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ABSTRACT 
In this study, which was carried out to develop an in vitro clonal micropropagation procedure in elite cultivar of 
Origanum onites L. cv Ceylan-2002, node explants were subjected to pre-washing and different sterilization 
methods. The highest level of sterilization efficacy was achieved in sterilization trials using diverse durations 
and commercial bleach doses, with a 100% success rate. Mean regenerated shoots number per explant (0.13), 
mean shoot length (0.12 cm), and mean leaf number (0.87) were achieved in MS medium+2 mg l-1 BAP+0.3 gl-1 
activated carbon after four weeks of culture. The highest propagation coefficient (3.40) was obtained in the 4th 
subculture. In the rooting experiments the highest mean stem thickness value (2.02 mm) and the highest mean 
shoot length (10.02 cm) were obtained in media containing 1.0 g l-1 activated carbon. The rooted plantlets (100%) 
were acclimatized with a survival success rate of 16.25%. Essential oil analysis of well-developed rooted plantlets 
was performed using GC-MSD. The highest essential oil content (2.00%) was determined in regenerated shoots 
from MS medium+2 mg l-1 IBA+1 g l-1 activated carbon. The highest thymol ratio (65.33%) was found in 
regenerated shoots from ½ MS media supplemented with 0.5 mg l-1 IBA+1 g l-1 activated carbon. The highest 
carvacrol ratio (6.82%) identified in regenerated shoots was obtained from MS media, including 2.0 mg l-1 
IBA+1 g l-1 activated carbon. 
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INTRODUCTION 

Oregano (Origanum spp.) is a herbaceous plant 
belonging to the Lamiaceae family, and it includes many 
aromatic and medicinal plants. Türkiye, Chile, Peru, 
Mexico, Greece, Israel, Albania, Indonesia, and Egypt are 
the most important producers of the oregano plant, which 
has 40 species worldwide and 35 species in Turkey 
(Goleniowski et al., 2003; Atilabey et al., 2015; Tunca and 
Yesilyurt, 2017). The most exported oregano species are 
Origanum onites L., Origanum vulgare subsp. hirtum, 
Origanum minutiflorum, Origanum majorana, and 
Origanum syriacum var. bevanii (Bozdemir, 2019).  

Oregano is used as a spice and is obtained from 
Origanum species. Although carvacrol and thymol are the 
predominant secondary metabolites in Origanum species, 
concentration of these compounds varies considerably 
between species (Oluk and Cakir, 2009; Bayram et al., 
2010; Sevindik et al., 2017). These compounds are 
effective against cancer cells through some cell collapse, as 
well as protecting the cell membrane. O. onites L. contains 
rosmarinic acid, γ-terpinene, γ-cimene, α-terpinene and α-
pinene compounds with carvacrol and thymol (Atar and 

Colgecen, 2019). Carvacrol is a natural essential oil with 
high importance in aromatic compounds. It has been 
demonstrated to possess a range of beneficial properties, 
including antioxidant, antimicrobial, anticancer, 
antidiabetic, cardioprotective, antiobesity, and 
hepatoprotective effects, as well as antiaging properties 
(El-Gengaihi et al., 2006; Silva et al., 2012; Memar et al., 
2017; Imran et al., 2022). Thymol is known for its 
antioxidant, antispasmodic, antimicrobial, and anti-
inflammatory effects (Memar et al., 2017). The amount of 
carvacrol and thymol compounds is an important factor in 
determining the price of oregano trade (Ozyazici and 
Kevseroglu, 2019).  

Although oregano is a perennial herb, its commercial 
life is about seven years. Traditional production methods 
include seeds and cuttings (Sokat, 2021). However, in this 
method, the desired quality and standard production may 
not be achieved due to foreign fertilization (Bahtiyarca 
Bagdat, 2006; Colak Esetlili and Cakici, 2010). The 
collection of oregano plants from the natural flora leads to 
the extinction of many plant species, the loss of natural 
gene resources of these plants, and the collection of non-
purpose material. Given the numerous challenges 
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associated with the conventional production of oregano, the 
development of alternative biotechnological methods is 
necessary for the large-scale cultivation of oregano species 
and the attainment of standardized products with consistent 
quality. (Gungor and Bayraktar, 2005; Bahtiyarca Bagdat, 
2006; Tokul, 2015; Sonmez, 2019).  

Plant tissue culture is the in vitro aseptic culture of cells, 
tissues, organs, and their components in solid or liquid 
media under defined physically and chemically controlled 
conditions (Thorpe, 2006; George and Manuel, 2013). 
Micropropagation provides rapid production of high-
quality, disease-free plant materials bearing the 
characteristics of the species in a limited area in a short 
time. Plants can reproduce anywhere under controlled 
environmental conditions throughout the year, regardless 
of season and weather (George and Manuel, 2013). 
Techniques applied for clonal propagation of plants are 
generally time-consuming and labor-intensive (Datta et al., 
2017).  

Within the framework of this study, experiments were 
carried out to ensure the surface sterilization of the oregano 
cultivar 'Ceylan-2002', belonging to Origanum onites L., 
and to investigate the effect of the presence of activated 
carbon (AC) in the medium content on the darkening after 
sterilization.  It was tried to determine the effects of plant 
growth regulators (PGRs) in different types (BAP, IBA, 
and NAA) and doses on shoot multiplication in sterilized 
explants. Experiments were set up in MS and ½ MS media 
containing different IBA doses for rooting from shoots. The 

acclimatization of rooted plantlets was attempted. In 
addition, chemical analyses were made in micropropagated 
plants to determine the content of essential oils. 

MATERIALS AND METHODS 

Materials 

In this study, node explants of ‘Ceylan-2002’ cultivar 
belonging to Origanum onites L. species registered by Ege 
University Faculty of Agriculture, Field Crops Department 
in Izmir were used as starting material. 

Methods 

Surface sterilization 
After the shoots were collected from the field and 

separated from their leaves, the node parts were cut and 
prepared as explants. The explants were pre-washed for 
five min in water with detergent and then under running 
water for 10 min. In all trials, in the first step, explants were 
shaken in 70% EtOH for 1 min. Afterward, the explants 
were kept in commercial bleach (containing 5% NaOCl) at 
different doses (15, 20 and 30%) for different times (15-20 
min). They were rinsed three times with sterile distilled 
water. Six different methods were tested for the surface 
sterilization of node explants (Table 1). After sterilization 
procedures, node explants were cultured in MS (Murashige 
and Skoog, 1965) media containing (AK0,3) and without 
(AK0) 0.3 g l-1 of AC. Culture vessels were maintained in 
a photoperiod of 16 hours light/8 hours dark, at 24±2°C and 
3500 lux light intensity. 

Table 1. Surface sterilization trials 

Sterilization techniquea Commercial bleach doses (%) Application time (min) 
A 15 15 
B 15 20 
C 20 15 
D 20 20 
E 30 15 
F 30 20 

a: 70% EtOH in each sterilization technique was applied for 1 min. 

Shoot regeneration 
After the optimum sterilization protocol was 

determined, sterilized node explants were cultured in shoot 
regeneration media (KS) containing different PGRs, doses, 

and combinations, using MS as a basal medium. MS 
medium without PGR was used as the control group in the 
experiment (Table 2). 

