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Abstract: The orchids that produced tuber are known as salep orchids and have been collected from nature 

for centuries as a medicinal and aromatic plant. These orchids are endangered species because of their 

limited vegetative and generative production possibilities. Salep orchids, seed germination has been 

achieved with in-vitro studies, but no source has been found regarding the development of germinated seeds 

over the years. In this study, Dactylorhiza euxina (Nevski) Czerep. was used as research material. Seeds 

that were determined to germinate in nature were observed to develop in their own environment for five years 

and some morphological characteristics (plant height, number of leaves, leaf length, leaf width, total weight, 

tuber width, and tuber weight) were determined at the end of each vegetation year. Plants that start to develop 

with seed germination produce one leaf and a tuber of 0.115 g in the first year. When the tubers obtained 

from the first year were planted again, the plants was obtained 2-3 leaves and they were formed 0.465 grams 

of tubers. In the third year plants bloom for the first time. The period until flowering in the plant was called 

maturity period and Dactylorhiza euxina (Nevski) Czerep. was found to have a 3-year maturity period. Plants 

produced tuber 0.850 g in the third year, 1.585 g in the fourth year and 2.522 g in the fifth year. According to 

the mathematical modeling, the relationship between year (Y) and fresh tuber weight (FTW) was found Y = 

1.22 + (1.61 × FTW) and there was a significant relationship among year, fresh tuber weight, and total 

biomass (TBM). This equation Y = 1.05 + (0.76 × FTW) + (0.14 × TBM) shows us the mathematical relations 

of year, fresh tuber weight, and total biomass. The mathematical relations among to fresh tuber weight, total 

biomass, and plant height (PH) was produced Y = 1.74 - (0.11 × FTW) + (0.57 × TBM) – (0.09 × PH). R2 

values were found 0.95-0.99. All R2 values and standard errors were found to be significant at the p < 0.01 

level. 

Keywords: biomass; Dactylorhiza euxina (Nevski) Czerep.; maturity period; model; salep; terrestrial; tuber. 

 
  

HIGHLIGHTS 
 

 Findings are first data for Dactylorhiza euxina (Nevski) Czerep orchids. 

 The main tuber completes its life by producing a slightly larger new tuber.  

 It takes 4-5 years for a germinated D. euxina seed to reach a sufficient size.  

 These data make it easier for us to predict the development of other salep orchids. 

  
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INTRODUCTION 

Orchidaceae family is the second largest species in the world with 25 000 - 30 000 species and this 

number is increasing with newly found and hybrid species [1,2]. Within the Orchidaceae family, the named 

terrestrial orchids, which produce tubers under the ground, are known as salep orchids. Salep flour is 

obtained from the tubers of salep orchids and it has been used as a medicinal plant for centuries [3,4]. Today, 

it is mostly consumed in Maras ice cream making and as hot drink [5–8]. 

The genus Dactylorhiza has different characteristics in the Orchidaceae family. All other orchids produce 

oval shaped tubers while Dactylorhiza genus produces finger shaped tubers. The wide adaptability of this 

species is seen at altitudes between 0-2000 m and it is reported to spread from Europe, Mediterranean, North 

Africa to Asia [9–14]. Another difference from other species is that it has high glucomannan content. It is a 

more valuable orchid genus with this feature [15–17]. Dactylorhiza euxina (Nevski) Czerep., which is selected 

as research material, is also an important species of salep orchid which is common in mild climatic conditions 

and forms a finger shaped tuber. 

In the flowers of orchids, ovarium which is developed after fertilization forms the fruit in capsule shape. 

It contains thousands of seeds. The common feature of all orchids is that they all have seeds at the 

microscopic size. The most important feature that distinguishes orchids from other seed plants is the absence 

of endosperm in orchid seed and embryos of seeds also consist of relatively few cells (40-50 units). Another 

noteworthy issue in the seed structure is that the parts that will form the plant parts such as roots, stems and 

shoots after germination are not shaped. This condition is called morphological dormancy [18–20.] 

