
Vol.: (0123456789)

Euphytica (2025) 221:93 
https://doi.org/10.1007/s10681-025-03544-1

RESEARCH

Identifying superior genotypes by clonal selection 
in Istanbul Oregano (Origanum vulgare subsp. hirtum 
(Link) A.Terracc.) populations

Olcay Arabacı   · Emine Bayram   · Uğur Tan   · 
Çiğdem Sönmez 

Received: 25 November 2024 / Accepted: 2 May 2025 / Published online: 21 May 2025 
© The Author(s) 2025

Abstract  Oregano has been valued for its medicinal 
and aromatic qualities since ancient times and con-
tinues to be extensively used today. Istanbul oregano 
(Origanum vulgare ssp. hirtum) is particularly impor-
tant and distinguished from other subspecies by its 
high essential oil content. This study aimed to iden-
tify high-yielding and high-quality genotypes from 
selected populations which are important for its high 
essential oil content, and to develop superior varieties 
through clonal selection. The study was conducted 
over two years at the experimental field and agro-
nomic and quality traits of five different populations 
(A, B, C, D, and E), all from the carvacrol chemotype, 
with a total of 3324 genotypes were evaluated. The 
minimum, maximum, and average values for plants 
from each population were determined. The two-year 
averages showed that plant height ranged from 34.5 to 
41.8 cm, fresh herb yield from 78.8 to 176.6 g/plant, 
dry herb yield from 31.9 to 70.1 g/plant, and dry leaf 
yield from 17.0 to 36.9 g/plant. Also, it was observed 
that the minimum and maximum essential oil con-
tents of individual plants were higher in the second 
year compared to the first. The essential oil content 

for the second year varied across the different popula-
tions: Population A ranged from 0.8 to 9.0%, Popu-
lation B from 1.8 to 8.5%, Population C from 1.0 to 
10.0%, Population D from 1.1 to 8.7%, and Popula-
tion E from 1.0 to 9.8%. Based on these results, geno-
types with both high yield and significant essential oil 
content were selected in the end of study for further 
improvement through clonal selection.

Keywords  Breeding · Population · Selection · 
Single plant · Yield · Essential oil

Introduction

Oregano has been valued for its medicinal and aro-
matic qualities since ancient times and continues to 
be extensively utilized today. It plays a crucial role in 
the global spice market and is integrated into diverse 
industries, ranging from medicine and pharmacy to 
cosmetics, essential oils, food production, and even 
landscaping and organic farming (Arabacı 2022). The 
Mediterranean region, particularly the eastern part, 
is the primary source of global oregano production, 
accounting for approximately 75% of the species dis-
tribution (Başer et  al. 1993). The Origanum genus 
includes many species, with Origanum vulgare being 
notably diverse. Four distinct subspecies of Origa-
num vulgare (subsp. gracile, subsp. hirtum, subsp. 
viride, and subsp. vulgare) are found in Türkiye alone 
(Baytop 1999). Approximately 60% of the known 
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Origanum species in the world are found in Türkiye, 
providing strong evidence that the country serves as 
a genetic center for Origanum species (Başer 2001). 
Origanum vulgare subsp. hirtum is a commercially 
valued species exported from Türkiye and it is com-
monly known as Istanbul oregano or Çanakkale oreg-
ano (Oflaz et al. 2002). It is particularly important and 
distinguished from other species by its high essential 
oil content, as its essential oil yield is greater com-
pared to other oregano subspecies (Esen et al. 2007).

In plant breeding, clone selection is a technique 
used to find genetic variants within a population and 
utilize them to create plants with desired character-
istics. This technique helps to improve agricultural 
productivity, by identifying individual plants within 
populations that show favorable characteristics, such 
as high yield or specific quality traits. It is especially 
useful in vegetatively propagated crops, such as fruit 
trees, potatoes, and ornamental plants, where it is 
important to maintain plant’s genetic structure. The 
process involves careful evaluation and selection of 
superior clones within populations, and then mul-
tiplying to produce genetically identical offspring. 
This ensures that advantageous traits are retained 
across generations (Tuğlu and Baydar 2019). Medic-
inal plants are often collected from the wild, cross-
pollinated species offer significant genetic variation 
for selecting high-yielding genotypes in populations 
(Nasrallah and Nasrallah 1993; Ferrer et  al. 2009). 
The primary selection criteria for these plants are 
essential oil content, pharmacologically active com-
pounds, and desirable agronomic traits. The Yenice 
region, particularly in the Kazdağları area with its 
Mediterranean climate, consists of extensive moun-
tainous regions that are largely inaccessible to people, 
making it a valuable area in terms of genetic diversity. 
Due to climate change, preserving genetic resources 
through cultivation has become crucial. Cultivating 
these plants, rather than overharvesting, helps main-
tain biodiversity while producing commercially valu-
able products that meet market standards. Developing 
new varieties through appropriate breeding methods 
is key to enhancing their economic value and ensur-
ing sustainable use, ultimately protecting both the 
ecological and commercial future of medicinal plants.

