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ABSTRACT

This study investigated the formation of protocorms and shoots from in vitro cultured seeds of Dactylorhiza iberica
(Bieb. ex Willd.) So6, D. umbrosa (Kar. and Kir.) Nevski, and Orchis palustris Jacquin. Culture conditions included
binucleate Rhizoctonia and Rhizoctonia solani isolates, which were symbiotic cultures isolated from the tubers of these
plants, and culture media consisting of an oat medium (OM) or a modified oat medium (MOM). The shortest times for
protocorm and shoot development of D. umbrosa sowed in OM were 42.67 and 66 days, respectively. The highest rate
of protocorm development and the lowest percentage of formation of darkened protocorms in D. umbrosa were 60% (in
OM) and 2.99% (in MOM)), respectively. The maximum percentage of shoots obtained from protocorms was 35.04%
for D. iberica cultured in OM. All data were obtained using binucleate Rhizoctonia sp. inoculates in the nutrient media.
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OZET

Bu ¢alismada Dactylorhiza iberica (Bieb. ex Willd.) So6, Dactylorhiza umbrosa (Kar. et. Kir.) So6 ve Orchis palustris
Jacquin tiirlerine ait in vitro kiiltiire alinmig tohumlardan protokorm ve siirgiin olusumlari incelenmistir. Simbiyotik
kiilttirler, bitkilerin yumrularindan izole edilen biniikleik Rhizoctonia ve Rhizoctonia solani izolatlari ile yulaf ortami
(YO) ve modifiye yulaf ortamimdan (MYO) olugsmaktadir. Protokorm ve siirgiin olusumunda en erken siire, sirasiyla,
42.67 giin ve 66 giin olarak YO’na ekilmis olan D. umbrosa tiriinde belirlenmistir. En yiliksek protokorm gelisim ve
en az kararan protokorm olusum orani sirastyla % 60 oraninda (YO) ve % 2.99 oraninda (MYO) D. umbrosa tiirtinden
elde edilmistir. Protokormlardan elde edilen siirgiinler, en fazla YO’da gelisen D. iberica tiiriinde % 35.04 olarak tespit
edilmistir. Tiim veriler, besi ortamlarinda, biniikleik Rhizoctonia izolatinin kullanilmasi ile elde edilmistir.

Anahtar Kelimeler: In vitro; Orkide; Protokorm; Rhizoctonia spp.; Siirglin
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1. Introduction

Orchid seeds are among the smallest seeds of all
flowering plants because they lack endosperm
and the embryo is not developed (Mitchell 1989).
Orchid seeds therefore have extremely limited
proliferative capacity and require suitable growing
conditions (e.g., temperature, light, humidity,
and oxygen), as well as the ability to establish
appropriate associations with mycorrhizal fungi
at the sites where they fall from the parent plant
(Sezik 1984). Lacking nutrient reserves means
that successful orchid seed germination cannot be
realized without an external carbohydrate source
such as glucose (Ingold & Hudson 1993). All the
orchids are therefore obligate mycorrhizal plants
and their associations are mostly with Rhizoctonia
sp. This association is not species-specific, which
means that different orchid species can be infected
by the same species of Rhizoctonia (Andersen &
Rasmussen 1996). A successful attempt to obtain
rootlets in the symbiotic culture of Coelogyne
nervosa seeds, an epiphytic orchid species, and
Epulorhiza sp. isolate obtained from the Eulophia
epidendrea root, a terrestrial orchid, indicates that
the relationship between orchids and fungus is not
species-specific (Sathiyadash et al 2014).

