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Abstract
Although salep orchids are annual plants, each new generation emerges larger than their parents. There
are no data on the developmental performance of these species that cannot be cultivated due to production
difficulties. This study discusses Salep vomeracea (Burm. f.) Briq., one of the most common species in temperate
climate regions. Tubers obtained from natural flora were divided into seven groups according to their size.
Morphological characteristics of the seedlings developed from these tubers were determined and observed up
to the harvest stage. The study was carried out in a randomized plot design with three replications and for two
years. As a result of statistical analysis, all parameters were found to be significant. The canonical correlation
between the first pair of canonical variables was 0.995 (p<0.01). The data obtained from the length of the
planted tuber made the biggest contribution to the explanatory power of the canonical variables. Additionally,
the mathematical relationship between width, height and area values of salep leaves was determined.
Keywords: canonical correlation; modeling; morphology; multivariate; yield

Introduction
The species belonging to the family Orchidaceae are very diverse in their habitats and physical
dimensions. Most species of terrestrial orchids are distributed in the mid-latitude climates. These species have
tuber, root or rhizome structures below the soil. Tuberous species are named and used as salep orchids (Bulpitt,
2005; Jalal et al., 2008; Hossain, 2011; Pant, 2013; Attri, 2016). They are recommended for various conditions
such as infertility, miscarriage, tuberculosis, stomach problems, skin irritation, influenza in women in Europe.
In the 18th and 19th centuries, they were among the supplies of the British army, used as a nutritious food for
sick soldiers when dietary food and provisions were reduced. Prior to the spread of coffee and tea, it was known
to be a beverage commonly used in the Middle East, England and Germany (Jagdale et al., 2009; Faraji et al.,
2013; Turgay and Cinar, 2017). Famous medical doctor Avicenna mentions the use of salep in pastes utilized
as aphrodisiac, appetite stimulant, phlegm reducer, cure for paralysis, stimulant for a clear mind, suppressor for
desires and refreshers. Salep orchids with hundreds of species grow in many areas in Eastern Europe such as
Afghanistan, Bukhara and India, and they are all used to produce salep (Kasparek and Grim, 1999; Kreutz,
2002; Hossain, 2011; Tatiya et al., 2018). Salep used to be sold as a drug in pharmacies in Turkey until around
50 years ago (Yaman, 2013).
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Salep has been among the natural resources that are freely collected and sold throughout the world until
the last 20-25 years. Despite the increase in consumption of salep species that can not be produced gradually
began to disappear (Molnar et al., 2017). Intense pressure for harvest has led to a reduction and genetic erosion
in the salep populations. Many countries have moved to take measures to preserve biodiversity in their
territories and pass them on to future generations. As with many living species, measures are taken and laws are
put into effect for salep orchids with national laws and international agreements (Caliskan and Kurt, 2019a).
Salep orchids are included in the Annex II of “The Convention on International Trade in Endangered Species
of Wild Fauna and Flora (CITES)”. Collection from nature and trade of salep orchids is prohibited. In all
countries that have signed the CITES convention, those who collect orchid orchids are subject to severe fines
(Swarts and Dixon, 2009; Gorbani et al., 2014).
Salep orchids are annual plants. The main reason why salep orchids cannot be produced is the
microscopic seeds. Orchid seeds without endosperm cannot germinate under normal conditions (Swarts and
Dixon, 2009; Bektas et al., 2013; Utami et al., 2017). Salep orchid produces a single tuber and this tuber has a
single growth point. This prevents vegetative propagation as well. Seeds scattered in the natural environment
can germinate when they can establish a symbiotic partnership with some mycorrhizae in the soil (Ponert et al.,
2011; Warghat et al., 2014; Ong, 2016; Cig et al., 2018). In the first year, germinating seed can produce a few
small leaves and a tiny tuber weighing less than one gram. When this newly formed tuber is planted, it produces
a larger tuber and completes its vegetation and the process continues in the following years (Caliskan and Kurt,
2019b). However, due to the aforementioned production constraints, it is not known how big a tuber can be
produced from the planted tuber and or what the upper limit of the progressive cycle is.
In scientific studies, data relating to a large number of related (dependent) or unrelated (independent)
properties called variables are obtained from the samples examined. The fact that use of univariate statistical
approaches is much preferred by researchers, especially because their results are easily interpretable in data sets
whose effects are interrelated and variables are related in such a way often prevents the uncovering of hidden
information between variables (Saglam, 2013). Therefore, multivariate analysis techniques have come to the
forefront in determining the relationships between two or more sets of variables in terms of research being
healthy and reliable (Cankaya et al., 2009). Although there is no obligation in this method, one of the variable
sets can be considered as dependent and the other as independent variable set. In analysis, new variables are
obtained from the linear compositions of the variables contained in each set. These new variables are called
canonical variables and the correlation between these new variables is intended to be maximum (Keskin et al.,
2005; Ozcomak et al., 2012). Canonical correlation analysis examines the relationship between two sets of
random variables consisting of a large number of variables (Albayrak, 2006). In plant and animal breeding
studies, it is necessary to carry out such studies in order to reveal the relationship structure between the early
identified characteristics and the late identified and economically important characteristics without disturbing
the integrity between the characteristics, and to be able to direct selection studies accordingly (Keskin et al.,
2005).
Mathematical models obtained by multiple regression analysis are used to determine the relationship
between two or more variables with cause-effect relationship and make predictions using this relationship
(Odabas et al., 2010). In these mathematical models, variables must be divided into two groups as dependent
variables and independent variables. A dependent variable is a variable that is tried to be explained by
independent variables. These models are used for making predictions in various disciplines such as medicine,
engineering, agriculture, economics, business, etc. (Odabas et al., 2014).
The Serapias vomeracea (Burm. f.) Briq. (S. vomeracea) species used in this study, spread wide across in
temperate climate regions. They are found in the natural flora of Central Asia Mediterranean Basin and the
coast of North Africa. Its range extends from the Azores and the Canaries in the west to the Caucasus in the
east (Belusci et al., 2008; Pellegrino et al., 2005; Brullo et al., 2014; Velnuis et al., 2017). This species is one of
the most widespread tuberous orchids in Turkey. Thus, it is easily accessible in many cities and regions. Ease of
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accessibility in the environment and the economic value of its tubers make S. vomeracea one of the most
collected orchid species from its native habitats (Acemi and Ozen, 2019; Acemi et al., 2019). As with all orchid
species, there is very little data about the development of tuber, new tuber yield and differences in plant
characteristics regarding S. vomeracea. In this study, the development performance of S. vomeracea seedlings,
which were selected as seeds and grouped according to their size, was intended to be examined for a period of
two years. Canonical correlation analysis was used to explain whether there was a relationship between the
parameters examined and the relationship between the two sets of variables in terms of the phases in which
they were taken, and their contributions to variance. Leaf area prediction modeling was performed for S.
vomeracea by applying multiple regression analysis to leaf characteristics.

