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Abstract. In this study, the goal was the germination and propagation of Orchis sancta L. which is 

endangered due to uncontrolled collection and used in obtaining salep, in vitro conditions. By the addition 

of 0 (control group), 20, 40, 60, 80, and 100 g/l concentrations of sucrose, glucose, maltose, galactose, 

and fructose of carbohydrate forms into Van WaesDebergh culture medium, sugars of effects were 

determined on germination and development of Orchis sancta L. seeds. In the study, germination, 

formation of protocorm and shoot periods and ratios were examined. The highest average germination 

ratio was obtained as 77.85% in Maltose40, the lowest average as 44.36% in Galaktose100 mediums. In 

protocorm formation, when the highest average ratio was detected as 68.53% in Sucrose100, the lowest 
average as 25.33% in Fruktose100 mediums. Germination period as 12.50-21.33 days, protocorm 

formation period as 22.50-50.83 days and shoot formation period as 50.66-105.33 days’ intervals were 

determined. 

Keywords: culture medium, germination, orchid, protocorm, shoot 

Introduction 

Orchidaceae is one of the largest families of flowering plants in terms of the number 

of species. While the total of 150 orchid species, of which 13% being endemic, have 

been specified in Turkey (Erdem, 2004) that there are 117 orchid species among these 

are used to produce salep (Sezik, 2002). Turkey is one of the richest countries in Europe 

and Middle East in terms of middle zone orchids, but growing industrialization, rapid 

urbanization and population growth bring about social, economic and cultural 

imbalances. The biggest problem faced by the salep orchids, which are among the 

endangered and damaged plant species in the world, is the excessive uprooting of the 

plant because of the pharmaceutical importance of the plant drug and its commercial 

value particularly in the ice-cream and hot drink sector. Hatipoğlu (1981) has listed 

salep under bulbous-tuberous and rhizomatous ornamental plants, uprooted from natural 

vegetation without being propagated. According to Sezik (1984), tubers weigh 2 to 7 g 

when they are fresh. If an average of 4 g is considered, 250 orchids should be removed 

for 1 kg of fresh tubers. A salep collector normally can collect up to 1 kg of fresh tubers 

per day. Approximately 1000 to 4000 tubers are required for 1 kg of salep. İşler (2005) 

stated that the price of 1 kg of mountain salep collected and dried in Van province is 

100 Turkish Liras (TL), while meadow salep is sold for 25 TL. It is known that wild 

collection of orchid tubers for salep production threatens orchids collected in the 

mountainous areas more compared to the ones collected from the meadows. With each 

tuber collected, next generation plant and plenty of seeds to be produced by this plant 
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are prevented. According to Tekinşen (2006), 15 to 20 tonnes out of 35 to 65 tonnes of 

salep produced in Turkey is exported in powder from. 

Due to its increasing price, powdered tubers of Muscari plant, which contains 

muscarinic substance which can cause harm to human health, and tubers of other plants 

are used as additives in salep (Hatipoğlu, 1981). The researcher emphasized in those 

years that heavy wild collection problem due to increasing prices is not at international 

level like citrus and viticulture, but is greatly a concern of Turkey. It is further 

mentioned that salep is not consumed in high amounts in the developed countries as in 

Turkey; even the foreign countries are responsive to destruction of our flora and genetic 

resources; and they are concerned with this issue. Glicomannan, the active substance of 

salep, swells with milk or water and generates a fluid solution. Thus, salep has become 

an essential drink in cold winter days. Additionally, salep is put into the famous Maraş 

ice-cream to provide late melting and hardness. Among these usages, salep has also a 

medical importance. It is pointed out that Avicenna (Book of Ibn Sina in C.E. 980-

1037) recommends the use of salep as expectorant, appetizer, anti-stroke substance and 

aphrodisiac (Sezik, 1984). Nonetheless, instead of being used primarily for these 

purposes, salep is consumed as beverage and gains economic value in ice-cream 

production. To attain salep, being so useful and having commercial importance, there is 

an irrepressible and enormous collection from the nature. Among tuberous orchids, 

salep is rather extracted from orchids with ovoid tuber such as Anacamptis, Orchis, 

Ophrys, Serapias, Himantoglossum, Barlia, and from some species with amorphous 

tuber such as Dactylorhiza. The harvest of every tuber prevents the plant of next year 

with its many seeds to grow up. Because of this uncontrolled collection, alternative 

production and propagation methods are aimed and constantly new techniques are 

developed with seeds in laboratories. 