The aim of this study was to develop new varieties 
through clonal selection in Istanbul oregano (Origa-
num vulgare subsp. hirtum), which has gained atten-
tion in recent years for its high essential oil content. 

By evaluating selected populations for their high 
yield and quality traits, the study seeks to identify 
superior genotypes suitable for breeding purposes.

Material and methods

Plant material

Populations of Origanum vulgare subsp. hirtum are 
spread naturally over diverse altitudes and geographic 
locations in the Kazdağları Yenice area of Türkiye. 
These populations grow naturally in dry hills, rocky 
ridges, forest openings, slopes, mixed forests, and 
partially shaded areas (Baytop 1999; Birinci 2008). 
It is a perennial plant that can grow up to 60  cm 
tall, has stems that are generally covered with soft 
hairs, densely gland-dotted leaves, and dense, com-
pact flowers. The branches and spikelets are woody. 
The plant bears white or pink flowers, and has a 
strong aroma, with a tubular calyx with five lobes, 
and a corolla 3–10  mm long with stamens extend-
ing slightly beyond the corolla (Fig. 1.), (Davis 1982; 
Baytop 1999; Kıtıkı et al. 1997). The plant is cross-
pollinated and can be propagated both vegetatively 
and by seed.

Method

A total of 165 populations of Origanum vulgare 
subsp. hirtum were identified across the Yenice region 
of Türkiye, and plant samples were systematically 
collected from each of these populations. Essential oil 

Fig. 1   Origanum vulgare subsp. hirtum (Link) A.Terracc.), a 
vegetative stems with leaves, b inflorescences with flowers
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analyses were performed on the collected samples to 
determine their essential oil content. Populations with 
high essential oil content were selected (41 popula-
tions) for further study, and seeds of these popula-
tions were collected for propagation (seedlings) under 
greenhouse conditions. Field trials were established 
using seedlings from 41 populations; however, 2 pop-
ulations showed poor adaptation, so study continued 
with 39 populations. Up to this point, the study was 
conducted as part of the TUBİTAK 1040601 project 
for 5 years (Fig. 2). In this study, agronomic and qual-
ity traits obtained from these 39 populations were 
evaluated, and based on these traits, five promising 
populations, all from the carvacrol chemotype, were 
selected and labeled with letters (A, B, C, D, and E) 
(Table 1, Fig. 3). These five populations were evalu-
ated for 2 years (2014 and 2015) in the field condi-
tions of the Department of Field Crops, Faculty of 
Agriculture, Aydın Adnan Menderes University, in 
Aydın Province. Oregano is an open-pollinated plant 
capable of propagation both by seed and vegetative 
means. Therefore, a clonal selection method was 
employed in this study (Demir and Turgut 1999).

Field experiment location

Experiment field (37°45′43′′ N 27°45′31′′ E, eleva-
tion 28.2 m) is in Aydın province, it is located in the 
Mediterranean Flora region and is influenced by a 
temperate Mediterranean climate. According to long-
term averages for the region where the research was 
conducted, total annual precipitation is recorded as 
636.7  mm, and the average temperature is 17.7  °C. 
The average temperatures were 17.6 °C in 2014, and 
16.9 °C in 2015. The total precipitation was measured 
754.4 mm in 2014, and 673.2 mm in 2015, while rela-
tive humidity was 73.9% in 2014, and 72.0% in 2015 
(Fig. 4).