Materials and Methods
Materials
The trial material S. vomeracea seedlings, were collected from the pasture areas in city of Samsun in
December of 2017 as part of the “Investigation of Sustainable Agriculture Opportunities in Serapias Species
Salep Orchids” project (PYO.BMY.1901.18.001). S. vomeracea species are of a reddish color with darker
streaks on stems and flowers. The stem is thick and upright. The leaves are thin, lanceolate, channeled and
divided in the middle. There are very few flowers on the inflorescence. The flower base leaflets (bract) are ovoidlanceolate or elongated. The tips of the bracts are pointed and they are covered stripes. The flowers are mediumsized, with reddish brown color. The tips of the petals and sepals are pointed. The central petal is heart-shaped
and has white hairs (Renz and Taubenheim, 1984; Kreutz, 2009). Study material was created by dividing 63
individuals belonging to the genus into 7 groups with 9 individuals in each group according to their
developmental status, and the visual, featuring two individuals from each group as their representatives, was
presented in Figure 1. Such a classification was made since the limits of the vegetative parts are controlled by
the size of the main tuber in salep orchids. In other words, every tuber planted continues its generation by
creating a tuber slightly larger than itself (Caliskan and Kurt, 2019; Caliskan et al., 2019).

Figure 1. S. vomeracea seedlings examples which were divided into seven classes according to their
biomass size
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Methods
The research was carried out in the experimental area of Ondokuz Mayıs University Bafra Campus in
2018-2019, with three replications. Average seedling length, tuber width and tuber length measurements of
seedlings are given in Table 2. Seedlings seen in Figure 1 were filled with peat, whose chemical and physical
properties were presented in Table 1, and planted in pots 15 cm in diameter on December 15, 2017, and left to
their natural process. Vegetation was terminated on May 20, 2018 (Figure 2), and the mean values of plant
height, tuber width, tuber length, tuber fresh weight, tuber dry weight, number of leaves, leaf width and leaf
length taken on this date are given in Table 3. In the second year of the study, the procedures carried out in the
previous year for the seedlings of S. vomeracea species obtained from the same location on 13 December 2018
were repeated. The second year vegetation of the study was terminated on May 16, 2019.
Table 1. Main chemical and physical properties and average amount of added nutrients for peat tested