Orchis sancta L. is also an orchid species that has been collected for these purposes 

and is being studied to be propagated with different methods. This study aims at 

providing asymbiotic propagation and species continuity of Orchis sancta L., a salep 

orchid, in vitro conditions. 

Literature review 

According to Stewart and Kane (2010), the role of carbohydrates in vitro orchid seed 

germination and protocorm formation has received some attention, although little in 

recent years. In the earlier study about asymbiotic orchid seed germination, researchers 

realized that some carbohydrate sources were better suited to support seed germination 

than others, and that this response was genus- or species-specific (La Garde, 1929; Smith, 

1932; Wynd, 1933). Little attention has been paid by modern researchers to the effects of 

carbohydrate source on asymbiotic orchid seed germination and protocorm/seedling 

development, and little information exists on the role of different carbohydrates in the 

asymbiotic germination of terrestrial orchids (Stewart and Kane, 2010). 

Smreciu and Currah (1989) reported that very small orchid seeds have small testas, 

formed with loose and transparent cell layer and have very small embryos. Germination 

of orchid seeds which have limited proliferation capacities and do not contain 

endosperm, an appropriate mycorrhizal relation with a mycorrhizal fungus is required in 

the environment in addition to appropriate temperature, light, humidity and oxygen 

conditions (Sezik, 1984). As orchid seeds do not contain nutrient reserves, successful 

germination do not occur unless a carbohydrate source such as glucose is provided from 
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outside (Ingold and Hudson, 1993). Adding carbohydrate to the culture medium as a 

germination method in addition to symbiotic germination with mycorrhiza might be 

successful. This way, orchid seeds’ utilization of the substances in the culture medium 

might be changed. These alterative techniques can be tried at different stages such as 

germination, protocorm and shoot formation, even root and tuber formation. As a result, 

every study on germination and propagation and every method resulting in yield, first in 

the laboratory environment and then in the adaptation phase on the land, is treasured for 

the species continuity. Thanks to this awareness and determination, orchids will be able 

to seen on the ground, in their living environment. 

Material and methods 

Seeds 

In the study, mature seeds of Orchis sancta L. species naturally grown around Aydın 

province in Turkey but collected and thus destroyed to obtain salep were used and 50 

seeds, randomly selected before sowing, were put to Tetrazolium Chloride (TTC) 

viability test. The seeds soaked with distilled water in Petri dishes were kept for 12 h 

and the embryo sections were left in 1% tetrazolium chloride solution. While the pink-

red coloured ones of the seeds kept at room temperature for 12 h are considered alive, 

the white-coloured ones are considered inanimate (Grabe and Peters, 1998; AOSA, 

2002). According to the test results, 85% of the seeds were alive. The photos of the 

seeds were captured with OLYMPUS SZ61 binocular microscope dp20 camera and 

10X x 1.2 software (Fig. 1). 

 

 

Figure 1. Aspect of Orchis sancta L. seeds under binocular microscpoe 

 

 

The seeds are counted so as to sow 100 units to each Petri dish. The orchid seeds 

packed in coarse filter paper envelopes were sterilized for 12 min with 1-2 drops of 

Tween-20 and 10% NaOCl and rinsed 3 times with sterile distilled water after 5 min of 

shaking with 2% H2SO4 (Çığ and Yılmaz, 2016). Sterilized seeds are sown in a total of 

15 glass Petri dishes including culture media, in 3 replicates with 5 times for each 

replicates. 
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Preparation of culture medium and seed sowing 

Culture mediums were formed by adding 0, 20, 40, 60, 80 and 100 g/l concentrations 

of the sugar forms of sucrose, glucose, fructose, galactose and maltose into the VWD 

medium (Van Waes and Debergh, 1986). 0.85 g/l agar was used for all mediums; and 

were autoclaved at 121 °C and 1.2 atmosphere pressure for 20 min after the pH was 

adjusted to 5.8 with 1 N HCl and 1 N NaOH. The sterilized Petri dishes with sown 

seeds were stored in 23 ± 1°C and in dark place and were taken to a light/dark room for 

16/8 h with the formation of protocorm. The subculturing process was repeated once a 

month in aseptic conditions. 