An adult salep orchid can produce at least 8-10 seed capsules and tens of thousands of seeds in these 

capsules. However, it is impossible for seeds of microscopic size and lack of endosperm to germinate by 

themselves. In the germination stage, the seeds must receive support from a different living organism [21–

24]. Therefore, one millionth of orchid seeds have a chance to germinate. Germination of seeds is very slow 

and lasts for many years. The period for germination and planting of embryos of the orchid plant, which is 

quite different from other plants in biological conditions, varies from species to species. Germinated seedling 

completes the first year with one or two small leaves. In the following years, the growth of plants continues 

and they acquire the ability to form flowers. 

Seed from germination to flowering period can be called the period of maturity. Because only plants that 

can reach generative maturity can produce flowers and produce seeds. The duration of this period depends 

on the genetic characteristics of the species. Nevertheless, germination of the seeds in tissue culture 

environment and the development of plants from the protocorm formed in the continuation have been 

achieved worldwide but the developmental processes of the obtained seedlings have not been followed. 

There is not enough information about this subject [15–25]. 

In vitro studies with tissue culture are mostly limited to species-based germination studies. In this study, 

the findings of some researchers who make observations in nature are included. Seed production in salep 

orchids in the study of Tutar and coauthors [26] stated that germinated seeds can reach flowering size after 

3-4 years. Sezik [25] also reported that leaves and tubers from germinated seeds occurred after many years 

and the average shortest period is 2-4 years. However, there are insufficient sources as to which type of 

salep orchid has completed its maturity. 
In this study, Dactylorhiza euxina (Nevski) Czerep. species orchids, which were found to germinate in 

their natural environment during field trips, were taken under protection. The growth of the plants in their own 
environment for five years. In addition, the mathematical models were developed to estimate how old the 
tubers or tuberous seedlings. 

MATERIAL AND METHODS  

Dactylorhiza euxina (Nevski) Czerep. species were found especially on 800 meters altitude and 

streamside during the field trips conducted to determine the diversity of orchids in Samsun province. The 

species, which is a study material, is located in the Daldere region of Ladik district. In the region where the 

species is spread, new sprouts appear to have grown from seed around the adult plants. Sample shoots have 

been marked in order to follow the development of these new plants over the years and reveal the maturity 

period for many years. In the area where the test material is detected, three fresh germinated plants are 

shown in Figure 1 to identify the material. 

In the research area, 30 plantlets were identified. These sprouts, which are the test material, were 

separated from the adult individuals and brought together with their own soil in the same area and planted. 

It was understood that these new sprouts formed roots and tubers after six months (Figure 1c-d-e). In the 
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first year of orchid germination, a tiny tuber is produced. This tiny tuber completes the growing season in the 

next vegetation year, producing a new tuber larger than itself. This process continues until the new tuber 

reaches a certain size. The old tuber rots and disappears at the end of vegetation [15]. In this study, five 

vegetation years were examined and the following observations were taken at the end of each vegetation 

year. The plants were illustrated in order to summarize the annual growth of seedlings. 

 

 
Figure 1. a – b: First stage of germination seed development (Leaf development started but no root development) and 

first root of orchid sprout after germination. c – d – e: Sample plantlets corresponding to the size of tuber formation (in 

the first year plants consist of 3 root extensions and a tiny tuber). 

Morphological measurements 

Plant height: The length of the shoot up to the top flower. Since the plants did not produce flowers for 

the first two years, only leaf sizes were taken. 

Number of leaves: The number of leaves found in a single plant. The development of the petiole is 

included in the number of small leaves on the petiole. 

Leaf length: The longest of the leaves in the plant was taken as the observation value 

Leaf width: The width of the largest leaf of the plant was taken as observation values. 

Total weight: The fresh weight of all biomass below and below the soil samples removed from the soil. 