Orchid mycorrhiza can sometimes be described
as parasitic due to the attacks of fungi and
protocorms (Burges 1939). An infection attempt
might be prevented by the plant if the seedling has
a strong defense reaction (Garrett 1981; Hudson
1986). Researchers have also reported that only a
certain number of the orchids in an appropriate
habitat germinate when they encounter Rhizoctonia
species; a seedling might be infected and might even
die if the inoculums potential of the fungus is high.
Paradoxically, fungal isolates have different impacts
on different species; they can support or hinder
plant survival. This emphasizes the importance of
studying the survival and propagation capabilities of
orchid species under natural or aseptic conditions,
as their germination and development is heavily
dependent on ambient conditions. Symbiotic in
vitro seed germination in the examination of orchid
with experimental and protection purpose, is seen as

one of the popular tools (Stewart et al 2003; Swarts
& Dixon 2009). Related to this, increasing number
of symbiotic protocols was prepared for terrestrial
orchids around the world (Fracchia et al 2014).

In this study, the protocorm and shoot
development stages were examined for some
terrestrial orchids started as seedlings using

Rhizoctonia sp. isolated from their tubers as an in
vitro symbiotic culture medium.

2. Material and Methods

2.1. Orchid source

In the study, the seeds and tubers of Dactylorhiza
iberica (Bieb. ex Willd.) S0, Dactylorhiza umbrosa
(Kar. et Kir.) Soo, and Orchis palustris (Jacquin)
species were used. The plants were collected from
the meadows of the Edremit and Ercis Districts of
Van Province between July and August when the
capsules were brown. The seeds were kept at +4 °C
temperature and in the dark until it is used.

2.2. Fungal isolation

The fungus was isolated from tubers washed
with tap water and sterilized for 3 minutes in 3%
commercial sodium hypochlorite (NaOCl) solution
in a sterilized cabin. Tuber explants, 0.5x0.5 cm in
size, were sown in three different commercial media
[water agar, potato dextrose agar (PDA), and yeast
extract agar (YEA)] and incubated for 3-4 days at
24 °C. After mycorrhizal hyphae on the media were
detected by light microscopy, Mycelia were purified
and kept in glass tubes containing PDA at +4 °C
temperature and in the dark.

2.3. Fungal species identification

Test isolates used to determine anastomosis groups
are supplied from the collections of the Department
of Plant Protection at Faculty of Agriculture,
Yiiziincii Y1l University. The origins of test isolate
were different plants and they were molecularly
identified. After the isolates obtained from the
plants and test isolates were developed in PDA at
25+2 °C for 7 days, it was matched in 1.5% of water
agar. With this aim, mycelium disks taken with cork
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drillers (5§ mm) from the isolate obtained from the
plant with test isolate were placed at a distance
of 2-4 cm reciprocally; the line that hyphae after
incubation at 25+2 °C for 48-72 hours was dyed
with lactophenol consisting of 0.5% trypan and
it was examined directly in optical microscope in
order to identify whether there was a unification
status of cell wall and cytoplasmic among hyphae
(Parmeter et al 1969).

2.4. Symbiotic culture medium

Oatmedium (OM) as symbiotic culture (rolled oats 2.5
g L, agar 0.7%, pH 5.7) (Clements & Ellyard 1979)
and modified oat medium (MOM), (Ca(NO,),.4H,0
0.2 gL', KH,PO,7H,0 0.2 g L', MgSO,-7H,0 0.1
g L', KC1 0.1 g L', MgSO,.7H,0 0.1 g L, yeast
extract 0.1 g L', rolled oats 3.5 g L', agar 0.6%, pH
5.7) (Clements et al 1986) were used. Medium up to
20 ml was poured into glass petri dishes. Seven-day-
fungal isolates were inoculated as disks in the size of
0.5x0.5 cm on one side of culture media.

2.5. Seed sowing

The orchid seeds were sterilized by shaking in
2% sulfuric acid for 5 minutes, followed by a
12-minute treatment with 1-2 drops of Tween-20
and 10% NaOCl, and three rinses for a few minutes
in sterilized water. The study was conducted in 3
replicates for each treatment. In each replicate, 6
pieces of petri were used; there were 100 pieces of
seeds in each petri dishes. The seeds were sowed
on the other side of petri dish where fungal isolate
was placed. The culture was kept at 23+1 °C
temperature and in the dark until the first protocorm
was seen. After the first protocorm was formed, it
was kept in climate chamber providing light/dark
photoperiod for 16/8 hours. For the protocorm and
shoot formation, sub-cultures were made to the
jars containing the corresponding cultural medium
where the seeds were sowed once a month.

