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Abstract— Dendrobium gibsonii is an epiphytic ornamental orchid native to Southeast Asia, including
Northeast India, with significant conservation value but with inadequate information on seed biology. We

length, width, volumes, seed length and width (SL/SW), embryo length and width (EL/EW) ratios, and seed -

volume-to-embryo volume ratio (SV/EV). Viability and permeability were also assessed after scarification
with 0.5, 1.5, 3.0, and 5.0% NaOCl for 5, 10, 15, and 30 min (5 mg seeds per treatment), followed by TTC
and Trypan Blue staining. The interaction between NaOCI concentrations, and time were highly significant
Jfor both permeability and viability (all p < 0.001). Tukey tests indicated that 3% and 5% produced the
higher permeability increases (notably 15-30 min), whereas 1.5-3% for 10—15 min (3%*10 min = 93.81
+1.25% viability) was optimal for viability; prolonged 5% exposure was toxic. Morphometry revealed
minute, dust-like, fusiform seeds with a prolate-spheroid embryo and <50% air space, implying reduced
buoyancy and limited dispersal. These traits are taxonomically informative. Future work should expand
morphometric comparisons across other Dendrobium species to determine species-versus genus-specific
indicators, perform controlled buoyancy and storage trials, validate TTC outcomes via in vitro
germination, and evaluate gentler scarification methods (enzymatic, mechanical, sonication) to enhance
permeability without compromising viability, thereby facilitating propagation and conservation strategies.

Keywords— Dendrobium gibsonii, morphometry, viability percentage, permeability percentage,
scarification, double-staining, 2,3,5-triphenyltetrazolium chloride (TTC), Trypan blue, light microscopy
(LS), scanning electron microscopy (SEM).

I. INTRODUCTION

Orchids (family Orchidaceae), with approximately 28,000
known species (Vitt et al., 2023), are known for their
attractive flowers, and many possess ethnomedicinal and
therapeutic properties (Teoh, 2016). In addition, because
of their floral beauty, orchids are commercially important
in the floriculture market (Khuraijam ez al., 2017; Hussain
and Eraqui, 2023). Orchids are possibly the most
ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
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manipulated plants for hybrid production worldwide (Li et
al., 2021) and are heavily exploited for aesthetic and
floricultural purposes (Maulida et al., 2023; liyama et al.,
2024). Dendrobium gibsonii Paxton is an epiphytic orchid
belonging to the subfamily Epidendroideae and tribe
Malxideae of Orchidaceae. It is native to Southeast Asia
(World Flora Online, 2026) including parts of Northeast
India (Sharma and Bhattacharyya, 2023). It is grown as an
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ornamental species for its floral beauty and has substantial
conservation value (Kesta and Warrington, 2023).
However, it lacks comprehensive information on seed
biology and germination processes. Like many other
orchids, this species faces threats due to habitat loss and
unsustainable collection (Kumar et al., 2024). Its intricate
reproductive biology complicates and hinders normal
propagation (Kesta and Warrington, 2023; Liu et al,
2025). Similar to many orchids, the seeds of D. gibsonii
are minute, dust-like, without endosperm, and have a tiny
embryo enclosed in a thin testa that facilitates their long-
distance dispersal. Therefore, seed traits, such as length,
width, volume, embryo size, and air space volume, and
their quantitative characterization, are significant for
understanding dispersal ecology, viability, germination
behavior, and taxonomic relationships with other
Dendrobium and allied species (Alomia et al, 2016).
However, the assessment of seed morphometry of D.
gibsonii has not yet been performed in detail, and related
information on seed viability is essential for ex situ
conservation and propagation programs. Moreover,
reliable viability assessment of orchid seeds is practically
challenging and contentious because of their small size,
inconsistent testa permeability, and often poor correlation
between conventional tetrazolium staining and actual
germination (Soares et al., 2021; Pradhan et al, 2022).
The double-staining technique, which involves the use of
both vital and non-vital dyes, is a rapid microscopy-based

method for assessing orchid seed viability and

germination. It also allows proper visualization of embryo

integrity and testa permeability and reduces the risk of

Fig. 1. Morphological details of Dendrobium gibsonii. (a) an adult plant (b) stem bearing the flowers (c) fruits or capsules
(d) a mature capsule.