Chemical data

Average amount of
added nutrients

PH range (H2O): 5.5 – 6.0

Nitrogen (mg N / I): 210

Fertilizer (g / l): 1.5

Phosphorus (mg P2O5 / I): 240

Black sphagnum peat: 30%

Potassium (mg K2O / I): 270

White sphagnum peat: 70%

Magnesium (mg Mg / I): 100

Figure 2. S. vomeracea plant samples for each group at the end of vegetation

Physical properties
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The data obtained from the study were subjected to variance analysis according to randomized block
design, and two-year averages were interpreted with Duncan's multiple comparison test. SPSS software package
was used for the evaluation of all data.
In the simplest correlation analysis known in statistics, the relationship between two variables (Yi, Xi,
i=1, 2, … n) is determined by simple correlation coefficient. The relationship between a dependent variable (Y)
and more than one independent variable (X1, X2, … Xn) is examined by multiple correlation analysis and by
calculating partial correlations. In CCA, the most complex relationship analysis, the relationship between two
sets of data (X: X1, X2, … Xp and Y: Y1, Y2, … Yq), each containing more than one variable, is investigated with
the help of correlations between the linear components selected from these two sets (Temurtas, 2016). CCA
is applied to determine the correlation between linear combinations of variables in one set of variables (X
variable set, qx1) called the canonical variable V and linear combinations of variables in another set of variables
(Y variable set, px1) called the canonical variable U (Gunderson and Muirhead, 1997). In order to reflect the
relationship between measurements taken at the time of planting and harvesting of Orchis purpurea Huds.
seedlings, canonical variables (U and V) are created in such a form that canonical variable pairs (UiVi) are
independent of each other, and the estimated canonical correlation coefficient (ri) between the first canonical
variable pair (U1V1) is maximum (Johnson and Wicherm, 2002). While canonical variables are explained as
symbols Ui=Yai and Vi=Xbi, the coefficients ai and bi in the equation are standardized canonical coefficients of
px1 and qx1, respectively (Bilgin et al., 2003). In order for canonical correlation analysis to be performed, some
assumptions must be met in the data set. These assumptions can be summarized as the properties showing
normal distribution with multiple variables and the absence of multicollinearity between the properties, and
the sample width being 5 times the number of variables in terms of reliability according to the results obtained
(Keskin et al., 2005). The canonical correlation coefficient, which is a measure of the relationship between X
and Y variable sets, is estimated by the following equation (Cankaya et al., 2009):
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When multiple independent variables that affect the dependent variable are encountered, multiple
linear regression analysis is used to determine the relationship between the dependent variable and independent
variables. Multiple linear regression analysis examines which independent variable or variables have significant
effect on dependent variable. In statistics, the multiple linear regression model is expressed mathematically as
follows.
=
+ ! + ! + ⋯ + # !# + $
Here, Y is a dependent variable while X is an independent variable. The number of variables is p and the
parameter values are βj (j=1, 2, …, p).
In the multiple linear regression analysis, how much of the change in the dependent variable is explained
by the explanatory variables is determined by the coefficient of determination (R²). If all observations lie on the
regression line, R²=1, if there is no linear relationship between the dependent and the independent variable,
R²=0. R² is a measure of goodness of fit, and R²=0 does not mean that there is no relationship between variables.
That is, it indicates that there is no direct relationship between the variables.
Results and Discussions
This study, in which the species S. vomeracea was used as material, was conducted for two years in Bafra's
ecological conditions in 2018 and 2019. Pre-planting seedling height, seedling tuber width and seedling tuber
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length and post-harvest plant height, tuber width, tuber length, tuber fresh weight, tuber dry weight, number
of leaves, leaf width, leaf length, total leaf area, means of leaf area characteristics were examined in seedlings
collected and divided into seven different groups according to the size of their biomass. The statistical analyzes
performed using the data obtained are presented as items.
Comparison of morphological characteristics of seedling groups
Seedlings in the research were divided into seven groups according to their morphological
characteristics. In these groups, variance analysis was performed according to seedling height, seedling tuber
width, and seedling tuber length properties and the results were analyzed according to Duncan's multiple
comparison test (Table 2). Within seedling groups, the best results according to all characteristics were
obtained from seedling group number seven. In addition, it was found that there was a significant difference
between the groups depending on the years. This indicates an increase in seedling height, seedling tuber width,
and seedling tuber length depending on years.
Table 2. Means and significance of investigated parameters of S. vomerecea in planting date
Seedling height
Seedling’s tuber width
Seedling’s tuber length
Seedling groups
(cm)
(mm)
(mm)
1
5.39
e
3.93
e
6.35
c
2
7.77
d
5.65
d
8.61
bc
3
8.51
d
6.39
d
8.38
c
4
13.43
c
8.23
c
10.83
b
5
16.72
b
9.30
c
13.19
a
6
18.33
a
11.69
b
15.05
a
7
19.31
a
13.98
a
14.63
a
Mean
12.78
8.45
11.00
Mean Square ve Significance
**
**
**
Year (Y)
698.25
750.32
1324.75
**
**
**
Grup (G)
187.29
74.31
68.62
**
**
Y×G
62.46
9.56
6.99
Error
0.90
1.29
3.87
*; p<0.05, **; p<0.01. Values followed by different letters in each column are significantly different (p<0.01) according
to Duncan Test

