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Abstract: In this study, the potential effects of Ceratobasidium sp. fungus on the ex vitro symbiotic germination of Dactylorhiza
osmanica (Klinge) P. F. Hunt & Summerh subsp. osmanica seeds were evaluated. Results, Ceratobasidium sp. caused that about
51.95% germination rate was obtained in seeds inoculated. Protocorm and primordium formation rates were determined to be
25.27% and 26.67%, respectively. These findings indicate that the fungus promotes the germination of seeds. Ceratobasidium
sp. on ex vitro symbiotic seed germination of D. osmanica subsp. osmanica shows the potential effect of the fungus Longer term
and more detailed studies should be conducted to reach adult plants and adapt to natural conditions. These findings are very
promising for protecting of endemic and rare orchid species.
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Ozet: Bu galismada, Ceratobasidium sp. fungusunun, Dactylorhiza osmanica (Klinge) P. F. Hunt & Summerh subsp. osmanica
tohumlarinin ex vitro simbiyotik ¢imlenmesi tizerindeki potansiyel etkileri degerlendirilmistir. Sonuglar, Ceratobasidium sp. ile
asilanan tohumlarda yaklagik %51,95 ¢imlenme orani elde edildigini gostermistir. Protokorm ve primordiyum olugum oranlari
sirastyla %25,27 ve %26,67 olarak belirlenmistir. Bu bulgular, fungusun tohum ¢imlenmesini tesvik ettigini gostermektedir.
Ceratobasidium sp.'nin D. osmanica subsp. osmanica Uzerindeki ex vitro simbiyotik tohum ¢imlenmesi Uzerindeki etkisi,
fungusun potansiyel etkisini ortaya koymaktadir. Yetigkin bitkilere ulasmak ve dogal kosullara adaptasyonu saglamak i¢in daha
uzun siireli ve detayli ¢alismalar yapilmasi gerekmektedir. Bu bulgular, endemik ve nadir orkide tiirlerinin korunmasi igin
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oldukga umut vericidir.
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1. Introduction

The Orchidaceae family consists of 736 genera and about
28.000 species, and about 500 new species are defined in
these two families every year (Chase et al., 2015). This
family presents a wide variety of epiphytic and terrestrial
specimens. It finds its habitat in all parts of the world and
is famous for its morphological species diversity.
Representing monocotyledons, these species impressively
represent diversity with an unlimited number of variations
(de Vasconcelos et al., 2023). Turkiye has a rich diversity
of flora due to its geographical location and different
climatic conditions, which is reflected in the diversity of
orchid species (Karakaya et al., 2019) Orchidaceae species
richness is quite high in Tirkiye. According to current data,
there are 33 taxa belonging to the genus Dactylorhiza Neck.
in our country, 14 of which are endemic (Firat et al., 2015).
In the current climate change scenario, orchid species are
threatened due to their unique habitats, complex seed
germination mechanisms, and specialized pollination
processes. In addition, in our country, orchid tubers are
collected in an uncontrolled manner depending on
economic factors such as food and medical drug
production. Therefore, orchids urgently need to be
protected and resettled. Seeds of all orchids form a
symbiotic relationship with certain types of fungi to

germinate naturally (Wani et al., 2020; Deniz et al., 2022)
In nature, the seeds of almost all orchids need a certain
fungal partner to germinate due to the lack of endosperm.
These fungi are usually orchid mycorrhizal fungi that
promote the formation of structures called pelotons in stem
cells or protocorms. These fungi play an important role in
in situ reproduction and conservation processes by
promoting seed germination (Selosse et al., 2017). The
symbiotic method may be more suitable for producing
tuberous orchids for both conservation and commercial
purposes to obtain fast and high-yielding results. Studies
have shown that symbiotic seedlings adapt more easily to
the natural environment and grow faster. Therefore, the use
of symbiotic methods in orchid conservation efforts can
provide a significant advantage in terms of producing
orchids more effectively and adapting to natural habitats
better (Quay et al., 1995; Aewsakul et al., 2013; Ozdener
Kdmpe et al., 2022; Deniz et al., 2022).

