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Abstract

Burian M., Debkowski B., Kiszczak W., 2026: Asymbiotic seed germination of Dactylorhiza fuchsii as a tool
for the introduction of a legally protected species into the natural environment. — Botanica, 32(1): 54-63.
https://doi.org/10.35513/Botlit.2026.1.5

Dactylorhiza fuchsii (Druce) Sod is a legally protected species in some countries with considerable commercial
potential. The main objective of this study was to develop an efficient protocol for seed propagation using in
vitro cultures that could serve as a basis for the successful reintroduction of regenerated plants into their natural
habitats. The most effective sterilisation procedure involved immersion in a 0.8% aqueous detergent solution
for 18 h, followed by treatment with a 5% aqueous sodium hypochlorite solution for 60 min. The highest germi-
nation rate was observed on Orchimax medium supplemented with 10 mg/L! kinetin. The resulting protocorms
were regenerated on several media, whereas plant development was achieved on media lacking phytohormo-
nes. The greatest number of regenerated shoots was obtained on half-strength Murashige and Skoog medium.
The results demonstrate the feasibility of propagating this species under in vitro conditions and provide a basis

for its conservation and potential commercial use.
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INTRODUCTION

Dactylorhiza fuchsii (Druce) So6 is a terrestrial
species of the family Orchidaceae, distributed across
most of Europe, except for its southern regions, and
its range also extends eastwards to Siberia and Mon-
golia (Pickos-Mirkowa & Mirek, 2018; Djordjevié
et al., 2014). In nearly all areas of occurrence, spe-
cies of the genus Dactylorhiza Neck. ex Nevski are
protected in some countries, yet their populations are
declining due to habitat degradation and collection
for floristic purposes (Sumbembayev et al., 2022;
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Kindlmann et al., 2023). The protection of Dacty-
lorhiza therefore requires not only legal measures
but also efforts to restore natural habitats (Sumbem-
bayev et al., 2022). In this context, research on in vit-
ro propagation is particularly important for species
conservation and for their potential use in horticul-
ture (Fakouri Ghaziani et al., 2014; Nowak, 2020).
Such propagation techniques have a long tradition:
as early as 1942, Gavino Rotor published the first
study on orchid seed germination in in vitro cultures
(Yam & Arditti, 2009), and shortly thereafter, Morel
& Martin (1952) reported the use of apical meristem



cultures for virus elimination in cultivated plants of
the genus Dahlia Cav.

This breakthrough soon prompted the use of anal-
ogous techniques to generate virus-free Cymbidium
plants (Morel, 1960). In the following years, Wimber
(1963) developed a complete protocol for the in vitro
propagation of Cymbidium using meristem cultures,
while Steward & Mapes (1971) refined the method
and obtained protocorm-like bodies, which allowed
efficient orchid propagation. As a result of these ad-
vances, micropropagation techniques are now widely
applied on a commercial scale to propagate diverse
orchid genera, including Cymbidium Sw., Dendro-
bium Sw., Oncidium Sw., Odontoglossum Kunth,
Phaius Lour. and Vanda R.Br. (Sabastian et al.,
2021), demonstrating their broad applicability.

In parallel with these technological achievements,
it is important to emphasise that maintaining genetic
variability within species is crucial for the successful
reintroduction of orchids into natural habitats. There-
fore, the micropropagation of Dactylorhiza fuch-
sii should be conducted using seeds collected from
wild populations (Seaton et al., 2013). However,
seed germination in this genus is strongly influenced
by mycorrhizal associations, which play a decisive
role in early plant development. In particular, fungi
of the genus Tulasnella (Tulasnellaceae) are com-
monly involved in symbiosis with terrestrial orchids
(Rasmussen, 1990; Jacquemyn et al., 2012). Their
presence significantly enhances seed germination by
providing essential nutrients and improving water
availability, both of which are critical factors in the
earliest stages of germination (Kauth et al., 2008).
Moreover, orchids utilise fungal metabolites, such
as carbohydrates produced through starch hydrolysis
(Yeung, 2017) and compounds that inhibit gibberel-
lin activity (Miura et al., 2024), while mycorrhizal
fungi additionally regulate proteasome activity, li-
pid metabolism and other physiological processes
in inoculated roots. These beneficial interactions not
only promote early growth but also protect seedlings
against pathogens, as demonstrated by studies show-
ing that mycorrhizal root extracts inhibit the devel-
opment of Phytophthora cactorum (Hampejsova et
al., 2022). Thus, while in vitro techniques offer valu-
able tools for orchid propagation, the ecological role
of fungal partners should not be overlooked.

