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Abstract 
 
In order to improve the cultivation and conservation of orchid species, it is important to assess the physiological quality of orchid 
seeds.  One of the most traditional tests for analysing seed quality is the tetrazolium test, whose effectiveness is known to improve 
with pre-treatment of the seeds.  As a result, this study compared various pre-treatments to determine how efficient they were at 
optimising the tetrazolium test in seeds belonging to Cyrtochilum aemulun, Elleanthus aurantiacus and Lephantes sp.  The 
experiment was based on five different pre-treatment solutions, after which the seeds were exposed to tetrazolium at two different 
concentrations and for three different exposure times.  First, the seeds were soaked for ten minutes in one of five pre-treatment 
solutions: chlorine 0.5%, chlorine 1%, deionised water, sucrose solution 10% (w/v) or a control in which no pre-treatment was 
applied. After pre-treatment, the seeds were soaked in the dark in a tetrazolium solution, either at 0.25% concentration or at 1.0% 
concentration, and for either 6, 24 or 48 hours. The control seeds exposed to no pre-treatment showed an increase in the viability of 
Lephantes sp. at significant difference from the pre-treated seeds.  Similarly, pre-treatment with 10% sucrose produced an increase 
in the tetrazolium test’s effectiveness in E.aurantiacus seeds, with significant differences from the control in most treatments. 
Therefore, the use of sucrose as a pre-treatment is recommended, in addition to increasing the concentration and exposure time of 
the seeds.  
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Introduction 

 
The Orquidaceae family is one of most diverse in terms of 
species (Almasi et al., 2013), but also has one of the highest 
risks of extinction in the plant kingdom (Zhang et al., 2018; 
Jeyanthi et al., 2013).  It comprises one of the most 
diversified taxa among the phanerogams (APG III, 2009), 
belonging to the order Asparagales, and is considered the 
second largest plant family (Apolinário, 2017). It is known for 
its long-lived and beautiful flowers which vary in shape, 
colour and scent (Jeyanthi et al., 2011; Van der Niet, 2018), 
having between 25,000 to 30,000 species distributed 
among 880 genera (Salazar and Gélvez, 2015; Gnasekaran 
et al., 2012), as well as approximately six thousand hybrids 
(Menchaca, 2011).  It has developed specialized 
adaptations, such as bulky stems that form pseudobulbs 
and canopy roots, allowing for the colonization of different 
types of environments and its establishment in a wide 