Table 2. Shoot regeneration treatmentsa 

Culture medium- Codes PGRs (mg l-1/L) 
BAP IBA NAA 

KS1 - - - 
KS2 - 0.5 - 
KS3 - 1 - 
KS4 - 2 - 
KS5 0.5 - - 
KS6 1 - - 
KS7 2 - - 
KS8 0.5 0.5 - 
KS9 0.5 1 - 
KS10 0.5 2 - 
KS11 1 0.5 - 
KS12 2 0.5 - 
KS13 1 1 - 
KS14 1 2 - 
KS15 2 1 - 
KS16 2 2 - 
KS17 - - 0.1 
KS18 2 - 0.1 
KS19 - - 0.2 
KS20 2 - 0.2 

a MS medium was used as the main medium in all experiments. 3 g l-1 gelrite was added as gelling agent. In addition, 0.3 g l-1 AC was added to all trials. 
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In vitro rooting and acclimatization 

Regenerated shoots were cultured in MS and ½ MS 
media diversified with 0.3 g l-1 and 1 g l-1 AC and different 
IBA doses (0. 0.5, 1,0. 2,0 mg l-1) for rooting experiments 
(Table 3). Eighty rooted plantlets (five plantlets from each 
medium) of Ceylan-2002 cultivar obtained from 16 
different rooting media in vitro conditions were selected 
and acclimatized. The roots of the oregano shoots, carefully 
removed from the culture vessels, were cleaned by washing 
them with water to remove the gelling agent residues. 
Oregano plantlets were transferred to plastic cups 
containing peat, the bottom of which was pierced with a 

needle. After watering plantlets, each cup was covered with 
a perforated nylon bag. Transplanted plantlets were kept in 
16 hours light/8 hours dark photoperiod, 3500 lux light 
intensity, and 24 ± 2oC temperature conditions. After the 
acclimatization process, the bags on the plastic cups were 
periodically removed to adapt to the outdoor conditions, 
and the plantlets were aerated and watered a little. On the 
18th day, the bags were completely removed, and the 
plantlets were stored for 12 days in laboratory conditions 
under a photoperiod of 16 hours light/8 hours dark, a light 
intensity of 3500 lux, and a temperature of 24±2ºC. After 
the 30-day acclimatization period, the shoots' survival rates 
(%) were recorded.  

 
Table 3.  In vitro rooting media 

Culture medium- Codes Basal medium AC (g l-1) IBA (mg l-1) 
KK-1 

MS 

0.3 

0 
KK-2 0.5 
KK-3 1 
KK-4 2 
KK-5 

½ MS 

0 
KK-6 0.5 
KK-7 1 
KK-8 2 
KK-9 

MS 

1 

0 
KK-10 0.5 
KK-11 1 
KK-12 2 
KK-13 

½ MS 

0 
KK-14 0.5 
KK-15 1 
KK-16 2 

Essential oil analysis 

Essential oil components analysis of well-developed 
rooted plantlets of Ceylan-2002 cultivar obtained from 
seven different rooting media in vitro conditions was 
carried out with GC-MSD in Ege University Drug 
Development and Pharmacokinetic Research and 
Application Center R&D Laboratories (ARGEFAR). The 
essential oil rate was determined by hydro-distillation using 
the Clevenger apparatus. A total of 50 g fresh leaves of in 
vitro plantlets were used for essential oil analysis.  

Statistical analysis 

All in vitro treatments were applied in a randomized 
plot design with three replications. The data obtained from 
the applications were evaluated using the Minitab 17 
(Minitab®, LLC, Pennsylvania, USA, 2015) program.  

RESULTS 

Surface sterilization 

The percentage (%) of sterile explants obtained as a 
result of applied sterilization methods is shown in Table 4. 
Observations were made four weeks after the explants were 
cultured. In addition, the problem of hyperhydricity was 
observed in the study, and observations were conducted to 
determine its effect (Table 4). Observations regarding 
hyperhydricity were made four weeks after explants were 
cultured. An examination of the sterile explant percentage 
values revealed that the CV values were generally less than 
10%. When examined in this context, it shows that the data 
is consistent. 
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Table 4. Percentage of sterile explants obtained from different surface sterilization methods applied to node explants and of explants 
with hyperhydricity (%)a 

Surface sterilization 
technique 

Percentage of sterile explant 
(%) ± SE CV(%) Percentage of explants showing 

hyperhydricity (%) ± SE 
A 43.33±3.33 c 13.32 56.67±3.33 a 
B 100.00±0.00 a 0.00 26.67±3.33 b 
C 80.00±0.00 ab 0.00 10.00±10.00 b 
D 100.00±0.00 a 0.00 13.33±3.33 b 
E 90.00±5.77 ab 10.00 6.67±3.33 b 
F 100.00±0.00 a 0.00 6.67±3.33 b 

Source F value p-value  F value p-value 
Sterilization techique 66.40 0.000  14.57 0.000 

aApplications were made in 3 replications, and 10 explants were used for each replication. The differences between the mean values 
shown with different letters in the same column are significant at the P≤0.01 level according to the Tukey multiple comparison test. 
SE: Standard Error CV: Coefficiency of variation 
 

Micropropagation 

The mean number of regenerated shoots from node 
explants of the Ceylan-2002 cultivar was determined four 
weeks following the culture. This result is presented in 
Table 5 (Fig 1). Node explants belonging to ‘Ceylan-2002’ 
cultivar obtained from shoot regeneration experiments 
were subcultured nine times in KS-7 medium. Propagation 
coefficients calculated over the sum of node explants 
obtained from subcultures performed at four week intervals 
are given in Table 6. In the study, the mean leaf number, 
root number, and root length values per explant were also 
determined. No root formation was observed in the 1st and 

2nd subcultures. The study revealed that as the number of 
subcultures increased, a small number of multiple shoots 
occurred in the node explants, particularly in subcultures 6-
9 (Table 6, Fig 2). In the experiments where the effects of 
the number of subcultures were determined, the CV value 
was calculated in all experiments except root regeneration. 
When the multiplication coefficient values were examined, 
all values except the 3rd subculture were <20%, and it was 
seen that the data were consistent. In the values of the mean 
number of shoots obtained per node, shoot length obtained 
per explant, and number of leaves obtained per explant, the 
CV value was determined as <20% except for the 2nd 
subculture (Table 6). 

 
Table 5. Some micropropagation parameters determined in MS media containing different types and doses of PGRs a 

Media Mean regenerated shoots number per 
explant±SE  

Mean shoot length 
(cm)±SE 

Mean number of leaves 
±SE 

KS-1 0.10±0.06 0.03±0.02 0.50±0.32 
KS-2 0.03±0.03 0.02±0.02 0.30±0.30 
KS-3 0.07±0.07 0.02±0.02 0.27±0.27 
KS-4 0.10±0.06 0.05±0.03 0.73±0.55 
KS-5 0.00±0.00 0.00±0.00 0.00±0.00 
KS-6 0.07±0.07 0.02±0.02 0.37±0.37 
KS-7 0.13±0.07 0.12±0.09 0.87±0.44 
KS-8 0.00±0.00 0.00±0.00 0.00±0.00 
KS-9 0.03±0.03 0.02±0.02 0.13±0.13 
KS-10 0.00±0.00 0.00±0.00 0.00±0.00 
KS-11 0.00±0.00 0.00±0.00 0.00±0.00 
KS-12 0.00±0.00 0.00±0.00 0.00±0.00 
KS-13 0.00±0.00 0.00±0.00 0.00±0.00 
KS-14 0.00±0.00 0.00±0.00 0.00±0.00 
KS-15 0.00±0.00 0.00±0.00 0.00±0.00 
KS-16 0.00±0.00 0.00±0.00 0.00±0.00 
KS-17 0.03±0.03 0.02±0.02 0.13±0.13 
KS-18 0.00±0.00 0.00±0.00 0.00±0.00 
KS-19 0.00±0.00 0.00±0.00 0.00±0.00 
KS-20 0.00±0.00 0.00±0.00 0.00±0.00 

aApplications were made in 3 replications, and 10 explants were used for each replication. SE: Standard Error 
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Table 6. Micropropagation parameters obtained in the experiments carried out to determine the effect of the subculture numbers a 