(a) (©)
Observation of seed morphology under the Light
Microscope (LM)

An appropriate number of seeds were taken and soaked in
distilled water for 10 min, and then the original color of
the entire seed, including the embryo, and shape were
observed through a compound light microscope using a
10x objective lens and a 10x eyepiece lens. In addition, the
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under- or overestimating viability (Magrini et al., 2019). In
this context, combining comprehensive seed morphometry
with a reliable double-staining procedure can provide a
more complete assessment protocol for seed quality and
behavior in orchids with poorly known characteristics.
Correspondingly, in the present work, we studied the seed
morphometry of Dendrobium gibsonii and their viability
and permeability were assessed using double-staining
techniques. Specifically, it involves (i) quantification of
key seed and embryo characteristics using light
microscopy (LM) and scanning electron microscopy
(SEM), and (ii) assessment of the efficiency of the double-
staining method for characterizing viable, unviable, and
dead seeds in D. gibsonii in terms of viability and
permeability percentages. The outcomes of this study can
establish a strong basis for its ex-situ conservation and
propagation.

II. MATERIALS AND METHODS
Plant materials

A healthy Dendrobium gibsonii plant (Figure la) was
collected from Mungpoo, Darjeeling, West Bengal,
planted in a nursery, and bloomed in May—June 2024
(Figure 1b). Healthy and suitable-sized flowers were
selected and artificially self-pollinated to obtain fruits or
capsules. The fruits matured in approximately 120 days.
Healthy fruits (Figure 1c and d) were selected, and seeds
were collected in small plastic vials.

s

S

s

(c) (d)
length and width of both seeds and embryos were
measured from 50 different seeds using an ocular
micrometre. One ocular division was standardized as
14.58u. The recorded length and width of both seeds and
embryos were used to calculate the volume of seed and
embryo, air space percentage, seed length and width
(SL/SW), embryo length and width (EL/EW), seed volume
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and embryo volume ratios. The microphotographs were
also taken to reveal the overall dimensions and features of
seeds and embryos. Since the shapes of the seed and
embryo were fusiform and prolate spheroids, respectively,
the following formulae were used (Arditti, 2000) to
determine their average volumes:

1
volume of seed = 2 (gm'zh)

width length

2

Where, I = and h =

2
4 L W T
volume of embryo = 37 (5) (;) org Lw?

Where, L = length, W = width

volume of air space between testa and embryo (%) =
vol.of seed—vol.of embryvo X100

vol.of seed

Observation of seed morphology under the Scanning
Electron Microscope (SEM)

Mature orchid seeds were collected from dehisced
capsules and briefly air-dried on filter paper to remove
excess moisture. The seeds were then transferred to a
desiccator containing silica gel for 24 h to prevent seed
collapse and rehydration. Dried seeds were mounted on
aluminium SEM stubs using double-sided carbon adhesive
tape, with seeds oriented for lateral, polar, and basal views
where possible. Mounted seed samples were examined
using a JEOL JSM scanning electron microscope operated
at an accelerating voltage of 10 kV, a working distance of
10-12 mm, and in high-vacuum mode. Digital images
were captured at magnifications ranging from 100% to
1000x to reveal the seed shape, testa cell sculpturing, wall
thickening, and micropylar and chalazal ends (Aytar et al.,
2024).

Seed Scarification

Scarification was performed by treating the seeds with four
different concentrations (0.5, 1.5, 3, and 5 %) of sodium
hypochlorite (NaOCI) solution and 0.1 % (v/v) Tween 20
in each (Magrini and Vitis, 2017; Magrini et al., 2019) for
5, 10, 15 and 30 minutes each. Tween 20, a non-ionic
surfactant, mainly functions as a wetting agent and
emulsifier, enhancing the penetration of scarifying
solutions into seed coats, improving surface disinfection,
and breaking dormancy without damaging the embryos.
One drop of NaOCl solution (Soch et al., 2023) was added
to each milliliter of the sample solution. Thus, considering
both the NaOCI concentration and treatment duration, 16
treatment conditions were assessed. The non-scarified
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seeds kept in sterile distilled H,O served as experimental
controls (four sets for 5, 10, 15, and 30 min). For each set
(treatment and control), 5 mg of seeds (1200 — 1500 seeds)
were used. Following treatment with NaOCIl, each seed
set, except the control, was rinsed twice with sterile
distilled water for 5 min and centrifuged at 5000 rpm for
5 min following each rinse. Subsequently, the treated seeds
were soaked in sterile distilled water for 1h to remove
residual hypochlorite, thereby preventing interference with
TTC reduction in viable embryos (Waes and Debergh,
1986).