variety of habitats, where they can be epiphytes, terrestrial, 
rupicolous (Vij and Phatak, 2012) and infrequently 
saprophytic. They are absent only from polar and desert 
regions, but they are particularly abundant in the humid 
tropics worldwide (Zhang et al., 2018). They are distributed 
throughout tropical and temperate climates, where 
terrestrial orchids account for about one third of all known 
species. 
In Colombia, orchids are one of the most abundant and 
diverse groups of vascular epiphytes (Betancur et al., 2015). 
However, few studies have been conducted in Colombia on 
orchid populations, and many of the factors that determine 
reproductive success in different ecosystems remain 
unknown (González et al., 2017). According to the most 
recent data provided by the Ministry of Environment and 
Sustainable Development and the National University of 
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Colombia (2015), 4270 species and 274 genera have been 
registered in Colombia, with 105 species and 37 genera in 
the department of North Santander alone (Salazar and 
Gélvez, 2015). Due to their floral characteristics, orchids are 
attractive for trading, being considered the group of plants 
with the greatest potential for commercialisation (Roberts 
and Dixon, 2008; Nambiar et al., 2012).  
Despite orchids featuring one of the most cited examples of 
nuclear embryony among the angiosperms, little is known 
about their reproductive success (Campacci et al., 2017) 
and the available research has focused on the symbiotic 
relationship with mycorrhizal fungi (Vudala et al., 2019). 
Similarly, few studies have carefully examined the 
reproductive process of orchid species (Huang et al., 2009). 
Often dubbed "dust" seeds (due to their starch-like 
appearance), orchid seeds are the smallest in the plant 
kingdom (Dalzotto and Lallana, 2015). Oscillating between 
1.0–2.0 mm long and 0.5–1.0 mm wide and lacking an 
endosperm, they feature only one testa and one immature 
embryo (Billard et al., 2014). The number of seeds per 
capsule is variable, being generally less than 100,000 (Silva 
et al., 2015) although there are reports of more than one 
million seeds per capsule (Lallana et al., 2010). 
Seeds germinate at a rate of only 10 to 15 per million, with 
one or two becoming adult plants after two or three years 
(Ordoñez et al., 2016). According to Carvalho et al. (2013), 
crop yield depends predominantly on seed quality, since 
seeds are the primary means of propagation (Doria, 2010; 
Waraich et al., 2013) both in crop production and storage.  
Therefore, information both on seed viability and on the 
germination rate (Al-Turki and Baskin, 2017) play a 
significant role (Arenas et al., 2015). As orchids are prone to 
seed dormancy (Johansen and Rasmussen, 1992), it is 
important to assess seed batches in order to know their 
quality before sowing. The use of rapid tests to determine 
seed quality is an indispensable tool; therefore, such tests 
deserve the attention of professionals, producers and 
researchers (Deminicis et al., 2009; Salazar et al., 2020). The 
viability of orchids is usually tested by the tetrazolium test 
and in vitro germination (Vudala et al., 2019). The 
tetrazolium test is based on the enzyme activity of malate 
dehydrogenase in the mitochondria, which reacts with 
tetrazolium to form a red, stable and insoluble substance 
called formazan (Salazar and Botello, 2018). This reaction 
thereby makes it possible to distinguish the living parts, 
coloured in red, from those which are dead, which maintain 
their original colour (Abbade and Takaki, 2014). To perform 
the tetrazolium test, procedures are needed to improve its 
effectiveness. These are known as pre-treatments or 
conditioning tests, which help the tetrazolium solution to 
penetrate into the tissues (Santos et al., 2017). Numerous 
studies have aimed to standardize the procedures 
developed for the Orquidacea family, such as in Cattleya 
labiata and C. tigrina (Hosomi et al., 2017), Aerides 
maculosum (Deepti et al., 2013), Aerides ringens (Deepti et 
al., 2015), Dactylorhiza Fuchsii and Vanda curvifolia 
(Custódio et al., 2016), Cattleya mendelli (Salazar-Mercado, 
2012), Thelymitra pauciflora and Prasophyllum pruinosum 
(Dowling and Jusaitis, 2012), among others. In general 
terms, such pre-treatments seek to improve the efficacy of 
the test, reducing interpretation errors by analysts (Zucareli 

et al., 2001). Taking the above into account, this research 
aims to optimise the application of the tetrazolium test on 
seeds of the Orquidaceae family through the development 
of a protocol that can achieve a practical methodology. 
Consequently, the following study evaluates the effect of 
five pre-treatments on the efficacy of the tetrazolium test 
as used to determine the viability of seeds belonging to 
Cyrtochilum aemulun, Elleanthus aurantiacus and 
Lephantes sp. 
 
Results 
 
Cyrtochilum aemulun viability 
 
Regarding the results in seeds belonging to Cyrtochilum 
aemulun, important figures were obtained in the control 
(without pre-treatment), which showed a mean viability of 
77.7% (Table 2; Figures 2A and B), with 94.6% viability 
observed in the T11 solution (0.25% tetrazolium 
concentration exposed for 48 hours) and 44% viability 
observed in T16 (1.0% for 6 hours). T16 showed statistically 
significant differences with respect to the other the pre-
treatments at the same concentration and exposure time 
(1.0% and 6 hours). On the other hand, pre-treatment with 
chlorine 0.5% resulted in a mean viability of 89.9%, with 
97.3% viability observed for T22 (1.0% for 24 hours) and 
T12 (0.25% for 48 hours) treatments, which did not show 
statistically significant differences from the other pre-
treatments (T11, T13, T14 and T15), and a minimum value 
of 70.6% viability in T2 (0.25% for 6 hours). Similarly, the 
use of 1% Chlorine resulted in a mean viability of 75.2%, a 
maximum viability of 88% for the T13 treatment (0.25% for 
48 hours) and a minimum viability of 48% for the T28 
treatment (1.0% for 48 hours). T28 showed statistically 
significant differences compared to the other pre-
treatments at the same tetrazolium concentration and 
exposure time (T26, T27, T29 and T30). By contrast, it was 
observed that the use of deionized water as a pre-
treatment provided a 98.6% viability in the treatments T24 
(1.0% for 24h) and T29 (1.0% for 48 hours), with a minimum 
of 72% viability in T19 (1.0% for 6h). Finally, it should be 
noted that the use of sucrose provided the highest results 
for the tetrazolium test in C. aemulun seeds (Table 2), with 
an mean viability of 95.4%, as well as a maximum viability 
of 98.6% in the T15 treatments (0.25% for 48 hours) and 
T30 (1.0% for 48 fours) and a minimum viability of 91.3% in 
T5 (0.25% for 6 hours). 
 