2.6. Statistical analysis

The trials in which R is included were not statistically
evaluated. Binucleate Rhizoctonia was evaluated by
considering the nutrient medium and the species
interaction.

In the evaluation of the data “variance analysis
in factorial order in the randomized plot design”
was made. The measured percentage changes
were subjected to angle transformation prior to
the analysis of variance. Following the analysis of
variance, Duncan’s multiple comparison test was
used for determination of differences among the
species and media. The statistical significance level
was set at (P<0.05) and all analyses were conducted
using the SPSS (ver.13) statistical package software.

3. Results and Discussion

3.1. Fungal isolation

A Rhizoctonia solani AG-3 (R) fungal isolate was
successfully isolated from a tuber explant of D.
umbrosa species cultured on water agar (Figure 1);
a binucleate Rhizoctonia (2R) isolate was isolated
from tubers of O. palustris species cultured on
PDA (Figure 2). The rapid sprouting of the fungus
in the nutrient medium in the petri dishes meant
that germination could not be precisely defined,
but protocorm and shoot formation was observed.
None of the media inoculated with R. solani fungi
resulted in any germination or protocorm formation.
That the fungus isolated from the roots and tubers
of orchids could not show any symbiotic effect on
the seeds is a frequent situation encountered by the
researchers. It is not encouraging for the species
of R. solani isolate, Orchis italica and Serapias
vomeracea (Oguz et al 2005; Sar1 et al 2011) and
in Bipinnula fimbriata species (Steinfort et al 2010)
since fungi have a pathogenic effect on Cattleya
skinneri seeds, and since they cause the death
of all seeds in a few days (Ovando et al 2005), it
may be seen as an example. Some fungal isolates
isolated from the tubers of Spiranthes spiralis (L.)
and some fungal isolates brought from abroad did
not have any symbiotic effect on the seeds of the
species of D. romana subsp. romana (Sazak 2004).
Despite this, in the symbiotic culture carried out
with the seeds of Spiranthes sinensis var. amoena,
the isolates of R. solani and binucleate Rhizoctonia
anastomosis groups were used, and it was detected
that fungi had positive effects on the germination of
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the seeds (Masuhara et al 1993). Each isolate used
in the species of S. vomeracea subsp. laxiflora and
Orchis laxiflora could not provide the same effect
(Ozkog 1991). Although some isolates stimulated
the germination, protocorm and plant formation,
some isolates had no effect on the symbiotic culture
done with Dendrobium chrysanthum and pathogenic
Rhizoctonia isolates, (Hajong et al 2013).

As evidenced in the studies conducted in the
expectation that fungi has a symbiotic effect, it
causes death due to its pathogenic effect as well as
to the fact that it enters the process of plants via seen
germination and protocorm.

3.2. Darkened protocorm ratio (%)

Some of the protocorms that developed in both
media turned brown and soft shortly after removal,
indicating a loss of viability (Figure 3). These
protocorms were still counted and evaluated
statistically (Table 1). Their percentages were
calculated as a proportion of the total number of

seeds. Examination of the presence of darkened
protocorms among the D. iberica, D. umbrosa and
O. palustris seeds sowed in OM and MOM revealed
a statistically significant difference (P<0.05).
The highest proportion (37.38%) of darkened
protocorms was obtained from O. palustris in
MOM, while the lowest percentage (2.99%) was
seen in D. umbrosa in MOM, confirming a clear
difference among the species. Comparison of the
culture media revealed that the lowest and highest
darkening ratios for D. umbrosa occurred in the
MOM and OM, respectively, indicating a correlation
between development and culture media. Similarly,
the highest and the lowest darkening ratios were
obtained in different species grown in the same
nutrient medium (MOM), indicating a significant
effect of the nutrient media on different species.