Tuber width: The distance between the two sides of the tuber. 

Tuber weight: Average fresh weight of tubers taken from samples. 

Statistical analysis 

The data obtained from the research were analyzed according to randomized plots design using JMP 13 

statistical software, and averages were interpreted with Tukey's multiple comparison test. It is very important 

to know what vegetation period the plant materials in the field are in, to use the material correctly, to plan the 

study correctly and to understand the life stages of salep species. For this purpose, mathematical models 

were developed to estimate how old the tubers or tuberous seedlings were. The mathematical models 

(equation) were symbolized Y = a + (b x X1) + (c x X2) + (d x X3). In this equation, a, b, c, and d are 

coefficiencies. Y (year) is dependent variable. X1 (fresh tuber weight), X2 (total biomass), and X3 (plant height) 

are independent variables. Regression analysis and curve fitting were performed with MATLAB software. 

Curve fitting processes were continued until the least sum of square of residuals was obtained. 

RESULTS AND DISCUSSION 

As with all orchids, orchids have to be fed with the help of another living group from the outside during 

the first stage of their life. Fungi from the group of mycorrhiza, which help germinate the seeds of the orchids 

and provide the necessary nutrients. Salep orchid seeds enter into common life with fungi in the first 

developmental period. Mycorrhizal fungi feed the orchid seeds from the organic residues in the soil and feed 

them and help them grow. This relationship between mycorrhizal fungus and seed is called symbiotic life 

[21,23,27–29]. When examined carefully in Figure 1 a-b, a germination and shoot emergence occurred in the 

leaves and individuals that form the root system is not seen. This is a good example proving that the seed is 

fed by fungi. As with other orchid species, after the germination of Dactylorhiza euxina (Nevski) Czerep. 

orchid seeds, the developmental processes continue for many years. No sources of annual growth and 

flowering were found. In this study carried out in order to eliminate the lack of information, individuals who 

have germinated in their natural environment were used. In the developmental period followed for four years, 
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in addition to the obtained morphological features, sample individuals were illustrated at the end of each 

vegetation (Figure 2). 

When the plants start to fade, it is understood that their development stops and necessary measurements 

are made at this stage. The obtained morphological features and their results of statistical analysis are shown 

in Table 1. 

In the 30 plants used as materials, only one tuber development occurred in the first year (Figure 2). 

Average leaf width is 1.1 cm and leaf length is 9.3 cm. produced in the first year of the tuber's fresh weight is 

only 0.115 g. In the first year of germination, total biomass weight including root, tuber and upper parts was 

measured as 0.34 grams. 

Table 1. Some morphological features of the four-year development process. 

Years Leaf number 

per plant 

Leaf length 

(cm) 

Leaf width 

(cm) 

Total biomass 

(g) 

Fresh tuber 

weight (g) 

Tuber width 

(mm) 

Plant height 

(cm) 

1st year 1.0 c 9.3 c 1.1 d 0.34 e 0.115 e 0.46 e  - 

2nd year 2.5 bc 13.3 ab 2.3 c 2.63 d 0.465 d 0.93 d - 

3rd year 4.0 ab 13.2 b  2.7 b 9.02 c 0.850 c 1.33 c 41.7 

4th year 5.0 a 13.8 a 2.8 b 12.41 b 1.585 b 1.41 b 48.8 

5th year 5.0 a 13.5 ab 3.3 a 14.32 a 2.522 a 2.50 a 50.1 

Mean squares and significance Q (α= 0.05) 

Years 36.0** 41.9** 8.3** 441.8** 11.1** 6.9** 3.29 

**; All examined features are significant at the level of p < 0.01. 

In the second year, during the vegetation period some of the plants produced two leaves and some of 

them produced three leaves. The average weight of tubers at the end of the second vegetation year was 

0.465 g. Plant height values could not be obtained in the first two years. Because, in these years, there are 

no above-ground parts other than leaves. Total biomass weight average was 2.63 grams in the second year. 

