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Abstract

Quantitative and qualitative parameters of 26 of Oregano (Origanum vulgare L.) populations  tested in a
Randomized Complete Block Design (RCBD) with three  replications during 2014 growing season in
E.D.E. Valias were analyzed. The objectives were to evaluated  the genotype-morpho-biometric data
interactions (GMBI),  the effects of seven  quantitative and qualitative parameter on variability of
oregano (Origanum vulgare ssp. hirtum (Link) letswaart and Origanum vulgare ssp. vulgare) during
the full bloom periods to determine diversity of this species for using in future breeding programs  by
using quantitative and qualitative parameters. In this investigation all quantitative and qualitative
characters were evaluated using R statistical software. Highly significant correlations were found
among the characters Principal component analysis (PCA) explained about 85% of the variation
between main effective characters such as high of plant, number of stems, number of leaves on main
stem, number of internodes, leaves densities,  ration length/width , length leaves petiole, length of
flowering. Based on the quantitative traits, oregano populations can be classified into five groups.
Key words: Origanum vulgare,  Subspecies, Genetic resources, Quantitative and qualitative characters, Cluster analysis

1. Introduction

Origanum vulgare is the botanical name for
oregano. Oregano (Origanum vulgare L., fam.
Lamiaceae) is a  perennial herb with hairy stem
and an  aromatic plant  up  to 50 cm  high,  with
oval  leaves and purple flowers. It grows in,
sunny meadows and rocky places, widely
distributed in  Europe and Asia, especially in  the
Mediterranean  region. It also inhabits
mountainous  regions of  Balkan peninsula [1]
Oregano is used as a spice around the world and
is considered an important culinary herb. It  is
used in traditional  medicine against cold,   for
digestive and  respiratory problems as  well as
means for  general well-being of  the body.
Ointments derived from oregano are beneficial
for infection and wound  healing [2,3]
This specie  is widely spead in our country in the
shape of different populations. Is commonly used

as tea  for medical pourpouse and for its unique
flavour.  In our spontaneous flora . Origanum
vulgare  L. it is represented from 2  subspecies
geographically distinct, named,  hirtum and
vulgare [4 ].  Origanum vulgare subsp. hirtum  is
mostly spread in the southern part of Albania and
also it can be found in the middle  Albania. Rich
of Carvacrol and lees whith thymol [5, 6,7 ,8, 9]
Dried oregano leaves conteins: Rosmarinic Acid
in 123.22mg / g, Ursolic Acid] in 10.04mg / g
dried weight leave 6.51mg, Caffeic acid,
Flavonoids eriocitrin (17.20 mg / g etc. Oregano
oil is  antibacterial, and it has been used to low
down the level of the microorganisms growth and
reduction of fatty acids.   Regarding the
antioxidant aspect of the oil seems to have been
compared with Vitamin C.
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2. Material and Methods

The Genetic material used for the experiment
refers to 26 accessions of Origanum vulgare L.
with two subsspecies  ssp. hirtum (Link) letswaart
and ssp. vulgare. Accessions are collected in situ
in different parts of Albania. This genetic
material was sowed in 2014 in the experimental
field, part of Albanian Gene bank,  Agricultural
University of Tirana, according to the
randomized block with three replication for
accesion.Oregano seeds are planted in early
spring, and plants were 30 cm far from each
other.  For this study ,5 plantsfor each replication
were taken under investigation. Variations had
the same agronomical technology along the
whole year.

Main indicators studied: H.pl. ( High of plant),
N.st( number of stems) N.sp (number of leaves
on main stem),  N.in(number of internodes),
Leav.d( leave density),  R.l.w(ratio length/width)
L.l.pet.( Length leaves petiole), L.fl,( length of
flowering)
Statistical analysis: Data are modelled by JMP
and GD software and descriptive analysis was
conducted for the variance within and between
samples, variance test p = 0.05. Analysis of key
components for the main holders of variation,
morphological similarity analysis based on
UPGMA has deployed frequency variation.

3. Results and Discussion

General data of development: Valias has typical
Mediterranean climate, under Adriatic influence,
that was very suitable for the growth and
development of all oregano populations.  The
vegetative cycle of populations from the moment
of buds formation until the winter break has
lasted 210 days with standard deviation 7.5.
Comparison of 26 populations grown in the same
climate and soil pointed out variations of
phenotypes related to environment. Evaluation of
differences of the relationship genotype –
phenotype – environment was measured for seven
morphological features, strong possessors of
distinctness. Every feature expressed variation
regarding strength of variation domination.
Distinctness has resulted greater for 6 main
parameters. Level of variance δ2, has had frequency
from 0.04 until 232.5 and has confirmed distinctness
among populations.
Phenotype variance. Seven quantitative traits has
determined the level of relation and behaviour of 26
oregano populations (Origanum vulgare L.) Testing
according randomized Complete Block Design with
three repetitions has demonstrated homogenous
behaviour of each population between its three
repetitions and there were no proved differences
for the level alpha=0.05.
According to the data of table 1, of  blossom
fenophase, it is indicated that between