Double-staining

A 1 % solution of 2,3,5-triphenyltetrazolium chloride
(TTC) was prepared, and the pH was adjusted to 7.0 using
1 M KOH. Both non-scarified and scarified seeds (by the
above method) were transferred into a 1.5 mL microtube
containing 1 mL 1% TTC solution. They were incubated in
the dark at 30 +2 °C for 24 h [21]. The TTC solution was
then removed, and the seeds were rinsed twice (3 min
each) with distilled water, including centrifugation at 5000
rpm for 5 min between the rinses. Following TTC staining,
the seeds were subjected to a second staining procedure
using Trypan Blue (TB) dye to assess seed coat
permeability. Trypan Blue is a vital dye that is excluded
from viable cells with intact plasma membranes and
selectively stains only nonviable cells and impart blue
color to both nonviable and dead cells. Therefore, TB dye
provides reliable indications of seed coat permeability.
During double staining, the TTC solution was first
decanted, and the seeds were washed twice with 1 mL of
distilled water for 3 min per wash. Subsequently, seeds
were stained with 0.5 mL of 0.4 % TB solution for 10 min,
followed by two rinses with sterile distilled water for
5 min each to remove excess dye.

Observation and assessment

Both treated and control seeds underwent double staining
and were spread on glass slides (600 — 1000 seeds/slide)
and observed under a compound light microscope. Based
on the staining pattern, four types of seeds were visible: [i]
blue testa and red embryo (viable), [ii] blue testa and
whitish embryo (nonviable), [iii] dead seeds with both
testa and embryo blue (nonviable), and [iv] both testa and
embryo whitish (nonviable and impermeable). All seeds
were observed and counted to determine the viability and
permeability percentages, following the methodology
outlined by Magrini et al. (2019), with required
modifications.

Viability percentage

Viability percentage was calculated as follows:

v
Vrreste (%) = . X100
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Where, Vrrc + 8 (%) = Viability percentage scored by
double staining (TTC and Trypan blue), v = total number
of viable seeds and t = total number of tested seeds, i.e.

all the seeds with a blue-stained testa (viable, nonviable
and dead) and impermeable seeds.

Permeability percentage

Seed coat permeability percentage (P) was calculated as
follows:

P(%) = g X100

where p = total number of permeable seeds and t = total
number of tested seeds.

Statistical Analysis

Two-way ANOVA, with a post hoc Tukey multiple
comparison test to compare all groups, was used to assess
the effects of two variables, NaOCl concentration and
treatment duration for scarification, on viability and
permeability. Jamovi 2.6.44 was used for all the statistical
analyses.

Seed Morphometry and Viability Assessment of Dendrobium gibsonii Paxton by the double-staining

III. RESULTS
Seed morphometry

Both light microscopy (LM) and scanning electron
microscopy (SEM) revealed the seed structure of D.
gibsonii as fusiform (Figure 2a to f) with a centrally placed
prolate spheroid embryo (Figure 2a, e). The length, width,
and volume of both the seed and embryo and the air space
in the testa were estimated using data obtained through
light microscopy (Table 1). The seed color was observed
under a light microscope and was found to be pale
yellowish to light greenish (Figure 2f). The mean seed
length-width (SL/SW) ratio was 4.82+0.61. Similarly, the
mean embryo length-width (EL/EW) was 2.16+0.29. The
seed volume-to-embryo volume ratio (SV/EV) predicts
buoyancy, which is directly proportional to buoyant
capacity. In the present study, the mean SV/EV was
2.04+0.67, which indicates that the volume of the air space
was marginally lower.

Table 1: Seed and embryo morphometric parameters of Dendrobium gibsonii showing length, width, volume, and free air
space in the testa (n = 50). Values are expressed as the mean + standard deviation.