Elleanthus aurantiacus viability 
 
The interaction between using pre-treatment and applying 
the tetrazolium test to seeds belong to Elleanthus 
aurantiacus showed clearly contrasting results in the 
obtained values (Table 3; Figure 2C and D ). A mean viability 
of 5.95% was observed in the control pre-treatment, this 
being the lowest among the pre-treatments, with a 
maximum viability value of 13.3% in the T21 treatment 
(1.0% for 24 hours) and 1.3% viability in the T6 treatment 
(0.25% for 24 hours), which showed statistically significant 
differences from the other treatments at the same 
concentration and exposure time to tetrazolium (T7, T8, T9 



824 
 

and T10). Next, pre-treatment with chlorine 0.5% showed a 
viability of 29.3% for the T7 treatment (0.25% for 24 hours), 
as well as 1.3% viability for T12 and T27 (1.0% for 48 hours). 
On the other hand, pre-treatment with chlorine 1% 
resulted in 14.6% viability for the T8 treatment (0.25% for 
24 hours) and 1.3% viability for T13 and T2, with a total 
mean viability of 7%, which is data statistically 
homogeneous with the control pre-treatment and pre-
treatment with chlorine 0.5% (Table 3). On the contrary, it 
is observed that the use of deionized water resulted in the 
highest viability, with a mean of 22.4% and 34.6% in the T9 
treatment (0.25% for 24 hours), and a minimum value of 
10.6% in T29, which did not show significant differences 
with respect to the treatments T26, T27, T28 and T30. On 
the other hand, the use of sucrose (10% w/v) produced a 
minimum viability of 8% for T30 (1.0% -48h) without 
significant differences compared to the other treatments at 
the same concentration and exposure time (T26, T27, T28 
and T29), while obtaining 40% viability in the T10 treatment 
(0.25% for 24h). 
 
Lephantes sp viability test 
 
The study conducted on Lephantes sp (Figures 2E and F) 
yielded intermediate results compared to the other species 
studied (C. aemulun and E. aurantiacus). In this case, the 
control pre-treatment showed a maximum viability of 96% 
in the T11 treatment (0.25% for 48 hours), an important 
figure as it presented statistically significant differences 
from all other treatments at the same concentration and 
exposure time except for T15 (sucrose 10% w/v). The 
control pre-treatment showed a minimum viability of 49.3% 
in T16 (1.0% for 6 hours), with T16 showing significant 
differences from the other treatments (T17, T18, T19 and 
T20). Next, pre-treatment with chlorine 0.5% showed its 
highest viability at 18.6% with T2, 0% with T22 and 1.3% 
with T7, T12 and T17 (1.0% for 6 hours). T7, T12 and T17 
did not show significant differences among themselves 
(Table 4). Similarly, pre-treatment with 1% chlorine resulted 
in 86.6% viability with treatment T18 (1.0% for 6 hours) and 
1.3% viability for T8, T23 (1.0% for 24 hours) and T28, 
resulting on average in higher viability than the 0.5% 
chlorine pre-treatment 0.5%, but lower viability than with 
pre-treatments (the control, deionized water and sucrose.). 
On the contrary, it is observed that the use of deionized 
water as a pre-treatment gave rise to a mean viability of 
70.1%, with 92% viability in the case of T24 treatment. 
Likewise, the use of sucrose (10% w/v) resulted in 96% 
viability with T30 treatment, contrasting with 2.6% with T20 
(1.0% for 6 hours) and 4% with T5. T20 and T5 did not show 
statistically significant differences between them. 
 