In addition, plant height, tuber width, tuber length, tuber fresh weight, tuber dry weight, number of
leaves (per/plant), leaf width (mm), leaf length (mm), total leaf area (mm2), means of leaf area (mm2)
characteristics were examined according to seedling groups (Table 3). According to these results, when all
characteristics are taken into account, the best results are obtained from group seven. Depending on the years,
there are very significant differences between all characteristics, except leaf parameters (number of leaves, leaf
width, leaf length, total leaf area, means of leaf area). The increase in the size of the tuber over the years positively
affects other properties as well.
In this study, descriptive statistics of two-year average data (Tables 2, 3) are given in Table 4, in which
vegetative characteristics of S. vomeracea species are discussed. S. vomeracea species, is one of the salep orchid
species collected the most from nature, together with Orchis santa and Orchis italica Poiret (Tutar et al., 2012).
Studies have focused on the propagation in in vitro conditions, especially in embryo culture, due to the low
number of tubers and the germination barriers of seeds. Since these studies are usually completed after
obtaining the plant, there are not many studies reporting the botanical and tuber characteristics of the species.
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Table 3. Means and significance of investigated parameters of S. vomerecea in harvest date
Seedling
groups
1

6.79

e

11.96

e

17.76

e

2.07

c

0.45

c

3.00

f

3.78

d

45.82

d

389.83

e

129.54

2

9.84

d

16.15

d

24.55 cd

4.02

c

0.95

bc

4.33

e

4.25

d

51.46

d

803.41

de

192.81

f

3

10.95

d

17.34

d

22.51 de

4.20

c

0.75

c

5.33

d

6.60

c

60.37

c

1656.09

d

306.21

e

4

20.01

c

21.67

c

28.99 bc

6.92

b

1.43

b

6.17

c

9.64

b

71.31

b

3258.18

c

523.11

d

5

29.85

b

23.40

bc

32.44 ab

8.05

ab

1.50

b

8.00

b 10.74 b

76.73

b

5029.41

b

628.42

c

6

30.40

b

26.15

b

35.54

a

10.17

a

1.45

b

7.67

b 13.24 a

95.33

a

6898.01

a

899.17

a

7

33.21

a

30.56

a

31.73 ab

10.21

a

2.46

a

9.83

a 13.52 a

86.93

a

7452.17

a

756.55

b

Mean

20.15

27.65

6.52

6.33

8.82

69.71

PH

TW

TL

21.03

TFW

TDW

NL

1.28

LW

LL

TLA

MLA

3641.01

f

490.83

Mean Square vs Significance
Year (Y)

452.25

**

2930.8

**

5105.5

**

914.67

**

35.38

**

1.52

Grup (G)

739.16

**

242.78

**

237.48

**

60.91

**

2.57

**

32.94

**

97.12

Y×G

40.56

**

16.32

20.73

**

0.77

*

2.80

**

0.00

25.56

0.12

7.66
**

1995
0.08

14969.57
**

49769303

891.57
**

767575.7

510754

**

44.95

4.07
8.18
25.86
4.43
0.26
0.41
1.55
54.72
682503.4
7264.16
Error
*; p<0.05, **; p<0.01. Values followed by different letters in each column are significantly different (p<0.01) according to Duncan
Test. PH; Plant height (cm), TW; Tuber width (mm), TL; Tuber length (mm), TFW; Tuber fresh weight (g), TDW; Tuber dry
weight (g), NL; Number of leaves (per/plant), LW; Leaf width (mm), LL; Leaf length (mm), TLA; Total leaf area (mm2), MLA;
Means of leaf area (mm2).

Table 4. Descriptive statistics for investigated parameters of S. vomerecea
Set of variables I. (Planting parameters)
Set of variables II. (Harvest parameters)
Variables
Seedling height (cm)
Seedling’s tuber width (mm)
Seedling’s tuber length (mm)

% ± &'
12.778 ± 1.136
8.451 ± 0.865
11.005 ± 1.047

Variables
Plant height (cm)
Tuber width (mm)
Tuber length (mm)
Tuber fresh weight (g)
Tuber dry weight (g)
Number of leaves (per/plant)
Leaf width (mm)
Leaf length (mm)
Total leaf area (mm2)
Mean leaf area (mm2)

