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Abstract In this study, 150 cornelian cherry accessions
originated from natural population on Stara Planina
Mountain (Serbia) were characterized using a set of 31
morphological traits. Besides its characterizing and quan-
tifying the variability of its morphological traits, the
objective of this study was to identify intra- and inter-
population variability and relationships among the acces-
sions and to detect the most useful variables for discrimi-
nation. The evaluation was carried out over a period of
3 years. In order to evaluate the phenotypic variability,
descriptive statistics, principal components analysis (PCA)
and cluster analysis were used. Coefficient of variation
(CV) showed the highest values for the number of flower
buds per fruiting twig, while the lowest CV being evident
in traits involving flowers and stones. PCA shows high
discrimination capabilities of variables measured. Most of
these variables were fruit and stone characteristics. PCA
also evaluated the compactness and the peculiarity of each
accession, thus providing information on the mixing level
among them within the space of their morphological traits.
Cluster analysis revealed grouping of accessions in three
main clusters, where clusters with large number of acces-
sions undergo sub-clustering. Separation into clusters and
sub-clusters was not in a function of a locality or altitude,
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but in a function of genotypes. The results of this study
indicate that these accessions must be conserved as valu-
able genetic resources determine and characterize its bio-
diversity. Also, it was found very important to enrich the
cornelian cherry gene pool in order to find several valuable
well-adapted genotypes suitable for the production.
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Introduction

Genus Cornus L. (commonly known as dogwoods) con-
tains about 45 species distributed throughout the regions of
the northern hemisphere (Murrell 1993). Most species used
as ornamentals, and only a few species are grown for their
fruits, such as Cornus mas L., cornelian cherry, due to its
better fruit characteristics (Seeram et al. 2002). This spe-
cies primarily grows in the temperate zone of Eurasia, and
it is highly tolerant to diverse abiotic and biotic conditions.
It ranged from a shrub to a small tree with edible olive-
shaped fruits. Fruits of this species mainly used for food,
medicine, ornamental and honey plant (Mamedov and
Craker 2002). Fruits are typically red whit a sweet—sour
taste and rich in tannins, sugar and organic acid (Giileryiiz
et al. 1998; Demir and Kalyoncu 2003; Ercisli et al. 2011),
as well as phenol, ascorbic acid and anthocyanin (Rop et al.
2010; Hassanpour et al. 2011). In its distribution areal,
cornelian cherry production is increasing because of its
high use value where mostly genotypes from natural pop-
ulations are used. Most individuals occurred spontaneously
as a result of open pollination, which varies widely in terms
of productivity and fruit characteristics. Long-term human
selection has also given rise to a great diversity of trees. In
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order to overcome this problem, first, it is necessary to
make a selection and multiplication of selected genotypes
from the native population and then to improve its prop-
erties through the different breeding programs.

Inclusion of cornelian cherry in commercial growing
may be beneficial for many reasons: diversification of
agriculture in the region, development of new typical
agricultural products and their increased offer at local
markets, introduction into food-processing industry,
acquisition of new source of income for local growers and
family farms, and preservation of agro-biodiversity. But in
the commercial fruit production, standardized cultivars are
necessary. From these reasons, selection of cornelian
cherry genotypes from natural populations is an important
part of breeding programs in many countries such as Tur-
key (Pirlak et al. 2003; Yilmaz et al. 2009), Ukraine
(Klimenko 2004), Slovakia (Brindza et al. 2009), Czech
Republic (Rop et al. 2010) and, recently, in Serbia (Nini¢
Todorovic et al. 2005; Mratinic¢ et al. 2008; Ognjanov et al.
2009; Bijelic et al. 2011).

Serbia is a well known by its rich gene pool of cornelian
cherry genotypes adapted to different local conditions in
different regions of the country. The largest number of
natural populations can be found on mountains Stara
Planina, Kopaonik, Zlatibor, Zlatar and Fruska Gora, where
it grows mainly as a companion tree in hornbeam and oak
forests (Bijelic et al. 2011). Moreover, it is also found on
hills, slopes, in forest clearings and in thickets. On the
contrary, some trees grow on farm yards or can often be
seen growing on the grasslands and nearby paths as solitary
trees.