Discussion 
 
The results obtained in seeds belonging to C. aemulun show 
that pre-treatment with 1% chlorine leads to lower values 
of variability than the other pre-treatments (Table 2), 
decreasing on average the efficacy of the test compared to 
chlorine 0.5% (by 89.9%), deionized water (by 87.6%) and 
sucrose by 95.4%), but maintaining parity with the mean 
obtained by the pre-treatment control (Table 2). This data 

is consistent with results seen in freshly collected seeds of 
Paphiopedilum SCBG Red Jewel, where the use of 1% 
chlorine pre-treatment caused a substantial decrease in 
staining with 1% tetrazolium solution and 24 hours of 
exposure (Fu et al., 2016).  Likewise, this supports the 
results in Oncidium bifolium seeds obtained by Dalzotto et 
al. (2013), where the use of NaClO negatively influenced 
viability, increasing the proportion of non-viable seeds, 
likely due to the fact that, despite NaClO being an efficient 
scarifier in orchid seeds (Bae et al., 2014), the 
concentration at 1% can damage the embryo and thereby 
reduce viability. It is known that sodium hypochlorite can 
decrease seed viability by exacerbating prior mechanical 
damage (Strobel et al., 2016). According to Salazar et al. 
(2019); Salazar and Maldonado (2020), Sodium 
hypochlorite causes a cytotoxic effect by generating cellular 
anomalies. It is also observed that the use of deionized 
water as a pre-treatment resulted in a mean viability of 
87.6%, making it the most feasible pre-treatment in 
budgetary terms as it did not show significant differences 
from pre-treatment with sucrose (10% w/v), nor from pre-
treatment with chlorine 0.5%, allowing for reduced costs 
when applying the test (Carvalho et al., 2017). 
Regarding the control pre-treatment in Elleanthus 
aurantiacus seeds, we observed similar results to those 
obtained by Hosomi et al. (2017) in seeds belonging to 
Cattleya labiata and Cattleya tigrine, where viability was 
found at its the lowest values with the control and where, 
as in our study, there were no statistically significant 
differences from the use of chlorine, possibly because the 
presence of impervious structures in the seed coat can 
prevent the entrance of tetrazolium solution into the 
embryo (Custódio et al., 2016). The results obtained with 
deionized water were similar to those obtained in Daucus 
carota seeds pre-treated with deionized water by Lima et 
al. (2018), where pre-treatment with deionised water 
yielded the highest viability, regardless of the tetrazolium 
salt’s concentration (0.5% and 1%) and exposure time (6 
hours and 24 hours, in Table 3). This reaffirms that 
hydration triggers the activation of enzymatic metabolism, 
which facilitates the absorption of tetrazolium (Carvalho et 
al., 2017) and ensures the efficacy of the test. It is worth 
noting that, in this study, pre-treatment with sucrose (10% 
w/v) also improved the tetrazolium test by a mean of 20.1% 
without significant differences from pre-treatment with 
deionized water. Furthermore, sucrose (10% w/v) in this 
study resulted in the highest viability in the experiments 
conducted on this species (40% for the T10 treatment), 
which are results in line with those obtained by Hosomi et 
al. (2017) in C. labiata and C. tigrina seeds pre-treated with 
10% (w/v) sucrose solution, where this solution yielded the 
highest efficiency in the 1% tetrazolium test over 24 hours 
of exposure. 
In the species Lepanthes sp, the control pre-treatment was 
the most efficient in the viability test with a mean of 
77.06% (Table 4), which is a noteworthy result as it allows 
for savings in compounds such as NaClO and sucrose when 
conducting the tetrazolium test on this species, which will 
enable an increase in studies while maintaining the same 
input costs. Pre-treatment with chlorine 0.5% was the least 
efficient with a mean viability of 4.1%, contrasting with the 
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                Table 1. Formation of treatments used in each of the three species of orchids. 

Different concentrations and exposure times with tetrazolium applied to each of the species. 