Su
bc

ul
tu

re
 

Multiplication 
coefficient±SE 

Mean number of 
shoots obtained per 

node±SE 

Mean shoot length 
obtained per explant 

(cm) ± SE 

Mean number of leaves 
obtained per explant ±SE 

Mean number of 
roots obtained per 

explant±SE 

Mean root length 
obtained per 

explant (cm)±SE 

 CV(%)  CV(%)  CV(%)  CV(%)   

1rd  1.08±0.08 a 13.32 0.23±0.03 cd 19.89 2.05±0.11 b 9.31 11.15±1.17 ab 18.14 0.00±0.00 c 0.00±0.00 
2nd  1. 88±0.21 cd 19.35 0.25±0.06 cd 38.96 1.87±0.35 b 32.79 10.88±2.01 ab 32.05 0.00±0.00 c 0.00±0.00 
3rd  2.33±0.38 bc 28.50 0.18±0.01 d 11.11 3.82±0.81 a 36.77 13.85±0.37 a 4.65 0.17±0.09 abc 0.16±0.08 
4th  3.40±0.27 a 13.69 0.35±0.02 abc 10.30 1.79±0.07 b 6.87 9.49±1.33 abc 24.21 0.15±0.05 abc 0.21±0.07 
5th  2.10±0.08 bcd 6.68 0.35±0.02 abc 8.33 1.87±0.21 b 19.27 7.94±0.14 bc 3.07 0.72±0.33 ab 1.87±0.97 

6th  2.23±0.06 bc 4.95 0.34±0.01 bc 4.45 2.51±0.04 
ab 2.42 7.89±0.17 bc 3.62 0.81±0.21 a 1.99±0.74 

7th  2.73±0.09 abc 6.27 0.43±0.03 ab 11.84 1.95±0.09 b 7.96 6.65±0.29 bc 7.48 0.09±0.02 bc 0.21±0.08 
8th  2.96±0.25 ab 14.38 0.47±0.01 a 4.40 1.84±0.12 b 11.14 6.24±0.10 c 2.79 0.14±0.06 abc 0.35±0.18 
9th  3.00±0.23 ab 13.11 0.43±0.02 ab 7.53 2.06±0.05 b 3.97 6.72±0.22 bc 5.54 0.29±0.02 abc 0.66±0.11 

Source F  
value p-value F  

value 
p-

value 
F  

value p-value F  
value p-value F  

value p-value  

Subculture 10.91 0.000 15.11 0.000 4.32 0.005 7,89 0.000 4.82 0.000  
aApplications were made in 3 replications, and 10 explants were used for each replication. According to the Tukey multiple comparison test, the differences between the mean values shown with 
different letters in the same column are significant at the P≤0.01 level. SE: Standard Error CV:Coefficient of variation. 
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Figure 1. Shoots of Ceylan-2002 cultivar developed in shoot propagation media; a) KS-3, b) KS-4, c) KS-6, d) KS-7. (bar: 1 cm) 

 

 

 
Figure 2.  Shoots obtained from the node explants of oregano plants with subcultures in the KS-7 medium; a-i) shoots belonging to 
subculture numbers (1-9) (bar 1 cm). 

 
In vitro rooting 

Rooting is required to acclimatize the shoots produced 
in vitro conditions. In the studies carried out for this 
purpose, various parameters related to rooting were tried to 
be determined. (Table 7 and 8). In addition, the root number 
values produced in vitro were also examined in the study. 
(Table 7 and 8) Another parameter observed in the study 
was the root length of regenerated shoots (Table 7, 8, and 
Fig 3). In the observations made as a result of the culture 
period of four weeks, it was determined that the amount of 
AC had a positive effect on stem thickening. The highest 

mean stem thickness value (2.02 mm) and the highest mean 
shoot length (10.02 cm) were obtained in media containing 
1.0 g l-1 activated carbon (Fig 4). When the CV values were 
examined, it was seen that the majority were <10%, but 
values >20% were also seen. In applications with <20%, 
the heterogeneity of the study can be observed due to small 
sample groups. In the context of plant tissue culture studies, 
it is a common finding that the CV tends to be high, 
particularly when considering the culture conditions, 
including light, temperature, pH, and the type of explant 
utilized, as well as the inherent physiological differences 
among plants. (Table 7). 
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Table 7. Effect of MS and ½ MS media containing different doses of IBA and AC on different root propertiesa 

 Root regeneration percentage±SE (%) Root number per explant±SE (unit)  Mean root lenght±SE (cm) 
  CV (%) 

87.50 b 

 CV(%) 

7.32 b 

 CV(%)  
KK-1 93.33±0.03 6.19 7.47±1.30 ab 30.11 1.82±0.27 ab 25.42 

1.81 b 

KK-2 73.33±0.15 34.32 7.63±1.11 ab 25.07 1.87±0.08 ab 7.56 
KK-3 90.00±0.00 0.00 8.47±0.94 ab 19.20 2.16±0.10 ab 8.12 
KK-4 83.33±0.12 24.98 6.47±1.39 ab 37.12 1.67±0.37 ab 38.69 
KK-5 90.00±0.06 11.11 7.23±1.03 ab 24.74 1.89±0.23 ab 20.77 
KK-6 93.33±0.03 6.19 8.60±0.25 ab 5.07 1.63±0.38 ab 40.06 
KK-7 96.67±0.03 5.97 6.90±0.87 ab 21.88 1.78±0.07 ab 6.74 
KK-8 80.00±0.10 21.65 5.80±1.61 b 48.06 1.65±0.32 ab 33.74 
KK-9 96.67±0.03 5.97 

97.92 a 

9.5±0.55 ab 10.04 

9.44 a 

1.53±0.19 b 20.96 

2.05 a 

KK-10 100.00±0.00 0.00 10.67±0.33 ab 5.33 1.77±0.17 ab 17.29 
KK-11 96.67±0.03 5.97 9.13±1.01 ab 19.16 1.77±0.03 ab 3.27 
KK-12 96.67±0.03 5.97 12.03±1.62 a 28.92 1.92±0.08 ab 7.53 
KK-13 96.67±0.03 5.97 7.83±0.38 ab 8.50 2.33±0.23 ab 17.32 
KK-14 96.67±0.03 5.97 9.23±1.02 ab 19.08 2.72±0.07 a 4.25 
KK-15 100.00±0.00 0.00 7.03±1.21 ab 29.84 2.42±0.21 ab 14.97 
KK-16 100.00±0.00 0.00 10.10±1.69 ab 28.92 1.98±0.31 ab 11.64 
Source F value p-value F value p-value F value p-value 

Medium (M) 0.94 0.339 2.25 0.143 4.98 0.033 
AC 12.02 0.002 11.32 0.002 5.30 0.028 
IBA 0.84 0.482 0.88 0.461 0.95 0.429 

BMxAK 0.48 0.493 0.69 0.414 12.77 0.001 
BMxIBA 0.58 0.630 0.43 0.730 0.80 0.502 
AKxIBA 1.10 0.365 1.83 0.161 0.78 0.512 

BMxAKxIBA 1.25 0.308 0.34 0.795 1.34 0.279 
aApplications were made in 3 replications, and 10 explants were used for each replication. The differences between the mean values shown with different letters in the same column are 

significant at the p≤0.01 level according to the Tukey multiple comparison test. SE: Standard Error CV: Coefficiency of variation 
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Figure 3. Rooting of regenerated shoots in media containing different doses of IBA and AC; a-r) Root lengths of shoots rooted in KK-
1-16 media. (bar 1 cm) 

 
Table 8. Determination of the effect of basic medium and AC on different root propertiesa 

Media Root regeneration percentage (%) Root number per explant (unit) Mean root length (cm) 

MS AK 0.3 85.00 b 91.25 7.51 b 8.92 1.88 b 1.81 b AK 1 97.50 a 10.33 a 1.74 b 

½ MS AK 0.3 90.00 ab 91.25 7.13 b 8.92 1.74 b 1.81 b AK 1 98.33 a 8.55 ab 2.36 a 
p-value 0.00 0.00 0.00 

 

 
Figure 4.  Stem thickening in AC-containing media; a-d) Stem thicknesses in media containing 1 g l-1 AC, e-h) Stem thickness in 
media containing 0.3 g l-1 AC (bar 5 mm). 
 