 

Statistical evaluations 

In terms of the emphasized specifications, mean and standard error are indicated with 

descriptive statistics. To determine any possible difference of these specifications 

between the concentration and culture medium, completely randomized factorial design 

analysis is implemented (Montgomery, 2001). 

The effects model is 

 

  
 

where, i = 1,...,6; j = 1,...,5; k = 1,...,90; µ is the overall mean effect, τi is the effect of 

the i
th
 level of concentration, βj is the effect of the j

th
 level of medium, is the 

effect of the interaction between τi and βj, and eijk is a random error component. 

An angular transformation is applied to the measured percent variance analysis. 

 

   
 

Where p is the proportion and Y is the result of the transformation. The result may be 

expressed either in degrees or radians. The usual rule of thumb is that they should be 

used when there are a number of proportions close to 0 and/or close to 1. The 

transformations will “stretch out” proportions that are close to 0 and 1 and “compress” 

proportions close to 0.5. The amount of germination, protocorm and shoots was 

subjected to angular transformation and expressed in terms of their original values in 

(Tables 1 and 2). 

Tukey Multiple Comparison test was used in determining significant difference 

between concentrations and carbohydrates following the variance analysis. The 

statistical significance level was taken as p < 0.01 and the calculations were done with 

ANOVA procedure by the statistical package JMP 5.0.1a software. 

Results and discussions 

In the study investigating in vitro germination, protocorm and shoot formation 

potentials of Orchis sancta L., five different carbohydrate (sugar) forms of galactose, 

glucose, maltose, fructose and sucrose were added into the culture medium with 20, 40, 

60, 80 and 100 g/l concentrations (doses) were applied and differences were observed 

statistically with a significance level of (p < 0.01) in the characteristics examined 

(Tables 1 and 2). 
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Table 1. Effect of carbohydrate forms and concentrations on germination, protocorm and 

shoot formation rates (%) 

Carbohydrate 

forms 

Carbohydrate 

concentrations (g/l) 

Germination 

rate
**

 (%) 

Protocorm formation 

rate
**

 (%) 

Shoot formation 

rate
**

 (%) 

Galactose 

0 67.53 bcdef 55.31 cdefgh 0.00 h 

20 60.85 fghij 59.79 bcde 0.00 h 

40 59.91 ghij 52.21 efghi 0.00 h 

60 65.93 defgh 45.90 ijk 0.00 h 

80 44.39 n 31.40 l 0.00 h 

100 44.36 n 31.79 l 0.00 h 

Glucose 

0 67.53 bcdef 55.31 cdefgh 0.00 h 

20 61.62 fghi 68.44 a 9.02 c 

40 66.53 cdefg 59.86 bcde 8.77 cd 

60 52.86 klm 46.87 hijk 0.00 h 

80 47.92 lmn 60.34 abcde 2.80 g 

100 56.39 ijk 41.08 k 0.00 h 

Maltose  

0 67.53 bcdef 55.31 cdefgh 0.00 h 

20 71.91 abcd 53.74 defghi 0.00 h 

40 77.85 a 64.40 ab 0.00 h 

60 68.87 bcde 49.74 ghij 0.00 h 

80 64.87 efgh 51.22 fghij 0.00 h 

100 59.73 hij 52.66 efghi 0.00 h 

Fructose 

0 67.53 bcdef 55.31 cdefgh 0.00 h 

20 72.94 abc 57.67 bcdefg 13.16 a 

40 61.18 fghij 55.63 cdefg 6.56 e 

60 47.04 mn 43.03 jk 0.00 h 

80 50.41 klmn 28.94 l 0.00 h 

100 47.91 lmn 25.33 l 0.00 h 

Sucrose 

0 67.53 bcdef 55.31 cdefgh 0.00 h 

20 68.93 bcde 61.58 abcd 8.01 d 

40 73.88 ab 63.11 abc 13.30 a 

60 63.28 efgh 58.72 bcdef 5.36 f 

80 54.62 jkl 50.52 fghij 3.50 g 

100 66.25 cdefgh 68.53 a 10.90 d 

**In the same column, the difference between the averages indicated by the same letter is insignificant 

at level p < 0.01 

 

 

Germination rate of the seeds (%) 

While germination occurred in all mediums and doses, it was observed that the 

highest germination average is obtained from Maltoz40 with 77.85% (Table 1). The 

lowest average value of germination is obtained from the Galactose100 medium with 

44.36%. Taking into consideration all sugar forms in general, it appears that 

germination rates decrease as the used doses increasing. This suggests that the 
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increasing of sugar concentration has a reducing effect on the germination of O. sancta 

seeds (Figs. 2 and 3). 