% ± &'
20.150 ± 1.745
21.031 ± 1.655
27.646 ± 2.074
6.520 ± 0.942
1.282 ± 0.191
6.333 ± 0.363
8.824 ± 0.603
69.707 ± 2.802
3641.013 ± 432.658
490.830 ± 43.571

X: Means of investigated parameters, )* : Standard error

There were some studies examining some botanical characteristics of Serapias bergonii (Syn: S. vomeracea
subsp. laxiflora (Soo) Golz et Reinhard) (Delforge, 2006; Venhuis et al., 2007) species (Sevgi et al., 2012) and
S. vomeracea species (Renz and Taubenheim, 1984; Guler, 2005; Delforge, 2006; Sandal, 2009; Arabaci et al.,
2014; Ertas et al., 2019) in the S. vomeracea group (Ertas et al., 2019). In the aforementioned studies, plant
height values were reported by Renz and Taubenheim (1984) as 10-40 cm, by Delforge (2006) as 15-42 cm, by
Guler (2005) as 10-46 cm, by Sandal (2009) as 10-30 cm, by Sevgi et al. (2012) as 226.88 ± 3.63 mm, by Arabaci
et al. (2014) as 15.62-31.33 cm and by Ertas et al. (2019) as 24.33 ± 5.70 cm. In the studies, plant height values
ranged between 6.79-33.21 cm and the average was determined as 20.150 ± 1.745 cm. Sevgi et al. (2012)
reported that the average tuber width and length values of this species were 11.28 ± 0.23 mm (between 5-19
mm) and 16.41 ± 0.35 mm (between 8-30 mm), respectively. Arabaci et al. (2014) reported that the diameter
of the tuber varied between 13.93-17.10 mm. In our study, these characteristics were measured as 21.03 ± 1.65
mm and 27.65 ± 2.07 mm, respectively, which is higher than the measurements of Sevgi et al. (2012) and
Arabaci et al. (2014). Sevgi et al. (2012) conducted their research on the tubers they had collected from nature.
In this study, tubers which were grown in more suitable conditions for two years after being harvested from

Caliskan O et al. (2020). Not Bot Horti Agrobo 48(1):245-260.

