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ABSTRACT: The aim of the present study was to determine the most suitable pretreatment to 
enhance the tetrazolium test in seeds of the Epidendrum genus. Initially, mature capsules were 
harvested at El Escorial village, in the municipality of Pamplona,   Colombia. Subsequently, the 
seeds were subjected to five pretreatments: deionized water, 0.5% NaClO, 1.0% NaClO, 10.0% 
sucrose and a control group. Using the syringe method with cloth filter, the seeds were rinsed 
with distilled water and subjected to two concentrations of tetrazolium solution (0.25%, 1.0%) 
and three exposure times (6 h, 24 h and 48 h). Finally, the tetrazolium viability test results 
were correlated with the in vitro germination test. It was found that the use of deionized 
water improves the efficiency of the tetrazolium test in seeds of Epidendrum fimbriatum and 
E. microtum; as in seeds of E. elongatum when using 1.0% tetrazolium for 24 h. Similarly, a high 
correlation was found between viability and germination, using deionized water and 10.0% 
sucrose, with homogeneous results with each other. 

Index terms: orchid, sodium hypochlorite, sucrose, seed viability.

Aprimoramento da metodologia do teste de tetrazólio utilizando diferentes 
pré-tratamentos em sementes do gênero Epidendrum (Orchidaceae)

RESUMO: O objetivo do presente estudo foi determinar o pré-tratamento mais adequado 
para aprimorar a metodologia do teste de tetrazólio em sementes do gênero Epidendrum. 
Inicialmente, cápsulas maduras foram coletadas na vila de El Escorial, no município de 
Pamplona, Colômbia. Em seguida, as sementes foram submetidas a cinco pré-tratamentos: 
água deionizada, NaClO a 0,5%, NaClO a 1,0%, sacarose a 10,0% e um controle. Utilizando 
o método de seringa com filtro de pano, as sementes foram lavadas com água destilada e 
submetidas a duas concentrações de solução de tetrazólio (0,25% e 1,0%) e três tempos 
de exposição (6 h, 24 h e 48 h). Finalmente, os resultados do teste de viabilidade do 
tetrazólio foram comparados ao teste de germinação in vitro. Verificou-se que o uso de 
água deionizada melhora a eficiência do teste de tetrazólio em sementes de Epidendrum 
fimbriatum e de E. microtum, assim como em sementes de E. elongatum ao usar 1,0% de 
tetrazólio por 24 h. Da mesma maneira, foi encontrada alta correlação entre viabilidade e 
germinação, utilizando água deionizada e 10,0% de sacarose, com resultados homogêneos.

Termos para indexação: orquidácea, hipoclorito de sódio, sacarose, viabilidade de sementes.
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INTRODUCTION

Orchidaceae is the largest family of flowering plants (Arditti and Ghani, 2000). It makes up one of the most diverse 
taxa among the phanerogams, with 30,000 recognized species, distributed in 899 genus (Ekmekçigil et al., 2019). They 
are present on all continents, except Antarctica (Hosomi et al., 2017). They are among the most threatened plants in 
the world. Colombia is considered one of the richest countries in the diversity of orchids; it is estimated that it has 
4,270 species classified in 274 genera (Betancur et al., 2015). 

Having about 1,500 species (Cardoso-Gustavson et al., 2018) distributed in Latin America, the neotropical genus 
Epidendrum stands out, as it is one of the most expressive ecologically and horticulturally (Cavalcante et al., 2018). 
With great diversity, it has flowers characterized by a lip with frills or fringes, being widely cultivated as an ornamental 
plant (Sangma et al., 2018). In Colombia there are 527 species belonging to this genus (Betancur et al., 2015).

Epidendrum is often considered to secrete a rewarding nectar (Pansarin and Pansarin, 2014). However, recent 
studies concluded that many of these species produce a secretion similar to nectar, as a pollinator’s deterrent, which 
is considered by many authors as a disguise (Cardoso-Gustavson et al., 2018). Such strategy indicates the deceptive 
presence of food (Cozzolino and Widmer, 2005), leading to short visits by pollinators, who abandon the inflorescence 
after visiting a single flower, resulting in decrease of pollination and consequent reduced fruiting (Cardoso-Gustavson 
et al., 2018). In addition, Epidendrum producers encounter difficulties in the crop development, such as high costs, 
very slow sexual and vegetative propagation rate for large-scale production (Cavalcante et al., 2018). It is necessary to 
highlight that most studies in the genus focus on ecology and the symbiosis with endophytic fungi (Gamboa-Gaitán 
and Otero-Ospina, 2016). For this reason, it is necessary to establish methods that provide information on the seed 
viability and physiological potential, to ensure their rapid germination and uniformity in establishing in vitro plants, 
with reduced waste of culture media. With the definition of these methods, the conservation of genetic variability 
and the preservation of germplasm and clonal propagation material will be improved in germoplasm banks. Improved 
methods for determining seed viability might also improve propagation of these species, since seeds are their main 
organ of propagation, which might directly affect the crop productivity (Doria, 2010).

