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Summary

Cherry plum (Prunus divaricata Ledeb.) is a prom-
ising species as a new rootstock for the Prunus genus.
In the current study, phenotypic diversity among 43
accessions of this wild species from Hyrcanian forests
in Golestan province from Iran was investigated. The
selected accessions revealed significant differenc-
es in all the measured characteristics. Fruit length
ranged from 10.90 to 16.40 mm with an average of
14.30. Ten-fruit weight varied from 5.53 to 33.50 g
with an average of 17.70. Leaf length ranged from
19.10 to 44.60 mm with an average of 31.50. Leaf
width varied from 8.43 to 26.80 mm with an average
of 17.30. Fruit weight was positively correlated with
fruit length, fruit width, fruit pulp thickness, fruit
stalk length, stone length, stone width, stone weight,
leaf length, leaf width, and leaf symmetry. Principal
component analysis (PCA) indicated seven principal
components that explained 69.93% of total variance.
The dendrogram clustered accessions into two main
groups based on the measured traits and verified
the existence of differing degrees of morphological
variation among the accessions. The current study
revealed a rich new genetic source for plum breeding
that should be conserved in situ and ex situ.
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Introduction

There are 20-40 plum species in the Rosaceae family,
many of them intergrade from one another in the wild (Janick
and Moore, 1996). European plum (Prunus domestica L.) and
Japanese species such as P, salicina L. are primarily grown
commercially (Okie and Hancock, 2008). Cherry plum (P, di-
varicata Ledeb.), a wild plum species, is diploid, self-incom-
patible, and widely distributed from the Balkan Peninsula
across Anatolia and the Caucasus to Central Asia, including
the Hyrcanian forests from northern parts of Iran (Browicz
et al,, 1969). Cherry plum is synonymous with ‘Myrobalan’
plum (P, cerasifera Ehrh. subsp. macrocarpa) (Browicz et al.,
1969; Khatamsaz, 1992; Khoshbakht, 2006).

The P. divaricata and P. cerasifera have both previously
been used in research on Caspian coast wild cherry plums
(Khoshbakht, 2006; Wohrmann et al., 2011; Paunoviu et
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Significance of this study

What is already known on this subject?
European plum (Prunus domestica L.) has a narrow
base of genetic diversity which limits its adaptability
to climate and increases its susceptibility to disease
and insect attack. It may be possible to broaden the
worldwide plum genetic base using diverse plum
genetic resources. Cherry plum (Prunus divaricata
Ledeb.) is a promising species as a new rootstock
for the Prunus genus and also useful for breeding
programs.

What are the new findings?
The current study revealed a rich new genetic source
for plum breeding that should be conserved in situ
and ex situ.

What is the expected impact on horticulture?
The accessions studied had valuable fruit-related
traits that could be of interest in the food industry,
marketing, and breeding programs.

al., 2011). The P, divaricata is a deciduous thorn-less tree
or shrub with edible fruits. These fruits are often used in
Western European foods after being collected from the forest
(Woldring, 1997). Myrobalan plum was used as a convention-
al rootstock in plum orchards (Westwood, 1988) and several
clones such as p.2175 and p.2980 were selected based on
increased resistance to root-knot nematodes of the genus
Meloidogyne (Dirlewanger et al., 2004; Lecouls et al., 2004).