Acclimatization 

At the end of the 18th day, the acclimatized plants were 
kept for 12 days in laboratory conditions with a photoperiod 
of 16 hours of light/8 hours of darkness, a light intensity of 
3500 lux, and a temperature of 24 ± 2oC. The highest 
survival rate (80%) was recorded from shoots obtained 
from KK-12 (2 mg l-1 IBA + 1g l-1 AC) MS medium. The 

lowest survival rate (0%) was determined in all media 
containing 0.3 g l-1AC and shoots produced from KK-9 (0 
mg l-1 IBA + 1 g l-1 AC) MS medium. At the end of 30 days, 
13 shoots were successfully acclimatized. Acclimatization 
success was recorded as 16.25% (Fig 5 and 6). In studies 
carried out for acclimatization, the survival rate of plantlets 
was 32.50% in media containing 1.0 g l-1 AC. 
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Figure 5. Survival rates after acclimatization 

 

 

 
Figure 6.  Plants acclimatized after 30 days. 

 

Essential oil analysis 

The study also included analyses to determine the 
essential oil ratios and contents in plants growing in vitro. 
Firstly, the dry matter percentage of the plants was 
examined prior to the initiation of the analysis. The highest 
dry matter percentage value (26.30%) was reached in ½ MS 
medium coded KK-15 containing 1.0 g l-1 AC 
supplemented with 1.0 mg l-1 IBA (Table 9).  

In the study, the highest essential oil content (2.00 %) 
was obtained in the KK-12 medium (MS+1 g l-1 AC+2 mg 
l-1 IBA). The essential oil's main components were thymol, 

carvacrol, P-cymene, β-bisabolene, γ-terpinene, α-thujene, 
(+)-borneol. When thymol and carvacrol values were 
compared, it was seen that thymol was synthesized at a 
higher rate. While the thymol content was in the range of 
58.32-65.33 %, the carvacrol ratio was in the range of 3.10-
6.82 %. While the highest thymol content (65.33 %) was 
found in KK-14 medium (½ MS+1 g l-1 AC+ 0.5 mg l-1 
IBA), the highest carvacrol content (6.82 %) was obtained 
in KK-12 medium (MS+1 g l-1 AC+2 mg l-1 IBA) (Table 
10).  

 
 

Table 9. Mean wet weight (g), dry weight (g), and percentage of dry matter (g) obtained after 4 weeks of culture. 

Medium Wet weight (g) Dry weight (g) Percentage of dry matter (%) 
KK-9 1.85 0.24 12.97 

KK-10 1.17 0.17 14.69 
KK-11 1.50 0.20 13.53 
KK-12 1.39 0.20 14.25 
KK-14 0.28 0.04 14.11 
KK-15 0.23 0.06 26.30 
KK-16 0.44 0.05 11.28 
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Table 10. Essential oil contents obtained in different media after 4 weeks of culture (%).  

 Medium 
 KK- 9 KK-10 KK-11 KK-12 KK-14 KK-15 KK-16 

Essential oil  1.80 1.70 1.56 2,00 1.12 1.10 1.12 
α -thujene 2.75 1.97 2.48 2.68 2.17 2.15 2,05 
Camphen 0.38 0.28 0.37 0.36 0.36 0.29 0.23 
β -pinene 0.14 0.1 0.13 0.14 0.13 0.12 0.11 
Sabinene 0.25 0.17 0.22 0.26 0.15 0.18 0.18 

Delta-3-caren 0.1 - 0.1 0.09 - 0.08 0.08 
β -myrcene 1.74 1.39 1.68 1.77 0.99 1.14 1.13 

α- phellandrene 0.25 0.2 0.25 0.26 0.14 0.17 0.17 
α -terpinene 1.44 1.16 1.45 1.49 0.86 0.99 0.98 
Limonene 0.37 0.29 0.34 0.35 0.3 0.29 0.3 

β - phellandrene 0.27 0.2 0.25 0.27 0.2 0.21 0.21 
β -ocymene 0.91 0.79 0.98 0.96 0.51 0.51 0.56 
γ -terpinene 3.06 2.7 3.26 3.16 1.8 2.19 2.16 
P-cymene 6.8 4.87 6.46 6 7.31 6.5 6.91 

α -terpinolene 0.14 0.13 0.15 0.14 0.14 0.11 0.1 
1-octen-3-ol 0.41 0.26 0.37 0.35 0.32 0.29 0.3 

cis-sabinen hydrate 0.7 0.38 0.58 0.84 0.19 0.51 0.56 
Linalool - - - 0.15 - - - 

trans-sabinen hydrate 0.36 0.36 0.35 0.52 0.16 0.36 0.37 
trans- α-bergamotene - - - - - 0.15 0.14 
trans caryophyllene 1.19 1.44 1.36 1.17 0.16 1.15 1,09 

terpinen-4-ol 1.17 1,05 1.19 1.07 0.69 1.15 1.11 
trans- β -farnesene - - - - - 0.1 0.09 

α -terpineol 0.15 0.14 0.14 0.15 0.14 0.12 0.12 
(+)-borneol 2.28 2.15 2.22 2.2 1.93 1.54 1.38 

Germacren-D 1.45 1.47 1.62 1.56 1.58 1.55 1.47 
β- bisabolene 6.33 6.82 6.69 6.38 7.09 7.96 7.29 
α- amorphene 0.46 0.51 0.43 0.51 0.45 0.57 0.49 

betasesqiphellandrene 0.16 0.18 0.16 0.17 0.02 0.19 0.18 
cis- α -bisabolene 0.13 0.15 0.15 0.14 - 0.17 0.14 

α -cubebene - - - 0.13 - - - 
Caryophyllene oxide - 0.11 - - 0.18 0.12 0.12 

α -copaene - - - - - 0.15 0.12 
(+) epi-bicylosesquiphellandrene 1.12 1.37 1,08 1.36 1.33 1.47 1.19 

thymol 60.60 63.91 60.97 58.32 65.33 63.70 64.92 
carvacrol 4.68 5,05 4.35 6.82 3.10 3.37 3.38 
unknown 0.22 0.27 0.23 0.23 0.27 0.44 0.36 

 

DISCUSSION 

İzmir oregano plant has been demonstrated to possess a 
variety of beneficial properties and biological activities, 
including antibacterial, antifungal, antimicrobial, 
antioxidant, antiviral, insecticidal, antioxidant, anti-
inflammatory, and antitumor properties. The extensive 
range of benefits attributed to this plant necessitates further 
investigation (Koksal et al., 2010; Alekseeva et al., 2020).  