Symbiotic germination studies of Serapias
vomeracea subsp. laxiflora and O. laxiflora in OM
and MOM media reported the darkening of in a
5.1% of the protocorms in MOM medium 1 month

0. palustris

| T I
891ﬁ1112 14 15 1

Figure 2- Binucleate Rhizoctonia (2R) and its source, the tuber of O. palustris species
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Figure 3- Darkened protocorms developed in the 2R+MOM culture medium

Table 1- The effect of the culture medium on protocorm darkening (%) in Dactylorhiza iberica, D. umbrosa,

and Orchis palustris

Mediums Dactylorhiza iberica ~ Dactylorhiza umbrosa Orchis palustris
Oat medium 9.31+£0.27 a* C** 26.43+0.26 a A 15.57+0.35b B
Modified oat medium 8.71+0.25a B 2.99+0.11b C 37.38+0.56 a A

*, in the same column, lower case letters indicate a none significant difference between the averages at the 0.05 level; **, in the same
row, upper case letters indicate a none significant difference between the averages at the 0.05 level

after planting (Ozkog 1991). A similar darkening and
rotting after germination was observed for the seeds
of D. osmanica var. osmanica sown in OM with
R. solani (Sazak & Ozdener 2006). Some researchers
mentioned that gradual darkening and protocorm
putrefaction might be observed in culture studies
including fungi and extending more than 16 weeks
at 20 °C (Shimura & Koda 2005).

In our study, the 2R isolate stimulated protocorm
development, however, it also promoted a substantial
protocorm darkening. The darkened protocorms
lose their vitality and do not send out shoots, so a
darkened protocorm can be interpreted as a loss of the
shoot and the plant. The 2R isolate had the strongest
influence on O. palustris in MOM medium. The
fungal isolate obtained from the tuber was thought

to possibly have a parasitic effect on the seeds of the
same species under appropriate conditions.

3.3. Total protocorm ratio (%)

The total protocorm number was evaluated as the
combined total numbers of robust and darkening
protocorms and ratios were calculated by dividing
the protocorm numbers by the total number of
seeds. The differences observed for total protocorm
formation among D. iberica, D. umbrosa, and O.
palustris sown in OM and MOM were statistically
significant (P<0.05) (Table 2). The highest ratio was
obtained for D. umbrosa in OM, as 60.74%, and the
lowest ratio was obtained for D. iberica in OM, at
9.45% (Figure 4). In the other nutrient media, the
highest ratio was also obtained from D. umbrosa;
the lowest ratio was obtained from D. iberica.

Table 2- The effect of the culture medium on the total number of protocorms (%) developed in Dactylorhiza

iberica, D. umbrosa, and Orchis palustris

Mediums Dactylorhiza iberica

Dactylorhiza umbrosa

Orchis palustris

12.98+0.38 a* C**
9.45+0.81b C

Oat medium
Modified oat medium

60.74+0.54 a A
56.74+0.30 b A

25.95+0.29b B
41.84+0.39a B

* in the same column, lower case letters indicate a none significant difference between the averages at the 0.05 level; **, in the same
row, upper case letters indicate a none significant difference between the averages at the 0.05 level
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Figure 4- D. umbrosa protocorms in 2R+MOM culture medium