Seed Embryo
Length (um) 400.66 +£39.22 148.72 £12.15
Width (um) 83.69 +7.69 69.70 +7.39
Volume (pm?)  7.42x103 um? +1.60x103 3.83x10° pm? +£0.86x10°
Air space (%) 46.27 £16.07
SL/SW 4.82+0.61
EL/EW 2.16+0.29
SV/EV 2.04+0.67
Assessment of Viability that 1.5-3 % for 10—15 min was the optimal treatment,

Two-way ANOVA revealed highly significant effects of
NaOCl concentration (Fai0 = 14,894, p< 0.001),
treatment time (F3,uz0 = 112, p < 0.001), and their
interaction (Fiz,s0 = 161, p < 0.001) on seed viability
percentage. Furthermore, Tukey’s post hoc test showed
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with 1.5 for 15 min, 3 % for 10 min, and 5% for 5 min
achieving the highest wviability, ie. 93.16 =I.11,
93.81+1.25, and 93.07 £1.16% respectively. The highest
viability percentage i.e. 93.81 £1.25% outperformed the
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(e)

{
{SED 5.0kV WD9mm P.C.30 HV x400 S0pm  e—

3 YD10mmP.C.30 HV  x330

)

Fig.2. Microscopic observation of seeds of Dendrobium gibsonii. (a) a viable seed observed under a compound LM, t = testa
and e = embryo, (b) — (d) seeds observed under a SEM; (e) viable seed (blue testa with red embryo); non-viable seeds (blue
testa with whitish embryo, dead seeds with blue testa and blue embryo); (f) permeable seed (both embryo and testa are
whitish) observed under LM.

control by more than 64%. Four distinct groups were
identified: control (22— 32 %), toxic treatment (74— 78
%), moderate treatment (84 — 91 %), and best treatment
(92 — 93 %). Therefore, scarification at 1.5 — 3 % NaOCl

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
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or 10 — 15 and 5% for 5 min are reliable for D. gibsonii
seeds (Table 2).

Furthermore, the interaction plot (Figure 3a) shows a
gradual increase in viability percentage over time in the
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control (0 % NaOCl), although it remained much lower
than that in all sacrificed groups. Scarification with 0.5 %
and 3 % NaOCl resulted in a gradual increase in viability
up to 15 min before declining at longer durations. Among

Seed Morphometry and Viability Assessment of Dendrobium gibsonii Paxton by the double-staining

these, 1.5 % and 3% NaOCl yielded the highest viability,
peaking at 15 and 10 min of exposure, respectively.
Whereas at 5 % NaOCl, the viability percentage steadily
decreased from 5 to 30 min.

Table 2. Viability (%) of D. gibsonii seeds after double staining and scarification with different NaOCI concentrations (0.5,
1.5, 3, and 5 %) for different times (5, 10, 15, and 30 min). Values denote mean = SD (n=10). Letters progress from 'a’
(lowest viability) to j' (highest viability) based on estimated marginal means. Treatments sharing the same letter(s) are not
significantly different (Tukey HSD, p > .05).

Scarification by

Treatment time (min)

Double- NaOCI sol
a solution
staining (%) 5 10 15 30
0 (Control) 2248 +1.07° 2627 +1.41° 2952 +1.41° 32.87+1.119
TTC (1%) + 0.5 80.68 £0.968 88.94+0.87' 91.31+1.75 87.01 +2.05"
Trypan blue 1.5 89.41+135 92294232 93.16+1.11 85.81+1.64
(0.4%) 3 91.15+1.90° 93.81+125 86.73+1.49" 84.58+1.01"
5 93.07+1.161 88.72+1.09° 78.11+0.857 74.40 £0.69¢

Table 3. Permeability (%) of D. gibsonii seeds after double staining and scarification with different NaOCI concentrations
(0.5, 1.5, 3 and 5%) for different times (5, 10, 15, and 30 min). Values denote mean = SD (n=10). Letters progress from 'a’
(lowest permeability) to 'd’ (highest permeability) based on estimated marginal means. Treatments sharing the same letter(s)

are not significantly different (Tukey HSD, p > .05).