In this study, six different surface sterilization methods 
were applied in order to determine the appropriate 
sterilization procedure for the node explants. After the 
sterilization methods were applied, the node explants were 
cultured in MS media containing (AK0,3) and without 
(AK0) 0.3 g of AC. In light of the observations recorded at 
the conclusion of the four-week period, it was determined 

that the sterilization treatments B, D, and F, which had 
demonstrated a 100% success rate, were deemed suitable 
for incorporation into the sterilization protocol. Although 
no difference was observed in terms of sterilization success 
between three different treatments, it was decided to use the 
B method in order to work at lower bleach doses. In the 
literature, among the studies carried out for the superficial 
sterilization of node explants of Origanum species, there 
are different sterilization methods (El Beyrouthy et al., 
2013; Sevindik et al., 2017; Turker and Hatipoglu, 2018; 
Grigoriadou et al., 2019; Pandey et al., 2019). In a study 
carried out in Origanum vulgare subsp. hirtum type, 
sterilization success was determined to be 93% (Iconomou-
Petrovich and Nianiou-Obeidat, 1998). Sterilization 
success obtained in this study was higher than the result of 
this literature. 
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In order to determine the parameters affecting 
hyperhydricity, the effect of sterilization practices on 
hyperhydricity was investigated first. As a result of the use 
of AC, the percentage of hyperhydricity decreased from 
50% to 41.67%. In the literature, 5 µM salicylic acid has 
been used to prevent hyperhydricity in Thymus daenensis 
species (Hassannejad et al., 2012). In vitro culturing of O. 
vulgare with Pseudomonas spp. prevented hyperhydrism 
(Gogoi and Borua, 2014; Novak and Bluthner, 2020). In 
addition, 2.0 g l-1 AC was used in Paeonia lactiflora Pall. 
plant to prevent hyperhydricity increased the percentage of 
non-hyperhydric plants from 4.41% to 34.37% (Wu et al., 
2011). Although there is no study on the use of AC to 
prevent hyperhydricity in plants of Origanum species, the 
outcomes observed in this study align with the existing 
literature on the effects of AC on hyperhydricity in diverse 
plant species. 

In order to evaluate the effects of various PGRs and 
their doses on shoot regeneration, node explants were 
cultured in MS media at 20 different doses. The results of 
the observations conducted four weeks after the explants 
were cultured revealed no significant differences in the 
impact of these PGRs and their various doses on shoot 
regeneration. Increasing IBA and BAP doses when used 
alone led to an increase in the percentage of shoot 
regeneration. A positive effect on shoot regeneration was 
not observed with BAP and IBA combinations. The rise in 
NAA doses alone led to a decrease in the percentage of 
shoot regeneration. No shoot formation was observed in 
NAA and BAP combinations. In the literature, the highest 
shoot regeneration (91.67%) in Origanum vulgare L. was 
obtained in MS medium containing 4.0 µM BAP (Pandey 
et al., 2019). While the percentage of shoot regeneration 
was 50% in MS medium containing 0.5 mg l-1 BAP in the 
Origanum heracleoticum L. plant, this value was observed 
as 70% in MS medium containing 1.0 mg l-1 BAP (Zayova 
et al., 2019). In another study, the highest percentage of 
shoot regeneration (100%) in Origanum vulgare L was 
obtained in MS media supplemented with 1.0 mg l-1 kinetin 
and supplemented with 0.25 mg l-1 and 0.75 mg l-1 chitosan 
(Premi et al., 2021). In other research, the highest 
percentage of shoot regeneration (81.56%) from apical 
meristem explants was obtained in MS medium with 1.5 
mg l-1 kinetin after germination of seeds of Origanum 
onites L. (Atar and Colgecen, 2019). ‘Ceylan-2002’ had a 
low response rate to in vitro culture. The results obtained in 
this study are not similar to those of other studies due to the 
use of cultivars belonging to different species and cultural 
methods. 

The node explants obtained from the shoot regeneration 
experiments were subcultured nine times to evaluate the 
effect of the number of subcultures on the reproduction 
coefficient. The data obtained regarding the reproduction 
coefficient are consistent with those reported in the 
literature. In a study, the highest reproduction coefficient 
(5.0) was obtained in an MS medium supplemented with 
0.4 mg l-1 kinetin +0.1 mg l-1 NAA in Origanum syriacum 
L. plant (Arafeh et al., 2003). In another study performed 
on Origanum majorana L. plant, the highest multiplication 

coefficient (4.4) was observed in MS medium 
supplemented with 1.0 mg l-1 BAP. The reproduction 
coefficient value obtained in this study shows partial 
agreement with the value obtained in the literature due to 
using different species and cultivars.  

The mean shoot lengths were observed four weeks after 
culture to evaluate the effect of various PGRs and their 
doses on the length of the shoots. After the 3rd subculture, 
the mean shoot length per explant was relatively reduced. 
In another study, the highest shoot length (2.36 cm) in 
Origanum acutidens (Hand.-Mazz.) Ietswaart was obtained 
in MS medium containing 1.8 mg l-1 BAP + 0.2 mg l-1 NAA 
(Yildirim, 2013). In another study, the highest shoot length 
(4.38 cm) in Origanum vulgare L. was obtained in MS 
medium supplemented with 0.75 mg l-1 chitosan (Premi et 
al., 2021). In other research, the highest shoot length (3.25 
cm) in Origanum acutidens (Hand.-Mazz.) Ietswaart was 
obtained in MS medium with 1.6 mg l-1 BAP (Kizil and 
Khawar, 2017). As in the reproduction coefficient, the 
reason for the decrease in shoot length may be due to the 
inhibitory accumulation of PGRs in the medium with the 
increase in the number of subcultures (Vujović et al., 2012). 
This finding of this study is similar to these results. 

The mean leaf number of regenerated shoots was 
observed four weeks after culture, allowing for the 
evaluation of the effect of different PGRs and their doses 
on leaf number. In a study, the highest mean (13.63) per 
explant in the shoot propagation study of Origanum 
syriacum L. was obtained in MS medium with 0.5 mg l-1 
kinetin (Abdallah et al., 2017). Our study is compatible 
with this study.  

No root formation was observed in the first and 2nd 
subcultures. After the 6th subculture, the number of roots 
declined sharply. The increase in the number of subcultures 
leads to physiological changes in plants. In a study about 
the Pinus massoniana Lamb. plant was subcultured 40 
times. In long-term subculturing, a decrease in rooting rate 
was observed after the 20th subculture (Wang and Yao, 
2020). The data we obtained are consistent with these 
studies. In our study, the highest mean number of shoots 
per node (0.47) was obtained in the 8th subculture. This 
study found no data on the effect of the number of 
subcultures on the number of shoots obtained per node, and 
it is the first research based on such data. The highest 
propagation coefficient (3.40) was obtained in the 4th 
subculture. 

The effect of AC doses on root regeneration in MS and 
½ MS based media was found to be statistically significant. 
In a study carried out, the highest root regeneration 
percentage (96%) in Origanum sipyleum L. was obtained 
in MS medium containing 0.5 mg l-1 IBA (Oluk and Cakir, 
2009). Another study showed the highest percentage of root 
regeneration (100%) in Origanum acutidens (Hand.-
Mazz.) Letswaart plant was found in MS media with 0.2 
mg l-1 NAA + 0.6, 1.2, 1.8, and 2.4 mg l-1 BAP (Yildirim, 
2013). In another study, the highest root regeneration 
percentage (91.80%) in Origanum vulgare L. was obtained 
in an MS medium containing 0.6 mg l-1 NAA (Oana et al., 
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2008). The data obtained in this study are similar to the 
literature. 

The effect of AC dose on the number of roots obtained 
per explant was found to be statistically significant in MS 
and ½ MS-based media. An examination of the impact of 
the medium on the mean root number obtained per explant 
revealed that MS-based media were found to be effective. 
Although the effect of IBA doses on the mean root number 
per explant was not statistically significant, the highest 
mean root number per explant (9.04) was obtained in media 
containing 0.5 mg l-1 IBA. As a result, when all these data 
were examined, it was determined that the most effective 
medium on the mean root number obtained per explant of 
the regenerated shoots of Ceylan-2002 cultivar was MS-
based medium containing 1.0 g l-1 AC. 