The highest protocorm development was
2.35% for D. iberica seeds cultured in OM with
mycorrhizal fungi isolates and 4.72% when
cultured in MOM (Ozdener 1994). For D. aristata
the highest protocorm development was 45.10%
when cultured in OM (Hayakawa et al 1999). In a
study the highest protocorm development rate was
22.1% in OM and 3.3% in MOM for S. vomeracea,
whereas the rate was 4.8% for O. laxiflora cultured
in OM and 5.2% when cultured in MOM (Ozkog
1991). In agreement with the present study, the
highest and the most positive results in these
studies were generally obtained with OM. In a
study inoculated with binucleate Rhizoctonia and
R. solani isolate, in O. palustris and S. vomeracea
subsp. vomeracea species, protocorm formation
was seen in a previous study (Esitken et al 2005). In
symbiotic study conducted in OM with Spiranthes
brevilabris Lindley seeds, Epulorhiza repens
become successful among 4 fungal isolates. The first
protocorms were emerged around 7-8% after 10-12
weeks of the culture (Stewart & Kane 2007). In OM
conducted between fungal isolates isolated from
the species of Disa bracteata and 6 orchid species;
14-90% protocorms were obtained in the species of

Caladenia falcata and Pterostylis sanguinea. In this
study, it is understood that entophytic orchids can be
germinated with fungus but the protocorm formation
is due to the physiological imbalance of the fungi
(Bonnardeaux et al 2007). The seeds of Pecteilis
susannae increased the protocorm formation with
Epulorhiza isolate over 60% (Chutima et al 2011).

As it is mentioned above, the highest and positive
results, consisted with the previous studies, were
obtained from OM to a great extent. These results
can be interpreted that nutrient mediums have
important effects on protocorm formation. Similarly,
fungi cause protocorm formation in media that may
be regarded as low in some species where they may
behave different from orchid species while higher
level of formation was obtained in some species.

3.4. Ratio of shoots obtained from protocorms (%)

The shoot ratio was expressed as the percentage of
developed shoots to the total number of protocorms,
regardless of whether the protocorms were darkened.
The differences between the average numbers of
protocorms and shoot formation were statistically
significant (P<0.05) (Table 3).

Table 3- The effect of the culture medium on shoot formation (%) from the protocorms of Dactylorhiza

iberica, D. umbrosa, and Orchis palustris

Mediums Dactylorhiza iberica ~ Dactylorhiza umbrosa Orchis palustris
Oat medium 35.04£1.12 a* A** 18.00£0.51 b B 15.56+£0.17 a B
Modified oat medium 14.28+0.58 b B 32.59+1.00 a A 7.77£0.59b C

*, in the same column, lower case letters indicate a none significant difference between the averages at the 0.05 level; **, in the same
row, upper case letters indicate a none significant difference between the averages at the 0.05 level
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The highest mean values belonging to shoot
formation were obtained in the ratio of 35.04% in
the species of D. iberica in OM; however these
shoots were not developed as healthy as in other
species; they continued their lives as short and weak
(Figure 5). The lowest shoot formation was found to
be 7.77% from the species of O. palustris in MOM.
The shoot was obtained from the protocorms formed
approximately at the rates of 7-35% in our study.

Shoot formation failure is frequently observed
in the protocorms developing from symbiotically
germinated seeds (Hayakawa et al 1999). A study
carried with nine fungal isolates reported the highest
shoot formation in D. urvilleana as 55.80% in OM
and 60.60% in MOM; while the highest rate for
D. iberica was 3.10% in OM and 4.80% in MOM
(Ozdener 1994). Further experiments using six
different nutrient media, prepared by modifying
MOM, gave results that varied from no shoot
formation to as much as 1.20% shoot formation.
Symbiotic germination studies with S. vomeracea
and O. laxiflora reported the highest shoot formation
of 14.3% and 2.8% in OM and MOM, respectively,
in S. vomeracea and 6.9% and 4.1%, respectively, in
O. laxiflora(Ozkog 1991). In this study, inoculations
of BNR 8-3 mycorrhizal isolate isolated in the
species of D. wurvilleana and in the species of
O. palustris, to which polyethylene glycol was
applied in OM, the first output of the leaf has a 21%
chance of success (Esitken et al 2004).