The soil tests of the experimental field were found 
to be sandy-loam in texture, calcareous (3.80%), alka-
line (pH 8.43), and low in organic matter (1.30%). 
In terms of nutrient content, the soil had a moder-
ate level of phosphorus (17  ppm), low potassium 
(182  ppm), and high levels of calcium (3560  ppm), 
magnesium (301  ppm), and iron (23.0  ppm). Zinc 
content was at a critical level (0.70  ppm), while 
manganese (8.0  ppm), copper (2.0  ppm), and boron 
(1.21 ppm) were found to be sufficient. The sodium 
content of the soil was determined to be very low.

Experimental design

To develop a cultivar of Origanum vulgare subsp. hir-
tum using the clone selection method (Hoffman et al. 
1971; Demir and Turgut 1999) to ensure the traceabil-
ity of the selected genotypes in the future, each popu-
lation collected from different locations was planted 
separately in the field. The seedlings were trans-
planted into the field at a spacing of 50 × 40 cm, with 
each population designated to its specific plot. The 
plots had the following areas: 140.4 m2 for population 
A, 129.6 m2 for population B, 140.4 m2 for popula-
tion C, 129.6 m2 for population D, and 129.6 m2 for 
population E, making up a total experimental area of 
669.6 m2. A total of 3324 seedlings were transplanted 
across these plots, with 702 seedlings from popula-
tion A, 648 from population B, 702 from population 
C, 636 from population D, and 636 from population 
E. Irrigation was carried out using the furrow method 
when needed.

Harvesting procedure

Harvesting of individual plants from the five popula-
tions was carried out during the full flowering period 
on 10–18th July and 10th September. Some plants 
were harvested for the first time, while others were 
harvested for the second time. During harvesting, 
plants from each population were individually col-
lected, placed in paper bags, and weighed to deter-
mine their fresh weight. For dry yield determination, 
plant samples were placed on drying racks and left 
under room conditions (20–28  °C). After approxi-
mately 4–5 days, the dried samples were weighed to 
determine the dry herb yield, and after removing the 
larger stems, the dry leaf yield (containing leaves, 
inflorescences and thin stems) was also recorded.

During the harvesting periods (10–18 July and 10 
September), some individual plants from the popula-
tions (A, B, C, D, and E) did not flower, and there-
fore, harvesting could not be performed. In order to 
determine the annual growth and yield performance 
of individual plants in the first year, all plants were 
harvested between 14 and 20 October and 04–07 
November, immediately after their morphological 
characteristics were recorded, regardless of whether 
they had flowered or not. In this regard, some plants 
were harvested three times in the first year.
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In the second year of the experiment, neces-
sary maintenance practices were carried out on time 
throughout the vegetation period, and observations 
and measurements were repeated for 2 years. Har-
vesting of the populations in the second year was 
conducted on 24 June and 7 July. After harvesting, 
essential oil analyses of the dried leaves of individual 
plants were performed in the Medicinal Plants Lab-
oratories of the Field Crops Departments at Aydin 
Adnan Menderes University and Ege University 
throughout the experimental years.

Measurements

Plant height (cm): Individual plants within the studied 
populations were measured by recording the length of 
each plant from the soil surface to its tallest point at 
the harvest stage.

Fresh herb yield (g/plant): It was determined by 
harvesting each plant at a height of 10 cm above the 
soil surface and weighing it.

Dry herb yield (g/plant): It was measured by dry-
ing the harvested fresh herb in the shade at room 
temperature until a constant weight was reached 
(4–7 days) and then weighing it.

Dry leaf yield (g/plant): It was calculated by sepa-
rating the leaves from the bulkier stems of the dried 
herb and then weighing the remaining sample (leaves, 
inflorescences and thin stems).

Essential oil content (%): It was determined volu-
metrically (ml/100  g) in dried leaves using a Neo-
Clevenger apparatus. Essential oil content values 
were expressed as milliliters per 100  g of air-dried 
leaves (Wichtl 1971).

Satistical analysis

The findings were evaluated statistically using the 
SPSS software and TOTEMSTAT (Acikgoz et  al. 
2004) programs. Since the study was not designed as 
a replicated agronomic experiment, variance analy-
sis was not performed. Instead, the data obtained for 
the selected traits of individual plants were evaluated 
using basic statistical methods. For each of the five 
populations, upper and lower limits, variance, stand-
ard deviation, and coefficient variation related to 

measured parameters were determined. The graphs 
were prepared using the R software.