In the literature, the highest mean root length (1.5 cm) 
obtained in Origanum syriacum L. was obtained in an MS 
medium containing 0.8 mg l-1 IAA (Arafeh et al., 2003). In 
the study we carried out, higher data were obtained. In 
another study, the highest mean root length (5.5 cm) 
obtained in the Origanum sipyleum L plant was found in 
MS medium containing 0.5 mg l-1 IBA, and the lowest 
mean root length (1.6 cm) was 1.0 mg l-1 IBA (Oluk and 
Cakir 2009). The results obtained in our study are 
compatible with Oluk and Cakir (2009), which achieved the 
highest mean root length in MS medium containing 0.5 mg 
l-1 IBA for O. sipyleum L. 

This study evaluated the effect of MS and ½ MS-based 
media with varying doses of AC on stem thickening. It was 
determined that an increase in AC dose positively affected 
stem thickness. There is no study in the literature regarding 
the effect of AC use on stem thickening in oregano plants. 
However, it was reported that using 10.0 g l-1 AC in 
Eucalyptus grandis x E. urophylla clones resulted in stem 
thickening (Jones and Van Staden, 1994). Our results in this 
study are consistent with Jones and Van Staden (1994) 
results. In this experiment established to evaluate the effect 
of MS and ½ MS-based media containing AC at different 
doses on shoot length, it was determined that the increase 
in AC doses positively affected shoot length. While the 
mean shoot length was 4.88 cm in media containing 0.3 g 
l-1 AC, this value increased to 10.02 cm in media containing 
1.0 g l-1 AC. There is no study in the literature regarding the 
effect of AC use on shoot length in oregano plants. 
However, in a study conducted, while the mean shoot 
length was 0.06 cm in Thuja occidentalis L., this value 
increased to 1.13 cm in the presence of 0.05% (w/v) AC 
(Nour and Thorpe, 1993). The results we obtained in our 
study are compatible with the study of Nour and Thorpe 
(1993). 

In studies carried out for acclimatization, the survival 
rate of plantlets was 0% in media containing 0.3 g l-1 AC, 
while this value increased to 32.50% in media containing 
1.0 g l-1 AC. In a study carried out by increasing the AC 
doses from 1.0 g l-1 to 5.0 g l-1 in Camarosa, Chandler, and 
Oso Grande strawberry cultivars, the stem diameter values 
of the plants increased in the acclimatization stage and 
survival successes in the plantlets rooted in AC media were 

at the were found as 99% (Adak and Pekmezci, 2011). The 
findings of the present study are consistent with those of 
Adak and Pekmezci (2011), who posited that the utilization 
of AC in various strawberry cultivars enhances the survival 
rate during acclimatization. 

Some of the plants analyzed in terms of the volatile 
compounds were selected to determine various 
physiological parameters and to make observations. When 
wet and dry weight values were examined, higher wet 
weight values were found in KK-9, 10. 11, and 12 coded 
MS-based media, while a 5-fold decrease in wet weight 
values occurred in KK-14, 15, and 16 coded ½ MS-based 
media. The amount of essential oil obtained during the 
analysis also showed similar characteristics to this 
situation.  

The highest essential oil content (2.00%) was obtained 
in MS medium with 2.0 mg l-1 IBA; the lowest essential oil 
content (1.10%) was in ½ MS medium with 1.0 mg l-1 IBA 
in this study. The shoots regenerated from all media had the 
highest amount of thymol component among the essential 
oil components. Gurtunca (2011) reported that the essential 
oil rate of Ceylan-2002 cultivar was determined as 3.43% 
in 2010 and 4.46% in a study carried out in 2011. In another 
study, the essential oil ratios of Origanum onites L. clones 
in Bornova and Dikili regions in 2002 and 2003 were 
between 2.77-4.20% (Avci and Bayram, 2013). In other 
research, the effect of different water and nitrogen doses on 
the essential oil composition of Ceylan-2002 cultivar in 
2013 was investigated. In the first harvest, it was observed 
that the amount of thymol varied between 62.45-75.68% 
and the amount of carvacrol between 5.34-7.56%. In the 
second harvest, the amount of thymol was between 61.87-
69.99%, and the amount of carvacrol was between 5.74-
6.83% (Tokul 2015). The data we obtained in our study is 
compatible with Tokul (2015). Ceylan-2002 cultivar is 
registered as a thymol-carvacrol type. In this research, the 
tyhmol ratio was found to be higher than carvacrol. In 
addition to the composition of mineral and organic 
compounds and pH value, culture conditions such as 
temperature, light intensity, and duration are extremely 
effective factors in the secondary metabolite production of 
plants grown in vitro. In nature, secondary metabolite 
production is produced by plants in response to 
environmental stimuli or for defensive purposes. This 
mechanism can be stimulated by modifying these 
parameters in vitro (Scarpa et al., 2022). In this context in 
our study, the thymol ratio may have been found to be 
higher than the carvacrol ratio in oregano plants cultured in 
vitro, where environmental conditions were minimized. 
Perhaps the thymol ratio may have genetically increased 
the expression of genes responsible for thymol production 
by the composition of the medium and the doses of PGRs. 
In studies on essential oil in Origanum onites L. species, 
carvacrol, thymol, α-thujene, myrcene, camphene, β-
pinene, limonene, terpinolene, linalool, α-terpinene, 
karyopylene oxide, p-cymene, terpinene-4-ol,α-pinene, β-
bisabolene, borneol, and α-terpineol were determined as the 
main components (Tepe et al., 2016). The values obtained 
as a result of the study were found to be similar to; Kacar 
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et al. (2006) and Kamatou and Viljoen (2008) for linalool, 
Kizil et al. (2008) for delta-3-karen, Joshi et al. (2011) for 
trans-α-bergamoten, Souleles (1991) for trans-β-farnesene, 
Kizil et al. (2008) and Karık et al. (2021) for β-bisabolene, 
Aslan-Oz (2017) and Maskovic et al. (2017) for α-cubeben, 
Karık et al. (2021) for caryopylene oxide and Souleles 
(1991) for α-copaene. Our study obtained better results than 
the study carried out by Souleles (1991).  

CONCLUSION 

Izmir oregano is a plant with high economic value due 
to its high secondary metabolite content and widespread 
commercial use. In this study, a micropropagation 
technique protocol was developed as an alternative method 
for the production of oregano plants. In the study, the 
registered local variety Ceylal-2002 was used, and guiding 
information that can be used to meet the oregano export 
deficit was presented. Future studies can explore different 
experiments to reduce hyperhydricity levels. Additionally, 
elicitation experiments could be performed to enhance 
secondary metabolite content. 

ACKNOWLEDGMENT 

This study was supported by Ege University- Office of 
Scientific Research Projects (BAP) (FYL-2020-22541)-
Turkiye. 

CONFLICT OF INTEREST 

The authors declare no conflict of interest. 

LITERATURE CITED 
Abdallah, S.A.S., M.Y.A. Yakoup and M.Y.H. Abdalla. 2017. 

Micropropagation of Oregano (Origanum syriacum L.) 
through Tissue Culture Technique. Journal of Plant 
Production. 8: 635-639. 
https://doi.org/10.21608/jpp.2017.40497 

Adak, N. and M. Pekmezci. 2011. The effect of different auxin 
types charcoal levels on plant growth and development at the 
acclimatization stage in different strawberry cultivars. 
Anadolu Journal of Agricultural Sciences. 26(2):91-100. 
https://doi.org/10.7161/anajas.2011.26.2.91-100 

Alekseeva, M., T. Zagorcheva,  I. Atanassov and K. Rusanov. 
2020 Origanum vulgare L.-A review on genetic diversity, 
cultivation, biological activities, and perspectives for 
molecular breeding. Bulg. J. Agric. Sci. 26:1183-1197. 