Currently, there are several assays to evaluate the physiological potential of seeds, which require short periods 
of time and are related to the integrity of cell membranes and respiratory activity. Germination and tetrazolium tests 
are among the main methods to evaluate the seed physiological potential (Salazar-Mercado and Vega-Contreras, 
2017). The correct application of these methods is very important to generate satisfactory results (Hosomi et al., 
2017). Therefore, it is necessary to identify and control aspects such as pretreatments of the seeds and tetrazolium 
concentrations in order to improve the methodology for performing the tetrazolium test. The 2,3,5-triphenyl 
tetrazolium chloride assay is qualitative for tissues and large organs when observed under a microscope. Although 
it seems to be destructive, the test is often used for embryos and embryonic axes, for a rapid assessment of viability 
(Salazar and Gélvez, 2015).

The use of pretreatments such as scarification, soaking in water and cutting, improves the diffusion of the tetrazolium 
solution into seed tissues, being successfully used in several species. Hosomi et al. (2011) compared in vitro germination 
rates of seeds of several species from the Cattleya genus with the results of viability obtained by the tetrazolium test 
on seeds subjected to different pretreatments. They observed that the pretreatments implementation influences the 
effectiveness of the tetrazolium test in seeds of this important genus from the orchid family. Consequently, the aim of 
the present study is to evaluate the effect of four pretreatments used in the tetrazolium test in seeds of Epidendrum 
microtum, E. elongatum and E. fimbriatum.

MATERIAL AND METHODS

Plant material: the experiment was carried out in the Biology Laboratory of the Universidad Francisco de Paula 
Santander. Mature and naturally pollinated capsules were used (Figure 1), harvested at El Escorial village, in Pamplona 
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municipality, Colombia: Epidendrum microtum Lindl (N 07°34’41” W 072°64’155”, altitude: 2,870 masl), Epidendrum 
elongatum Jacq. (N 07°34’78” W 072°64’083”, altitude: 2,754 masl) and Epidendrum fimbriatum Lindl (N 07°34’476” 
W 072°64’08”, altitude: 2,765 masl); harvested after the dehiscence (48 h later, approximately). The seeds were rinsed 
with distilled water for the pretreatment application to assure the same conditions for all seeds (Table 1).

Pretreatment´s application and tetrazolium test: a small portion of seeds was introduced into a sterile 5 mL syringe 
with a cloth filter, applying each of the pretreatments (chlorine 0.5%, chlorine 1.0%, deionized water, sucrose 10.0% 
and a control without any substance) for a period of ten minutes each. Subsequently, three rinses were made with 
deionized water and the tetrazolium test was performed. Subsequently, the tetrazolium (2,3,5-triphenyl tetrazolium 
chloride) solutions were prepared to 0.25% and 1.0%. Immediately, the seeds were immersed in the tetrazolium solution 
in total darkness for 6, 24 and 48 h. At the end of the set time, the seeds were rinsed three times with distilled water 
and examined in the stereoscope microscope (Leica EZ4). The seed viability evaluation was performed considering 
the red staining pattern due to the reduction of the tetrazolium solution in the living respiring cells of the seed tissues 
(Salazar-Mercado and Vega-Contreras, 2017; Salazar and Delgado, 2018). Seeds were considered as viable when more 
than half of the seed tissue were stained and non-viable when no red staining was developed on the seeds (Figure 2). 
Viability was presented as percentage and evaluated for each of the replications of every treatment applied.

Figure 1. Flowers and capsules of orchid species of Epidendrum genus. (A) Epidendrum microtum flowers; (B) Capsule 
of Epidendrum fimbriatum; (C) Epidendrum fimbriatum flower; (D) Epidendrum elongatum flower.