Pre-treatments 0.25%-6h 0.25%-24h 0.25%-48h 1.0%-6h 1.0%-24h 1.0%-48h 

Control T1 T6 T11 T16 T21 T26 
Chlorine 0.5% T2 T7 T12 T17 T22 T27 
Chlorine 1% T3 T8 T13 T18 T23 T28 
H2Od T4 T9 T14 T19 T24 T29 
Sucrose 10% T5 T10 T15 T20 T25 T30 

 
 

 
Fig 1. Flowers and capsules of the orchids studied species. (A) flower and capsule of C. aemulun. (B) flower and capsule of E. 
aurantiacus. (C) Lephantes sp. Flower. 
 
 
Table 2. Cyrtochilum aemulun seeds viability submitted to five pretreatments and evaluated by the tetrazolium test at different 
concentrations and exposure times. 

Pre-treatments 0.25%-6h 0.25%-24h 0.25%-48h 1.0%-6h 1.0%-24h 1.0%-48h Mean 

Control 66.6
a
 90.6

a
 94.6

a
 44

a
 80

a
 90.6

a
 77.7 

Chlorine 0.5% 70.6
a
 96

a
 97.3

a
 86.6

b
 97.3

b
 92

a
 89.9 

Chlorine 1% 82
a,b

 77.3
a
 88

 a
 86.6

b
 69.3

a
 48

b
 75.2 

H2Od 77
a,b

 82.6
a
 97.3

a
 72

a,b
 98.6

b
 98.6

a
 87.6 

Sucrose 10% 91.3
b
 93.3

a
 98.6

a
 94.6

b
 96

b
 98.6

a
 95.4 

The values of the means with different letters of each column indicate statistically significant differences, according to the Tukey HSD test (P≤0.05).  

 
Fig 2. Viability test using Tetrazolium. (A) C. aemulun non-viable seed. (B) C. aemulun viable seed. (C) E. aurantiacus non-viable seed. (D) 
E. aurantiacus viable seed. (E) Lephantes sp. non-viable seed. (F) Lephantes sp. viable seed. Bar scale 1 mm. t: seed coat; e: embryo.
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        Table 3. E. aurantiacus seeds viability.  

Pre-treatments 0.25%-6h 0.25%-24h 0.25%-48h 1.0%-6h 1.0%-24h 1.0%-48h Mean 

Control 6.6
a
 1.3

a
  1.3

a
 2.6a 13.3ª

,b
 10.6

a
 5.95 

Chlorine 0.5% 13.3
a
 29.3

c
 1.3

a
 14.6ª

,b,c
 13.3ª

,b
 1.3

a
 12.1 

Chlorine 1% 4
a
 14.6

b
 1.3

a
 10.6ª

,b
 10.6

a
 1.3

a
 7 

H2Od 21.3
a
 34.6

c
 12

b
 28.0

c
 28

b
 10.6

a
 22.4 

Sucrose 10% 21.3
a
 40

c
 10.6

b
 21.3

b,c
 19.6ª

,b
 8

a
 20.1 

            The values of the means with different letters of each column indicate statistically significant differences, according to the Tukey HSD test (P≤0.05). 
 

 
Fig 3. Asymmetric germination of C. aemulun seeds in the MS culture medium. (A) Not germinated seed. (B) Expanded embryo. (C) 
Rupture of the head and formation of protocorms (D) Production of rhizoids. Bar scale = 1mm. t: seed coat; e: embryo; p: protocorm; r: 
rhizoid. 
        Table 4. Lephantes sp seeds viability.  

Pre-treatments 0.25%-6h 0.25%-24h 0.25%-48h 1.0%-6h 1.0%-24h 1.0%-48h Mean 

Control 78.62
a
 90.6ª 96

a
 49.3ª 62.6a 85.3a 77.06 

Chlorine 0.5% 18.6
b,c

 1.3
b
 1.3

b
 1.3b 0b 2.6b 4.1 

Chlorine 1% 26.6
c
 1.3

b
 2.6

b
 86.6c 1.3b 1.3b 19.9 

H2Od 73.3
a
 73.3ª 86.6

c
 6.6b 92c 89.3a 70.1 

Sucrose 10% 4
b
 84ª 90.6ª

,c
 2.6b 94.6c 96c 61.9 

            The values of the means with different letters of each column indicate statistically significant differences, according to the Tukey HSD test (P≤0.05). 