At the same time, the development of asymbi-
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otic seed germination methods, first introduced by
Knudson (1922) using sugar-containing media, rep-
resented a true breakthrough in orchid biology and
enabled large-scale in vitro propagation during the
20th and 21st centuries (Jolman et al., 2022). Thanks
to tissue culture techniques, seeds can be used as ini-
tial explants, thereby ensuring genetic diversity and
creating opportunities to introduce propagated plants
into natural habitats. The effectiveness of seed-based
in vitro propagation has been confirmed in numer-
ous orchid species, including Cymbidium giganteum
Wall. ex Lindl., Catasetum fimbriatum Lindl., Cyr-
topodium paranaense Schltr., Dactylorhiza hatagi-
rea (D.Don) So0, Laelia speciosa (Kunth) Schltr.,
Platanthera bifolia (L.) Rich., Cymbidium elegans
Lindl. and Rhynchostylis retusa (L.) Blume (Szot et
al., 2015), showing that this approach is both versa-
tile and widely applicable.

In Dactylorhiza fuchsii, Jakobsone (2008) has
demonstrated that in vitro propagation significantly
shortens the relatively long time required for com-
plete plant development under natural conditions.
Nevertheless, her study does not provide quantita-
tive data on germination efficiency or the number
of plants obtained, leaving an important knowledge
gap (Jakobsone, 2008). This study aimed to develop
an efficient and verifiable protocol for asymbiotic
propagation of Dactylorhiza fuchsii from seeds by
selecting conditions that simultaneously ensure high
effectiveness of surface disinfection and reduced
contamination, identifying the medium that most
effectively induces protocorm formation, and de-
termining the culture medium variant that promotes
regeneration of plantlets from protocorms, thereby
producing plants suitable for subsequent acclimatisa-
tion and conservation applications.

MATERIALS AND METHODS
Plant material

Seeds of Dactylorhiza fuchsii used in this study
were obtained from plants purchased from the Ogro-
dywodne® plant nursery (Gorzycko Stare near
Miedzychdd, Poland). The plants were hand-pollinated,
and seed capsules were collected approximately 60 days
(eight weeks) after pollination; upon reaching maturity,
seeds were collected for use in the experiments.
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Seed sterilisation

In the experiments, both closed seed capsules
and extracted seeds were sterilised. Closed capsules
were immersed in 96% ethanol for five minutes, then
flame-dried over a gas burner. This type of sterili-
sation was designated as “T.” in the present experi-
ment. Subsequently, the sterilised capsules were cut
open with a scalpel, and seeds were aseptically trans-
ferred onto culture media.

In the next experiment, mature seed capsules were
cut open with a scalpel, and the seeds were trans-
ferred into 50 mL test tubes containing the respec-
tive sterilisation solutions. Four sterilisation variants
differing in treatment duration and chemicals were
tested:

A — 0.8% aqueous solution of Fairy detergent
(Procter & Gamble) for 18 hours, followed by 5%
sodium hypochlorite for 40 minutes.

B — 0.8% Fairy for 18 hours, followed by 5% so-
dium hypochlorite for 60 minutes.

C — 0.8% Fairy for 12 hours, followed by 5% so-
dium hypochlorite for 40 minutes.

D - 0.8% Fairy for 12 hours, followed by 5% so-
dium hypochlorite for 60 minutes.

A subset of sterilised seeds was inspected under
a stereomicroscope after rinsing; no obvious embryo
damage was observed.

Sterilisation was performed in closed Falcon
tubes, and the liquid was removed using a pipette
with sterile tips. Seeds were rinsed three times with
sterile distilled water aseptically on a table with lami-
nar airflow and transferred to Petri dishes containing
culture medium. On average, 1730 seeds were placed
per dish, which were then sealed with parafilm to
maintain sterility.

The number of seeds per dish was estimated by
counting seeds in three small aliquots of a well-
mixed seed suspension using a stereomicroscope and
extrapolating to the final plated volume.

The efficiency of each sterilisation method was
assessed based on the percentage of contamination-
free plates, the proportion of seeds developing em-
bryos, and the number of protocorms obtained. In the
sterilisation experiment, seeds from each sterilisation
variant were sown on % Murashige and Skoog (Mu-
rashige & Skoog, 1962) and modified Orchimax me-
dium (OM1) (Bektas et al., 2013) media (Fig. 1).