Result and discussions

The minimum and the maximum values obtained 
from the first, second, and non-flowering harvests of 
each population in the first year, and the minimum 
and maximum values for the second year, are summa-
rized below for each parameter.

The measurements were done on successfully 
transplanted and healthy growing plants from popula-
tions A, B, C, D, and E. Population A had 702 trans-
planted plants, with 639 successfully developed. Pop-
ulation B, 581 of 648 seedlings grew well. Population 
C had 702 transplants, with 627 growing healthily by 
the second year. Population D had 636 seedlings, with 
414 growing well and 90 flowered in the first year. 
Population E had 636 seedlings, with 117 flowered 
and 375 harvested regardless of flowering in the first 
year, followed by 408 harvested in the second year. 
None of the plants in populations D and E flowered 
for the 2nd harvest in the 1st year.

Based on agronomic observations of individual 
plants within the populations, plant height (cm) in 
the first year ranged from 10.0 to 70.0  cm in popu-
lation A, 12.0–67.0 cm in population B, 7.0–61.0 cm 
in population C, 13.0–103.0 cm in population D, and 
10.0–68.0  cm in population E. In the second year, 
plant height ranged from 14.0 to 92.0 cm in popula-
tion A, 9.0–85.0  cm in population B, 10.0–90.0  cm 
in population C, 13.0–85.0 cm in population D, and 
10.0–77.0 cm in population E.

All five populations exhibited variability in their 
plant height (cm) across different years and harvests. 
The second year showed increased plant height in 
some populations. Population A and Population D 
shows relatively consistent performance, while Popu-
lation B and Population C displayed higher variabil-
ity. Population E, although smaller in size compared 
to other populations, showed higher variation, par-
ticularly in the second year (Table  2). The average 
plant height (cm) values obtained in the study were 
found to be consistent with previous findings reported 
in the literature: Baytop (1999) recorded an average 
plant height of 60  cm; Zukauska (2001) reported 
a range of 47–53  cm under natural conditions and 
32–93  cm under cultivated conditions; Oflaz et  al. 

Fig. 2   Flowchart and relevant images illustrating the previous 
stages leading up to the current study with high OE content

◂
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(2002) found plant heights ranging from 75 to 80 cm; 
Janke and De Armond (2004) documented values 
between 15.24 and 60.96  cm; W’glarz et  al. (2006) 
recorded 54–68 cm; and Sarıhan et al. (2006) reported 
a range of 25.4–70.6 cm. Additionally, Ahmad et al. 
(2008) found values ranging from 25.45 to 55.58 cm. 
Notably, the maximum plant height observed in our 
study is particularly comparable to the value reported 
by Zukauska (2001) under cultivated conditions.

When examining the populations for fresh herb 
yield (g/plant), significant variation was observed 
both among populations and within individual plants, 
as observed when considering Table  2. The extent 
of the variation was considerable, with population 
A ranging from 4.0 to 767.0  g/plant, population B 
from 7.0 to 925.0  g/plant, population C from 5.0 to 
758.0 g/plant, population D from 6.0 to 698.0 g/plant, 
and population E from 4.0 to 604.0  g/plant. These 
results clearly indicate a wide diversity in fresh herb 
yield across different populations and among individ-
ual plants within the same population. Furthermore, 
this differences also varied significantly depending 
on the experimental years and harvest. The average 
results over the two years revealed that the lowest 
fresh herb yield was observed in population E (78.9 g/
plant), whereas the highest fresh herb yield was found 
in population A (176.6 g/plant). The findings showed 
an important range in fresh herb yield, which may be 
attributed to genetic diversity.