 
results of Fu et al. (2016) in Paphiopedilum SCBG Red Jewel 
seeds, where the highest staining was obtained by pre-
treatment with 0.5% chlorine for 60 minutes. Our results 
with chlorine 0.5% also contradict those obtained by 
Custódio et al. (2016), in Dactylorhiza fuchsii seeds, where 
0.5% NaOCl over a time of 2.5 minutes led to a close 
correlation between the viability and germination of the 
seeds. 
Ten days after planting the seeds in vitro, a change in the 
seeds’ colour was observed (Figure 3. B), followed by the 
breaking of the seed coat, which indicates the absorption of 
water and nutrients to generate new cells (Figure 3.C), 
which leads to the formation of a protocorm (Sulong et al., 
2016) and later to the formation of rhizoids (Figure 3.D). In 
the germination test in vitro for C. aemulun, a total of 95% 
was obtained, which correlates with the mean viability 
obtained upon exposing the seeds to sucrose (10% w/v). 
Scarifying with NaOCl 0.5% also provides important results, 
such as 96% viability in T7 and 97.3% viability in T12 and 
T22 (Table 2), which is statistically homogeneous with the 
percentage of real germination, which demonstrates that 
regardless of the concentration and time of exposure to 
tetrazolium, the use of sucrose at 10% (w/v) and NaOCl at 
0.5% is an efficient alternative for optimising the 
tetrazolium test in C. aemulun seeds. Furthermore, it 
demonstrates that it is not necessary to use a higher 
concentration of NaOCl. In the case of E. aurantiacus, 94%  
 

in vitro germination was observed. In this species in 
particular, all viability values were well below the real 
germination rate, which showed no correlation with any of 
the results for viability from the tetrazolium test. Although 
pre-treatment with deionized water showed 22.4% viability, 
this was much lower than the 73.2% viability obtained by 
Salazar and Gélvez (2015) in E. aurantiacus seeds, using 1% 
tetrazolium over 24 hours of exposure. In general terms, 
the use of pre-treatments did not guarantee an 
improvement in the tetrazolium test, but in fact decreased 
the effectiveness of the test, irrespective of concentration 
and exposure time. Therefore, it is necessary to assess the 
possible reasons why E. aurantiacus seeds respond 
negatively to the tetrazolium test, which may be related to 
the structure of the seed coat. According to Custídio et al. 
(2016), the presence of certain structures in the seed coat 
of some orchids can block the entry of substances into the 
embryo, which is why we recommend more in-depth 
studies be carried out to investigate the effect of the E. 
aurantiacus seed coat on the tetrazolium test. Lephantes 
sp. showed the lowest germination percentage of all the 
species in this study, which at 29% viability only correlated 
with the 26.6% viability obtained from T3 (1% NaOCl, 
followed by 0.25% tetrazolium for 6 hours). T3 was, in turn, 
statistically homogenous with T2 (0.5% NaOCl) with 18.6% 
viability. In this chain of ideas, it is important to highlight 
that hydrophobic compounds in the seed coast, such as 
lignin, are degraded by chlorine, which causes the seed coat 
to become more hydrophilic (Barserg et al., 2013). Although 
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the germination percentage and the value of T2 are similar, 
the use of 0.5% chlorine resulted in a mean viability of 4.1% 
(Table 4), a figure which is not consistent with in vitro 
germination. The use of 1% chlorine as a pre-treatment, 
however, presented the closest approximation to real 
germination, differing by only 9%, which confirms that 
using NaOCl can have a positive influence on the 
tetrazolium test (Bae et al., 2013). Finally, the discrepancy 
between viability and germination in the species studied 
may be due to differences in the characteristics of the seed 
cover, having repercussions on the effectiveness of 
dormancy tests (Lallana et al., 2018) and producing 
differences between the tetrazolium test and the 
germination test. 
 