The P domestica has a narrow base of genetic diversity
which limits its adaptability to climate and increases its sus-
ceptibility to disease and insect attack (Okie and Hancock,
2008). It may be possible to broaden the worldwide plum
genetic base using diverse plum genetic resources such
as Myrobalan plum, a European plum ancestor (Okie and
Hancock, 2008). Cherry plums vary in color and palatabili-
ty and have been used throughout Europe for selection but
rarely in modern breeding. However, two cultivars were se-
lected from chance hybrids with Myrobalan plum, ‘Methley’
in South Africa for its ability to self-pollinate and resistance
to cold temperatures, and ‘Wilson’ in Australia for its min-
iature stature and tendency to be precocious (Okie and
Hancock, 2008). Myrobalan plums have minimal fruit sizes
and are likely self-fertile, cold-hardy and exhibit early matu-
ration (Okie and Hancock, 2008).
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The Hyrcanian forest is located in the mountains of north-
ern parts of Iran near the Caspian Sea shoreline and is one of
the oldest forests in the world with highly diverse populations
of tree species such as Berberis, Crataegus, Malus, Mespilus,
Prunus, and Pyrus (Khoshbakht, 2006; Akhani et al,, 2010;
Rezaeietal., 2018; Heidari et al., 2019; Khadivi et al., 2019a, b,
2020; Mirheidari et al., 2020). This ecological region includes
the coast along the Caspian Sea and the northern slopes of the
Alborz Mountains in Iran which are rich in biological diversity
(Akhani et al.,, 2010; Sagheb-Talebi et al., 2014).

Morphological traits can be used to detect genetic vari-
ation among and within plant species (Nikolic et al., 2007;
Khadivi-Khub and Anjam, 2014; Rakonjac et al, 2014;
Khadivi-Khub and Ebrahimi, 2015). Some phenotypic vari-
ables can be influenced by environmental factors (Tucic et
al,, 2018). High variation in phenological and fruit traits has
been observed in plum cultivars from different parts of the
world (Nikolic et al, 2007; Horvath et al., 2011; Khadivi-
Khub and Barazandeh, 2015; Khadivi et al., 2020). Leaf,
flower, and fruit-related characteristics have been used as
the primary morphological traits for characterization of in-
ter-specific plum tree hybrids (Ertekin et al., 2006; Milosevic
and Milosevic, 2012). Leaf and fruit-related traits were sub-
stantially diverse in wild plum accessions (Kaufmane et al.,
2002; Aazami and Jalili, 2011).

Accessibility to plant resources and genetic information
is becoming progressively more vital to the future preser-
vation and sustainable use of genetic germplasm (Byrne et
al,, 2018). Deforestation in the northeastern parts of Iran
has endangered the majority of plant materials in the area
(Karimi etal.,, 2016). The genetic diversity of cherry plum has
rarely been studied in this area (Khadivi et al.,, 2020) in com-
parison with other Prunus species. Investigation on morpho-
logical characteristics of wild cherry plum genotypes found
in the Hyrcanian forest can help identify genetic resources for
conservation or breeding programs. Thus, in the current study,
morphological and pomological diversity among the native
accessions of P, divaricata from Hyrcanian forests in Golestan
province from the northeastern parts of Iran was investigated.

Material and methods

Plant material

In the current study, 43 wild accessions of cherry plum
(P, divaricata) were selected from several locations within
two natural habitats of Golestan province from the north-
eastern parts of Iran, including 22 accessions from Abr
area (36°55’-36°34’N, 54°57'-55°12’E, and altitude of
800-2,650 m) and 21 accessions from Olang area (36°33’-
36°40’N, 55°18’-55°25’E, and altitude of 2,000-3,000 m)

(Figure 1). In Abr area, the average annual temperature is
20°C with 550 mm precipitation per year, while in Olang
area, the average annual temperature is 12°C with 550 mm
precipitation per year. The soil type of both areas is loamy. To
avoid the likelihood of sampling accession clones, distances
of ~100 m were considered between the accessions.

Trait measurement

The selected accessions were evaluated based upon
morphological and pomological traits described in the plum
descriptor (International Union for the Protection of New
Varieties of Plants, UPOV, 2002). Leaves and fruits of each ac-
cession were collected randomly from various parts of trees
at full maturity. Thirty-three morphological characters were
recorded for 20 mature fruits and 20 mature leaves per ac-
cession. Dimensions of leaf, fruit, and stone were measured
using a digital caliper (Maxwell, China). Fruit weight and
stone weight were measured using a precision-electronic
balance (Sartorius, Germany). Qualitative traits such as fruit
acidity, fruit color, fruit symmetry, fruit shape, fruit texture
color, fruit texture stiffness, stone shape, leaf color, leaf pu-
bescence density, leaf margin incisions, and leaf angles were
estimated based on rating and coding.

