.14, n.1, p.28-32, 2016. https://doi.org/10.1016/j.ncon.2016.02.001

DAVINA, J.; GRABIELE, M.; CERUTTI, J.C.; HOJSGAARD, D.; ALMADA, R.; INSAURRALDE, I|.; HONFY, A. Chromosomic studies of
Argentinian subtropical orchids with ornamental value in Argentine. Agro Sur, v.35, n.2, p.59-61, 2007. https://doi.org/10.4206/
agrosur.2007.v35n2-28

Journal of Seed Science, v.45, e202345010, 2023


https://doi.org/10.1016/j.ncon.2016.02.001
https://doi.org/10.4206/agrosur.2007.v35n2-28
https://doi.org/10.4206/agrosur.2007.v35n2-28

Pretreatment on germination of Catasetum 9

DECONNINCK, G.; GERAKIS, A. Influence of scarification method on seed germination of the terrestrial orchid Anacamptis laxiflora
(Lam.). The EuroBiotech Journal, v.5, n.1, p.15—-23, 2021. https://doi.org/10.2478/ebtj-2021-0004

DIANTINA, S.; KARTIKANINGRUM, S.; MCCORMICK, A.C.; MILLNER, J.; MCGILL, C.; PRITCHARD, H. W.; NADARAJAN, J. Comparative
in vitro seed germination and seedling development in tropical and temperate epiphytic and temperate terrestrial orchids. Plant
Cell, Tissue and Organ Culture, v. 143, n.3, p.619—633, 2020. https://doi.org/10.1007/s11240-020-01947-7

FERREIRA, D.F. Sisvar: a computer statistical analysis system. Ciéncia e Agrotecnologia, v.35, n.6, p.1039-1042, 2011. https://doi.
org/10.1590/51413-70542011000600001

FERREIRA, W.M.; OLIVEIRA, S.P.; SUZUKI, R.M.; SILVA, K.L.F.; SOARES JUNIOR, J.W.P. Germination, growth and morpho-anatomical
development of Catasetum macrocarpum (Orchidaceae) in vitro. Rodriguesia, v.69, n.4, p.2137-2151, 2018. https://doi.
org/10.1590/2175-7860201869442

FIGURA, T.; WEISER, M.; PONERT, J. Orchid seed sensitivity to nitrate reflects habitat preferences and soil nitrate content. Plant
Biology, v.22, n.1, p.21-29, 2020. https://doi.org/10.1111/plb.13044

FILETI, J.F; HENGLING, M.M.; GIANETI, T.M.R.; PRITCHARD, H.P.;, HOSOMI, S.T.; MACHADO-NETO, N.B.; CUSTODIO, C.C. Seed
longevity and cryobiotechnology in the Orchid genus Cattleya. Cryoletters, v. 42, n.6, p.356-365, 2021.

GEORGE, E.F.; HALL, M.A.; KLERK, G.J. Plant propagation by tissue cutlure The background. Basingstoke, UK: Springer - Dordrecht,
v.1, 2008. 502p. https://doi.org/10.1007/978-1-4020-5005-3

GUPTA, A. Asymbiotic seed germination in orchids: role of organic additives. International Advanced Research Journal in Science,
Engeneering and Tecnology, v.3, n.5, p.143-147, 2016. http://doi.org/10.17148/I1ARJSET.2016.3530

HENGLING, M.M.; GIANETI, T.M.R.; HOSOMI, S.T.; MACHADO-NETO, N.B.; CUSTODIO, C.C. Storage of Brazilian Cattleya seeds from
diverse biomes: lipid composition and effects on germination. Plant Biosystems, v.155, n.3, p.487-497, 2020. https://doi.org/10.1
080/11263504.2020.1762781

HIRANO, T.; GODO, T.; MIl, M.; ISHIKAWA, K. Cryopreservation of immature seeds of Bletilla striata by vitrification. Plant Cell
Reports, v.23, p.534-539, 2005. http://doi.org/10.1007/s00299-004-0893-9