 

 

Figure 2. Effects of carbohydrate forms and concentrations on germination rates (%) 

 

 

 

Figure 3. Germinated O. sancta seeds in culture medium 

 

 

In vitro asymbiotic germination of orchid seeds, some inorganic substances and 

sucrose, glucose and other sugars are useful for the culture medium; dextrose and 

sucrose can also be used as sugar sources (Harvais, 1973). In our study, sucrose and 

glucose were sugars that had an effect on germination after maltose. Van Waes and 

Debergh (1986) reported that sucrose is more effective on germination compared to 

other sugars, and mentioned a negative effect of galactose. Galactose has the lowest 

germination rate in our study. Mead and Bulard (1975), succeeded in adding sucrose in 

their study with species of Orchis and Ophrys genus. In another study on Dactylorhiza 

species, it is reported that germination was stimulated through glucose and sucrose 

(Wotavová-Novotná et al., 2007). Considering previous studies, it can be concluded that 
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glucose and sucrose induce germination at the most. In our study, these two types of 

sugar have the highest second and third mean values following maltose (Fig. 2). It is 

presumed that the culture medium and orchid species used by the researchers may be 

different. Culture mediums used in germination studies on rather different species vary 

as well. This study of O. sancta species has the highest percentage of germination under 

maltose impact in the VWD medium. 

In a study with nine orchid species, in which three of them generated positive results, 

the germination rate of O. sancta was found 100% (Önal, 1999). Yet in another study, 

20% sugar was added to 1/10 MS (Murashige & Skoog) medium and ultrasonication 

was applied to germinate the seeds; and the Orchis italica seeds were germination with 

the rate of 81% (Yararbaş, 2008). 30 g/l of sucrose was added during the study with 6 

orchid species executed in full strength MS, VWD and KC (Knudson-C) mediums and 

½ MS medium. A germination rate of 7.34%, which is the highest, occurred in VWD 

medium (Gümüş et al., 2008). In the study with O. sancta seeds, KC and VWD 

mediums with added GA3, BAP, coconut milk, banana and potato extract was used and 

the germination rate was found as 20-40% in VWD medium and 20-100% in KC 

medium Sarı et al. (2011). Bulunuz Palaz et al. (2012) has found the highest 

germination rate among five orchid species as 30% for the O. sancta species. In another 

study of the researchers, O. sancta seeds showed a germination rate of 79.08% in EBP + 

AC (activated charcoal) medium (Bulunuz Palaz et al., 2014). 

 

Protocorm formation rate (%) 

The protocorm phase is described as the formation of a nail-like structure after 

germination (Sezik, 2002), and the protocorm amount is obtained by calculating 

percentage ratios to germinated seeds. Again in 60 g/l and above applications of sugar 

concentrations used in parallel with germination, decreasing mean values were 

obtained. Protocorm formed in all applied mediums and doses (Fig. 4) and the highest 

protocorm formation rate was obtained from Sucrose100 with 68.53% (Table 1). The 

lowest protocorm mean value was obtained from Fructose100 medium with the rate of 

25.33%. Taking into account all sugar forms in general, protocorm ratios decreases with 

increasing doses. However, the 60 g/l dose seems to be a breaking point and then the 

protocorm formation increases again in general (Fig. 5). 

 

 

Figure 4. Protocorm formation in germinated O. sancta seeds in culture medium 
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Figure 5. Effects of carbohydrate forms and concentrations on protocorm formation rates (%) 

 

 

The highest rate of protocorm formation for six orchid species was 13.11% (Gümüş 

et al., 2008). The highest protocorm formation in six orchid species, germinated in five 

different culture mediums, has been obtained in KC and VWD mediums with a rate of 

62.92% (Çığ and Yılmaz, 2016). In the study using KC and KC + 1 mg/l GA3 mediums 

for cultivation, protocorm formation occurred in 5.34% of O. sancta species which is 

the highest among the five orchid species (Bulunuz Palaz et al., 2012). In an in vitro 

study on eight orchid species, O. sancta seeds have formed 78.12% protocorm in 

EBP+AC medium (Bulunuz Palaz et al., 2014). In an in vitro study on five orchid 

species, the highest rate of protocorm formation occurred in a medium including tripton; 

recorded 28% for Serapias vomeracea species, 48% for O. sancta species and 48% for 

Orchis coriophora species (Karakuş, 2015). 