Symbiotic germination studies of D. hatagirea
(with YEA addition) and Ceratobasidium sp. in

OM resulted in shoot initiation in 61% of all the
germinated seeds (Aggarwal & Zettler 2010). In that
study, the germinated seeds developed protocorms
in 40 days. In a symbiotic study conducted in OM
with binucleate Rhizoctonia and Rhizoctonia solani
AG-6 isolated from the plant of Anoectochilus
formosanus Hayata, both isolates increase the
growth of the plants of 4. formosanus to a great
extend (Chang & Chou 2007). In OM, the seed
of Spiranthes brevilabris Lindley and Epulorhiza
repens isolate indicated successful results. The
first shoots were observed around 10% and 6%
in 10" and 12" weeks of the culture, respectively,
and extention of the shoots were detected around
50% and 60% in 10" and 12" weeks, respectively
(Stewart & Kane 2007).

3.5. Protocorm formation time (days)

The period between the planting of the orchid seeds
in the petri dish containing the culture medium
with mycorrhizal fungus and the appearance of the
first protocorm was designated as the protocorm
development time. The nutrient media had
statistically significant effects on it (P<0.05) (Table
4). The shortest development time (42.67 days)
was observed in D. umbrosa seeds planted in OM,
while the longest time (55.33 days) was observed
in O. palustris seeds planted in OM. The seeds of
different species showed clearly different growth
in the nutrient media and therefore had different
protocorm development times. All the plant species
examined had protocorm development times of
approximately 2 months.

Figure 5- D. iberica shoots in 2R+OM culture medium
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Table 4- The effect of the culture medium on the protocorm formation time (days) for Dactylorhiza iberica,

D. umbrosa, and Orchis palustris

Mediums Dactylorhiza iberica

Dactylorhiza umbrosa

Orchis palustris

48.67+0.88 b* B**
53.00+1.15a A

Oat medium
Modified oat medium

42.67+0.88 b C
51.67+0.88 a AB

55.33+0.67 a A
49.67+0.33b C

* in the same column, lower case letters indicate a none significant difference between the averages at the 0.05 level; **, in the same
row, upper case letters indicate a none significant difference between the averages at the 0.05 level

In a study, the protocorms of the species of
D. hatagirea sowed in OM with fungal isolates
belonging to the species of Ceratobasidium
developed in 40 days (Aggarwal & Zettler 2010).
Seeds of D. maculata germinated with an R.
stahlii isolate developed protocorms in two weeks
(Beyrle et al 1985); however, the authors reported
that this rapid protocorm development might have
been a result of stimulation by cold treatment.
Protocorm development occurred 1.5-2 months in
O. coriophora seeds cultured in OM with R. solani
(Vakkasoglu 1995). The Dactylorhiza and Orchis
species showed protocorm development in 40-60
days when cultured with a symbiotic fungus on
either OM or MOM.

3.6. Shoot formation time (days)

The period between the planting of the orchid seeds
in the petri dishes (containing culture medium and
the mycorrhizal fungus) and the appearance of the
first shoot was designated the shoot formation time.
The different species showed statistically significant
differences in the shoot formation time (P<0.05)
(Table 5). The earliest and the latest shoot formation
times in MOM were 63.67 days for O. palustris and
78.67 days for D. iberica, respectively. The timing
of the initiation of shoot formation after protocorm
development varied depending on the species and

the medium; however, green shoot formation was
rapid in all three species. This means that healthy
protocorms can develop and form shoots more
rapidly in the presence of symbiotic fungi. All three
species formed shoots in 14-27 days after protocorm
development (Table 4).