The gene pool of cornelian cherry is threatened by
genetic erosion. During the last decades, the native and
semi-wild cornelian cherry plants have been disappearing
rapidly. To determine the existing biodiversity of cornelian
cherry trees, collecting and conservation will be necessary.
According to Zamani et al. (2013), traditional methods for
genotype characterization and identification are based on
phenotypic observations. Morphological traits are useful
for preliminary evaluation because they facilitate fast and
simple evaluation and can be used as a general approach
for assessing genetic diversity among morphologically

distinguishable accessions. Since the information generated
from morphological characterization is derived from a
large data set consisting of qualitative and quantitative
traits, the use of multivariate analysis is particularly well
adapted to this type of situation (Iezzoni and Pritts 1991).
Among the multivariate techniques, principal component
analysis and cluster analysis are the most important strat-
egies for the characterization, evaluation and classification
of germplasm collections (Odong et al. 2011).

The aim of the current study was to characterize and
quantify the variability of morphological traits within the
set of 150 wild cornelian cherry accessions from the ‘Stara
Planina’ Mountain, Serbia, to identify the most useful
variables for discrimination among the accessions and to
detect relationships between the accessions.

Materials and methods

In this study, we included the set of 150 Cornus mas L.
accessions selected from five geographically separated
locations, with 30 accessions per each site. The investi-
gation area was limited to the southeast Serbia, at Stara
Planina Mountain. The altitude in the investigation area is
rising from 513 up to 1723 m (Table 1). All accessions
were selected as phenotypically mature trees from a
mixed deciduous forest. Within the study plots, cornelian
cherry accessions were scattered as single trees or in small
groups and its collection may be considered as a com-
pletely random sample. The trees were chosen as repre-
sentative of the phenotypic variability observed in the
field.

Accessions have been evaluated using a set of 31 traits
(Table 2). The phenotypic traits were measured in three
consecutive years (2007-2009). Fruiting twigs were
removed from the tree and examined during tree dormancy.
Flowers used in this study were randomly selected, and all
measurements were done during full bloom (when 80 % of
flowers were open). For fruits and stones, all observations
were made on ripe fruit and sampled randomly from the
periphery of the trees.

Table 1 Location of sampling

: Population Location Geographic coordinates Altitude (m) No. of
sites, represented by the number individuals
geographic longitudinal and Longitude Latitude
latitudinal coordinates together
with altitude of five locations of 1 Zlot 21°99'E 44°01'N 513 30
cornelian cherry at Stara Planina | Radicevac 22°43'E 43°58'N 630 30
Mountain, Serbia | Tresibaba 22°22' 43°48'N 744 30

v TupizZnica 22°15'E 43°73'N 1,162 30
v Babin Zub 22°61'E 43°38'N 1,723 30
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Table 2 Abbreviation and

Traits Abbreviation  Trait description
description of traits used to
characterize cornelian cherry Tree
(Cornus mas L.) accessions Tree form TF 5-Bush: 7-Arbor
Vigor VIG 1-Very weak; 3-Weak; 5-Medium;
7-Strong; 9-Very strong
Tree habit THB 1-Upright; 2-Semi-upright; 3-Spreading;
4-Drooping
Tree bark color TBC 1-Greenish; 3-Gray, 5-Brown; 7-Reddish;
9-Blackish
Productivity PRD 1-Very weak; 2-Weak; 3- Medium;
4-High; 5-Very high
Length of vegetative bud (mm) LVB Mean of 30 vegetative buds
Width of vegetative bud (mm) WVB Mean of 30 vegetative buds
Length of fruiting twigs (cm) LFT Mean of 30 fruiting twigs
Number of flower buds per fruiting twig ~ NFB Mean of 30 fruiting twigs
Flower
Number of flowers per inflorescence NFI Mean of 30 inflorescences
Length of flower peduncle (mm) LFP Mean of 30 flowers
Length of petals (mm) LP Mean of 30 petals from 30 different flowers
Width of petals (mm) WP Mean of 30 petals from 30 different flowers
Number of pistils per flower NPF Mean of 30 flowers
Number of stamens per flower NSF Mean of 30 flowers
Flower diameter (cm) FD Mean of 30 flowers
Fruit
Ripening time RT Number of days from August 15th
Fruit length (mm) FL Mean of 30 fruits
Fruit width (mm) Fw Mean of 30 fruits
Fruit thickness (mm) FT Mean of 30 fruits
Fruit sphericity (%) FSR According to formula
Fruit surface (mmz) FSF According to formula
Length/width fruit ratio LWFR Calculated as FL/FW
Fruit weight (g) FWG Mean of 30 fruits
Soluble solid content (°Brix) SSC Refractometer, Atago, pocket PAL-1
Stone
Stone length (mm) SL Mean of 30 stones
Stone width (mm) SW Mean of 30 stones
Stone thickness (mm) ST Mean of 30 stones
Stone sphericity (%) SSR According to formula
Stone surface (mm?) SSF According to formula
Length/width stone ratio LWSR Calculated as SL/SW

The sphericity (¢) and surface area (S) of the fruit or
stone were calculated using the following equations (Mo-
hsenin 1978).