NaOCl (%) 5 min 10 min 15 min 30 min

0 (Control) 42.76 +1.72* 4532+225% 50.64+2.24*53.09+1.14°
0.5 92.81+1.35" 93.13+£1.23295.22+1.9097.03 +1.60 ¢
1.5 93.64 £1.67> 97.57+1.14° 98.04 +1.3799.02 +1.054
3.0 95.50+2.03 > 97.55+1.85°¢ 98.05+1.08 €99.02 + 1.05 4
5.0 96.84+1.33¢ 98.02+1.04°¢ 99.98 +1.11999.70 £ 0.49 4

Assessment of Permeability

Similarly, two-way ANOVA of permeability percentage
demonstrated a highly significant effect of NaOCI
concentration (Fais0 = 8,469.0, p< 0.001), treatment
duration (F3,130 = 115.1, p < 0.001), and their interaction
(Fiz,180 = 10.6, p < 0.001). In addition, Tukey's post hoc
analysis significant  pairwise
differences (p < .001) among the tested combinations.
Accordingly, Tukey’s post hoc comparisons revealed that
the control (0 %) significantly differed from all NaOCl
treatment groups at all treatment times, confirming the
effectiveness of NaOCI in enhancing seed permeability.
Compared to the control at 5 min, all treated groups

revealed numerous

showed significantly higher permeability (Table 3). The
same pattern was evident at 10, 15, and 30 min. Among
the treated groups, even at lower concentrations (0.5 and
1.5%) and minimum treatment times (5 and 10 min), the
permeability was >90%. The three treatment sets, such as
1.5%, 3%, and 5 % NaOC]l, showed higher increases in
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permeability, mainly at 10, 15 and 30 min. The highest
permeability percentage ie. 99.70% outperformed all
control values by more 87% (Table 3).

Furthermore, the interaction plot (Figure 3b) illustrates
the effects of NaOCI concentration (0, 0.5, 1.5, 3, and
5%) and scarification duration (5, 10, 15, and 30 min) on
seed permeability. Compared to the control (0 %), all
scarified treatments showed enhanced permeability, with
a general upward trend across different scarification
times. The 1.5 % NaOCI treatment exhibited a steep
increase from 5 to 10 min, whereas the 3 % and 5 %
treatments demonstrated more gradual increases. Overall,
5 % NaOCI treatment yielded the highest permeability
across all time points, peaking at 30 min.

Iv. DISCUSSION

In the present study, compound light and scanning
electron microscopy revealed that the seeds of
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Dendrobium gibsonii are minute, dust-like, and fusiform.
The mean length and width of D. gibsonii were recorded

Seed Morphometry and Viability Assessment of Dendrobium gibsonii Paxton by the double-staining

as 400.66 +39.22 p and 148.72 +£12.15 p, respectively.

ey

- NaOCI Conc. (%) g " NaOCl Conc. (%)
& + 00 > <00
26 + 05 Z + 05
2 + 15 B +15
g <+ 30 E + 30
+ 50 g + 50
40
// —
20 . . . . 40 . ; . .
5 10 15 &l 5 10 15 0
Time (min) Time (min)
(a) (b)

Fig.3: Interaction plots showing the effects of sodium hypochlorite (NaOCI) concentration (0%, 0.5%, 1.5%, 3.0%, 5.0%)
and scarification time (5, 10, 15, and 30 min) on (a) seed viability percentage and (b) permeability percentage.

When comparing the seed length with the orchid seed
classification system of (Barthlott et al, 2014), the
species falls within the small-seed size class (200500 p).
The seed testa was ornate and composed of elongated
cells arranged longitudinally. The testa cells have raised
anticlinal walls with periclinal reticulation joining
adjacent cells, giving a uniform reticulate pattern to the
entire testa. Both the raised anticlinal and periclinal walls
were covered with slightly coarse wax deposits. These
waxy deposits facilitate adhesion to wet substrates along
streams (Diantina ef al., 2020) and impart impermeability
owing to their water-repelling properties (Yoder et al.,
2000). Since the seed shape is fusiform, the testa cells in
the median distended portion are uniformly elongated and
appear quasi-polygonal in some sections due to periclinal
wall extension, while they are elongated and narrower at
either end (micropylar and chalazal ends) of the seeds.
The micropylar end is characterized by a funnel-shaped
opening with undulation at the edge due to the irregular
elongation of the testa cells. The chalazal end is tapered,
closed, and roughly rounded, with furrows of the
anticlinal and periclinal walls of the testa cells. These
features are similar to those of many other Dendrobium
spp. (Swamy et al, 2007; Aprilianti et al, 2021,
Prasongsom et al., 2022; Betageri and Kotresha, 2024).
The embryo is yellowish to greenish, prolate-spheroid-
shaped, centrally placed, and occupies approximately
53.73 % of the total seed volume. Accordingly, the seed
was found to possess 46.27 £16.07 % air space, which is
a typical feature of epiphytic or semi-terrestrial orchid
species adapted for wind dispersal (Aprilianti et al,
2021). It has been found that the seeds with an air space
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value above 50 % are light and optimally buoyant, so
they can be dispersed easily by wind and spread to a
wider geographical area (Hariyanto et al, 2020).
Correspondingly, the seeds of D. gibsonii are small, have
less than 50 % air space, are less efficient in maintaining
optimum buoyancy in the air current, and poorly disperse
to spread over an extensive geographical area. Therefore,
in D. gibsonii, the seed characteristics suggest that the
seeds are less buoyant in the air and are less efficiently
dispersed over a broad area. This corresponds with the
actual distribution pattern of D. gibsonii and its restricted
population sizes.