Seed viability (%): different tetrazolium concentrations and exposure periods

Pretreatments 0.25%-6h 0.25%-24h 0.25%-48h 1.0%-6h 1.0%-24h 1.0%-48h

Control 17.0 ab       16 a 14.6 a   4.0 a   9.3 a 14.6 a
Chlorine 0.5% 58.6 b       56 b 44.0 b   53.3 bc 53.3 b   2.6 a
Chlorine 1%   1.3 a      1.3 a   0.0 c   25.3 ab 37.3 b 37.3 b

Deionized water   5.3 a 100.0 c 96.0 d 16.0 a 86.6 c 58.6 c
Sucrose 10%   14.6 ab    86.6 c 97.3 d 85.3 c 70.6 c 73.3 c

Means within each column followed by the same letter do not differ by the Tukey test (p ≤ 0.05). 

Table 1. Epidendrum elongatum seed viability, as determined by the tetrazolium test at different solution concentrations 
and exposure periods. 
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In vitro germination test: with very few exceptions, in vitro germination of orchid seeds became increasingly 
popular for viability evaluation. The disinfection and sowing of the seeds were carried out according to the 
methodology described by Salazar-Mercado and Vega-Contreras (2017): initially, the seeds were immersed for one 
minute in 70% ethanol, then immersed in a solution with 0.75% sodium hypochlorite plus 0.1% Tween-20 for five 
minutes; subsequently, three rinses were performed with deionized water. After removing the filter from the syringe, 
a hundred seeds per plate were planted, distributing them evenly on the circumference of the plate with the help 
of a culture handle (sterilized), in five Petri dishes with 25 mL of MS basal medium composed of 100% macro and 
micronutrients (Murashige and Skoog, 1962), supplemented with 3 g.L-1 sucrose, 8 g.L-1 of agar and 1 g.L-1 of activated 
carbon. Next, the plates were sterilized at 15 pounds of pressure (Psi) at 121 °C for 25 minutes. The media were 
incubated under controlled conditions (26 ± 2 °C with a photoperiod of 16/8 h light/darkness) with a light intensity 
of 25 μmol.m-1 per second, provided by fluorescent light and 60% relative humidity. The germination percentage 
was obtained by observing a hundred seeds per treatment with the help of a stereoscope microscope (Leica EZ4). 
After twelve days, the seeds that had expanded embryos and testa rupture were considered as germinated (Salazar-
Mercado and Vega-Contreras, 2017).

Statistical analysis: for each treatment, ten replications with a hundred seeds each were used, with thirty 
treatments for each studied species. The data were randomly distributed and organized by means of an analysis of 
variance to determine the treatments’ effect on the amount of viable seeds observed. Germination (in vitro) and 
viability (tetrazolium test) were expressed in percentage. The data were analyzed using the ANOVA analysis of variance. 
The mean values were compared using Tukey’s test to determine the means with significant differences (p < 0.05). 

RESULTS AND DISCUSSION

Epidendrum elongatum viability: in the results presented in Table 1, it can be observed that the treatment with 
0.25% tetrazolium for 6 h resulted in a minimum viability of 1.3% when using the pretreatment of chlorine 1%, without 
significant differences with the values obtained by the deionized water pretreatment (5.3 %), similar to the results 
presented in seeds of Paphiopedilum SCBG Red Jewel seeds, where the use of 1% chlorine dramatically decreased 
tetrazolium staining, as reported by Fu et al. (2016). However, when using pretreatment with chlorine at 0.5%, the 
highest viability (58.6%) was obtained in this treatment (0.25% for 6 h). Next, it is observed that the use of 0.25% 
tetrazolium during 24 h resulted in a greater viability with the pretreatment of deionized water (100.0%); this can 
be explained by the fact that hydration of the seed tissues improves the absorption of tetrazolium and provides the 
activation of the enzymatic metabolism in the living cells (Carvalho et al., 2014). Similarly, it can be noticed that the 
treatment with 0.25% tetrazolium for 48 h resulted in 0.0% viability when using 1% chlorine as pretreatment, and the 
use of sucrose presented 97.3% viability, similar results to those obtained by Hosomi et al. (2011; 2017) in seeds of 
Cattleya species. This is because sucrose solution avoids possible imbibitional injuries, maintaining the balance between 
the seeds and their environment. With the 1.0% tetrazolium concentration for 6 h, the control pretreatment exhibited the 