_ )
(p—T S =D, and

Dy = (LWT)"*¥

where L is the length; W is the width; and T is the thickness
of fruit or stone.

The tree vigor was determined by five-score scale (very
weak, weak, medium, strong and very strong) and tree
habit by a four-score scale (upright, semi-upright, spread-
ing and drooping) both adapted to UPOV descriptor for
sour and duke cherry (2007).

Data analysis

Statistical analyses were performed for the mean values of
each trait, calculated on the basis of 3-year study. First,
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<«Fig. 1 Frequency distribution for five tree traits in five locations (I-

Zlot; II-Radicevac; III-Tresibaba; IV-Tupiznica; V-Babin Zub) and
all 150 cornelian cherry accessions selected from natural populations
in the Stara Planina Mountain, Serbia

descriptive analysis was performed to characterize the varia-
tion existing on the five locations and between all 150 corne-
lian cherry accessions. For qualitative characteristics, variation
was assessed by distribution of frequency and expressed in
percent. For quantitative traits, following parameters were
evaluated: mean, minimum and maximum value, maximum/
minimum value ratio and coefficient of variation (CV %).

The collected data were also analyzed by multivariate
analysis of variance using principal component analysis
(PCA) and clustering analysis (CA). PCA was used to study
patterns of variation in a set of interrelated traits through the
identification of subsets of these traits, called factors, which
are substantially correlated with each other, simultaneously
affecting these traits to a large extent. As a criterion to extract
the main principal components, eigenvalue greater than 1 was
taken, and to determine which of the PC scores accounted for
the greatest amount of variation, the eigenvalues of these
components were compared for each trait. Also, results of
PCA were used to construct two-dimensional scatter plots for
graphical overview of the relationships among accessions.
CA was applied to classify the accessions into homogenous
groups (Crossa and Franco 2004). The UPGA method as
agglomeration rule and the Euclidean distance as a measure of
dissimilarity were carried out. Statistical analyses were per-
formed using Statistica for Windows, version 5.0 (StatSoft
Inc., Tulsa, OK) statistical package.

Results
Morphological description

The first group of characteristics that was used to distin-
guish Cornus mas accessions consisted of five tree traits
which variability is shown in Fig. 1. Different number of
categories and different accessions frequencies within
selected categories were observed in five populations.
Considering all 150 accessions, arbor was stronger (56 %)
than bush (44 %), while most of the accessions herein had
medium vigor. Here as well, the main part (40 %) of the
evaluated Cornus mas accessions showed spreading can-
opy and slightly less (35 %) semi-upright. In relation to
bark color, ‘brown’, ‘reddish’ and ‘greenish’ (33, 33 and
27 %, respectively) showed a frequent tendency, some-
times tending more toward ‘gray’ or ‘blackish’ (4 and 3 %,
respectively). The majority of accessions (43 %) had very
low yields, while only 9 % had very high yields.
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Table 3 Descriptive statistical analysis of 26 measured traits evaluated in the 150 cornelian cherry accessions sampled from the five different
locations in the Old mountain (Stara planina), Serbia