Materials and methods 
 
Plant material 
 
The experiment was conducted in the biology laboratory at 
the Francisco de Paula Santander University, using mature 
capsules of Cyrtochilum aemulun (N07°34'427'–
W072°64'176'', 2882 masl), Elleanthus aurantiacus 
(N07°34'979"–W072°64'301''; 2651 masl) and Lephantes sp 
(N07°34'78''–W072°64'81''; 2750 masl), obtained by natural 
pollination and collected from the village of El Escorial, in 
the municipality of Pamplona, Colombia, with an annual 
average temperature of 14.4°C and a total annual rainfall of 
921 mm (IDEAM, 2018).  Thereafter, the capsules were 
placed in kraft paper envelopes and kept at room 
temperature until dehiscence (approximately 24 hours 
later). After dehiscence, the seeds were washed with 
distilled water for the application of the pre-treatments 
(Table 1). To apply the pre-treatments, the syringe method 
described by Salazar et al. (2013) was used. For each pre-
treatment, a small portion of seeds was placed in a sterile 5 
ml syringe with a cloth filter and soaked for 10 minutes in 
the respective pre-treatment (Table 1). Subsequently, three 
washes with deionized water were carried out and the 
tetrazolium test was applied. 
 
Tetrazolium tests 
 
Immediately after applying the pre-treatments and 
washing, the seeds were soaked in the tetrazolium solution 
in total darkness for the time corresponding to each 
treatment (6, 24 and 48 hours). After this period, the 
tetrazolium solutions were removed and the seeds were 
washed three times with distilled water. Next, they were 
examined in the stereoscope microscope (Leica EZ4). The 
assessment of the seeds’ viability was based on counting of 
the number of seeds that showed red coloration (viable), 
due to the reduction of tetrazolium by the cellular 
respiration (Salazar and Vega, 2017; Salazar and Botello, 
2018). A lack of red coloration and/or or pale pink colours 
would indicate the death of the embryo or little viability. To 
quantify the viability percentage, the number of viable 
seeds in each of the repetitions and treatments was 
determined. 
 

Germination test 
 
With few exceptions, germinating orchid seeds in vitro has 
become increasingly popular both to propagate them and 
assess their viability (Mahmood et al., 2011; Baque et al., 
2011). In this study, we used the basal medium MS, with 
the concentrations of macro and micronutrients at 100% 
(Murashige and Skoog, 1962), with 30 g/L of sucrose, 8 g/L 
of agar, and 1 g/L of activated carbon. The pH was adjusted 
to 6.0 using NaOH. Subsequently, the media were sterilized 
at 15 pounds of pressure (Psi) at 121°C for 20 minutes. 100 
seeds (ten replicates) were cultivated under aseptic 
conditions, in petri dishes containing 20 mL of MS medium. 
The seeds were incubated under controlled environmental 
conditions of 20±2°C, with a photoperiod of 16 hours’ light 
and 8 hours’ dark, with a light intensity of 28 μmol m-2 s-1 
given by fluorescent light and 65% relative humidity, for 60 
days. The percentage of germination was obtained by 
observing 100 seeds per treatment with the help of a 
stereoscope microscope (Leica EZ4). This count directly 
showed the percentage of germination for each treatment. 
The seeds that had expanded embryos and a rupture of the 
testa according to Salazar et al. (2013) were considered 
germinated. 
 
Statistical analysis 
 
In the tetrazolium test, the data were randomly distributed, 
with 30 treatments for each studied species and ten 
replicates of one hundred experimental units per 
treatment. Viability and germination in the orchid seeds 
were expressed as a percentage. The data were analysed 
using the ANOVA analysis of variance. Then, the mean 
averages were compared using the multiple range test of 
HSD (Honest Significant Difference) from Tukey (Tukey, 
1994), to determine the means with significant differences 
at a level of P <0.05. Statistical Centurion® software version 
17 was used in the statistical analysis. KyploT 2.0 software 
was used to prepare the graphs as well. 
 
Conclusions 
 
It was determined that pre-treatment with 10% sucrose 
(w/v) improves the effectiveness of the tetrazolium test in 
Cyrtochilum aemulun seeds, demonstrating a better 
correlation with real germination (in vitro). In the case of 
Lephantes sp., it is observed that scarification with 10% 
NaClO presents the highest viability. However, there is no 
evidence that it increases the effectiveness of the test. On 
the other hand, it is recommended that new pre-treatment 
models be proposed for Elleanthus aurantiacus as the test’s 
effectiveness was reduced in all cases. 
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