Leto and Salomone (1996) reported that the fresh 
herb yield of Origanum vulgare subsp. hirtum from 
36 different populations of natural Sicilian origins 

Table 1   Geographic coordinates of selected Istanbul Oregano 
(Origanum vulgare subsp. hirtum) populations in the yenice 
region of Türkiye

No Population 
name

Coordinates (UTM, Zone 
35)

Elevation

x y

1 A 542,066 4,422,267 586
2 B 545,202 4,423,405 599
3 C 546,586 4,426,023 627
4 D 524,032 4,394,952 359
5 E 525,416 4,394,939 381

Fig. 3   Distribution of selected Istanbul Oregano (Origanum vulgare subsp. hirtum) populations (A, B, C, D, and E) in the Yenice 
region of Türkiye. a Country overview, b Provincial overview, c Regional view
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ranged from 210.2 to 2209.5  g/plant, and Sarrou 
et  al. (2017) reported 770–2315  g/plant showing a 
considerable variation among populations. Similarly, 
Zukauska (2001) documented substantial variability 
in herb yield among different populations of Origa-
num grown under natural and cultivated conditions 
in Latvia. Under natural conditions, yields ranged 
from 82 to 915 g/m2, while in cultivated conditions, 
yields varied from 113 to 1050 g/m2 in the first year, 
125–2135 g/m2 in the second year, and 516–2414 g/
m2 in the third year. The fresh herb yield values 
obtained in our study were found to be consistent 
with those reported by previous researchers. The vari-
ation we observed parallels that described by Leto 
and Salomone (1996) and Zukauska (2001), suggest-
ing that the fresh herb yield of the studied populations 
was within the typical range reported in the literature.

The dry herb yield (g/plant) values for individual 
plants of Origanum vulgare subsp. hirtum popula-
tions were presented in Tables  2. When examining 
values, it was observed that there was significant vari-
ation in dry herb yield among the populations across 
the two years. For population A, the dry herb yield 
ranged from 3.0 to 249.0 g/plant in the first year and 
from 2.0 to 301.0 g/plant in the second year, with a 
two-year average yield of 70.1 g/plant. In population 
B, the yield ranged from 2.0 to 262.0 g/plant in the 
first year and increased to 3.0–407.0  g/plant in the 
second year, with an overall average of 65.5 g/plant 
across both years. Similarly, population C exhibited 
yields between 3.0 and 236.0 g/plant in the first year 
and 2.0–302.0  g/plant in the second year, resulting 
in a two-year average of 58.8  g/plant. The popula-
tion D, yields varied from 2.0 to 284.0 g/plant in the 
first year and 2.0–286.0  g/plant in the second year, 
the average of 55.7 g/plant over the two years. Popu-
lation E showed lower yields compared to the other 

populations, ranging from 2.0 to 206.0 g/plant in the 
first year and 3.0–183.0  g/plant in the second year, 
with a 2-year average of 31.9  g/plant. Population C 
had the highest average yields among non-flowering 
plants, this shows a strong vegetative growth perfor-
mance. Population A and B both exhibited relatively 
consistent yield patterns among non-flowering plants, 
but with substantial variability in their second-year 
harvests. Population D displayed significant variabil-
ity across all years. Population E showed the high-
est variability, especially in the second year. Sarrou 
et  al. (2017) reported 382.9–806.7  g/plant and Leto 
and Salomone (1996) reported that the dry herb yield 
in natural populations ranged from 105.0 to 1100.0 g/
plant. W’glarz et al. (2006) found values ranging from 
243.1 to 636.6  g per plant. The findings from our 
study fall within the range reported by W’glarz et al. 
(2006), but are significantly lower than the maximum 
values reported by Leto and Salomone (1996). This 
indicates that, although our mean values are compara-
ble to those reported in previous studies, certain gen-
otypes exhibit significantly higher maximum values, 
clearly demonstrating their superior performance of 
dry herb yields. This variability is especially impor-
tant for selecting the most superior genotypes within 
population.

The dry leaf yield of individual plants across 
the five populations was found to range from 0.4 to 
171.0  g/plant. The highest individual plant dry leaf 
yield was recorded in population B during the sec-
ond year (171.0  g/plant), followed by population C 
(156.0  g/plant) and population A (142.0  g/plant) in 
the same harvest cycle (Table 2). The two-year aver-
ages showed that the lowest and highest values were 
found in population E (20.4  g/plant) and population 
A (41.0  g/plant), respectively. These results high-
light significant variation in dry leaf yield amongt 

Fig. 4   Annual Precipitation, temperature, and relative humidity in the study area (shaded areas indicate active growth period of 
plant)
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populations, with population A consistently outper-
forming others, particularly population E (Fig. 5).