Figure 2. Viability test using tetrazolium. (A) Epidendrum microtum non-viable seed; (B) E. microtum viable seed; (C) 
Epidendrum elongatum non-viable seed; (D) E. elongatum viable seed; (E) Epidendrum fimbriatum non-viable 
seed; (F) E. fimbriatum viable seed; (t): seed coat; (e): embryo.
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lowest viability (4.0%), contrasting with that obtained by Salazar and Gélvez (2015), where seeds without pretreatment of 
Epidendrum sp. and Epidendrum elongatum presented 85.4% and 89.6% viability respectively (using tetrazolium at 1%). 
However, pretreatment with sucrose produced the highest viability (85.3%), since the immersion of the seeds in sucrose 
activates the embryo metabolism, mainly related to the action of the dehydrogenase enzymes (Hosomi et al., 2011), 
which produces more reliable results. Likewise, the control pretreatment resulted in the lowest viability (9.3%), and the 
pretreatment with deionized water the highest (86.6%), when using 1% tetrazolium during 24 h.

Epidendrum fimbriatum viability: according to the obtained results in the tetrazolium test, a marked tendency in 
the viability increase was observed with the use of sucrose, presenting five maximum viability values (Table 2): 46.6%, 
98.6%, 97.3%, 80.0% and 94.6 % (0.25%-6 h, 0.25%-24 h, 0.25%-48 h, 1.0%-6 h and 1%-24 h, respectively). That is, the 
pretreatment with sucrose increased the viability in all the treatments except with the 1.0% treatment for 48 h. These 
results ratify what was presented by Suzuki et al. (2018), where previous use of sucrose increased viability (tetrazolium 
1%) in Catasetum atratum cryopreserved seeds. However, it was demonstrated that the use of sucrose did not increase 
viability in seeds of Epidendrum secundum (69.15%), Epidendrum nocturnum (31.86%) and Epidendrum desciflorum 
(42.85%), when compared with in vitro germination. Similarly, the use of chlorine at 0.5% and 1.0% did not provide 
significant differences between them. In addition, they showed a very marked tendency to decrease viability, with the 
lowest values   in all treatments except with the use of 1.0% tetrazolium for 6 h (2.6%). This is possibly due to the fact 
that chlorine readily penetrates the lipid cuticle and the lignified outer seed coat (Jevšnik and Luthar, 2015), which can 
cause damage to the embryo, since it is a strongly oxidizing compound (Jiang et al., 2017).

Epidendrum microtum viability: according to the results shown in Table 3, it was observed that the use of sucrose 
produced the highest viability values   in comparison with other treatments, except for the results with the use of 
deionized water and 1.0% chlorine in the tetrazolium treatments at 0.25% for 48 h and with the treatment of 1.0% for 
6 h, respectively, which were 98.6% for each one. However, these results did not differ significantly from each other 
as compared to the use of sucrose (96.0% and 93.3%, respectively). Similar data were presented by Custódio et al. 
(2016), where preconditioning with 10.0% sucrose for five minutes significantly increased the staining in Dactylorhiza 
fuchsii seeds (85.0% viabiity). On the other hand, the use of 1.0% chlorine caused the lowest viability in the treatments 
with 0.25% for 6 h, 1.0% for 24 h and 1.0% for 48 h (34.6%, 76.0% and 36.0%, respectively), corroborating with the 
results presented by Custódio et al. (2016), who worked with seeds of Vanda curvifolia, where the increase in NaOCl 
concentration had a detrimental effect on viability. Other authors reported mixed results after scarification of orchid 
seeds with NaOCl, although this may be due to the use of high concentrations (1.0% and 5.0%) of NaOCl (Dowling and 
Jusaitis, 2012), which can interfere with the tetrazolium dehydrogenation (Lallana and García, 2013). In general, the 
sucrose pretreatment used showed that it works well for these species, representing a useful and basic protocol for a 
wide range of species (Hosomi et al., 2011).

Table 2. Epidendrum fimbriatum seed viability, as determined by the tetrazolium test at different solution concentrations 
and exposure periods. 

Seed viability (%): different tetrazolium concentrations and exposure periods

Pretreatments 0.25%-6h 0.25%-24h 0.25%-48h 1.0%-6h 1.0%-24h 1.0%-48h

Control   2.6 a   4.0 a   9.3 a   2.6 a   9.3 a 10.6 a
Chlorine 0.5%   2.6 a   2.6 a   2.6 a 10.6 a   1.3 b   2.6 b
Chlorine 1% 12.0 a   1.3 a   2.6 a 10.6 a   1.3 b   1.3 b

Deionized water 46.6 b 94.6 b 96.0 b 80.0 b 98.6 c   13.3 ac
Sucrose 10% 46.6 b 98.6 b 97.3 b 80.0 b 94.6 c 17.3 c