Arafeh, R.M., R.A. Shibli and M.S. Mahmoud. 2003. In vitro seed 
propagation of wild Syrian marjoram (Origanum syriacum 
L.). Advances in Horticultural Science.17(4):241-244. 

Aslan-Oz M.N. 2017. Determination of antioxidant and 
antimycotic properties of essential oils of rosemary and 
basilicum naturally grown in Balıkesir region, Thesis, Namık 
Kemal University Graduate School of Natural and Applied 
Sciences Department of Agricultural Biotechnology 

Atar, H. and Colgecen, H. 2019. Regeneration in Origanum onites 
by plant tissue culture. Karaelmas Sci. Eng. J. 9(2):177-180. 
https://doi.org/10.7212/zkufbd.v9i2.1237 

Atilabey, M.F., B. Yuksel, T. Uzunoglu, and E. Oral. 2015 
Medicinal ans aromatic plants sector report. Central Anatolia 
Development Agency. Kayseri. 

Avci, A.B. and E. Bayram. 2013. Determination of some 
agronomic and technologic characteristics of improved 
Turkish Oregano (Origanum onites L.) clones under different 
ecological conditions. Journal of Agriculture Faculty of Ege 
University. 50(1):13-20. 

Bahtiyarca Bagdat, R. 2006. Use of medicinal and aromatic plants 
and cultivation of sage (Salvia officinalis L.) and oregano, 
thyme species. Tr.J.of Agriculture and Forestry. 15(1-2):19-
28. 

Bayram, E., S. Kirici, S. Tansi, G. Yilmaz, O. Arabaci, S. Kizil 
and I. Telci. 2010. Possibilities of increasing the production 
of medicinal and aromatic plants. Proceedings Book of the 7th 
Technical Congress of Agricultural Engineering 1:437-456.  

Bozdemir, C. 2019. Economic Importance and Usage Fields of 
Oregano Species Growing In Turkey. YYU. J. AGR. 
SCI. 29(3):583-594. https://doi.org/10.29133/yyutbd.511777 

Colak Esetlili, B. and H. Cakici. 2010. Fertilization in thyme 
cultivation, Fertilization of important crop plants. Ege 
Üniversitesi Yayınları, İzmir,110. 

Datta, S.K., D. Chakraborty and T. Janakiram. 2017. Low cost 
tissue culture: An overview. The Journal of Plant Science 
Research. 33(2):181-199. 

El Beyrouthy, M., G. Elian, C. Abou Jaoudeh and L. Chalak. 
2013. In vitro propagation of Origanum syriacum and 
Origanum ehrenbergii. In VIII International Symposium on 
In Vitro Culture and Horticultural Breeding. 1083:169-172. 

El-Gengaihi, S., H.S. Taha and A.M. Kamel. 2006. In vivo and in 
vitro comparative studies of Origanum species. Journal of 
Food Agriculture and Environment. 4(3/4): 127. 

George, P. and J. Manuel. 2013. Low cost tissue culture 
technology for the regeneration of some economically 
important plants for developing countries. IJAEB. 6(Special 
Issue):703-711. 

Gogoi, G. and P.K. Borua. 2014. Standardization parameters for 
critical problems encountered in plant in vitro culture 
technique. Int. J. Curr. Res. 6(12):10964-10973 

Goleniowski, M.E., C. Flamarique and P. Bima. 2003. 
Micropropagation of oregano (Origanum vulgare × applii) 
from meristem tips. In Vitro Cell Dev Biol Plant. 39(2):125-
128. 

Grigoriadou, K., N. Krigas, V. Sarropoulou, K. Papanastasi, G. 
Tsoktouridis and E. Maloupa. 2019. In vitro propagation of 
medicinal and aromatic plants: the case of selected Greek 
species with conservation priority. In Vitro Cell Dev Biol 
Plant. 55(6):635-646. https://doi.org/10.1007/s11627-019-
10014-6 

Gungor, F.U. and N. Bayraktar. 2005. Comparison of Improved 
Clones of İzmir Oregano Origanum onites L. for Agronomic 
and Quality Characteristics Under Kula Conditions. Journal 
of Agricultural Sciences. 11(02):196-200. 
https://doi.org/10.1501/Tarimbil_0000000412 

Gurtunca, R. 2011. Terms of thrace, and some thyme genotype 
determination of yield and some quality components. Thesis. 
Namık Kemal University Graduate School of Natural and 
Applied Sciences Main Science Division of Field Crops. 

Hassannejad, S., F. Bernard, F. Mirzajani and M. Gholami. 2012. 
SA improvement of hyperhydricity reversion in Thymus 
daenensis shoots culture may be associated with polyamines 
changes. Plant Physiol. Biochem.  51:40-46. 
https://doi.org/10.1016/j.plaphy.2011.10.006 

Iconomou-Petrovich, G.N. and I. Nianiou-Obeidat. 1998. 
Micropropagation of Origanum vulgare subsp. hirtum (Mt. 
Taygetos), Progress in Botanical Research, Springer, 
Dordrecht Imran, M., M. Aslam, S.A. Alsagaby, F. Saeed, I. 
Ahmad, …. and Islam, S. 2022. Therapeutic application of 
carvacrol:A comprehensive review. Food Science and 
Nutrition. 00:1-18. https://doi.org/10.1002/fsn3.2994 

Jones, N.B. and J. Van Staden 1994. Micropropagation and 
establishment of Eucalyptus grandis hybrids. South African 
Journal of Botany. 60(2):122-126. 

Joshi, R.K., V. Badakar and S.D. Kholkute. 2011. Carvacrol rich 
essential oils of Coleus aromaticus (Benth.) from Western 

https://doi.org/10.21608/jpp.2017.40497
https://doi.org/10.7161/anajas.2011.26.2.91-100
https://doi.org/10.7212/zkufbd.v9i2.1237
https://doi.org/10.29133/yyutbd.511777
https://doi.org/10.1007/s11627-019-10014-6
https://doi.org/10.1007/s11627-019-10014-6
https://doi.org/10.1501/Tarimbil_0000000412
https://doi.org/10.1016/j.plaphy.2011.10.006
https://doi.org/10.1002/fsn3.2994


287 

Ghats region of North West Karnataka, India. Adv Environ 
Biol. 5(6):1307-1310. 

Kacar, O., E. Goksu and N. Azkan. 2006. The effect of different 
plant densities on some agronomic and quality characteristics 
of oregano (Origanum onites L.). Journal of Agricultural 
Faculty of Bursa Uludag University. 20(2):51-60. 

Kamatou, G.P. and A.M. Viljoen. 2008. Linalool–A review of a 
biologically active compound of commercial importance. 
Natural Product Communications. 3(7):1183-1192. 
https://doi.org/10.1177/1934578X0800300727 

Karik, U., M. Tuncturk, O. Cinar and E. Ogur. 2021. The 
Preliminary Study on Quality Characteristics of Some 
Essential Oil Plants Grown Under Conventional and Organic 
Farming Conditions. AARI. 31(1):84-94. 
https://doi.org/10.18615/anadolu.950101 

Kizil, S. and K. Khawar. 2017. Efficient mass propagation of 
Origanum acutidens (Hand.-Mazz.) Ietswaart under in vitro 
conditions. Bangladesh J Bot. 46(2):667-673. 

Kizil, S., A. Ipek, N. Arslan, and K.M. Khawar. 2008. Effect of 
different developing stages on some agronomical 
characteristics and essential oil composition of oregano 
(Origanum onites). New Zeal J Crop Hort. 36(1):71-76. 
https://doi.org/10.1080/01140670809510222 

Koksal, O., E. Gunes, O.O. Ozer and M. Ozden. 2010. Analysis 
of effective factors on information sources at Turkish Oregano 
farms. Afr. J. Agric. Res. 5(2):142-149  

Maskovic, P., S. Djurovic, M.Radojkovic, A. Cvetanovic,… and 
N. Miletic. 2017. Isolation and chemical profile of Thymus 
serpyllum L. and Lavandula angustifolia Mill. essential oils. 
XXII Savetovanje O Biotehnologiji. 541p. 