56

Seed germination

Seed viability before sowing was not assessed
separately; vitality was evaluated during culture as
the proportion of seeds developing embryos.

For germination experiments, seeds were sterilised
using the most effective method (method B). They were
sown on two media: MS and modified Orchimax me-
dium (Table 1). The % MS medium, which contained
25% of standard MS, was solidified with 8 mg/L"' agar
and adjusted to pH 5.8. The modified Orchimax me-

Fig. 1. Seed-based asymbiotic germination of Dactylorhiza
fuchsii in tissue culture: a — inflorescence of the donor plant;
b — mature seed capsule; ¢ — sterilisation of seeds extracted
from the capsule in sodium hypochlorite solution (test tube);
d — disinfected seeds; e — sterile seeds sown on Petri dish with
culture medium; f — seeds forming protocorms; g — petri dish
with developing protocorms; h — developed protocorm; i —
protocorm-like bodies forming on medium; j — protocorm-like
bodies on regeneration medium; k — protocorm-like bodies re-
generating into plantlets; 1 — fully regenerated in vitro plants.



dium had a pH of 5.8 (commonly used for terrestrial
orchids), contained 20 mg/L"!' sucrose (Table 1), and
was solidified with 5 mg/L"! agar (Fig. 1d, e, f).

Media (Y2 Murashige and Skoog and Orchimax
medium) were supplemented with 10 mg/L"! kine-
tin and sterilised by autoclaving (121 °C, 20 min,
103 kPa overpressure). Petri dishes containing seeds
were sealed with parafilm and incubated in dark-
ness at 21°C. After 27 days, the number of viable
seeds capable of further development was recorded.
On day 48, germinating protocorms were counted
(Fig. 2a). Incubation continued for 69 days, after
which the developed protocorms were transferred to
jars and placed in a phytotron at 25 + 2°C under a
16/8 h (light and dark) photoperiod. [llumination was
provided by cool-white lamps (fluorescent tubes or
equivalent light-emitting diodes at a photosynthetic
photon flux density of 40-50 pumol m2s™.

Regeneration

Protocorms were transferred to regeneration me-
dia in 330 mL jars (Fig. 1). The effect of different
media on plant regeneration from protocorms was
evaluated. In this experiment, Murashige and Sk-
00g (1962) medium and base medium (Calevo et al.,
2017) were used (Table 1).

Murashige and Skoog-based media modifications
included:

a) %2 Murashige and Skoog medium containing
50% of the macro- and microelement salts of the
standard Murashige and Skoog medium.
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b) %2 Murashige and Skoog supplemented with
3 mg/L"! thidiazuron.

¢) Murashige and Skoog medium with 2 mg/L"!
I-naphthaleneacetic acid.

d) Murashige and Skoog medium with 2 mg/L"!
I-naphthaleneacetic acid and 1 mg/L"! 6-benzylami-
nopurine.

¢) base medium (Mml).

f) base medium with 100% increased mineral salt
content (Mm?2).

g) base medium with increased coconut water
content (100 mL/L") (Mm2).

The pH of Murashige and Skoog medium and
base medium was adjusted to 5.8. All regeneration
media contained 20 g/L"!' sucrose and were solidified
with 8 g/L-' agar. Protocorms were incubated in a
phytotron at 23°C, with a 16-hour photoperiod (light
intensity 25 pumol-m2-s™") or in continuous darkness.
Observations of regeneration were initiated after the
jars had been in the phytotron for 21 days of culture.

Plants were considered regenerated if they pro-
duced at least one main root and either leaves or com-
plete rosettes with green colouration (Fig. 2 b, ¢, d).
These criteria indicate that plants cultured on the me-
dia were autotrophic and capable of acclimatisation
under ex vitro conditions.

Statistical analysis
Each Petri dish containing plated seeds was con-

sidered a single replicate at both the sterilisation and
germination stages. On average, 1730 seeds were

Table 1. Modifications of media used in conducted experiments. Abbreviations: 2 MS and % MS — media based on Murashige
and Skoog formulation, containing 50% and 25% of the standard Murashige and Skoog medium macro- and microelement
composition, respectively; OM1 — modified Orchimax medium (Bektas et al., 2013); Mm1 — base medium; Mm2 — base me-
dium with mineral salts increased by 100% (doubled); Mm3 — base medium supplemented with coconut water (100 mL L)

Type of the medium
Component %2 MS and " MS ‘ OMI ‘ Mml ‘ Mm2 ‘ Mm3
Quantity (L)