Furthermore, viability and permeability tests by
scarification with NaOCl and subsequent double staining
revealed fascinating results. The double-staining technique
was used to assess both viability and permeability using
the same treatment sets. These sets included the same
seeds, different NaOCl concentrations, and varying
scarification or treatment times for both viability and
permeability studies. This approach helped minimise the
assessment time and made the experiment easier and more
accurate (Magrini et al., 2019). The first remarkable result
is that, relative to controls (non-scarified), the scarified
seeds showed significantly higher viability and
permeability. Several previous studies have observed two
main reasons why NaOCI scarification increases the
viability and permeability of orchid seeds. First, the micro-
openings created by scarification facilitate imbibition, and
the water entering the seeds initiates metabolic activation
(Lee and Yeung, 2023). Second, scarification changes the
chemical composition of the testa cell walls and weakens
the lignified and waxy layers, facilitating smooth embryo
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expansion (Pierce et al, 2019). Among the different
NaOCl concentrations (0.5, 1.5, 3, and 5 %) and
scarification times (5, 10, 15, and 30 min), 1.5 — 3 % for
10 — 15 min was the optimal treatment, in which 1.5% for
15 min, 3% for 10 min 5% for 5 min exhibited the highest
viability (93.16 +1.11, 93.81 =+1.25, 93.07 +1.16%
respectively). However, scarification with 5 % NaOCI for
15-30 min was detrimental, resulting in a decrease in
viability relative to other treatments. Moreover, changes in
permeability in relation to the control, as well as changes
in NaOCI concentrations and scarification times, were also
significant. Compared to the control, all scarified seeds
showed higher permeability. Seed permeability increased
gradually across all scarification sets, and maximum
permeability was observed in the 5 % NaOCI treatment for
15 and 30 min. In contrast, lower seed viability was
observed at shorter scarification times and lower
concentrations. Correspondingly, 5 % NaOCI for 15 — 30
min was confirmed to be detrimental. This result may be
due to the toxic effects of higher NaOCI concentrations
(Vujanovic et al., 2000). This is also evident from the
findings that 1.5 — 3 % for 10 — 15 min demonstrated
optimum viability, whereas 5 % for 15 — 30 min resulted
in decreased viability.

V. CONCLUSION

The morphometric characterization of Dendrobium
gibsonii seeds, comprising their minute, dust-like nature,
fusiform shape, and prolate-spheroid embryo, provides a
basis for correlative taxonomic studies. Future research
should follow the same course of study to analyse other
Dendrobium species. This can verify whether the
morphological traits assessed in the present study are
species- or genus-specific. Furthermore, qualitative and
quantitative evaluations of seed and embryo lengths and
widths, seed-embryo ratio, and air space volume across
many other species and genera will enable the
development of characteristic markers for proper
identification. The finding that D. gibsonii has a free air
space volume of less than 50 % indicates its lower
buoyancy in air and water and provides insight into the
ecological constraints on its dispersal capacity. Future
studies should assess dispersal potential through controlled
buoyancy experiments. As NaOCl is a corrosive and toxic
scarification agent, alternative scarification approaches,
including enzymatic treatment, mechanical abrasion, or
sonification, should be tested for their ability to increase
permeability without impairing viability. Furthermore, the
protocol for staining viable embryos with TTC is
questionable. Therefore, exact in vitro germination
experiments should be conducted to correlate viability and
germination percentages. Simultaneously, there is scope
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for seed-storage studies in D. gibsonii. These can be used
to examine the viability and longevity of insects under
different temperature and humidity conditions, which adds
to the conservation approaches.
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