Many orchid species, such as D. osmanica (Klinge) P. F.
Hunt & Summerh. var. osmanica, require conservation
efforts due to their rarity and dwindling populations. This
species is classified as "Endangered” on the IUCN Red List
of Threatened Species as a result of habitat loss and
fragmentation caused by human activities such as
agriculture and urbanization (Zhou et al., 2021). However,
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conservation efforts for Dactylorhiza osmanica subsp.
osmanica are unfortunately scarce in Turkiye (Sazak and
Ozdener 2006). For the conservation of Dactylorhiza
osmanica subsp. osmanica and similar orchid species, the
importance of ex vitro studies is emerging. The aim of this
study is to determine the germination and development of
Dactylorhiza osmanica subsp. osmanica seeds under ex
vitro conditions with Ceratobasidium sp. to investigate the
symbiotic development obtained by AG A (Accession
Number: OR036462) vaccination and to provide important
data for this endemic species. This study can be considered
a fundamental step to develop strategies for conserving
Dactylorhiza osmanica subsp. osmanica.

2. Materials and Method
2.1. Material

Dactylorhiza osmanica subsp. osmanica seeds were
collected from East Black Sea Region in Trabzon, Tirkiye
(2300 m). The flowering period is between May and July,
the altitude at which it grows is 1000-2400 m, its
distribution area is riversides and meadows with high
ground water. The mature capsules were taken, opened in
the lab, dried for a few days at room temperature, and then
stored at 4 °C in brown glass bottles.

2.2. Method
2.2.1. Fungal isolate

In this research, Ceratobasidium sp. AG A (accession
number: ORO036462) derived from the orchid-fungi
collection at the University of Ondokuz Mayis, Department
of Biology. A segment of the fungal stock culture was
aseptically transferred to a petri dish containing a
meticulously prepared fungus isolation medium. Following
an activation period, diligent observation was carried out to
track the progressive colonization of the petri dish surface
by the fungal hyphae. Upon achieving complete coverage,
this cultivated fungus was utilized as the pivotal element for
executing germination assessments.

2.2.2. Ex vitro symbiotic seed germination

For ex vitro seed germination, a soil mixture of ratio 2:1
(soil, perlite, respectively) was prepared. Afterwards, this
mixture was sterilized in an autoclave (121 °C, 1.5Atm) and
added to the pots. Previously activated fungi were
inoculated into these pots. 6 seed packets were placed in
each pot. About 1 mg of seeds (approx. 100 seeds) was
added into the seed packets. The finished pots were placed
in a climate chamber under 12:12 hours (light/dark)
conditions at 23 + 2 °C. Seed packs were placed in the
control group, but the fungal isolate was not inoculated. All
experimental groups were irrigated twice a week with
ground oats and modified oat medium without agar.
Developmental stages were evaluated according to the
following stages, modified by (Clements et al., 1986): 0:
Ungerminated seed, 1: Protocorm, 2: Leaf primordium, 3:
First leaf, 4: Developed leaves and/or roots

2.2.3. Statistical analysis

Data were analyzed by the ANOVA method, which is
analysis of variance, and the means were analyzed by
Duncan's comparative test. Statistical analyzes were
performed using the SPSS program. The visualizations of
the statistical analyzes were made using the R program.
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3. Results
3.1 Ex vitro symbiotic seed germination

Ceratobasidium sp. approximately 51.955% germination
occurred in seeds inoculated with AG A (Table 1, Figure
1). However, seedling development did not occur.
Protocorm and primordium formation rates differ (25.27%
and 26.67%, respectively). This indicates that the fungus
promotes germination of seeds. Germinated seeds are
shown in Figure 2. No germination occurred in any of the
fungal-free control groups.
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Figure 1. Column chart of Dactylorhiza osmanica subsp.
osmanica development stages with R program. SO: Ungerminated

seed, S1: Protocorm, S2:Leaf primordium, S3: First leaf, S4:
Developed leaves and/or roots
e - — ‘ w
,. L . .

Figure 2. Dactylorhiza osmanica subsp. osmanica protocorm and
primodium stages

4. Discussions

The initial findings of our study indicate a positive impact
on various stages of orchid seed germination, including the
germination of Dactylorhiza osmanica subsp. osmanica
seeds, protocorm development (the first germination
phase), and leaf primordium formation. This is particularly
remarkable considering that terrestrial orchid seeds
typically possess hydrophobic and lignified seed pods,
which act as a waterproof barrier, impeding water and
nutrient absorption (Barsberg et al 2018; Gao et al., 2022).
As aresult, these seeds heavily rely on a mutually beneficial
relationship with specific fungi, which provide them
with essential nutrients (Zeng et al., 2012; Deniz et al.,
2022). The process of symbiotic germination in orchids is
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Table 1. Germination and development of Dactylorhiza osmanica subsp. osmanica seeds with Ceratobasidiaceae