Glycine 4 mg 2 mg - — —
Casein hydrolysate lg lg - - -
Myo-inositol 100 mg 100 mg - - -
Pyridoxine HCI 0.5mg 0.25 mg - — —
Thiamine 0.1 mg 0.05 mg - - -
Niacine 0.5 mg 0.25 mg — — —
Sucrose 20g 20g 10g 10g 10g
Activated carbon - lg 05¢g 05¢g 05¢g
Coconut water — — 50 mL 50 mL 100 mL
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Fig. 2. Germination and in vitro development of Dactylorhiza fuchsii: a — developing roots emerging from protocorms on 2
Murashige and Skoog medium; b — developing roots emerging from protocorms on modified Orchimax medium; ¢ — regenera-
ting plants on 2 Murashige and Skoog medium; d — regenerating plants on modified Orchimax medium.

placed on each dish. For the regeneration experi-
ments, protocorms were transferred to regeneration
media, and each jar containing 10 protocorms was
considered a replicate. The number of replicates var-
ied across the study, depending on the availability of
plant material. The obtained data were analysed us-
ing multivariate ANOVA models and nonparametric
tests, specifically the Kruskal-Wallis test, with a sig-
nificance threshold of a = 0.05. All statistical analy-
ses were performed using Statistica 8.0 (StatSoft
Inc., Tulsa, USA) for Windows.

RESULTS

A critical stage in introducing plant material to in
vitro conditions is sterilisation. Seeds of Dactylorhiza
fuchsii are enclosed in seed capsules; therefore, in the
present experiment, the method of seed sterilisation in-
volving 96% ethanol followed by flaming of entire cap-
sules was applied. However, this method proved inef-
fective: no sterile cultures were obtained, and all seeds
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failed to survive (Table 2). The most effective sterilisa-
tion method was treatment with 5% sodium hypochlo-
rite for one hour. All seeds treated with this method re-
mained sterile and, importantly, survived the procedure.
Moreover, more than 36% of seeds across all sterilisa-
tion variants developed protocorms (Table 2).

Another key factor influencing germination effi-
ciency is the culture medium. In our experiments, a
relatively high germination rate of about 40% was
achieved. This level of germination was obtained on
modified Orchimax medium (Table 3).

In Dactylorhiza species, seeds first germinate
into protocorms, which subsequently regenerate into
plants under favourable conditions. In our experi-
ment, protocorms were visible 27 days after seeds
were placed on media supplemented with kinetin.

In our study, Dactylorhiza fuchsii regenerated
most efficiently (37.5%) on %2 Murashige and Skoog
medium without hormones (Table 4). A slightly low-
er percentage (35.4%) was observed on 2 Murashige
and Skoog medium supplemented with thidiazuron,
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Table 2. The efficiency of Dactylorhiza fuchsii seed sterilisation methods. For abbreviations of sterilisation methods, see
Materials and Methods. Different superscript letters indicate significant differences (p < 0.05) according to the results of the
Kruskal-Wallis post hoc test

Sterilisation Petri dishes Seeds )
method Clean QTS
Total number Total number Viable (%) protocorms

= number %

T 5 2 40 8650 0 0.0

A 5 3 60 8650 77.6 0.03°

B 3 3 100 5190 100 36.78¢
C 3 1 33 5190 26.33 11.00°
D 3 3 100 5190 33.21 14.20¢

Table 3. The influence of the media on the efficiency of seed germination of the orchid Dactylorhiza fuchsii under in vitro
conditions. Different superscript letters indicate significant differences (p < 0.05) according to the Kruskal-Wallis post hoc test.
Abbreviations: ¥4 MS + KIN — medium based on Murashige and Skoog formulation, containing 25% of the standard Murashige

and Skoog medium supplemented with kinetin; OM1 + KIN — modified Orchimax medium supplemented with kinetin

iabl P
Medium Total number of seeds llebletseods rotocorms
n % n %
4 MS + KIN 10316 8481 82.2 283 3.3@
OMI1 + KIN 10434 3838 36.8 1524 39.7°