     
First year 

25 June 2015 
Second year 
28 June 2016 

Third year 
25 June 2017 

Fourth year 
24 June 2018 

Fifth year 
30 June 2019 

 

 
   

Figure 2. Tuber development according to years. 

In the experiment, the plants formed four leaves in the third year. The longest leaf length and leaf width 

were measured as 13.2 cm and 2.7 cm, respectively. As it is known, the time to reach flowering maturity is 
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called the maturity period and in Dactylorhiza euxina (Nevski) Czerep. species, the maturity period is 3 years. 

In the third vegetation year, flowering plants reached an average height of 41.7 cm and produced an average 

tuber of 0.850 grams. Biomass weight with flowering reached 9.02 grams. In the fourth vegetation period, 

plant height was 48.8 cm and biomass weight was 12.41 grams. The largest leaf length in plants with five-

leaf formation was 13.8 cm and 2.8 cm. The average weight of the new tubers was 1.585 g. In the fifth year, 

biomass growth continued and was 14.32 g, with an average tuber weight of 2.522 g. 

 

  
Figure 3. Changes of morphological features according to years. 

Although a single salep orchid produces hundreds of thousands of seeds, the chances of survival of the 

seeds are very low. Seeds that have the chance to germinate in nature complete their development as a tiny 

plant in the first year. In this study in which the development of Dactylorhiza euxina (Nevski) Czerep. species 

is followed, it is understood that the plants have a larger structure than the previous year. The findings are 

the first data presented for the Dactylorhiza euxina (Nevski) Czerep. species. 

It is also noteworthy that the size of the tuber increases slightly each year. As long as their genetic 

capacity allows, this condition continues until the tubers reach a certain size in salep orchids. The main tuber 

completes its life by producing a slightly larger new tuber. The same tuber development is true for all salep 

orchids [18]. When the newly formed tubers are planted, they produces bigger tubers than the previous year 

and completes its vegetation [30]. In other words, each planted tuber continues its generation by creating a 

slightly bigger tuber than itself [30,31]. As a result of the literature survey, there was no study in which the 

vegetative characteristics of Dactylorhiza euxina (Nevski) Czerep. species were determined. Vegetative 

characteristics belonging to some other species such as Ophrys lutea, Serapias vomeracea, Ophrys 

mammosa, Ophrys umbilicata, Orchis sancta, and Dactylorhiza romana of the same family and used as salep 

orchids have been reported in a small number of studies. These literatures were not included due to the wide 

variation between the vegetative characteristics described in these studies, which dealt with different genera 

and species, and the characteristics of the species Dactylorhiza euxina (Nevski) Czerep. The main tuber size 

controls the morphological characteristics of the species used as the salep orchid. Within the family, 

Dactylorhiza euxina (Nevski) Czerep. is among the species containing high biomass [30,31,32,33]. 

 

  

Figure 4. Changes of leaf length, leaf width and fresh tuber weight, total biomass according to years. 
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In this study, when the tubers formed in the first year (0.115 g) were planted, they formed approximately 

4 times larger tubers than the average of 0.465 g tuber weight. In the third vegetation, these tubers produced 

new tubers at about 2 times their own weight. In the fourth year of the experiment, the tubers gave 1.8 times 

more bigger new part of tubers. The fifth year tuber was 1.6 times heavier than the fourth year tuber. Total 

biomass, fresh tuber weight, leaf length and leaf width values are shown in Figure 3 and Figure 4 by years. 

As shown in Figures 3 and 4, there is a rapid increase in proportional tuber size in the first years and a 

slowdown in the rate of increase in the following years. This continues as far as the genetic capacity of the 

species allows. However, the number of years of genetic capacity reached in terms of tuber weight is 

unknown in orchids. 

 

  

Figure 5. a: Actual and predicted years for fresh tuber weight (g) according to fresh tuber weight. b: Actual and predicted 

years for fresh tuber weight (g) according to fresh tuber yield and total biomass. 