As we can conclude from similar studies, protocorm generally showed successful 

development in VWD mediums. It is thought that especially the rate of 78.12% mean 

value obtained from O. sancta is a result of the EBP+AC medium. A protocorm 

formation rate of 5.34% was obtained from KC +1 mg/l GA3 medium, but despite it 

contained hormones, this was considerably below the mean value occurred in our study. 

The effect of culture medium on the protocorm formation of O. sancta species is 

obvious. 

 

Shoot development rate (%) 

Shoot development did not occur in all mediums and concentrations (Fig. 6). In some 

doses of glucose and fructose; and in all doses of sucrose, shoot development was 

observed. Shoots were developed with the rate of 0-9.02% in the glucose group; 0-

13.16% in the fructose application and 3.50-13.30% in the sucrose application. 

The sucrose application was an effective sugar in protocorm formation, while it had 

the same effect also in shoot development. Likewise, glucose was also a sugar type that 
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followed sucrose; nonetheless, while fructose had a lower performance in protocorm 

formation compared to other sugar types, it showed a more positive effect on shoot 

development (Fig. 7). 

 

 

Figure 6. Effects of carbohydrate forms and concentrations on shoot formation rates (%) 

 

 

 

Figure 7. Developed O. sancta shoots in culture medium 

 

 

On the other hand, maltose and galactose exhibited a negative effect on shoot 

development, while having positive effects on protocorm formation. It is reported that 

sucrose has the most positive effect among sugars used for germination and 

development (Van Waes and Debergh, 1986); and that glucose, glucose, mannose, 

maltotriose and maltopentaose can be used for seedlings cultivated from in vitro 

applications (Ernst and Arditti, 1990). In all phases of O. sancta seeds, from 

germination to shoot development, the negative effect of galactose is observed. On the 

contrary, glucose and sucrose had a stimulating role in all the levels of the study. 

In previous research, the amounts of plantlets stemming from protocorm were 

obtained with rates of 1.86% (Çağlayan et al., 1998) and 80% (Önal, 1999). The highest 
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shoot development rates obtained from protocorm was observed in KC medium, MS 

and 1/10 MS mediums (Çığ and Yılmaz, 2016). In the study with five orchid species 

applied in two culture mediums, the highest plant development rate determined as 3.5% 

in O. sancta (Bulunuz Palaz et al., 2012). In the study with 8 orchid species, O. sancta 

seeds had a shoot development at the rate of 72.50% in EBP+AC medium (Bulunuz 

Palaz et al., 2014). 

 

Germination period (day) 

The highest germination period was obtained in Galactose80 as 21.33 days; while the 

lowest period was 12.50 days in Glucose40, Maltose40 and Sucrose20 (Table 2). 

Considering the mediums separately in terms of germination period, the average values 

were 14.66-21.33 days in the galactose application; 12.50-15.83 days in the glucose 

application; 12.50-15.33 days in the maltose application; 13.16-20.83 days in the 

fructose application and 12.50-15.33 days in the sucrose application (Fig. 8). 

 

 

Figure 8. Effects of carbohydrate forms and concentrations on germination periods (days) 

 

 

Germination of seeds cultivated in vitro conditions was observed in 58 days in orchid 

seeds (Çağlayan et al., 1998), and in15 days in Orchis italica seeds (Yararbaş, 2008). In 

a study with O. sancta and other seed species, the earliest germination was observed in 

O. sancta seeds after a month (Önal, 1999); and after two weeks in another study 

(Bulunuz Palaz et al., 2012). In a study with Modified Lucke (LM), MS, Lindemann, 

Vacin & Went, Malmgren Modified (MM) and KC mediums; BAI, Zea, Kin, 2-iP 

cytokinins and 0/24, 16/8, 24/0 light/dark photoperiods, the Habenaria macroceratitis 

terrestrial orchid seeds showed the highest germination rate of approximately 89% in 

LM and KC mediums at the 7
th
 week of the study (Stewart and Kane, 2006). In another 

study, cracking and decolourization were observed in cultivated seeds in 15-20 days 

(Sarı et al., 2011). The germination period of 4 orchid species cultivated in KC, VWD 

and Pfeffer nutrient mediums was observed as 3 months (Kısakürek, 2011). In a study 

to identify the effects of VWD, KC, MS, ½ MS and 1/10 MS culture mediums on the 

germination period of orchid seeds; the effect of VWD medium on germination 



Bozdemir et al.: Effects of different concentrations of carbon forms on Orchis sancta L. propagation in vitro 

- 4859 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(4):4849-4864. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1604_48494864 

 2018, ALÖKI Kft., Budapest, Hungary 

appeared in the range of 27.67-130.53 days (Çığ and Yılmaz, 2016). Considering the 

other mediums, this range was 22.00-191 days. 