252
nature, are discussed. Arabaci et al. (2014) carried out studies in an ecology which has a drier climate in terms
of working conditions, and acquired 2.49-5.71 g/plant fresh yield with 1.37-1.96 tubers/plants. Similarly, while
Ertas et al. (2019) acquired 5.30 ± 0.25 g fresh yield, meaning 4.69 g/tuber yield for each tuber, from a plant
producing an average of 1.13 ± 0.34 tubers, in this study, the datas ranged between 2.07-10.21 grams, and the
average tuber fresh weight was 6.52 ± 0.94 g/tuber. As can be seen in Figure 2, the yield increases to 6.92-10.21
grams when the average data of plants that have not yet passed into flowering are ignored.
According to Delforge (2006) S. vomeracea species has 6-9 leaves which are 6-14 cm in length. In this
study, the number of leaves ranging from 3.00-9.83, belonging to an average of 6.33±0.36 species, were reported
to be similar in different studies. Guler (2005) reported 4-9, Sandal (2009) reported 4-6 and Ertas et al. (2019)
reported 3.50±0.70 units/plant. Evaluated in 7 different groups, the leaf width of S. vomeracea plants varied
between 3.78-13.52 mm and the leaf length ranged from 45.82 to 95.33 mm, with an average of 8.82 ± 0.60
mm and 69.71 ± 2.80 mm, respectively. S. vomeracea species' leaf length and width values were reported by
Guler (2005) as 4.5-17.0 cm and 0.6-2.0 cm and by Ertas et al. (2019) as 9.34 ± 1.10 cm and 1.78 ± 0.14 cm,
respectively. Compared to these studies, the leaf values obtained were within the expected range. Total leaf area
was determined as 389.83-7452.17 mm2 and the average was 3641.01 ± 432.66 mm and information pertaining
to the leaf area of S. vomeracea species was reported for the first time in this study.
Canonical correlation analysis
In the second step, canonical correlation analysis was performed to examine and explain the relationship
between two sets of variables (planting and harvest characteristics). For this analysis, the data of S. vomeracea
measured in 2018-2019 were used. For this, the three parameter data in Table 1 were used, by ignoring seedling
groups, and a variable set of “planting parameters” consisting of three variables was formed. For the second set
of variables, the data of the ten parameters seen in Table 2 were used by ignoring seedling groups, and a variable
set of “Harvest parameters” consisting of ten variables was formed. The relationship between the variable sets
of “planting parameters” and “harvest parameters” of salep orchids and the contribution of each set of variables,
if any, to this relationship was examined and explained by canonical correlation analysis in S. vomeracea.
Since canonical correlation analysis examines the complex relationship structure between variable sets,
the difficulties in interpreting the results have put the use of this analysis technique into the background.
However, in the biological studies, examining the relationship structure between the characteristics focused on
by canonical correlation analysis and not by simple correlation coefficients, without disturbing the relationship
structure between these characteristics, will provide more information to the researchers (Keskin et al., 2005).
In recent years, studies evaluating biological data by using multivariate statistical approaches have been
frequently encountered. Vainionpaa et al. (2000) applied canonical correlation analysis in order to determine
the factors that make up quality and to examine the relationship between quality characteristics and production
factors in a data set containing different structural and saturation characteristics of different potato cultures.
In the results of their study on Karayaka hoggets, Cankaya et al. (2009) stated that explaining the relationships
between morphological characteristics taken in different periods with canonical correlation analysis would
provide time and financial gain by contributing to selection. Xian-Li et al. (2008) explained the relationship
between vegetation, soil and topography, and Ekana and Orimoogunje (2012) explained the multivariate
relationships between vegetative characteristics of plant communities and soil in forest, fallow and fields, where
cocoa was grown, with canonical correlation analysis (Saglam, 2013). Soganci (2017) used canonical correlation
analysis to determine the relationship between some agronomic characteristics affecting yield in 246 local dried
bean genotypes collected from 8 locations.
Descriptive statistics of the parameters discussed in the study are given in Table 4. The table indicates
that when a 13 cm tall S. vomeracea seedling with a diameter of 8×11 mm tuber is planted, it can form a tuber
of 21×28 mm size at the end of the season (Table 4). Correlation coefficients of pair relationships of the
investigated characteristics and their significance controls are given in Table 5. When the table was examined,
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it was found that there was a significant relationship on p<0.01 level between all parameters, except p<0.05
significance level between number of leaves and seedling tuber length and tuber length. In the planting variable
set, the strongest positive correlation was found between seedling’s tuber width and seedling’s tuber length
(0.935**). In the harvest variable set, it was found that the strongest positive relationships within the set were
between the characteristics of leaves. The significant strong positive correlation of seedling tuber width and
seedling tuber length properties on tuber fresh yield and tuber dry yield is remarkable.
Table 5. Correlation matrix results for investigated parameters of S. vomerecea
Variables SH
STW STL PH
TW
TL
TFW TDW NL
SH
1
STW
.917** 1
STL
.848** .935** 1
PH
.897** .779** .706** 1
TW
.889** .988** .945** .755** 1
TL
.826** .900** .984** .671** .920** 1
TFW
.898** .951** .973** .744** .954** .965** 1
TDW
.849** .917** .923** .688** .918** .910** .946** 1
NL
.694** .523** .376* .848** .487** .336* .450** .441** 1
LW
.680** .567** .468** .858** .549** .433** .501** .462** .863**
LL
.673** .547** .475** .835** .525** .453** .500** .437** .812**
TLA
.714** .577** .478** .890** .540** .438** .519** .489** .920**
MLA
.664** .522** .457** .851** .499** .439** .484** .421** .830**

LW

LL

TLA

MLA

1
.927**
.945**
.965**

1
.931**
.973**

1
.958**

1

*; p<0.05, **; p<0.01, SH; Seedling height (cm), STW; Seedling’s tuber width (mm), STL; Seedling’s tuber length
(mm), PH; Plant height (cm), TW; Tuber width (mm), TL; Tuber length (mm), TFW; Tuber fresh weight (g), TDW;
Tuber dry weight (g), NL; Number of leaves (per/plant), LW; Leaf width (mm), LL; Leaf length (mm), TLA; Total
leaf area (mm2), MLA; Mean leaf area (mm2).

In the study, 3 pairs of canonical variables are obtained when there are 3 variables in the planting
characteristics variable set and when there are 10 variables in the harvest characteristics variable set.
When performing canonical correlation analysis, it is first checked whether the established canonical
model is significant. Table 6 shows the results of Pillai’s criterion, Hotelling’s trace, Wilk’s lambda and Roy’s
GCR tests. In general, Wilk’s λ is preferred by researchers as the most useful one (Sherry and Henson, 2005).
According to these results, the canonical model created is statistically significant [Wilk’s λ = 0.0004, F(30,
85.00) = 36.534, p<0.001]. Therefore, it can be said that there is a significant relationship between “planting
characteristics” and “harvest characteristics” variable sets. Wilk’s λ test statistic is used for testing the null
hypothesis that the given canonical correlation and all smaller ones are equal to zero in the population
(Heenkenda and Chandrakumara, 2015). Some researchers interpret the effect size of the relationship with the
inverse value of Wilk’s λ (Temurtas, 2016). Therefore, it can be calculated as 1 - Wilk’s λ = 1 - 0.0004 = 0.9996
[(1-0.991)×(1-0.827)×(1-0.712)=0.0004]. Accordingly, the shared variance between the two sets of variables
is 99.96%.
Table 6. Multivariate tests of significance (S=3, M=3, N=13 1/2)
Test Name
Value
Approximate F
Hypothesis DF
Pillais’s
2.530
16.705
30.00
Hotellings’s
115.860
106.849
30.00
Wilks’s
0.0004
36.534
30.00
Roys’s
0.991
DF - Degree of freedom