Table 4. The influence of the medium on the efficiency of seed regeneration of the orchid Dactylorhiza fuchsii under in vitro
conditions. Different superscript letters across the same column indicate significant differences (p < 0.05) according to the
results of the Kruskal-Wallis post hoc test. Abbreviations: /2 MS — medium based on Murashige and Skoog formulation,
containing 50% of the standard Murashige and Skoog medium macro- and microelement composition; 2 MS — the same
medium supplemented with thidiazuron; Mm2 — base medium with mineral salts increased by 100% (doubled); Mm3 — base
medium supplemented with coconut water (100 mL L™'); MS + NAA — Murashige and Skoog medium supplemented with
1-naphthaleneacetic acid; MS + BAP, NAA — Murashige and Skoog medium supplemented with 1-naphthaleneacetic acid and

6-benzylaminopurine

Protocorms
Medium Total number of Non-viable

protocorms n %
Y2 MS 96 31 32.32
A MS + TDZ 127 62 48.9°
Mm3 40 0 0.0°
Mm?2 40 0 0.0°
MS + NAA 46 46 100.0¢
MS + BAP, NAA 49 49 100.0¢

although the difference was not statistically signifi-
cant. No regeneration was observed in our study on
media supplemented with 1-naphthaleneacetic acid
and 6-benzylaminopurine.

Another observation from our experiments was
the lack of statistical differences between the per-
centage of protocorms regenerating into plants on
base medium. Although the base medium supple-
mented with coconut water contained twice as many
mineral salts as the base medium, regeneration ef-
ficiency remained identical. Similarly, no statisti-
cally significant differences were noted among me-

Viable
Not regenerated into plants | Regenerated into plants

n % n %

29 30.2¢ 36 37.5°
20 15.7 45 35.4°
29 72.5° 11 27.5%
30 75.0° 10 25.0%
0 0.0° 0 0.0¢

0 0.0° 0 0.0°

dia based on )2 Murashige and Skoog (Murashige
& Skoog, 1962), although numerical differences in
regeneration percentages were evident.

DISCUSSION

Seeds of Dactylorhiza fuchsii are enclosed in
seed capsules; therefore, some researchers chose not
to extract the seeds but instead sterilised the entire
capsules in 96% ethanol followed by flaming (Kauth
et al., 2008; Jakobsone, 2008). Although the above-
mentioned authors did not report the efficiency of
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capsule sterilisation by burning, they obtained suf-
ficient seed sterility to enable orchid regeneration in
vitro. In contrast, in our study, this method proved
ineffective, and the most effective approach was
treatment with 5% sodium hypochlorite for one hour,
which ensured both sterility and survival (Table 2).
In our study, we also observed that seeds treated with
sodium hypochlorite for 60 minutes germinated more
effectively than those treated for 40 minutes.

Although longer exposure to sodium hypochlorite
increased germination in our conditions, prolonged
treatment may also increase the risk of tissue dam-
age; therefore, this step should be optimised care-
fully for each seed lot.

However, recent protocols also report effective
surface sterilisation of capsules or seeds without
flaming.

Other authors (Park et al., 2023) have sterilised
mature seeds of several orchid species by immersing
them for 15 minutes in a 1.5% calcium hypochlorite
solution placed in filter paper boxes and investigated
the effect of this treatment on germination. In their
study, more than 30% of the seeds germinated on
the orchid seed- sowing medium, consistent with our
results. The authors emphasised the important role
of NaClO in breaking down germination inhibitors,
consistent with the higher effectiveness we observed
with longer sodium hypochlorite treatment.

Regarding culture media, the relatively high ger-
mination rate of about 40% achieved in our experi-
ments on modified Orchimax medium (Table 3) was
comparable to, or higher than, results reported by
other authors. Park et al. (2023) have reported slight-
ly lower germination (37%) on orchid seed sowing
medium supplemented with 6-benzyladenine. Simi-
larly, Bektag et al. (2012) have found that Orchimax
medium is the most effective for Orchis coriophora,
with 27% of seeds germinating. In contrast, lower
germination rates are obtained on Orchimax me-
dium, Knudson C medium, Lindeman medium, and
Phytamax orchid multiplication medium. The high-
est reported germination percentage in the literature
(95.5%) has been achieved for Anacamptis longicor-
nu on Orchimax medium (Arcidiacono et al., 2021).
Furthermore, Arcidiacono et al. have demonstrated
that for several orchid species, including Ophrys
panormitana, seed germination is only successful
when sown on Orchimax medium.
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Regarding developmental timing, in earlier stud-
ies, protocorms were observed three weeks after cul-
ture initiation on Lindemann medium (Warghat et al.,
2014). In our experiment, protocorms were visible 27
days after seeds were placed on media supplemented
with kinetin. This cytokinin is widely used in orchid
cultures to stimulate germination and development
(Ochowicz, 2001; Aktar et al., 2007; Asghar et al.,
2011). Wotavova-Novotna et al. (2007) have demon-
strated high regeneration efficiency in Dactylorhiza
incarnata and Dactylorhiza majalis on kinetin-con-
taining media and showed that regeneration responses
are genotype-dependent. In Dactylorhiza incarnata,
the highest number of shoots was obtained on a me-
dium containing 2-isopentenyladenine, whereas in
Dactylorhiza majalis the best results were achieved
on a medium without growth regulators.