 
Table 2. Effects of carbohydrate forms and concentrations on germination, protocorm and 

shoot development periods (day) 

Carbohydrate 

forms 

Carbohydrate 

concentrations
**

 (g/l) 

Germination 

period
**

 (day) 

Protocorm 

formation period
**

 

(day) 

Shoot 

development 

period
**

 (day) 

Galactose 

0 14.66 fghij 23.66 gh 0.00 g 

20 15.50 defghi 22.50 h 0.00 g 

40 18.16 bcd 34.66 cd 0.00 g 

60 16.33 defg 25.83 efgh 0.00 g 

80 21.33 a 51.33 a 0.00 g 

100 14.83 fghij 24.50 gh 0.00 g 

Glucose 

0 14.66 fghij 23.66 gh 0.00 g 

20 13.33 hij 22.83 h 89.33 c 

40 12.50 j 25.83 efgh 100.66 ab 

60 14.50 fghij 31.83 def 0.00 g 

80 15.83 defgh 32.66 de 75.66 d 

100 13.00 hij 25.00 fgh 0.00 g 

Maltose 

0 14.66 fghij 23.66 gh 0.00 g 

20 12.83 ij 25.00 fgh 0.00 g 

40 12.50 j 25.66 fgh 0.00 g 

60 15.33 defghij 30.50 defg 0.00 g 

80 13.49 ghij 25.60 fgh 0.00 g 

100 15.05 efghij 27.66 efgh 0.00 g 

Fructose 

0 14.66 fghij 23.66 gh 0.00 g 

20 13.16 hij 27.16 efgh 99.33 b 

40 17.88 bcde 40.72 bc 105.33 a 

60 20.83 b 50.83 a 0.00 g 

80 19.50 abc 43.66 b 0.00 g 

100 17.16 cdef 39.66 bc 0.00 g 

Sucrose 

0 14.66 fghij 23.66 gh 0.00 g 

20 12.50 j 25.00 fgh 60.66 e 

40 13.05 hij 24.33 gh 50.66 f 

60 13.88 ghij 28.38 defgh 101.16 ab 

80 15.33 defghij 28.00 defgh 57.99 e 

100 14.66 fghij 28.88 defgh 104.50 a 

**In the same column, the difference between the averages indicated by the same is insignificant at 
p < 0.01 

 

 

According to the studies, the germination period varied in terms of species with 

diverse mediums and applications (15-191 days). However, in this study, getting close 

results to those obtained in the previous in vitro study, specifying the germination 

periods of 1 month and 2 weeks especially with O. sancta species, reveals the early 
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germination period of the seeds of O. sancta species. It is believed that the added 

carbohydrate and its concentrations of the culture medium were effective. 

 

Protocorm formation period (day) 

While glucose, maltose and sucrose applications showed the earliest effect on 

germination, the mediums with the earliest results in protocorm formation were 

identified as maltose, sucrose and galactose (Table 2). Despite the highest protocorm 

formation period was obtained from Galactose80 with 51.33 days, the difference with 

the value of 50.83 days obtained from Fructose60 was considered statistically 

insignificant. The lowest protocorm formation period averages were obtained from 

Galactose20 as 22.50 days and Glucose20 as 22.83 days (Fig. 9). 