Error DF
93.00
83.00
85.00

Significance of F
0.00
0.00
0.00
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While the established canonical model is meaningful, it needs to be tested in each canonical function.
In Table 7, eigenvalues and canonical correlations are given for the three canonical functions developed for the
model. When the table is examined, it is seen that the canonical correlation of the first canonical function is
0.995, and this function explains 99.1% of the variance between two sets of variables. The contribution of the
second and third canonical functions is 82.7% and 71.2%, respectively, and it is seen that it contributes to the
explanation of the variance between two sets of variables in all three functions, the highest being the first
function.
Table 7. Eigenvalues and canonical correlations
Percent
Cumulative percent
Root
Eigenvalue
(%)
(%)
1
108.596
93.730
93.730
2
4.788
4.133
97.863
3
2.476
2.137
100.00

Canonical
correlation
0.995
0.910
0.844

Squared
correlations
0.991
0.827
0.712

The results of the dimension reduction analysis used to evaluate the canonical functions are given in
Table 8. Accordingly, there is a significant relationship between the variable sets of “planting parameters” and
“harvest parameters” for all three functions [“Wilk’s λ = 0.0005, F(30, 85.80) = 36.5339” and “Wilk’s λ =
0.0497, F(18, 60.00) = 11.6184” and “Wilk’s λ = 0.2877, F(8, 31.00) = 9.5940”, p<0.001, respectively].
Table 8. Dimension reduction analysis
Roots
Wilks λ
F
1 TO 3
0.0005
36.5339
2 TO 3
0.0497
11.6184
3 TO 3
0.2877
9.5940

Hypothesis DF
30.00
18.00
8.00

Error DF
85.80
60.00
31.00

Significance of F
0.00
0.00
0.00

DF - Degree of freedom

In Table 9, standardized canonical coefficients, structure coefficients, squares of structure coefficients,
and communality coefficients are given for two canonical functions. Statistically, all 3 functions are significant.
Here, the coefficients of the first two canonical functions are given in order to make comparisons. Standardized
canonical coefficients (SC) give the contribution of each of the variables to canonical functions. Accordingly,
the contributions of “planting characteristics” variables to the first canonical function are SH (-0.0382), STW
(-0.0440) and STL (-0.5413), and the contribution of “harvest characteristics” variables to the canonical
functions can be followed in Table 9. Canonical coefficients are the determinant coefficients used to estimate
the values of the characteristics examined at the time of harvest, by using the morphological characteristics
taken during planting. However, it is not appropriate to use these coefficients in case of multiple connections
between the examined characteristics. Therefore, instead of these coefficients, it is necessary to use canonical
loads that show the relationship between canonical variables and original variables (Akbas and Takma, 2005).
That is, since the interpretation of standardized canonical correlations is not healthy, especially if there is
multiple linear connection, it is a more accurate approach to interpret the structure coefficients given as
correlations between canonical variables and both sets of variables (Temurtas, 2016).
When Table 9 is examined, it is seen that all variables have great contributions for the first canonical
function. In terms of structure coefficients (Rc) signs, the evaluation is that those with the same signs are
together, while those with different signs are in the opposite relationship. Since all variables in the first
canonical function have structure coefficient with the same signs, as seedling size and planted tuber sizes grow,
the yield and other characteristics that will occur at the time of harvest will also be increased. In the second
function in which a similar structure is generally seen, seedling length and tuber width will be interpreted as
contributing to yield and other characteristics at the time of harvest rather than planted tuber length. What is
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particularly interesting in the second function is the positive correlation between the length of the planted, the
length of the tuber harvested and its fresh and dry yields.
Table 9. Canonical association of planting and harvest parameters of S. vomerecea
Canonical function 1
Canonical function 2
Variables
SC
Rc
Rc2
SC
Rc
SH
-0.0382
-0.9009
81.1531
-0.8861
0.0505
STW
-0.0440
-0.9814
96.3107
3.4654
0.1844
STL
-0.5413
-0.9854
97.0915
-2.6414
-0.1536
PH
-0.1057
-0.7631
58.2322
-0.5626
0.0418
TW
-0.4631
-0.9854
97.0934
2.9399
0.1549
TL
-0.3145
-0.9648
93.0878
-2.6258
-0.2339
TFW
-0.1768
-0.9842
96.8669
-0.1289
-0.0785
TDW
0.0173
-0.9403
88.4239
0.1348
-0.0136
NL
0.1521
-0.4624
21.3842
0.0699
0.2232
LW
-0.0701
-0.5309
28.1844
-0.5666
0.1383
LL
-0.0940
-0.5261
27.6813
-0.2802
0.0505
TLA
-0.3158
-0.5423
29.4089
0.0757
0.1155
MLA
0.3681
-0.5047
25.4762
0.8735
0.0161