Means within each column followed by the same letter do not differ by the Tukey test (p < 0.05). 
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Germination in vitro: seed expansion was observed twelve days after sowing, three days before as reported by 
Salazar-Mercado and Vega-Contreras (2017). According to Sulong et al. (2016), the absorption of water and nutrients 
leads to a protocorm formation and later to rhizoids formation. In the case of Epidendrum elongatum Jacq., 90.0% of 
germination (in vitro) was obtained, data that correlates with the viability obtained with the use of 1.0% tetrazolium 
for 24 h, using distilled water as pretreatment (86.6%). Likewise, it correlates to a lesser degree with the 85.5% 
obtained in the treatment of 1.0% for 6 h, using sucrose (pretreatment) and moving further away from the viability 
obtained with the other treatments. This would imply in cost reduction of the procedure, since it is not necessary 
to use chlorine or sucrose as pretreatment in these species, resulting in a greater number of samples that can be 
evaluated (Carvalho et al., 2017). In the case of Epidendrum fimbriatum Lindl, 93.0% germination was obtained, 
statistically homogeneous data with 94.6% of viability presented in the treatments with tetrazolium at 0.25% for 24 
h and deionized water (pretreatment) and 1.0% tetrazolium for 24 h and sucrose (pretreatment), placing the use of 
sucrose and deionized water as the best options among the pretreatments, independently of the concentration and 
time of exposure to tetrazolium. In the same way, 97.0% germination was obtained in seeds of Epidendrum microtum, 
homogeneous data within several results obtained with the tetrazolium test, such as when sucrose (pretreatment) was 
used in treatments with 0.25% tetrazolium for 6, 24 and 48 h and 1% tetrazolium for 24 and 48 h. Likewise, the use of 
deionized water as pretreatment in the tetrazolium test caused great homogeneity with the germination test (Table 3). 
Therefore, it can be inferred that regardless the concentration and time of exposure to the tetrazolium solution, the 
use of sucrose and distilled water increases the efficiency of the test in Epidendrum microtum seeds, reiterating that 
the use of deionized water represents a lower cost compared to the use of chlorine and sucrose. Regarding the use of 
chlorine as pretreatment, according to Salazar-Mercado et al. (2019) and Mercado and Bayona (2020), this chemical 
compound causes cell abnormalities at low concentrations, which could affect the viability and germination of orchid 
seeds. Therefore, the use of sodium hypochlorite for pretreatment of orchid seeds is not recommended.  Additionally, 
it was observed that the exposure to tetrazolium solutions (for the two concentrations) at 24 h is homogeneous with 
the results obtained after 48 h; so it is recommended not to extend the test to 48 h in any of the three species tested 
on this research.

CONCLUSIONS

It was concluded that pretreatment with deionized water improves the efficiency of the tetrazolium test in Epidendrum 
elongatum Jacq. seeds when 1.0% tetrazolium concentration is used during 24 h. Likewise, the use of distilled water is 
seen as a viable and economic alternative to increase the efficiency of the tetrazolium test in Epidendrum fimbriatum 
Lindl seeds, showing a better correlation with the actual germination (in vitro). Likewise, although the use of distilled 
water and sucrose as pretreatment in the tetrazolium test in Epidendrum microtum seeds produced homogenous 

Table 3. Epidendrum microtum seed viability, as determined by the tetrazolium test at different solution concentrations 
and exposure periods. 

Seed viability (%):  different tetrazolium concentrations and exposure periods

Pretreatments 0.25%-6h 0.25%-24h 0.25%-48h 1.0%-6h 1.0%-24h 1.0%-48h

Control 81.3 a 84 ab 81.3 a 88.0 a   86.6 ab   89.3 ac
Chlorine 0.5%   92.0 ac   96.0 b 72.0 a 90.6 a   94.6 ab 86.6 a
Chlorine 1% 34.6 b   82.6 a 81.3 a 98.6 a 76.0 a 36.0 b

Deionized water 96.0 c   78.6 a 98.6 a 90.6 a    96.0 ab   96.0 cd
Sucrose 10% 96.0 c   96.0 b 96.0 a 93.3 a   98.6 b 97.3 d

Means within each column followed by the same letter do not differ by the Tukey test (p < 0.05). 
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results among them, the use of distilled water is recommended, due to the economic factor. Finally, it is important to 
mention that the use of chlorine (1.0 and 0.5%) in most cases decreases the effectiveness of the tetrazolium test.
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