HOSOMI, S.T.; SANTOS, R.B.; CUSTODIO, C.C.; SEATON, PT.; MARKS, T.R.; MACHADO-NETO, N.B. Preconditioning Cattleya seeds
to improve the efficacy of the tetrazolium test for viability. Seed Science and Technology, v.39, n.1, p.178-189, 2011. http://doi.
org/10.15258/sst.2011.39.1.15

HOSOMI, S.T.; CUSTODIOQ, C.C.; SEATON, PT.; MARKS, T.R.; MACHADO-NETO, N.B. Improved assessment of viability and germination
of Cattleya (Orchidaceae) seeds following storage. In Vitro Cellular and Developmental Biology - Plant, v.48, n.1, p.127-136, 2012.
http://doi.org/10.1007/s11627-011-9404-1

KAUTH, P.J.; DUTRA, D.; JOHNSON, T.R.; STEWART, S.L.; KANE, M.E., VENDRAME, W. Techniques and applications of in vitro orchid
seed germination. Floriculture, Ornamental and Plant Biotechnology: Advances and Topical Issues, p.375-391, 2008. https://www.
researchgate.net/publication/257385365_Techniques_and_applications_of_in_vitro_orchid_seed_germination

KITSAKI, C.K.; ZYGOURAKI, S.; ZIOBORA, M.; KINTZIOS, S. In vitro germination, protocorm formation and plantlet development of
mature versus immature seeds from several Ophrys species (Orchidaceae). Plant Cell Reports, v.23, n.5, p.284-290, 2004. http://
doi.org/10.1007/s00299-004-0841-8

LI, S.H.; KUOH, C.S.; CHEN, Y.H.; CHEN, H.H.; CHEN, W.H. Osmotic sucrose enhancement of single-cell embryogenesis and
transformation efficiency in Oncidium. Plant Cell, Tissue and Organ Culture, v.81, n.2, p.183-192, 2005. https://doi.org/10.1007/
$11240-004-4955-z

MACHADO-NETO, N.B.; CUSTODIO, C.C. A medium for non-commercial sowing of orchid seed. Selbyana, v.26, p.316-317,
2005. https://www.researchgate.net/publication/262091382_A_Medium_for_Non-Commercial_Sowing_of Orchid_
Seed#:~:text=For%20home%20sowing%200f%200orchid,in%20raising%20their%20own%20orchids.

MAGUIRE, J.D. Speed of germination - Aid in selection and evaluation for seedling emergence and vigor. Bulletin of the Japan
Institute of Metals, v.1, n.6, p.176, 1962. https://doi.org/10.2135/cropscil962.0011183X000200020033x

MAJEROWICZ, N.; KERBAUY, G.B.; NIEVOLA, C.C.; SUZUKI, R.M. Growth and nitrogen metabolism of Catasetum fimbriatum
(Orchidaceae) grown with different nitrogen sources. Environmental and Experimental Botany, v.44, n.3, p.195-206, 2000. https://
doi.org/10.1016/50098-8472(00)00066-6