Parameters LVB WVB LFT NFB NFI LFP LP WP NPF NSF  FD RT FL
Zlot Mean 7.22 2.07 16.1 7.0 15.1 5.1 2.39 1.20 1.00  3.81 1.04 23 17.0
Max 9.02 2.32 20.5 21.7 21.0 69  2.65 1.29 1.00  4.08 1.17 31 21.4
Min 523 1.66 12.3 32 10.7 3.9 1.84 0.95 096  3.50 0.89 19 13.0
Max/Min 1.7 1.4 1.7 6.9 2.0 1.8 1.4 1.3 1.0 1.2 1.3 1.7 1.6
CvV 15.2 7.5 15.7 50.4 18.0 13.6 8.1 54 0.7 43 7.8 15.0 12.2
Radicevac Mean 6.66 1.81 20.2 5.1 19.5 57 214 1.08 1.00  3.66 1.93 36 18.1
Max 9.43 2.31 30.1 13.0 252 7.1 2.45 1.28 1.00  3.96 220 49 21.9
Min 4.12 1.28 12.0 1.5 12.5 4.2 1.89 0.95 096  3.32 137 24 14.5
Max/Min 2.3 1.8 2.5 9.0 2.0 1.7 1.3 1.4 1.0 1.2 1.6 2.1 1.5
CvV 17.6 15.1 20.7 482 18.5 11.7 63 7.6 1.0 53 9.8 20.2 10.9
Tresibaba Mean 6.96 1.99 37.3 14.8 19.1 6.1 223 1.14 1.00  3.76 1.19 23 14.9
Max 8.90 2.36 45.3 34.2 28.3 72 257 1.25 1.00  3.96 1.31 29 18.0
Min 5.29 1.75 234 13 13.6 5.0 1.98 1.01 096  3.36 1.06 15 12.2
Max/Min 1.7 1.4 1.9 27.3 2.1 1.5 1.3 1.2 1.0 1.2 1.2 1.9 1.5
Cv 13.0 7.0 13.7 62.1 15.5 10.0 55 4.5 1.0 44 4.7 15.7 11.9
TupiZnica Mean 5.70 2.72 44.8 8.5 17.5 5.1 2.21 1.11 1.02  3.58 2.41 26 18.6
Max 6.80 3.49 59.7 334 244 6.6 259 1.40 2.00 3.96 297 39 21.9
Min 4.52 2.08 31.8 1.4 12.0 3.5 1.75 0.95 080  2.85 1.37 16 15.2
Max/Min 1.5 1.7 1.9 239 2.0 1.9 1.5 1.5 2.5 1.4 22 25 1.4
CvV 10.7 10.9 14.9 72.6 18.9 14.0 85 9.2 18.4 7.5 17.3 26.3 10.1
Babin Zub  Mean 5.85 1.73 52.1 13.8 18.4 60 239 1.16 1.00  3.84 1.10 25 17.3
Max 7.27 2.52 69.7 28.7 234 76 276 1.71 1.13  4.00 1.19 34 20.0
Min 4.85 1.16 34.7 2.7 12.3 50 215 0.86 096  3.58 0.99 8 14.8
Max/Min 1.5 22 2.0 10.6 1.9 1.5 1.3 2.0 1.2 1.1 1.2 4.5 1.3
CVv 9.7 20.1 172 48.0 124 11.5 55 133 2.5 2.7 4.9 26.7 72
All Mean 6.48 2.07 34.1 9.8 17.9 56 227 1.14 1.00  3.73 1.54 27 17.2
Max 9.43 3.49 69.7 34.2 28.3 76 276 1.71 2.00  4.08 297 49 21.9
Min 4.12 1.16 12.0 13 10.7 3.5 1.75 0.86 0.80  2.85 0.89 8 12.2
Max/Min 2.3 3.0 5.8 273 2.6 22 1.6 2.0 2.5 1.4 33 6.5 1.8
CvV 16.7 21.0 44.3 72.3 18.7 142 8.1 9.2 8.4 5.6 38.1 28.1 12.7
Parameters FW FT FSR  FSF LWFR FWG SSC SL SW ST SSR  SSF LWSR
Zlot Mean 12.1 123 798  589.2 1.42 1.40 247 12.8 55 55 569 166.8 24
Max 15.3 155 927 8822 1.68 192 308 16.1 6.7 6.7 648 2433 3.4
Min 8.0 83 71.8 289.0 1.11 0.94 14.8 10.0 4.0 40 440 107.9 1.9
Max/Min 1.9 1.9 13 3.1 1.5 2.1 2.1 1.6 1.7 1.7 1.5 23 1.8
CV 15.5 15.0 59 259 9.0 19.1 19.4 10.7 10.5 10.4 7.8 17.8 12.7
RadiCevac ~ Mean 12.2 125 777 6159 1.48 1.65 224 134 6.1 6.1 59.2 196.1 22
Max 13.8 142 864 7722 1.85 253 268 159 6.8 68 66.6 2407 2.6
Min 10.3 78 59.6 4383 1.25 0.86 15.8 11.9 54 53 530 159.7 1.8
Max/Min 1.3 1.8 1.5 1.8 1.5 29 1.7 1.3 1.3 1.3 1.3 1.5 1.4
(6\% 73 9.8 7.0 155 9.7 23.8 15.3 8.1 6.2 6.5 55 11.4 8.2
Tresibaba Mean 10.7 10.8  80.1 4520 140 1.25  20.0 12.0 5.6 57  60.7 166.1 2.13
Max 13.0 130 893 6167 1.8 1.86  27.0 15.6 6.6 6.6 66.1 218.2 2.72
Min 9.1 9.2 689 337.1 1.2 0.82 14.3 9.9 5.0 50 513 128.8 1.86
Max/Min 14 14 13 1.8 1.5 22 1.9 1.6 1.3 1.3 1.3 1.7 1.5
CvV 11.1 10.9 5.0 215 82 24.6 20.5 11.7 9.7 9.4 5.8 18.6 9.5
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Table 3 continued