populations of (Origanum vulgare ssp. hirtum
(Link) letswaart dhe Origanum vulgare ssp.
vulgare has significant differences and
statistically proved.
Height growth of plants. Populations during 210
days of vegetative phase performed an average
vegetative growth in height of 67.7 cm. Level of
deviation from the average standard was 9.21,
which is evaluated relatively high. This
demonstrates the individual trend of several
populations for high growth and some other ones
for smaller growth. This is a function of genetic
potential because some other factors have been
homogenous.
Level of variance is proved with cv = 13.5%,
while in table 1 it is confirmed variability
between populations, as referred to Tukey –
Kramer test, all accessions performed growth in
height with statistical differences for the level of
dmv (lsd) q = 3.70. Meanwhile, F value is 3.93,
greater than Ftheoretical, <.0001*Prob > F.
According to dmv (lsd), the average values of
each population indicate the rate of vicinity or
distance between them in homogenous groups.
Frequency of average values has done the
population nr 13 with value 77.9 that represent
dominant growth, while population nr 14 with
value 55.2 at inferior position.
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Table 1. Primary data of variance analysis for seven important features, carried out for 26 populations of oregano

ex situ, Valias, Tirana.

Variety Mean-std.Dev
H.Pl

Mean-std.Dev
N.st

Mean-std.Dev
N.sp

Mean-std.Dev
Int

Mean-std.Dev
Leav.d

Mean-std.Dev
L.fl

Mean-std.Dev
R.l.w

1 72.6±10.9 ab 110.3±50.0abcdef 17.2±1.8 a 12.2±2.7 cdef 5.2±1.0 ab 30.8±7.7 a 1.4±0.4 abc
10 56.6±5.6 c 87.4±37.7def 15.8±2.0a 11.6±2.6 ef 5.0±1.0 abc 25.0±7.2 abcd 1.3±0.2 bc
11 67.1±5.1 abc 88.6±17.6cdef 16.5±2.7a 11.8±2.6 def 5.4±0.8 a 30.4±8.8 ab 1.4±0.1abc
13 77.9±36.3 A 84.0±27.9 ef 17.0±2.0a 13.3±2.7 bcdef 4.4±1.1 abcd 20.9±5.1 cde 1.5±0.1 abc
14 55.2±6.1 c 101.8±58.8abcdef 13.0±1.5a 11.2±1.4 f 4.6±0.8 abcd 22.1±4.9abcde 1.3±0.2 bc
17 76.0±9.5 ab 147.4±49.0abcde 16.4±2.3a 17.4±1.4 a 5.0±0.7 abc 18.6±5.5 de 1.3±0.18 bc
18 68.8±12.5 abc 161.1±80.0 ab 14.8±2.1a 14.9±2.2 abcde 4.5±0.9 abcd 19.6±7.0 de 1.3±0.13 bc
19 64.6±19.7 abc 85.2±35.8 ef 15.1±2.1a 13.2±2.6 bcdef 4.7±0.7 abcd 21.7±8.5 bcde 1.4±0.18abc
20 64.0±6.7 abc 86.2±38.7 ef 22.9±3.6a 12.0±2.0 cdef 4.6±0.8 abcd 21.5±3.7 bcde 1.2±0.11 c
21 63.4±7.6 abc 83.8±32.7 ef 15.4±4.1a 11.0±2.5 f 5.0±1.0 abc 29.5±7.3 abc 1.5±0.28abc
22 61.6±5.9 bc 111.3±61.1abcdef 14.9±2.7a 12.9±2.6 bcdef 5.0±0.7 abc 21.4±5.4 cde 1.6±0.23 ab
23 69.7±5.9 abc 99.3±32.8abcdef 14.8±2.4a 13.8±2.9 bcdef 5.2±0.7 ab 25.3±6.9 abcd 1.7±0.25 a
27 67.9±10.0 abc 135.8±49.1abcde 15.2±2.9a 15.8±1.7 ab 2.6±1.3 e 15.1±5.5 e 1.4±0.17abc
28 71.8±5.6 ab 128.4±55.5abcdef 16.2±2.7a 15.4±2.9 abc 3.5±1.1 de 17.2±7.0 de 1.5±0.13abc
29 75.8±8.7 ab 161.5±66.5 ab 15.8±3.2a 16.3±3.1 ab 3.9±1.0 bcde 20.0±8.5 de 1.2±0.1 c
3 73.4±6.2 ab 104.9±43.6abcdef 15.8±2.3a 14.0±2.1 abcdef 5.0±1.5 abc 23.8±5.1abcde 1.2±0.6 c
33 68.0±12.1 abc 60.3±21.0 f 15.8±2.9a 12.2±2.2 cdef 4.8±0.5 abcd 24.3±10.7 abcd 1.4±0.16abc
34 64.4±8.9 abc 116.0±53.9abcdef 14.0±3.0a 13.7±1.6 bcdef 4.7±0.7 abcd 17.9±6.8 de 1.2±0.08 c
35 75.0±5.7 ab 157.0±50.9 abcd 15.6±1.9a 15.9±1.9 ab 4.0±1.0 abcd 18.2±5.5 de 1.4±0.22abc
36 66.9±8.5 abc 132.0±59.4abcde 15.8±3.0a 15.2±2.0 abcd 3.8±1.0 cde 23.8±5.4 abcde 1.3±0.08 bc
4 68.2±8.0 abc 102.5±33.5abcdef 17.2±3.1a 14.1±2.1 abcdef 4.7±1.0 abcd 22.6±4.5abcde 1.3±0.18 bc
5 71.8±6.7 ab 168.6±52.0 a 15.0±2.4a 16.2±2.7 ab 4.0±1.2 abcd 17.8±4.4 de 1.5±0.28abc
6 68.2±6.8 abc 157.6±86.0 abc 14.0±2.2a 15.0±1.7 abcde 4.0±1.2 abcd 18.7±4.5 de 1.2±0.1abc
7 65.7±6.3 abc 92.4±32.7bcdef 16.6±1.5a 11.9±5.4 def 5.4±0.8 a 29.7±7.4 abc 1.4±0.36abc
8 62.6±7.3 bc 123.3±91.0abcdef 14.7±2.5a 12.9±2.0 bcdef 4.0±1.0 abcd 24.3±5.1abcd 1.4±0.17 abc
9 62.8±6.1 bc 97.6±41.7bcdef 16.8±2.5a 12.2±2.5 cdef 5.1±1.1 abc 25.6±5.5 abcd 1.4±0.15abc
Mean 67.7 114.8 15.8 13.7 4.57 22.2 1.4
Std.dev 9.21 48.4 2.57 2.43 0.9 6.35 0.20
CV 13.5 42.1 16 17.5 19.5 27.3 14.2
Lsd 3.70 3.82 3.62 3.68 2.23 3.10 0.37
F.Ratio
Prob > F