In our study, Dactylorhiza fuchsii regenerated
most efficiently on 2 MS medium without hormones
(Table 4), whereas thidiazuron produced a slightly
lower regeneration percentage (not statistically sig-
nificant). Bhattacharyya et al. (2014) have investigat-
ed the effect of thidiazuron concentration on the re-
generation of Dendrobium nobile protocorms. They
found that the same concentration we applied did
not induce regeneration, whereas reducing the dose
by half (1.5 mg/L"') was most effective. These re-
sults confirm that regeneration efficiency in orchids
is genetically determined and highly dependent on
medium composition. Supporting this conclusion,
no regeneration was observed in our study on me-
dia supplemented with 1-naphthaleneacetic acid and
6-benzylaminopurine, although other authors have
reported that these regulators successfully enhanced
shoot regeneration in Phalaenopsis, Dendrobium,
and Oncidium (Kosir et al., 2004; Puchooa, 2004;
Dohling et al., 2012).

Finally, the absence of statistical differences be-
tween base medium (Malmgren, 1996) and Mm3,
despite the doubled mineral salt concentration in
base medium supplemented with coconut water, and
the lack of statistically significant differences among
media based on 2 Murashige and Skoog medium,
suggest that the macro- and microelement composi-
tion of %2 Murashige and Skoog medium was the most
favourable for efficient regeneration of Dactylorhiza
fuchsii plants from protocorms in tissue culture. Fur-
ther research is underway to confirm this conclusion.



In summary, the study identifies an effective seed
sterilisation approach and demonstrates that asym-
biotic seed germination on modified Orchimax me-
dium supports protocorm formation and subsequent
regeneration. These findings provide a practical ex
situ framework for producing planting material to
support conservation-oriented reinforcement and re-
introduction efforts.

CONCLUSIONS

1) Optimal sterility and viability were obtained
with 0.8% Fairy (18 h) followed by 5% NaOCl
(60 min).

2) Modified Orchimax medium supported the high-
est protocorm development under the tested con-
ditions.

3) The established workflow can be applied for ex
situ production of planting material to support
local conservation actions.

Author contributions. WK and BD contributed
to the study conception and design. WK performed
material preparation, data collection and analysis.
MB wrote the first draft of the manuscript. All authors
commented on and contributed to the interpretation
of the results and explanations in the discussion of
previous versions of the manuscript. All authors read
and approved the final manuscript.

ACKNOWLEDGEMENTS

We thank Aurelian Jurkiewicz for his substantive
contribution. As an amateur enthusiast, based on his
own experience, he proposed a set of modified Or-
chimax medium variants with adjusted macro- and
microelement composition to be tested as culture
media variants in the experiments described above.

REFERENCES

Aktar L.S., Nasiruddin K.M., Khaldun A.B.M., 2007:
Organogenesis of Dendrobium orchids using tra-
ditional media and organic extracts. — Journal of
Agriculture and Rural Development, 5: 30-35.

Arcidiacono M., Catalano C., Motisi A., Sajeva M.,
Carimi F., Carra A., 2021: Influence of culture
conditions on in vitro asymbiotic germination

Burian et al. || Asymbiotic seed germination of Dactylorhiza fuchsii

of Anacamptis longicornu and Ophrys panor-
mitana (Orchidaceae). — Plants, 10(11): 2543.
https://doi.org/10.3390/plants10112543

Asghar S., Ahmad T., Hafiz [.A., Yaseen M., 2011:
In vitro propagation of orchid (Dendrobium no-
bile var. Emma White). — African Journal of Bio-
technology, 10(16): 3097-3103.

Bektas E., Cilice M., Atalay S6kmen A., 2013: In
vitro germination, protocorm formation, and
plantlet development of Orchis coriophora (Or-
chidaceae), a naturally growing orchid species in
Turkey. — Turkish Journal of Botany, 37: 336—
342. https://doi.org/10.3906/bot-1205-28

Bhattacharyya P., Kumaria S., Diengdoh R., Tan-
don P., 2014: Genetic stability and phytochemical
analysis of the in vitro regenerated plants of Den-
drobium nobile Lindl., an endangered medicinal
orchid. — Meta Gene, 2: 489-504.