Memar, M.Y., P. Raei, N. Alizadeh, M.A. Aghdam and H.S. 
Kafil. 2017. Carvacrol and thymol: strong antimicrobial 
agents against resistant isolates. Reviews in Medical 
Microbiology. 28(2):63-68. 
https://doi.org/10.1097/MRM.0000000000000100 

Nour, K.A. and T.A. Thorpe. 1993. In vitro shoot multiplication 
of eastern white cedar (Thuja occidentalis). In Vitro Cell Dev 
Biol Plant. 29(2):65-71. 

Novak, J. and W.D. Bluthner. 2020. Medicinal, Aromatic and 
Stimulant Plants, Springer, 645p. 

Oana, C.T., F. Marcela, and P. Maria. 2008 Considerations 
regarding the effects of growth regulators over the" in vitro" 
morphogenetic reaction at Origanum vulgare L.. J. Plant 
Dev. 15: 133-138 

Oluk, E.A. and A.Cakir. 2009. Micropropagation of Origanum 
sipyleum L., an endemic medicinal herb of 
Turkey. AJB. 8(21):5769-5772. 

Ozyazici, G. and K. Kevseroglu. 2019. Effects of ontogenetic 
variability on yield of some Labiatae family (Mentha spicata 
L., Origanum onites L., Melissa officinalis L., Lavandula 
angustifolia Mill.) Plants. Turkish Journal of Agricultural 
Research. 6(2):174-185. 
https://doi.org/10.19159/tutad.510877 

Pandey, A., T. Belwal, S. Tamta, I.D. Bhatt and R.S. Rawal. 2019. 
Phenolic compounds, antioxidant capacity and antimutagenic 
activity in different growth stages of in vitro raised plants of 
Origanum vulgare L.. Molecular Biology 
Reports. 46(2):2231-2241. https://doi.org/10.1007/s11033-
019-04678-x 

Premi, N., A. Acemi and F. Ozen. 2021. Cytokinin-like effects of 
chitosan on in vitro culture of Origanum vulgare L.. Italus 
Hortus. 28(1):100-108. 
https://doi.org/10.26353/j.itahort/2021.1.100108 

Scarpa, G.M., V. Prota, N. Schianchi, F. Manunta. 2022. In Vitro 
Cultures for the Production of Secondary Metabolites (In: 
Secondary Metabolites-Trends and Reviews) Edited: 
Vijayakumar, R. and Raja, S. IntechOpen 
http://dx.doi..org/10.5772/intechopen.101880 

Sevindik, B., T. Izgu, O. Simsek, M. Tutuncu, , … and Y.Y. 
Mendi. 2017. In vitro culture of Turkish Origanum sipyleum 
L. American Journal of Plant Biology. 2(5-1):32-36. 
https://doi.org/10.11648/j.ajpb.s.2017020501.16 

Silva, F.V., A.G. Guimaraes, E.R.Silva, B.P. Sousa-Neto, … and 
R.C.M. Oliveira. 2012. Anti-inflammatory and anti-ulcer 
activities of carvacrol, a monoterpene present in the essential 
oil of oregano. Journal of Medicinal Food. 15(11):984-991. 
https://doi.org/10.1089/jmf.2012.0102 

Sokat, Y. 2021. The status of weeds on crop during thyme 
harvesting. Journal of Bahri Dagdas Crop 
Research. 10(1):102-111 

Sonmez, C. 2019. Effect of different harvest times on some yield 
and essential oil characteristics in Origanum onites 
L.. Turkish Journal Of Field Crops. 24(1):106-110. 
https://doi.org/10.17557/tjfc.571844 

Souleles, C. 1991. Volatile constituents of Origanum dubium 
leaves and stem-bark. Planta Medica. 57(01):77-78. 
https://doi.org/10.1055/s-2006-960024 

Tepe, B., A. Cakir, A. Sıhoglu Tepe. 2016. Medicinal uses, 
phytochemistry, and pharmacology of Origanum onites (L.): 
A Review. Chemistry & Biodiversity. 13(5):504-520. 
https://doi.org/10.1002/cbdv.201500069 

Thorpe, T.A. 2006. History of plant tissue culture. Molecular 
Biotechnology. 37:169-180  

Tokul, H.E. 2015. Effect of different levels of water and nitrogen 
applications on the yield and quality with these physicological 
control in oregano (Origanum onites L.), Thesis. Ege 
University, Department of Field Crops. 

Tunca, H. and M.E. Yesilyurt. 2017. Thyme in Türkiye and the 
World, DTB Report, Denizli. 

Turker, A.H. and Hatipoglu, R. 2018. Micropropagation of bible 
hyssop (Origanum syriacum L. var. bevanii (Holmes) 
Ietswaart). Turkish Journal of Forestry Research. 5(2):97-
111. https://doi.org/10.17568/ogmoad.392869 

Vujović, T., D.J. Ružić and R. Cerović. 2012. In vitro shoot 
multiplication as influenced by repeated subculturing of 
shoots of contemporary fruit rootstocks. Horticultural 
Science. 39(3):101-107 https://doi.org/10.17221/208/2011-
HORTSCI 

Wang, Y. and R. Yao. 2020. Increased endogenous gibberellin 
level inhibits root growth of Pinus massoniana Lamb. 
plantlets during long-term subculture. In Vitro Cell Dev Biol 
Plant. 56(4):470-479. https://doi.org/10.1007/s11627-020-
10067-y 

Wu, H., X. Yu, J.A.Teixeira da Silva and G. Lu. 2011. Direct 
shoot induction of Paeonia lactiflora ‘Zhong Sheng Fen’and 
rejuvenation of hyperhydric shoots. New Zeal J Crop 
Hort. 39(4):271-278. 
https://doi.org/10.1080/01140671.2011.594445 

Yildirim, M.U. 2013. Micropropagation of Origanum acutidens 
(hand.-mazz.) Ietswaart using stem node explants. The 
Scientific World Journal.2013:3. 
https://doi.org/10.1155/2013/276464 

Zayova, E.G., M.P. Geneva, K.D. Miladinova-Georgieva, M.G. 
Hristozkova and I.V. Stancheva. 2019. Impact of plant growth 
regulators on Greek oregano micropropagation and antioxidant 
activity. Biosciences, Biotechnology Research Asia. 16(2): 297-
305. http://d x.doi.org/10.13005/bbra/2746 

 

https://doi.org/10.1177/1934578X0800300727
https://doi.org/10.18615/anadolu.950101
https://doi.org/10.1080/01140670809510222
https://doi.org/10.1097/MRM.0000000000000100
https://doi.org/10.19159/tutad.510877
https://doi.org/10.1007/s11033-019-04678-x
https://doi.org/10.1007/s11033-019-04678-x
https://doi.org/10.26353/j.itahort/2021.1.100108
http://dx.doi..org/10.5772/intechopen.101880
https://doi.org/10.11648/j.ajpb.s.2017020501.16
https://doi.org/10.1089/jmf.2012.0102
https://doi.org/10.17557/tjfc.571844
https://doi.org/10.1055/s-2006-960024
https://doi.org/10.1002/cbdv.201500069
https://doi.org/10.17568/ogmoad.392869
https://doi.org/10.17221/208/2011-HORTSCI
https://doi.org/10.17221/208/2011-HORTSCI
https://doi.org/10.1007/s11627-020-10067-y
https://doi.org/10.1007/s11627-020-10067-y
https://doi.org/10.1080/01140671.2011.594445
https://doi.org/10.1155/2013/276464