3.9312
<.0001*

5.0091
<.0001*

0.8327
0.6341

5.3322
<.0001*

6.2225
<.0001*

6.42
<.0001*

3.4855
<.0001*

Levels not connected by same letter are significantly different

Figure  1 and 2. Oneway Analysis of N.st.  and N.int. By Treatment for 26 populations of oregano
Origanum vulgare L., in the ex situ collection, Valias, Tirana.

Number of stems. (N.st), is an important indicator
because determines vegetative yield, genetic features
of population, capacity of adaptation that is related to
quantity and quality of antioxidant oil. In table 1,
number of stems per plant was 114.8, in correlation
with higher variance std.dev 48.4. Frequency of
average values was from 168.6 in dominant
population 5, until 60.3 for the population 3 at inferior
position. This feature has manifested high variation

index (42.1%) and the level of variance is proved for
P value 5.00 greater than Ftheoretical, <.0001*Prob > F.
Regarding the number of stems per plant has resulted
without proved statistical differences because the level
of P value is 0.88327 towards FTheoretical 0.6341.
Populations do not change between each other, so it
appears that to be a homogenous adaptability for
emission of these stems. The average number of buds
is 15.8,  std.dev 2.57, table 1.
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Number of internodes (N.in) an important indicator
was in correlation with the height of plant and stems
(r2=0.72), which reflects strong variance between the
populations, expressed with cv = 17.5%. Populations
plants had on average 13.7 internodes std.dev 2.43
dhe Freal 5.33 towards Fteorike, <.0001*Prob > F.
Leaves density, (Leav.d),  ratio length/width of leaf
(R.l.w), length  leves petiole (L.l.pet), in general are
morphological markers, whose identity has expressed
their paper in the deviation from the average, and the
variance.  Leaves have importance as they are the
used part of the subspecies, as they contain a wide
number of antioxidants compounds, especially
Rosmarinic Acid. Their level of variance δ2 was from
0.65 to 162.3, and it has corresponded to a high
variation coefficient 17.5% to 14.2%, which shows
high differences of different populations. These three
features have proved variance because the value of Ps
real in every feature is greater than Fteorike,
<.0001*Prob > F.
Length of flowering (L. fl) was also an important
morphologic feature of quality. Length of flowering
had a remarkable variation coefficient cv = 14.2%.
Populations had flowers of purple color to olive color.
Flowers had the form of shovel. The average length
was 1.4 with a deviation of std, de. 0.20. Populations
are classified in different groups according to lsd.0.37
HSD and in general it has proved that populations
have different flowers and biometry because F real
3.485 resulted to be greater than Ftheoretical<.0001*Prob