Rc2
0.2545
3.4000
2.3590
0.1745
2.3985
5.4690
0.6165
0.0186
4.9796
1.9132
0.2552
1.3331
0.0258

h2
81.41
99.71
99.45
58.41
99.49
98.56
97.48
88.44
26.36
30.10
27.94
30.74
25.50

Structure coefficients (Rc) greater than |.45| are underlined. Communality coefficients (h2) greater than 45% are
underlined. SC; Standardized canonical function coefficient, Rc; Structure coefficients (canonical loading), Rc2;
Squared structure coefficient (%), h2; Communality coefficients (%).

The number of leaves and leaf sizes have positive relationship with the length of the seedling planted.
Although the h2 values of the leaf characteristics in the variable set of “harvest parameters” are smaller than
45%, they contribute less to the variance between the two sets of variables than the other parameters. According
to these results, the most important positive contribution to the harvest characteristics is made by the tuber
sizes planted, especially the seedling tuber length (h2; 99.71). The data obtained from the tubers (TW; 99.49%,
TL; 98.56%, TFW; 97.48%, TDW; 88.44%) made the greatest contribution to the explanatory power of the
canonical variables.
Leaf area modeling
Leaf area prediction models aim to estimate leaf area non-destructively and these models are important
parameter in explaining some physiological events such as light intensity, photosynthesis, respiration, plant
water consumption (Uzun, 1996; Centritto et al., 2000; Yerkin and Temizel, 2018). Furthermore, these
models enable researchers to carry out leaf area measurements on the same plants resulting in reduced
experimental variability (Oner et al., 2011).
Before creating the model, variance analysis was performed to determine the relationship between the
parameters. As a result of the analysis, it was found that there was a significant relationship between the
characteristics that made up the model (Table 10).
Table 10. Analysis of variance for leaf areas of S. vomerecea
Source
DF
Sum of squares
Model
2
11044935.116
Error
133
987270.234
Corrected Total
135
12032205.350

Mean squares
5522467.558
7423.084

Computed against model Y=Mean(Y). DF; Degree of freedom

F
743.959

Pr > F
< 0.0001
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Leaf width and length as independent variable, leaf area as dependent variable were selected as the model
parameters. As a result of the analysis made according to these two independent variables, leaf area model was
formed as follows (Table 11).
+, (-- ) = −371.7228 + 34.3134 × +5 + 8.1783 × ++
Table 11. Model parameters (Leaf area, mm²)
Source
Value
Standard error
t

Pr > |t|

Lower bound (95%)

Upper bound (95%)

Intercept

-371.723

26.711

-13.916

< 0.0001

-424.556

-318.890

Leaf width (mm)

34.313

2.546

13.475

< 0.0001

29.277

39.350

Leaf length (mm)

8.178

0.483

16.917

< 0.0001

7.222

9.135

When the leaf area values obtained with this model were compared graphically with the actual leaf area
values, similarity of 91.89% was calculated (Figure 3). This value shows that the obtained mathematical model
gives highly accurate results.
1400

Predicted leaf area (mm²)

1200
1000
800
600
R² = 0,9189

400
200
0
0

200

400

600
800
1000
1200
Actual leaf area (mm²)
Figure 3. The relationship between actual leaf area (mm²) and predicted leaf area (mm²)

1400

Conclusions
S. vomeracea salep orchid is the most common tuberous orchid seen in temperate regions. Although it is
common in natural flora, it is one of the species that cannot be produced because of its microscopic seeds which
are embryo-free. The tubers are used as seeds in annual salep orchids. However, the planted tuber (main tuber),
produces one young tuber and thus survives another generation. No data are available on developmental
biology and growth performances due to generative and vegetative production constraints. The studies serve as
assessments. In this study which was carried out in order to make up for this deficiency and was repeated for
two years, seed tubers of different sizes and seedlings developed from them were used. According to the
canonical correlation results, the agronomic characteristics to be seen in the harvesting stage depend on the size
of the main tuber, especially the tuber length. In other words, when the size of the seed tuber is known, the
morphological characteristics of the future plant can be estimated. Leaf area estimation modelling based on the
leaf properties provided high accuracy results. This will make important contributions to the reduction of
experimental variability in future studies on the species.
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