Parameters FW FT FSR FSF LWFR FWG SSC SL SW ST SSR SSF LWSR
TupiZnica Mean 12.8 132 787  669.7 1.46 1.91 19.7 133 6.0 6.0 590 1928 22
Max 16.0 16.3 87.3 961.0 1.75 297 246 159 64 6.5 64.1 2246 2.6
Min 11.0 11.7  69.8 4985 1.24 1.19 15.3 113 52 52 533 141.1 1.9
Max/Min 1.5 1.4 1.3 1.9 14 2.5 1.6 14 1.2 1.3 1.2 1.6 1.3
CV 9.5 9.0 7.2 16.0 11.3 23.7 12.5 11.3 54 54 5.9 126 9.1
Babin Zub  Mean 11.7 12.1 7719 5720 1.48 1.62 17.2 134 59 6.0 582 1912 23
Max 14.6 154 834 8528 1.66 294 215 155 70 74 632 2555 2.7
Min 8.9 89 711 348.8 1.31 0.74 13.8 122 53 55 524 1604 2.0
Max/Min 1.6 1.7 1.2 2.4 1.3 4.0 1.6 1.3 1.3 1.3 1.2 1.6 1.3
CV 8.4 9.0 4.2 15.3 6.2 26.7 12.9 69 64 6.9 3.9 12.1 5.8
All Mean 11.9 122 788 579.8 1.45 1.58  20.8 13.0 5.8 59 588 1826 2.2
Max 16.0 16.3 927  961.0 1.85 297  30.8 16.1 7.0 74  66.6 2555 34
Min 8.0 7.8  59.6  289.0 1.10 0.74 13.8 99 40 40 440 107.9 1.8
Max/Min 2.0 2.1 1.6 33 1.7 4.0 22 1.6 1.8 1.9 1.5 2.4 1.9
(&\% 12.1 12.6 6.0 22.5 9.2 27.6 20.7 10.5 8.6 8.7 6.2 16.0 99

The descriptive statistical analysis values for each of
26 quantitative traits are reported in Table 3. The highest
mean value for vegetative bud length was determined in
Zlot (7.22 mm) and for vegetative bud width in TupiZnica
(2.72 mm). The greatest variation among populations was
observed regarding the average length of fruiting twigs
(LFT) and the number of flower buds per fruiting twig
(NFB) as one of the most important yield components. So,
LFT varied from 16.1 cm (Zlot) to 52.1 cm (Babin Zub),
while NFB ranged from 7.0 (Zlot) to 14.8 (Tresibaba).
Regarding locations, differences related to the average
number of flowers per inflorescence (from 15.1 to 19.5)
and for peduncle length (5.1-6.1 mm) were detected. In
the majority of the locations, the mean value for number
of pistils per flower was 1.0. The exceptions are the
accessions from Babin Zub, where the number of pistils
varied from 0.8 to 2.5. Mean value for flower diameter
ranged from 0.89 mm (Zlot) to 2.97 mm (TupiZnica). In
studied agro-ecological zone, accessions were averagely
harvested between 23 August and 18 October. As regards
to fruit and stone dimension, the lowest mean values were
observed in Tresibaba while the highest in the TupiZnica.
The length/width fruit ratio and length/width stone ratio
showed similar mean values in all populations. Fruit
weight had a mean value of 1.58 g, with a variation
among accession’s location that ranged from 1.25 (Tre-
sibaba) to 1.91 g (Tupiznica). Soluble solid content, as
one of the most important quality parameters for many
fruits, ranged from 17.2 % (Babin Zub) to 24.7 % (Zlot).