Data analysis

One-way analysis of variance (ANOVA) was conducted to
detect significant differences between morphological char-
acteristics among the studied accessions with SAS® 9.4 (SAS
Institute, 2015). Raw data were analyzed for mean, standard
deviation (SD), and coefficients of variation (CV) with SPSS®
software v. 16 (SPSS, 2007). The correlation values between
traits were calculated using the Pearson correlation coeffi-
cient with SPSS® software v. 16 (SPSS, 2007). Relationships
among the accessions were investigated using principal com-
ponent analysis (PCA) with SPSS® software. The scatter plot
of the first two principal components (PC1 and PC2) was
drawn with PAST software (Hammer et al., 2001). Ward’s
minimum variance method was used to generate Euclidean
distances for cluster analysis (CA) using PAST software
(Hammer et al., 2001). Mean normalization using Z-scores
was implemented prior to cluster analysis to eliminate scal-
ing differences.

Results and discussion

Morphological characteristics

The ANOVA showed significant differences among the ac-
cessions for all the traits (P<0.05). Most of the traits were
highly variable based on CV values (Table 1). The highest
CV was recorded for fruit texture color (80.30%) and fol-
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lowed by fruit texture stiffness (74.50%) and fruit symmetry
(70.70%). In contrast, fruit acidity and stone adherence to
flesh had none variations among the accessions (CV=0.00%)
and thus were stable. Khadivi et al. (2020) reported none
variation for fruit flesh adhesion to stone in P. divaricata. In
the present study, stone width (CV=9.99%), stone length
(CV=10.20%), and fruit length (CV=10.90%) showed the
lowest variations and corresponded with the findings of
Khadivi et al. (2020). Colic et al. (2003) reported low varia-
tions for fruit and stone dimensions in cherry plum. Higher
CV values denote increased variation and render those traits
optimal for use in selections (Mohammadi and Prasanna,
2003). Khadivi-Khub and Barazandeh (2015) studied culti-
vated plums belonging to P domestica and showed high di-
versity. Twenty-five characters showed CV values >20.00%,
revealing abundant variation among the studied accessions.
The CV values do not require units and are more effective
in comparing measured characteristics (Khadivi-Khub and
Etemadi-Khah, 2015).

Fruit size is an important trait in marketability and cus-
tomer opinion. Abr-12 accession displayed the largest fruit
size (16.40 mm for fruitlength and 16.70 mm for fruit width),

while Abr-13 exhibited the smallest fruit size (10.90 mm
for fruit length and 9.09 mm for fruit width). Khadivi et al.
(2020) reported the range of 11.48-28.40 mm for fruit length
and 10.33-29.23 mm for fruit width in P, divaricata. Ten-fruit
weight ranged from 5.53 to 33.50 g with an average of 17.70.
Khadivi et al. (2020) reported the range of 1.79-14.09 g with
an average of 4.46 for a single fruit weight in P, divaricata.

The fruits of all the accessions were extremely sour and
acidic with flesh adhering tightly to the stones. Red or dark
red fruits were observed in 75% of the accessions, while 11%
showed black fruits, and also 14% were orange. In the Asian
plums, dark skin color and fruit firmness are key factors for
consumer acceptance (Okie and Hancock, 2008). The purple
fruit color in P, cerasifera var. pissardii (Carriere) L.H. Bailey
is controlled by a single pair of genes with heterozygous
individuals having intermediate color intensity (Crane and
Lawrence, 1956). Skin color is largely quantitatively inher-
ited in P domestica, although yellow skin is regulated by a
single recessive gene (Okie and Hancock, 2008).