Journal of Seed Science, v.45, e202345010, 2023


https://doi.org/10.2478/ebtj-2021-0004
https://doi.org/10.1007/s11240-020-01947-7
https://doi.org/10.1590/S1413-70542011000600001
https://doi.org/10.1590/S1413-70542011000600001
https://doi.org/10.1590/2175-7860201869442
https://doi.org/10.1590/2175-7860201869442
https://doi.org/10.1111/plb.13044
https://doi.org/10.1007/978-1-4020-5005-3
http://doi.org/10.17148/IARJSET.2016.3530
https://doi.org/10.1080/11263504.2020.1762781
https://doi.org/10.1080/11263504.2020.1762781
http://doi.org/10.1007/s00299-004-0893-9
http://doi.org/10.15258/sst.2011.39.1.15
http://doi.org/10.15258/sst.2011.39.1.15
http://doi.org/10.1007/s11627-011-9404-1
https://www.researchgate.net/publication/257385365_Techniques_and_applications_of_in_vitro_orchid_seed_germination
https://www.researchgate.net/publication/257385365_Techniques_and_applications_of_in_vitro_orchid_seed_germination
http://doi.org/10.1007/s00299-004-0841-8
http://doi.org/10.1007/s00299-004-0841-8
https://doi.org/10.1007/s11240-004-4955-z
https://doi.org/10.1007/s11240-004-4955-z
https://doi.org/10.2135/cropsci1962.0011183X000200020033x
https://doi.org/10.1016/S0098-8472(00)00066-6
https://doi.org/10.1016/S0098-8472(00)00066-6

10 M.C. Moraes et al.

MALMGREN, S. Orchid propagation: theory and practice. In: ALLEN, C. (Ed.). North American native terrestrial orchids: Propagation
and production. Germantown, Maryland: The North American Native Terrestrial Orchid Conference, 1996. p.131.

MANNING, J.C.; VAN-STADEN, J. The development and mobilisation of seed reserves in some African orchids. Australian Journal of
Botany, v.35, n.3, p.343—-353, 1987. https://doi.org/10.1071/BT9870343

MURASHIGE, T.; SKOOG, F. A revised medium for rapid growth and bio assays with tobacco tissue cultures. Physiologia Plantarum,
v.15, n.3, p.473-497, 1962. https://doi.org/10.1111/j.1399-3054.1962.tb08052.x

OLIVEIRA, J.; MORAES, M.C.; CUSTODIO, C.C.; MACHADO-NETO, N.B. In vitro development and acclimatization of Cyrtopodium
aliciae L. Linden & Rolfe, an endemic species of the Chapada Diamantina. Ciencia Rural, v.53, n.5, p.1-9, 2023. http://doi.
org/10.1590/0103-8478cr20210599

PEREIRA, M.C.; TORRES, D.P.; GUIMARAES, F.A.R.; PEREIRA, O.L.; KASUYA, M.C.M. Germinacio de sementes e desenvolvimento de
protocormos de Epidendrum secundum Jacq. (Orchidaceae) em associagdo com fungos micorrizicos do género Epulorhiza. Acta
Botanica Brasilica, v.25, n.3, p.534-541, 2011. https://doi.org/10.1590/50102-33062011000300004

PETINI-BENELLI, A. Nova espécie de Catasetum para o estado do Amazonas, Brasil. Orquiddrio, v.30, n.1-2, p.26-36, 2016. https://
www.researchgate.net/publication/305766638_Nova_especie_de_Catasetum_para_o_Estado_do_Amazonas_Brasil

PETINI-BENELLI, A. Catasetum in flora e funga do Brasil. Jardim Botanico do Rio de Janeiro. 2022. https://floradobrasil.jbrj.gov.br/
FB11312

PONERT, J.; FIGURA, T., VOSOLSOBE, S.; LIPAVSKA, H.; VOHNIK, M.; JERSAKOVA, J. Asymbiotic germination of mature seeds and
protocorm development of Pseudorchis albida (Orchidaceae) are inhibited by nitrates even at extremely low concentrations.
Botany, v.91, n.10, p.662—670, 2013. https://doi.org/10.1139/cjb-2013-0082

RHS. Royal Horticultural Society. Alphabetical list of standard abbreviations for natural and hybrid generic names. 2017. https://
www.rhs.org.uk/plant-registration-forms

SEATON, PT.; PRITCHARD, H.W. Life in the freezer - Orchid seed banking for the future. Orchids, v.76, n.10, p.762—-773, 2008.

SEATON, PT.; PRITCHARD, H.W. Orchid seed stores for sustainable use: a model for future seed-banking activities. Lankesteriana,
v.11, n.3, p.349-353, 2011. https://doi.org/10.15517/lank.v11i3.18290

SEATON, P.T.; RAMSAY, M. Growing orchids from seed. Royal Botanic Gardens, Kew, 2005. 88p.