In particular, the highest maximum/minimum value
ratio variation was observed in NFB, ranging from 6.9 in
Babin Zub to 27.3 in Tupiznica. In contrast, the lowest
maximum/minimum ratio was displayed by NPF in Zlot,
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Radicevac, Tresibaba and Babin Zub (0.7, 1.0, 1.0 and 2.5,
respectively) and SW and ST (5.4 each) in TupiZnica. The
highest coefficient of variation (CV %) was established for
NFB varied from 48.0 % (Babin Zub) to 72.6 % (Tupiz-
nica), with the lowest CV being evident in traits involving
flowers and stones. None of these characters reached CV
values of higher than 20 %.

Principal component analysis

Principal component analysis produced nine principal
components with eigenvalues greater than 1, explaining
747 % of the total variability observed. A plot of the
variance extracted by the first nine PC shows that the
variance explained by a single PC decreased strongly
between PC1 and PC6, but from PC6 onward, the decrease
became very slow and several PCs with almost the same
variance could then be found (Fig. 2). Also, on the basis of
correlation between the original variables and PCs and
using an absolute value greater than 0.50 as a criterion, it
was found that these values are present only in the first five
PCs. From these reasons, only the first five PCs were taken
into further consideration. Traits with higher scores on PC1
are related to fruit and stone dimension, fruit and stone
surface as well as fruit weight indicates 22.9 % of variance
(Table 4). In this regard, this component could be called
Fruit and stone size. The second factor (PC2) correlated
strongly with stone sphericity and length/width stone ratio
(r = 0.797 and —0.892, respectively) and moderately with
tree vigor (r = 0.505) and contributed 11.7 % of total
variance. Therefore, PC2 represents the second most
important factor, called Stone shape and tree vigor. PC3
accounted 10.1 % variability were mainly associated with
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components (PCs)

fruit sphericity and length/width fruit ratio expresses
another important factor, called Fruit shape. PC4 with
7.7 % of total variance included can be consisted as a
factor Flower size because this component was moderate
positively correlated with petal length (r = 0.520) and was
moderate negatively correlated with flower diameter
(r = —0.529). Finally, PC5 indicating 6.3 % of variance
had high loading for vegetative bud length and width as
well as length of fruiting twigs and could be called Size of
vegetative bud and fruiting twigs.

Scatter plot

Figure 3 shows the projection of cornelian cherry
accessions on the PC1/PC2 plane, based on the regres-
sion factor score values. In general, starting from nega-
tive to positive values of PCIl, the cornelian cherry
accessions indicated increase in the fruit and stone size.
Starting from the negative toward the positive values of
PC2, the accessions were characterized by flatter stone
shape and larger tree vigor. The majority of accessions
are located in the central part of the scatter plot in the
inner part of the ellipse (Fig. 3). This group mixed
almost all accessions from locality Babin Zub, but also a
significant number of accessions originating from the
remaining four sites. The majority of the remaining
accessions can be seen in the outer ring of the ellipse
where its grouping according to their locality was
noticed. Only one gap (outside of ellipse) was formed
composed of six accessions selected from the location
Zlot. It suggests that a great number of phenotypically
similar accessions exist regardless the location, together
with numerous accessions with specific characteristics
originated from each studied site.

Cluster analysis

The dendrogram obtained by the cluster procedure shows
numerous hierarchical levels of cornelian cherry accessions

Table 4 Eigenvalues and proportion of the total variance for the 31
characteristics in 150 cornelian cherry (Cornus mas L.) accessions
and the correlation coefficients between traits and the first five PCs