Calevo J., Giovannini A., Cornara L., Peccenini S.,
2017: Asymbiotic seed germination of hand-
pollinated terrestrial orchids. — Acta Horticulturae,
1155: 415-418. https://doi.org/10.17660/
ActaHortic.2017.1155.61

Djordjevi¢ V., Jovanovi¢ S., Stevanovi¢ V., 2014:
Dactylorhiza fuchsii (Orchidaceae), a new spe-
cies in the flora of Serbia. — Archives of Biologi-
cal Sciences, 66(3): 1227-1232.

Dohling S., Kumaria S., Tandon P., 2012: Multiple
shoot induction from axillary bud cultures of the
medicinal orchid, Dendrobium longicornu. —
AoB PLANTS, pls032. https://doi.org/10.1093/
aobpla/pls032

Fakouri Ghaziani M.V., Baker A., Negahdar N., Ka-
viani B., 2014: Micropropagation of Orchis cata-
setum — a rare and endangered orchid. — Scientific
Papers. Series B, Horticulture, 58: 317-322.

Hampejsova R., Berka M., Berkova V., Jersako-
va J., Domkarova J., von Rundstedt F., Frary A.,
Saiz-Fernandez 1., Brzobohaty B., Cerny M.,
2022: Interaction with fungi promotes the ac-
cumulation of specific defense molecules in
orchid tubers and may increase the value of
tubers for biotechnological and medicinal ap-
plications: The case study of interaction be-
tween Dactylorhiza sp. and Tulasnella calospo-
ra. — Frontiers in Plant Science, 13: 757852.
https://doi.org/10.3389/fpls.2022.757852

Jacquemyn H., Deja A., De Hert K., Baila-

61


https://doi.org/10.1093/aobpla/pls032
https://doi.org/10.1093/aobpla/pls032

Burian et al. || Asymbiotic seed germination of Dactylorhiza fuchsii

rote B.C., Lievens B., 2012: Variation in
mycorrhizal — associations  with  Tulasnel-
loid fungi among populations of five Dacty-
lorhiza species. — PLoS ONE, 7(8): e42212.
https://doi.org/10.1371/journal.pone.0042212

Jakobsone G., 2008: Morphogenesis of wild orchid
Dactylorhiza fuchsii in tissue culture. — Acta Uni-
versitatis Latviensis, 745: 17-23.

Jolman D., Batalla M.1., Hungerford A., Norwood P.,
Tait N., Wallace L.E., 2022: The challenges of
growing orchids from seeds for conservation:
An assessment of asymbiotic techniques. —
Applications in Plant Sciences, 10: e11496.
https://doi.org/10.1002/aps3.11496

Kauth P.J., Dutra D., Johnson T.R., Stewart S.L.,
Kane M.E., Vendrame W., 2008: Techniques and
applications of in vitro orchid seed germination. —
Floriculture, Ornamental and Plant Biotechno-
logy: Advances and Topical Issues, 5: 375-391.

Kindlmann P., Kull T., McCormick M., 2023: The
distribution and diversity of orchids. — Diversity,
15: 810. https://doi.org/10.3390/d15070810

Knudson L., 1922: Non-symbiotic germination of or-
chid seeds. — Botanical Gazette, 73: 1-25.

Kosir P., Skof S., Luthar Z., 2004: Direct shoot re-
generation from nodes of Phalaenopsis orchids. —
Acta Agriculturae Slovenica, 83(2): 233-242.
https://doi.org/10.14720/aas.2004.83.2.15427

Malmgren S., 1996: Orchid propagation: theory and
practice. — In: Allen C. (ed.), North American na-
tive terrestrial orchids: Propagation and produc-
tion: 63-71. Germantown, MD.

Miura C., Furui Y., Yamamoto T., Kanno Y., Hon-
jo M., Yamaguchi K., Suetsugu K., Yagame T.,
Seo M., Shigenobu S., Yamato M., Kaminaka H.,
2024: Autoactivation of mycorrhizal symbiosis
signaling through gibberellin deactivation in or-
chid seed germination. — Plant Physiology, 194:
546-563. https://doi.org/10.1093/plphys/kiad517

Morel G., 1960: Producing virus-free cymbidiums. —
American Orchid Society Bulletin, 29: 495-497.