SUZUKI, R.M.; MOREIRA, V.C.; PESCADOR, R.; FERREIRA, W.M. Asymbiotic seed germination and in vitro seedling development of
the threatened orchid Hoffmannseggella cinnabarina. In Vitro Cellular and Developmental Biology - Plant, v.48, n.5, p.500-511,
2012. http://doi.org/10.1007/s11627-012-9460-1

UTAMI, E.S.W.; HARIYANTO, S. Organic compounds: contents and their role in improving seed germination and protocorm
development in orchids. International Journal of Agronomy, v.2020, p. 1-12, 2020. https://doi.org/10.1155/2020/2795108

VUDALA, S.M.; RIBAS, L.L.F. Seed storage and asymbiotic germination of Hadrolaelia graindis (Orchidaceae). South African Journal
of Botany, v.108, p.1-7, 2017. http://dx.doi.org/10.1016/j.sajb.2016.09.008

ZAKIZADEH, S.; KAVIAN, B.; HASHEMABADI, D. Micropropagation of two near threatened orchid. Part 1: Catasetum pileatum cv.
Alba. Advances in Horticultural Science, v.33, n.4, p.475-483, 2019. http://doi.org/10.13128/ahsc-8112

ZETTLER, L.W.; HOFER, C.J. Propagation of the little club-spur orchid (Platanthera clavellata) by symbiotic seed germination and
its ecological implications. Environmental and Experimental Botany, v.39, n.3, p.189-195, 1998. https://doi.org/10.1016/S0098-
8472(97)00019-1

ZHANG, Y., LEE, Y.I.; DENG, L. ZHAO, S. Asymbiotic germination of immature seeds and the seedling development of Cypripedium
macranthos Sw., an endangered lady’s slipper orchid. Scientia Horticulturae, v.164, p.130-136, 2013. http://dx.doi.org/10.1016/].
scienta.2013.08.006

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

Journal of Seed Science, v.45, e202345010, 2023


https://doi.org/10.1071/BT9870343
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
http://doi.org/10.1590/0103-8478cr20210599
http://doi.org/10.1590/0103-8478cr20210599
https://doi.org/10.1590/S0102-33062011000300004
https://www.researchgate.net/publication/305766638_Nova_especie_de_Catasetum_para_o_Estado_do_Amazonas_Brasil
https://www.researchgate.net/publication/305766638_Nova_especie_de_Catasetum_para_o_Estado_do_Amazonas_Brasil
https://doi.org/10.1139/cjb-2013-0082
https://www.rhs.org.uk/plant-registration-forms
https://www.rhs.org.uk/plant-registration-forms
https://doi.org/10.15517/lank.v11i3.18290
http://doi.org/10.1007/s11627-012-9460-1
https://doi.org/10.1155/2020/2795108
http://dx.doi.org/10.1016/j.sajb.2016.09.008
http://doi.org/10.13128/ahsc-8112
https://doi.org/10.1016/S0098-8472(97)00019-1
https://doi.org/10.1016/S0098-8472(97)00019-1
http://dx.doi.org/10.1016/j.scienta.2013.08.006
http://dx.doi.org/10.1016/j.scienta.2013.08.006

	_Hlk104208142
	_Hlk104208152
	_Hlk104208560
	_Hlk104208584
	_Hlk104208603
	_Hlk104208681
	_Hlk104208696
	_Hlk104208747
	_Hlk104208789
	_Hlk104208888
	_Hlk104208985
	_Hlk104209052
	_Hlk104209856
	_Hlk104209897
	_Hlk104209921
	_Hlk104209950
	_Hlk104209960
	_Hlk104209981
	_Hlk104209992
	_Hlk104209992
	_Hlk104210005
	_Hlk104210038
	_Hlk104210044