Traits® PC1 PC2 PC3 PC4 PC5
TF 0264 —0.021 —-0.154 —-0.199 —-0.109
VIG 0.360 0.505 0.050 -0.271 —-0.011
THB —0.034 0.466 0.126  —-0.152  —0.350
TBC —-0.069 —0.031 0.054 —0.164 0.309
PRD 0.449 0.254 0.026 —-0.181  —0.063
LVB —-0.254 —-0.146 —0.064 —0.053 0.566
WVB 0.224 0.060 —-0.172 —-0.323 —0.604
LFT 0.112 0.370 0.177 0437  —0.597
NFB -0.297 0.250 0.179 0434 —-0.218
NFI 0.011 0.414 0.300 —0.110 0.003
LFP —0.161 0.336 0.263 0.248 0.166
LP —-0.190 —-0.400 —0.093 0.520 —-0.212
WP —-0.198 —-0.349 —0.140 0.353  —0.175
NPF 0.050 0.171 0.087  —0.092 0.099
NSF -0.220 -0.178  —0.067 0.409 0.277
FD 0.466 0357 —0.115 —0.529 —0.255
RT 0.270 0.216 0.051 —0.385 0.380
FL 0914 —0.238 0.135 0.021 0.040
FwW 0.759  —-0.203 —0.537 0.082  —0.004
FT 0.761 —0.196 —0.536 0.072  —0.035
FSR —0.230 0.082  —0.898 0.060  —0.082
FSF 0.865 —0.241 —-0.339 0.051  —0.007
LWFR 0.261  —0.093 0.885  —0.087 0.057
FWG 0.745  —0.029 0.090 -0.007 —0.152
SSC —-0.065 —-0377 —0.242 —-0.390 0.317
SL 0.776  —0.406 0.347 0.142 0.007
SW 0.766 0.369 0.009 0.340 0.251
ST 0.737 0.372 0.034 0.413 0.242
SSR —-0.171 0.797 —-0.362 0.183 0.210
SSF 0.865 0.090 0.174 0.320 0.178
LWSR 0.140  —0.802 0369 —-0.165 —0.210
Eigenvalue 7.116 3.642 3.142 2.402 1.958
% Cum. var. 22.9 34.7 44.8 52.6 589

For a explanation of trait symbols, see Table 2

Bold values indicate correlation coefficients with value greater than
0.5 in absolute value

separated in three main clusters (Fig. 4). The first cluster
included only one accession from location TuZnica. The
second cluster consisted of the largest number of cornelian
cherry accessions (108) and was split off into two distinct
sub-groups, defined as cluster IA and IB. Sub-group IIA
consisted of 24, while 84 accessions formed sub-group IIB.
The most common location in sub-cluster IIA was Tupiz-
nica, with nine representatives. In sub-cluster IIB, all
locations were almost equally represented (around 20),
except for Tresibaba location that had only ten members.
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PC2 11.75%
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Fig. 3 Scatter plot of PCI/PC2 plane showing the relationships
between 150 cornelian cheery accessions selected from natural
populations in the Stara Planina Mountain, Serbia, on five locations
(closed diamond Zlot, open diamond RadiCevac, open square
Tresibaba, open triangle Tupiznica, closed square-Babin Zub)

Cluster III had 41 cornelian cherry accessions and was also
divided into sub-groups IIIA and IIIB, with 23 and 18
accessions, respectively. Sub-cluster IIIA consisted pre-
dominantly of the accessions originated from location
Tresibaba, while in IIIB, the highest number of represen-
tatives was from RadicCevac location.

Discussion

Evaluation of cornelian cherry germplasm, even in a
small area points such as Stara Planina Mountain,
revealed considerable phenotypic diversity among acces-
sions for all the characters studied. Similar level of var-
iability and similar intervals of variation for flower, fruit
and stone traits were found with different cornelian cherry
collections by Karadeniz (2002), Demir and Kalyoncu
(2003), Pirlak et al. (2003), Klimenko (2004), Turhan
et al. (2007), Prokaj et al. (2009), Ognjanov et al. (2009),
Brindza et al. (2009), Bijeli¢ et al. (2010), Mert (2012)
Rad and Vand (2012). On the contrary, Bijeli¢ et al.
(2011) reported much higher values for fruit dimensions
of the cornelian cherry accessions from north Serbia,
while Ercisli (2004), Ercisli et al. (2006, 2011) and
Hassanpour et al. (2012) established much lower soluble
solid content that the values obtained in this study. This
could be the result of different environmental conditions
and genotype types (Giileryliz et al. 1998; Demir and
Kalyoncu 2003).

Based on the CV, values in our paper can be noticed that
the majority of the examined properties showed similar
values in each five locations tested together with the entire
population (all 150 accessions). This trend was also
observed in relation to the average values, intervals of
variation and maximum/minimum ratio for most traits.
This phenomenon can be interpreted with a high degree of
heterozygosity and therefore accessions genetic variability
in each location as a result of open pollination. Also, since
there is a little evidence that the different sites distin-
guished by the altitude show no major discrepancies
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Fig. 4 Dendrogram obtained from cluster analysis based on all traits studied (quantitative and qualitative) of 150 cornelian cherry accessions
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between the accessions, it goes in favor that cornelian
cherry can be successfully grown at high altitudes where
conditions for other fruit species are unfavorable.