A comparison of different harvest stages revealed 
that the vegetative harvest was generally the most 
productive across all populations, with mean dry leaf 
yields ranging from 30.7 to 44.7  g/plant, and maxi-
mum yields reaching 136.0 g/plant (Pop. A), 129.0 g/
plant (Pop. C), and 120.0  g/plant (Pop. B). This 
likely reflects greater biomass accumulation prior to 
flowering. In contrast, the first harvests resulted in 
considerably lower yields, with population means 
ranging from 9.3 to 18.0 g/plant, likely due to early 
developmental stages and limited dry leaf mass. The 
second-year single harvests exhibited both high yield 
potential and high variability. For instance, while 
Populations B and C achieved the highest individual 
yields (171.0 and 156.0  g/plant, respectively), their 
coefficients of variation exceeded 72%, indicating sig-
nificant heterogeneity among plants possibly due to 
genotypic differences at same population. These find-
ings further indicate that the vegetative stage may be 
optimal for maximizing leaf biomass, but not neces-
sarily ideal for achieving high essential oil content per 
gram of dry matter (Figs. 5 and 6). Additionally, the 
calculated dry leaf yields (g/m2) show performance of 
certain populations. Population A achieved the high-
est yield with 419.5 g/m2, followed by Population B 
(361.9 g/m2), Population C (360.3 g/m2), Population 
D (205.8 g/m2), and Population E (141.2 g/m2).

To characterize the populations, essential oil con-
tent was measured for individual plants during har-
vests over the trial years. In the first year, the mini-
mum and maximum essential oil percentages were 
determined as follows: 0.4–7.7% for Population A, 
0.2–7.3% for Population B, 0.5–7.6% for Popula-
tion C, 0.6–6.9% for Population D, and 0.5–8.6% for 
Population E. In the second year, the essential oil 
content values were generally higher compared to the 
first year. Specifically, the values ranged from 0.80 to 
9.00% for Population A, 1.8–8.5% for Population B, 
1.0–10.0% for Population C, 1.1–8.7% for Population 
D, and 1.0–9.8% for Population E. During the first 
year, the lowest value (0.2%) was observed in Popula-
tion B, while the highest value (8.6%) was recorded 
in Population E. In the second year, the lowest value 
(0.8%) was observed in Population A, whereas the 
highest value (10.0%) was obtained from Population 
C (Table 2). The two-year average essential oil con-
tent ranged between 3.4 and 4.0%, with Population 
B having the lowest average value and Population D 
having the highest (Fig. 6).

The results revealed that 86% of the plants from 
population A contained an essential oil content rang-
ing between 4.1 and 7.4%, while 71.4% of plants 
from population B had essential oil content between 
3.8 and 5.8%. Additionally, 75% of plants in popula-
tion C showed an essential oil content of 4.6–7.3%, 
whereas 82.1% of population D plants had an 

Fig. 5   Comparison of dry leaf yield (g/plant) across populations A, B, C, D, and E at different harvests (mean ± SE), and total pro-
duction (g/m2) for each population
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essential oil content of 4.1–7.2%. Lastly, 86.3% of 
plants from population E exhibited an essential oil 
content between 3.6 and 7.2% (Fig.  7). These find-
ings show substantial variability among populations 
in their essential oil content, indicating differences in 
the ability of each population to synthesize and accu-
mulate essential oils. Figure 7 provides a visual rep-
resentation of the range of essential oil percentages 
for each population, highlighting the variability and 
distribution within these different groups. The com-
bined frequency distribution of essential oil content 
across populations A to E reveals a clear concentra-
tion of individuals within the moderate ranges. Most 
plants fall into the 3–5% and 5–8% categories, indi-
cating that moderate essential oil levels are the most 
common. In contrast, individuals with less than 3% 
or greater than 8% essential oil content are relatively 
rare (Fig. 8).