Morel G., Martin S., 1952: Guérison de dahlias at-
teints d’une maladie a virus. — Comptes Rendus
de I’Académie des Sciences, Paris, 235: 1324—
1325.

Murashige T., Skoog F., 1962: A revised medium for
rapid growth and bioassays with tobacco tissue
cultures. — Physiologia Plantarum, 15: 473-497.

62

Nowak A., 2020: The ornamental value of Dacty-
lorhiza maculata in gardens. — Garden Plants,
12(1): 32-40.

Ochowicz W., 2001: Mikrorozmnazanie Dendrobi-
um kingianum Bidwill. — Biotechnologia, 2(53):
144-147.

Park H.B., An J., Bae K.H., Hong S.H., Park H.J.,
Kim S., Lee C.W.,Lee B.D., Back J.H., KimN.Y.
et al., 2023: Asymbiotic seed germination and in
vitro seedling development of the endangered
orchid species Cypripedium guttatum. — Plants,
12(22): 3788.

Pigkos-Mirkowa H., Mirek Z., 2018: Flora of Poland.
Protected plants. Warsaw.

Puchooa D., 2004: Comparison of different culture
media for the in vitro culture of Dendrobium (Or-
chidaceae). — International Journal of Agriculture
and Biology, 6(5): 884-888.

Rasmussen H.N., 1990: Cell differentiation and
mycorrhizal infection in Dactylorhiza majalis
(Rchb. f.) Hunt & Summerh. (Orchidaceae) dur-
ing germination in vitro. — New Phytologist, 116:
137-147.

Sabastian K.S., Hemanta L., Ariina S.M.M., Math-
ukmi K., Devi P.M., 2021: Micropropagation of
orchids. — In: Beura S., Rout S., Nayak S., Prad-
han K., Khare N. (eds), Recent trends in propa-
gation of forest and horticultural crops: 379—383.
New Delhi.

Seaton P., Kenton J.P., Pritchard H.W., Puspita-
ningtyas D.M., Marks T.R., 2013: Orchid con-
servation: The next ten years. — Lankesteriana,
13(1-2): 93-101.

Steward F.C., Mapes M.O., 1971: Morphogenesis in
aseptic cell cultures of Cymbidium. — Botanical
Gazette, 132(1): 65-70.

Sumbembayev A.A., Tergenbaeva Z.H.T., Kudabaye-
va G.M., Tashmetova R.S., Genievskaya Y .A., Szla-
chetko D.L., 2022: Assessment of the state of Dac-
tylorhiza fuchsii (Orchidaceae) populations from
the Altai mountains of Kazakhstan. — Biodiversitas:
Journal of Biological Diversity, 23(9): 4385-4399.
https://doi.org/10.13057/biodiv/d230903

Szot P., Parzymies M., Poniewozik M., 2015:
Rozmnazanie  storczykéw ~ w  kulturach
tkankowych. — Annales Universitatis Mariae
Curie-Sktodowska, Sectio EEE, Horticultura,
25(1): 33-51.



Burian et al. || Asymbiotic seed germination of Dactylorhiza fuchsii

Warghat A.R., Bajpai P.K., Srivastava R.B., Chau- regulators on in vitro growth of Dactylorhiza
rasia O.P., Chauhan R.S., Sood H., 2014: In vitro species. — Biologia Plantarum, 51(1): 198-200.
protocorm development and mass multiplication https://doi.org/10.1007/s10535-007-0040-x
of an endangered orchid, Dactylorhiza hatagi- Yam T., Arditti J., 2009: History of orchid propa-

rea. — Turkish Journal of Botany, 38: 737-746. gation: A mirror of the history of biotechnol-
Wimber D.E., 1963: Clonal multiplication of cym- ogy. — Plant Biotechnology Reports, 3(1): 1.

bidiums through tissue culture of the shoot meris- https://doi.org/10.1007/s11816-008-0066-3

tem. — American Orchid Society Bulletin, 32: 32.  Yeung E.C., 2017: A perspective on orchid seed and
Wotavova-Novotna K., Vejsadovda H., Kindl- protocorm development. — Botanical Studies, 58:

mann P., 2007: Effects of sugars and growth 33. https://doi.org/10.1186/s40529-017-0188-4

MB “ https://orcid.org/0000-0002-5891-6869
BD * https://orcid.org/0009-0005-2195-4713
WK * https://orcid.org/0000-0002-3925-5233

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

63