Principal component analysis identified that the cumu-
lative variation explained by first five components was only
58.9 %, and according to Reim et al. (2012), this result
revealed a great morphological variation, indicating a high
genetic diversity between the cornelian cherry accessions,
and suggests that the evaluation of different morphological
characteristics remains necessary for a meaningful
characterization.

The variables related to fruit and stone size and shape
have high discriminating power and could be sufficient for
reliable characterization of different cornelian cherry
germplasm collections. The traits moderately correlated
with first five PCs, representing tree vigor, flower size,
vegetative bud size and fruiting twigs length may have a
discriminatory effect too, but in a much smaller extent. Our
results correspond to those of Yilmaz et al. (2009) and
Ercisli et al. (2011), who found that the variables corre-
sponding to fruit and stone size highly correlated with PC1
or PC2 in cornelian cherry collections studied.

Besides being indicate discriminating power of traits,
according to Zeinali et al. (2009), principal components
revealed intra-correlations among traits and estimate how
the characters affect each other. A study of the relation-
ships among traits could be beneficial to the breeders in
their breeding programs. In this study, PC1 showed that
some fruit (length, width, thickness, surface and weight)
and stone traits (length, width, thickness and surface) had
positive intra-correlations and can be used to predict each
other. High correlation between stone sphericity and
length/width stone ratio and PC2, as well as between fruit
sphericity and length/width fruit ratio indicates that one of
these two parameters can be used as good indicators of
their shape. On the other hand, the absence of correlation
between groups of traits related to the size of three, fruit,
flower, twigs and buds within any of the five PCs suggests
that this trait was genetically affected by independent genes
not showing pleiotropic effects.

The scatter plot shows geometrical distances among
accessions reflecting phenotypic and in this regard pre-
sumable genetic dissimilarity between them. The acces-
sions had continuous variation, no apparent patterns were
detected among them and it is difficult to assign accessions
into main groups. Dispersed accessions disposition has
been established at the level of individual locations.
Opposite to the results of Aliyoun Nazari et al. (2012) who
cited that the diversity of Prunus incana accessions from
different geographic regions was greater than that of the
accessions from a particular region, in this study, many
cornelian cherry accessions originating from different
locations overlap each other, which means that the same

genotypes can be found in various sites. The majority of
accessions are distributed in the central part of the graph.
Coart et al. (2003) interpret this with the appearance of
intermediate phenotypes at each location, which is the
result of spontaneous hybridization between the accessions
for a long time. In addition, some accessions characterized
by a unique combination of properties can be also found
and those are arranged outside the inner ellipse.

UPGMA clustering of the accessions into clusters and
sub-clusters consistently demonstrated that the divergence
between accessions originated from different altitude does
not exist, showed no association between accessions from
the same locality and was not in a function of an altitude.
CA confirmed that the morphological variability of the
cornelian cherry accessions is of a continuous nature and
revealed strong overlaps between locations. Also, it was
not possible to extract traits clearly responsible for corne-
lian cherry accessions grouping. Overall, the greatest
impact on the separation of the clusters had length of
fruiting twigs and number of flower buds per fruiting twig
while sub-clustering was done according to some fruit and
stone properties. This is in agreement with Petruccelli et al.
(2013) who cited that characteristics with high degree of
variations are more discriminating and can be reliable
markers for the classification.

All of the results of multivariate statistical analysis in
the present study indicate that observed accessions may be
recognized as representative gene pool of natural popula-
tion of cornelian cherry on Stara Planina Mountain and
should be treated as a single population. For further col-
lecting, it is sufficient to take accessions with different
phenotypes regardless of the location of their origin.

As conclusion, natural populations of cornelian cherry
from Stara Planina Mountain, Serbia, were diverse sug-
gesting it is a high genetic potential, which could be used
from the agronomic point of view to find several valuable
well-adapted genotype suitable for substantial improve-
ment of the production in our country. Furthermore, cor-
nelian cherry genotypes could become a new source for the
production of a functional food or value-added ingredients
in our dietary system and enrich the range of fruit com-
modities on a global scale.
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