As a result of mathematical modeling, it was found that there was a high correlation between fresh tuber 

weight, total biomass and plant height. When these relationships are considered as year-fresh tuber weight, 

year-fresh tuber weight-total biomass and year-fresh tuber weight-total biomass-plant length interactions, 

accurate estimates are obtained between 95% and 99% (Table 2). 

A relationship between year (Y) and fresh tuber weight (FTW) was obtained by means of multi-regression 

analysis and the equation was produced Y = 1.22 + (1.61 × FTW). Most of the variation (95%) in years was 

explained by the selected parameter, namely fresh tuber weight (Figure 5a). 

The result of multi-regression analysis showed that there was a significant relationship among year, fresh 

tuber weight, and total biomass (TBM). As a result of this relationship Y = 1.05 + (0.76 × FTW) + (0.14 × 

TBM) was obtained (Table 2). It was found that most of the variation (99%) in year was explained by fresh 

tuber weight, and total biomass (Figure 5b). 

 

  

Figure 6. a: Actual and predicted years, according to fresh tuber yield, total biomass, and plant height (cm). b: Interaction 

of year, fresh tuber yield, total biomass. 

Utilising equation Y = 1.05 + (0.76 × FTW) + (0.14 × TBM), the combined effect of fresh tuber yield, total 

biomass, and plant height on the year of salep orchid growing was shown in Figure 6a. As seen in Figure 6b, 

the increase in fresh tuber weight over the years has led to an increase in total biomass. The effect of the 

years on the increase of total biomass is very high linearly 
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Table 2. Statistical analysis for multiple regression. Model 1 is for relationship among the year and fresh tuber weight, 

model 2 is for relationship among the year, fresh tuber weight, and total biomass, and model 3 is for relationship among 

the year, fresh tuber weight, total biomass, and plant height. 

Model R2 F Significance F Coefficients* Standard Error P-value 

1 0.9765 61.5064 0.0043 
 a 1.2206 0.2872 0.0024 

 b 1.6068 0.2049 0.0043 

  

 

0.9958 117.6346 0.0084 

 a 1.0486 0.1603 0.0226 

2  b 0.7609 0.3010 0.1273 

  c 0.1433 0.0477 0.0951 

  

3 0.9988 135.6788 0.0063 

 a 1.7397 0.4590 0.1642 

 b -0.1104 0.6032 0.8847 

 c 0.5711 0.2763 0.2869 

 d -0.0930 0.0596 0.3625 

*“a, b, c, and d” are coefficients. a is intercept, b is fresh tuber weight, c is total biomass, and d is plant height. 

According to the results of multi-regression analysis among year, fresh tuber weight, total biomass, and 

plant height (PH) was obtained by mean of multi-regression analysis and the equation was produced Y = 

1.74 - (0.11 × FTW) + (0.57 × TBM) – (0.09 × PH). Most of the variation (99%) in years was explained by the 

selected parameter (Table 2). 

As a result, the fresh tuber yield of years in the salep orchid and consequently the effect of the plant 

height and total biomass increase are seen to be important. It is necessary to determine how long the total 

biomass increase continues depending on the years. 

CONCLUSION 

The salep orchids cannot be produced as vegetative and generative. Therefore, they are in danger of 

extinction. Its collection is prohibited worldwide. Today, however, millions of salep orchids are being collected 

and used illegally. To date, many researches have focused on the production difficulties of salep orchids. In 

the literature studies related to the subject, no data is found about the development status by years. This 5-

year study demonstrates the developmental difficulties of Dactylorhiza euxina (Nevski) Czerep. orchids for 

the first time in the world. According to the findings, it takes 4-5 years for a germinated Dactylorhiza euxina 

(Nevski) Czerep. seed to reach a sufficient size. These data make it easier for us to predict the development 

of other salep orchids. 
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