Fruit pulp thickness ranged from 1.38 (Olang-4 ac-
cession) to 7.47 mm (Abr-21 accession). Fruit stalk length
ranged from 6.18 to 18.70 mm (Table 1). Fruits from the eval-

TABLE 1. Descriptive statistics for morphological and pomological characters in the wild cherry plum accessions studied.

No.  Characteristic Unit Min. Max. Mean SD CV (%)
1 Ten-fruit weight g 5159 33.50 17.70 6.00 33.70
2 Fruit length mm 10.90 16.40 14.30 1.60 10.90
3 Fruit width mm 9.09 16.70 13.20 1.80 13.40
4 Fruit acidity Code 1 1 1 0.00 0.00
5 Fruit color Code 1 7 3.74 1.80 46.80
6 Fruit pulp thickness mm 1.38 147 4.7 1.20 26.10
7 Fruit stalk length mm 6.18 18.70 12.10 2.80 23.50
8 Fruit symmetry Code 1 5 1.88 1.30 70.70
9 Fruit shape Code 1 3 2.35 1.00 40.40
10 Fruit texture color Code 1 7 3.14 250 80.30
" Fruit texture stiffness Code 1 5 1.61 1.20 74.50
12 Ten-stone weight g 1.82 5.05 3.34 1.00 28.40
13 Stone adherence to flesh Code 1 1 1.00 0.00 0.00
14 Stone length mm 8.44 12.20 10.50 1.10 10.20
15 Stone width mm 6.88 9.93 8.51 0.90 9.99
16 Stone shape Code 1 3 2.91 0.40 14.40
17 Stone keel development Code 1 3 1.14 0.50 44.70
18 Stone apex shape Code 1 3 2.21 1.00 44.80
19 Stone shape (ventral view) Code 1 3 1.60 0.90 58.10
20 Stone shape (lateral view) Code 1 3 2.35 1.00 40.40
21 Stone width of stalk-end Code 1 5 2.07 1.10 51.10
22 Leaf length mm 19.10 44.60 31.50 6.80 21.50
23 Leaf width mm 8.43 26.80 17.30 4.30 25.00
24 Leaf length/leaf width Ratio 1.18 247 1.87 0.30 15.50
25 Leaf side color (adaxial) Code 1 5 6.05 1.60 26.50
26 Leaf side color (abaxial) Code 1 5 1.93 1.20 61.10
27 Leaf pubescence density (abaxial) Code 1 5 1.84 1.10 59.20
28 Leaf shape Code 1 5 3.47 1.60 45.00
29 Leaf symmetry Code 1 3 1.37 0.80 57.70
30 Leaf margin incisions Code 1 3 2.67 0.80 28.10
31 Leaf apex angle Code 1 5 2.63 1.20 44.90
32 Leaf base angle Code 1 5 2.81 1.40 51.20
33 Petiole length mm 3.29 10.70 6.72 1.60 23.20
eJHS - A publication of ISHS - www.ishs.org. - DOI: 10.17660/eJHS.2022/002 S
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uated selections were largely symmetric with an elliptical
shape, yellow pulp color, and soft texture (Table 2). In plums,
round fruit shapes are dominant to oblong but less dominant
than oval (Okie and Hancock, 2008).

Stone length ranged from 8.44 to 12.20 mm, while stone
width varied from 6.88 to 9.93 mm. Ten-stone weight ranged
from 1.82 to 5.05 g (Table 1). Only 7% of accessions exhib-
ited stone keel development. Most of the accessions (61%)
showed stones with a rounded apex, while 70% of the acces-
sions displayed stones with medium elliptic shapes in ver-
tical and 68% in lateral views. The stone width of stalk end

was broad in only 2% of accessions, while it was medium in
49% and also narrow in 49% of the accessions (Table 2).
Adaxial leaf color was light green (31%), green (37%),
and dark green (32%), while abaxial leaf color was light
green (58%), green (37%), and dark green (5%). Leaf length
ranged from 19.10 to 44.60 mm and leaf width varied from
8.43 to 26.80 mm. The leaf length/leaf width varied from
1.18 to 2.47. Petiole length ranged from 3.29 to 10.70 mm
(Table 1). Leaf pubescence density (abaxial) was sparse
(60%), medium (38%), and dense (2%). Leaf shape in the
majority of accessions was symmetric obovate. Leaf margin