> F. It appears that form of flowers and leaves have
impacted the different aroma and taste of 26
populations, because it can be in correlation with the
content of phenolic compounds of their essential oils.
This occurrence is manifested with the strong,
medium and low aroma of population plants, but it is
not subject of this article.
In general, variance of seven features was
significantly confirmed through variation tests and
tukey-kramer test q* respective and alpha = 0.05.
Referring source of variation (SS) and (MS) variables
resulted significant because F-Ratio>Prob> F <.0001
*.

Analysis of primary components: According to Multi-
variance Principal Components / Factor Analysis,
seven morphological features as dominants of
variability (100%) separately analyzed, did not have
the same impact over the data variance towards the
average (δ2). In the three first PC there have been only
five features that dominated 75.9% of general
distinctness.

Between them, two features in PC1, N. st and Int have
PC’s value respectively 0.45 and 0.49. so they
dominated 49.3% of distinctness. In figure 4 and 5,
two dominant features are ranked in the space of
positive coordinate axes and manifest dominance over
the other features.

Figure 3 and 4. Distribution of olive genotypes on the first and second canonical components of

morphological traits

In Figure 3 and 4, PCA analysis have
demonstrated principal features that compose the
size of variation dominance. These features have
defined the variance between populations under
same environmental conditions. In the figure, it is
expressed the level of correlation of populations
with the environment, as well as the level of

adaptability of each feature. On the other hand, it
has tested their plasticity, which is expressed
through sampling of plants from different
populations.
Correlation of features: Analysis has discovered
several significant correlations through the main
components, which have expressed 85% of
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variation between principal factors such as high
of plants, number of stems, number ofleaves in
the main stem, number of internodes, density of
leaves, shape and size of flower.
We have proved that between morphological
parameters had different correlations of positive
and negative, strong and weak character.

Remarkable strong correlations of positive
character has between H.Pl and Int r=0.72,
between N.st and int r=0.67, etc. All these strong
relations have certified the level of development
conditioning of each other. These are strong
features and are ranked in the first two PCs.

Table 2.  Partial CorrelationsThe correlations of seven principal features are estimated by REML
method.

H.Pl N.st N.sp Int Leav.d L.l.Pet L.fl R.l.w

H.Pl . -0.2649 0.2767 0.7200 0.0510 0.1999 0.3825 0.2371

N.st -0.2649 . -0.2365 0.6781 -0.1659 0.0255 0.2296 -0.1150

N.sp 0.2767 -0.2365 . -0.0618 -0.1025 0.1188 0.0618 -0.2164

Int 0.7200 0.6781 -0.0618 . -0.0180 -0.0688 -0.5477 -0.0636

Leav.d 0.0510 -0.1659 -0.1025 -0.0180 . 0.2068 0.4955 -0.0312

L.l.Pet 0.1999 0.0255 0.1188 -0.0688 0.2068 . -0.3224 -0.2954

L.fl 0.3825 0.2296 0.0618 -0.5477 0.4955 -0.3224 . 0.0236

Through cluster analysis of morphological
similarity, the precise index of similarity (IPS) or
lsd value between the individuals was 0.35. As a
result, 26 oregano populations are classified in
two groups. The morphological frequency of 26
populations is extended between the spaces of 0.0
until 8.3. The first group includes 17 populations,
standing for 65%. In the second group, there are 9

populations that consist of 35%. Eight
populations resulted to have great similarity and
compose morphological synonymous, while the
others have a specific profile. The average
morphological similarity resulted 69.2%.
Population number 20 have interest, as it consists
a specific subgroup regarding its features.

Figure 5. Cluster dendrogram

Figure 6.Dendrogram Hierarchical Clustering Method = Ward for the level of similarity of 26 populations of
Origanum vulgare L. in field collection Valias Tirane
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4. Conclusions

Populations of oregano have manifested remarkable
morphological differences regarding the relationship
between genotype and environment, so they are
characterized by a big genetic diversity.

Statistical analysis for the diagnosis of distinctness
was based on standard deviation square and on
variance of correlation genotype – environment
testifying the level of morphological similarity
possessors and their classification based on precise
index.

Knowing the genetic diversity of oregano that was
tested in the climate of Tirana, will strengthen the
interest for that part which has expressed attractive
characteristics. Their propagation and dissemination
in wide cultivation will replace and improve
population with lower values.
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