 

 

Figure 9. Effects of carbohydrate forms and concentrations on protocorm formation periods 

(days) 

 

 

Protocorm was obtained in two months in the seeds of Orchis lutea and Orchis fusca, 

cultivated in modified Curtis medium (Barroso et al., 1990). Examining the effects of 

different nutrient mediums, plant growth regulators and light/dark applications on the 

protocorm formation of Habenaria macroceratitis terrestrial orchid, protocorm 

development was observed in MM medium between 7 and 16 weeks (Stewart and Kane, 

2006). In studies utilizing bioreactors, protocorm formation was obtained in 8 weeks 

(Paek et al., 2001; Young et al., 2000); and in 40 days (Yang et al., 2010) after sowing. In 

a study, no further development occurred during 8 months after sowing seeds, but 

protocorm formation was observed after this period by adding 2 mg/l IAA to the nutrient 

medium (Sarı et al., 2011). As protocorm formation periods ranged between 53.50-309.94 

days when all mediums are considered, the periods in VWD medium were 58.50-309.94 

days (Çığ and Yılmaz, 2016). In a study to follow the germination and protocorm 

formation of Orchis sancta, which is shown among endangered species, full strength and 

½ strength Lindemann (LDM) medium containing 20 g/l sucrose and 7 g/l agar was used 

and protocorm formation was observed in the 12
th
 week (Acemi et al., 2013). 
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Comparing the protocorm formation period of O. sancta in this study and the period 

of the previous one, it is clear that success was achieved in a considerably short time. 

The protocorm formation range in other studies appears as 40-309.94 days. It is inferred 

that this period varies in association with the cultivated plant species and medium 

contents 

 

Shoot development period (day) 

The highest shoot development period was obtained from Fructose40 with 105.33 

days and Sucrose100 with 104.50 days (Table 2). The lowest average shoot 

development period was obtained from Sucrose40 with 50.66 days (Fig. 10). Besides, 

shoot development was not observed in all the galactose and maltose applications; in 0, 

60, 100 g/l doses of glucose; 0, 60, 80 and 100 g/l doses of fructose and 0 g/l dose of 

sucrose, and therefore, shoot development periods could not be recorded. 

 

 

Figure 10. Effects of carbohydrate forms and concentrations on shoot development periods 

(day) 

 

 

Shoot tips of Orchis mascula seeds cultivated in six different nutrient mediums has 

occurred in 4-5 months (Valetta et al., 2008). The first leaves developed from Orchis 

italica seeds after 2 months (Yararbaş, 2008). 

Taking into account the effect of five different culture mediums on shoot 

development periods, the range of 79.00-406.83 days is noticeable; while the earliest 

shoot development in VWD medium was 95.33 days, and the latest shoot development 

emerged in 267.78 days (Çığ and Yılmaz, 2016). In a study testing three orchid species, 

it was found that sucrose, glucose and fructose were the best energy sources for the 

Oeceocladesde caryana species. It is reported that shoots of Dactylorhiza majalis 

developed slightly weak in fructose, and very weak in glucose (Ponert et al., 2011). 

These studies indicate that hexoses are not a good carbohydrates source for these 

species. Ophrys lojaconoi exhibited better development in sucrose, weak in glucose, 

and very week in fructose. Many protocorms have developed better in fructose 

containing mediums but could not grow further. This proved that fructose has an 
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inhibitive effect in the protocorm development. It is reported that sucrose is used more 

for in vitro orchids but that fructose and glucose are also used (Michl, 1988; 

Rasmussen, 1995). 

Since orchid seeds do not have endosperms, carbohydrate supplement is required to 

initiate germination. As with the type of carbohydrate, its concentration added in the 

culture medium is also important. That is because the stimulating role of sugar can be 

inhibitive in some doses. This study reveals that the sugar types and their concentrations 

have different effects in germination, protocorm and shoot development phases of O. 

sancta seeds. 

 

Conclusions 

As a result, in vitro germination of the O. sancta species, the best performances were 

achieved from maltose, and then sucrose among five sugar types used in the study. 

Sucrose was the most effective sugar type for protocorm formation. In shoot 

development, the first sugar with performance was fructose, then sucrose and glucose at 

last. It is thought that maltose can be used in the germination of O. sancta or other 

orchid species; and sucrose in the protocorm and shoot development. Applications 

specific for each species as well as general adaptations might be possible. For O. sancta, 

maltose in germination, sucrose in protocorm formation; fructose in shoot development; 

and as sugar concentrations, doses such as 0, 20 and 40 g/l in germination; 20 and 40 g/l 

in protocorm; 100 g/l in shoot development can be used. Hence, it is understood that 

low concentrations for germination and protocorm formation can be used, while high 

doses should be avoided. The applications in this study to be suggested for the use of 

sugar and doses together might be: Maltoz40 for germination; Glucose20 and Sucrose20 

for protocorm; Furctose20 and Sucrose40 for shoot development. 
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