Species of the Dactylorhiza genus are reported
as a difficult group of orchids to cultivate (Mitchell
1989). The results of the present study confirmed
that species of the Dactylorhiza genus formed
shoots later than a member of the Orchis genus did.
A previous study reported that the time required
for the development of green leaves in Spiranthes
sinensis var. amoena, when grown in symbiotic
culture in OM and various Rhizoctonia isolates, was
90 days (Masuhara & Katsuya 1994). In a symbiotic
culture between the seeds of Rhizoctonia cerealis
isolate and D. maculata spp. ericetorum, green
shoot growth from the protocorms began 90 days
after the seed sowing (Weber & Webster 2001).
With being infected of Spathoglottis plicata seeds
with Epulorhiza repens and Rhizoctonia globularis
isolates, the time passed between the seed
sowing and the beginning of leafing was 60 days
(Athipunyakom et al 2004). In the symbiotic culture
of fungal isolates obtained from the species of
orchids and the seeds of Oncidium flexuosum, some
isolates started to germinate but it did not contribute

Table 5- The effect of the culture medium on the shoot formation time (days) of Dactylorhiza iberica,

D. umbrosa and Orchis palustris

Mediums Dactylorhiza iberica

Dactylorhiza umbrosa

Orchis palustris

73.33£0.33 b* A**
78.67+0.88 a A

Oat medium
Modified oat medium

66.00£1.00b B
78.33+0.88 a A

75.67+0.88 a A
63.67+0.88 b B

* in the same column, lower case letters indicate a none significant difference between the averages at the 0.05 level; **, in the same
row, upper case letters indicate a none significant difference between the averages at the 0.05 level
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to the protocorm and plant formation at a desired
level and some of them promoted leaf formation 50
days after protocorms (Pereira et al 2005). With 5
fungal isolates isolated from it, the species of Aa
achalensis promoted 2-4 leaf formation from 30%
of the protocorms in 16 weeks after the growth
(Sebastian et al 2014). The similarity between the
nutrient media and fungal isolates used in these
studies suggests the possibility that the observed
shoot formation differences might be species
specific.

4. Conclusions

The choice of the nutrient medium and the fungal
isolate for in vitro symbiotic culture of orchid seeds
has extremely important effects on germination,
protocorm formation, and shoot initiation. Some
fungi never promote the germination of orchid
seeds, or have a very insignificant impact on orchid
development, and sometimes they even have a
parasitic effect. The differences observed in the
present study with respect to protocorm formation
from the germinated seeds sown in oat medium
and modified oat medium are likely to reflect
the combination of agents added to the culture
medium. The data obtained from our study were
detected in the cultures to which 2R is infected.
The observation that orchid species developed
more protocorms in oat medium culture indicated
that this nutrient medium favored optimum growth
of the binucleate Rhizoctonia symbiont enabling a
better symbiosis. The differences due to the nutrient
media can be explained by the different effects of
a given fungal isolate on different orchid species.
The more successful germination and protocorm
development seen in Dactylorhiza umbrosa seeds
with the binucleate Rhizoctonia isolate, obtained
from an Orchis palustris tuber, supports the view
of some researchers that the degree of effectiveness
of fungal isolates might vary with species. The
formation of darkened protocorms, which was
evaluated separately in the present study, could be
viewed as a loss, as these protocorms could not
form shoots. The nutrient medium had a significant
effect on the the total number of protocorms

developed, with the highest number of protocorms
seen with Dactylorhiza umbrosa and the lowest
with Dactylorhiza iberica. The lowest success
rate was obtained with Orchis palustris in both
nutrient media. The other species showed their
best performances in oat medium and modified oat
medium at different levels. Protocorm development
took approximately 1.5-2 months after planting
in all the species and each species had a different
timing in different nutrient media. Accordingly,
the shoot formation times also varied. The shortest
shoot and protocorm development occurred in
oat medium culture. The use of oat medium and
modified oat medium infected with binucleate
Rhizoctonia sp. gave the least amount of protocorm
darkening, the highest protocorm number, and the
fastest development of protocorms in Dactylorhiza
umbrosa, it gave the highest number of shoots in
Dactylorhiza iberica, and it resulted in the fastest
shoot formation in Orchis palustris.
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