Developmental Stages (%) Germination

SO S1 S2 S3 S4 %
Control 100+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Ceratobasidium sp 48.04+ 1.52 25.27+1.46 26.67+2.98 0.00+0.00 0.00+0.00 51.95+1.52

SO: Ungerminated seed, S1: Protocorm, S2:Leaf primordium, S3: First leaf, S4: Developed leaves and/or roots

Figure 3. Isolated Ceratobasidium sp. derived from the orchid-
fungi collection at the University of Ondokuz Mayis, Department
of Biology.

known to be exceedingly intricate and challenging. While
there have been some in vitro investigations conducted on
orchid species belonging to the Dactylorhiza genus
(Rasmussen et al., 1990, Warghat et al., 2014), studies
conducted ex vitro are relatively scarce (Aggarwal and
Zettler 2010). Consequently, our study represents a
significant contribution as the first ex vitro exploration
specifically focused on Dactylorhiza osmanica subsp.
osmanica. The outcomes of this study have shed light on
the ex vitro germination potential D. osmanica subsp.
osmanica seeds, facilitated by the mycorrhizal fungus
Ceratabaisidum sp. However, it is worth noting that this
particular fungus did not contribute to the subsequent
growth and development of the seedlings. Nonetheless, the
data generated from this research not only serve to aid in
the conservation and propagation efforts of this species but
also serve as an impetus for further investigations in this
field.

The germination results observed in Dactylorhiza osmanica
subsp. osmanica are consistent with the findings reported
in previous studies on asymbiotic germination on
Dactylorhiza osmanica subsp. osmanica (Sazak and
Ozdener, 2006) and other Dactylorhiza taxa (Hayakawa et
al., 1999; Kémpe and Mutlu, 2007; C1g and Yilmaz, 2017;
C1g et al., 2018; Fatahi et al., 2023).

By elucidating the germination dynamics and symbiotic
associations in Dactylorhiza osmanica subsp. osmanica,
our study expands the understanding of orchid conservation
biology and the importance of fungal interactions in orchid
seed germination. As seen in the control group, no
germination was observed in pots without Ceratobasidium
sp. In seeds inoculated with Ceratobasidium sp., a
germination rate of approximately 51.95% was achieved.
The protocorm formation rate was 25.27%, and the
primordium formation rate was 26.67%. These findings
suggest that Ceratobasidium sp. promotes seed
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germination. Future research endeavors could explore
alternative mycorrhizal fungi that might exhibit a more
comprehensive symbiotic relationship, encompassing both
germination and subspequent seedling development.
Additionally, investigates the factors that hinder the growth
of Dactylorhiza osmanica subsp. osmanica seedlings in the
presence of Ceratabaisidum sp. could provide valuable
insights into the physiological and ecological aspects of
orchid-fungal interactions.

In summary, our study highlights the ex vitro germination
potential of Dactylorhiza osmanica subsp. osmanica seeds
with the aid of the mycorrhizal fungus Ceratabaisidum sp.
This research not only contributes to the conservation and
propagation efforts of this orchid species but also paves the
way for further exploration into the intricacies of orchid
symbiotic germination.

Our findings provide evidence of the potential impact of
Ceratobasidium sp. fungus on the ex vitro symbiotic
germination of Dactylorhiza osmanica subsp. osmanica
seeds. However, the lack of support for seedling
development by this fungus raises a significant area of
further investigation. These findings serve as a catalyst for
future research endeavors in fields such as orchid
conservation and restoration, where greater efforts are
needed.

The discovery of the positive effect of Ceratobasidium sp.
fungus on orchid seed germination represents a valuable
contribution to the understanding of symbiotic interactions
in orchids. While the current study focused on Dactylorhiza
osmanica subsp. osmanica, it opens up avenues for
exploring similar relationships in other orchid species.
Investigating alternative fungal species and their potential
role in facilitating both germination and subspequent
seedling growth would enhance our understanding of the
complexities of orchid-fungal symbiosis.

Overall, this study underscores the importance of further
investigations into the ex vitro symbiotic germination of
Dactylorhiza osmanica subsp. osmanica, specifically
concerning the factors inhibiting seedling development in
the presence of Ceratobasidium sp. These insights will not
only advance our knowledge of orchid biology but also
inform conservation and restoration strategies for orchid
species. Continued research in this area will contribute to
the effective management and preservation of these
remarkable plants and their delicate ecological
relationships.
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