Essential oil yield and quality vary significantly 
based on subspecies, environmental conditions, and 
breeding techniques (Alekseeva et  al. 2020). Sar-
rou et  al. (2017) reported between 6.0 and 11.1% 
and Tınmaz et  al. (2002) found that the essential 
oil content in Origanum vulgare subsp. hirtum 
samples collected from natural habitats ranged 
between 1 and 6.1%. Leto and Salomone (1996) 
found a consistent 4% essential oil content in their 
natural habitat samples. Baytop (1999) reported 
a range of 4–5%, while Başer (2001) documented 

values ranging from 1 to 7%. Zeybek and Zeybek 
(2002) noted 5%, and Oflaz et  al. (2002) observed 
a range of 3.6–4.4%, including 3.9% for samples 
collected from Kazdağları. Kokkini et  al. (1997) 
found essential oil contents ranging from 1.0 to 
3.1% in plants collected from three different regions 
of Greece, whereas Russo et  al. (1998) recorded 
values between 2.25 and 5.69% for plant samples 
collected from 24 populations in Italy. Veres et  al. 
(2003) reported a essential oil content of 4.3% in 
Origanum vulgare subsp. hirtum. Sarıhan et  al. 
(2006) found that under cultivation, the essential oil 
content in the first year ranged from 2.24 to 2.85%, 
increased to 2.75–3.20% in the second year, and 
further increased to 3.41–4.05% in the third year. 
W’glarz et al. (2006) observed oil contents ranging 
from 1.1 to 3.2% in individual plants. In cultivated 
plants, Karik et  al. (2007) recorded oil contents 
between 6.17 and 6.71%, while Sancaktaroğlu and 
Bayram (2011) found a range of 3.78–4.59%. Kara-
manos et al. (2013) noted an increase in oil content 
per plant, with values of 1.5% in the second sea-
son and 2% in the third season. Lukas et al. (2015) 
analyzed the essential oil content of 502 individual 
plants from Origanum vulgare, originating from 51 
populations across 17 countries, and found values 
ranging from 0.03 to 4.6%. Economou et al. (2011) 
observed essential oil contents between 5.5 and 10% 

Fig. 6   Comparison of essential oil content (%) across populations A, B, C, D, and E at different harvests (mean ± SE)
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in Origanum vulgare subsp. hirtum, and noted that 
their results were higher compared to those reported 
in all previous literature. Our two-year essential oil 
content results were within the range reported by 
Economou et  al. (2011), with our maximum value 
being identical to their maximum. This outcome 
significantly exceeded the essential oil contents 
reported by other researchers, except as Sarrou et al. 
(2017) found maximum OE% (11,1%), higher than 
the 10% obtained in the present study, indicating 
a notable difference in oil production compared to 
previously documented studies.

Conclusions

In all populations, agronomic traits recorded during 
the first harvest of the first year were generally lower 
than those measured in the second and final (non-
flowering) harvests of the same year. In contrast, 
essential oil content showed the opposite trend, peak-
ing during the first harvest of the first year compared 
to the other harvests. Additionally, when comparing 
the results of the first and second years, a notice-
able increase was observed in plant height, fresh 
herb yield, dry herb yield, dry leaf yield, and essen-
tial oil content in the second year. This increase can 

Fig. 7   Frequency distribution of essential oil content (%) in Origanum vulgare subsp. hirtum across different populations
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be attributed to the improved root development and 
extended vegetation period starting from the second 
year in perennial plants, which accelerated the growth 
of the above-ground parts, thereby enhancing yield. 
In populations D and E, a second harvest could not be 
performed after the first harvest due to lack of flower-
ing; however, this issue was limited to the first year. 
Since the first year typically represents establish-
ment phase in perennial plants characterized by lower 
yield and quality, this regrowth limitation is consid-
ered to have limited practical significance. Overall, 
the findings indicate a broad genetic diversity within 
the populations. Significant differences in yield and 
quality were identified among genotypes. Agronomic 
and quality evaluations of populations A, B, C, D, 
and E revealed considerable variation both within 
and among the populations. Given the wide range of 
minimum and maximum values, it can be inferred 
that the genetic variability for breeding purposes 
is quite promising. Based on the results, genotypes 
with high yield and essential oil content values were 
used for further selection, aiming to produce varie-
ties with superior traits. Especially results showed 
that some Origanum vulgare subsp. hirtum individual 
plants within the populations exhibited essential oil 
content 10%, significantly above the average. This 
holds great value for both agricultural and medicinal 
applications. The A clones (next stage) were planned 
by selecting 129 genotypes from population A, 136 
from population B, 143 from population C, 128 from 
population D, and 105 from population E. The clone 

selection breeding cycle is expected to be completed 
through future studies, requiring further research for 
variety development.
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