TABLE 2. Frequency distribution for the measured qualitative characters in the wild cherry plum accessions studied.

Code and frequency (%)

Characteristic 1 3 5 7
Fruit acidity High (100) - - -
Fruit color Orange (14) Red (47) Dark red (28) Black (11)
Fruit symmetry Symmetric (65) Moderate asymmetric (26) Asymmetric (9) -
Fruit shape Round (33) Elliptical (67) - -
Fruit texture color Yellow (33) Yellow orange (7) Light red (19) Red (21)
Fruit texture stiffness Soft (77) Medium (16) Stiff (7) -
Stone adherence to flesh Adherent (100) - - -
Stone shape Round (5) Elliptical (95) - -
Stone keel development Non keel (93) Keel (7) - -
Stone apex shape Obtuse (39) Rounded (61) - -
Stone shape (ventral view) Medium elliptic (70) Broad elliptic (30) - -
Stone shape (lateral view) Narrow elliptic (32) Medium elliptic (68) - -
Stone width of stalk-end Narrow (49) Medium (49) Broad (2) -
Leaf side color (adaxial) Light green (31) Green (37) Dark green (32) -
Leaf side color (abaxial) Light green (58) Green (37) Dark green (5) -
Leaf pubescence density (abaxial)  Sparse (60) Medium (38) Dense (2) -
Leaf shape Ovate (21) Elliptic (35) Obovate (44) -
Leaf symmetry Symmetric (81) Asymmetric (19) - -
Leaf margin incisions Crenate (16) Serrate (84) - -
Leaf apex angle Acute (28) Right angled (63) Obtuse (9) -
Leaf base angle Acute (30) Right angled (49) Obtuse (21) -

Abr-4 _ Olang-6

Abr-6

FIGURE 2. Fruits and leaves of the wild cherry plum accessions studied.
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incisions were serrate in 84% of accessions and crenate in
the remaining selections (Table 2). Cherry plums with cren-
ate leaf margins had larger fruit and stones. The variability
of leaves and fruits of the studied cherry plum accessions are
presented in Figure 2.

Correlations among the measured characters

Pearson correlation coefficients revealed numerous sig-
nificantly positive correlations between the measured char-
acters and several negative correlations (data not shown).
Fruit weight was positively correlated with fruit length
(r=0.81), fruit width (r=0.73), fruit pulp thickness (r=0.62),
fruit stalk length (r=0.34), stone length (r=0.70), stone
width (r=0.62), stone weight (r=0.62), leaf length (r=0.34),
leaf width (r=0.34), and leaf symmetry (r=0.37) support-
ing the previous results in plum (Milosevic and Milosevic,
2012; Khadivi-Khub and Barazandeh, 2015; Khadivi et al.,
2020; Mirheidari et al., 2020). Fruit length was positively

correlated with fruit width (r=0.79), fruit pulp thickness
(r=0.69), stone length (r=0.85), stone width (r=0.66), and
stone weight (r=0.65) in accordance with the previous re-
sults in plum (Milosevic and Milosevic, 2012; Khadivi-Khub
and Barazandeh, 2015; Khadivi et al.,, 2020; Mirheidari et
al,, 2020). Stone length was positively correlated with stone
width (r=0.77), stone weight (r=0.76), leaf length (r=0.36),
leaf width (r=0.33), and petiole length (r=0.32) and agreed
with the previous results in plum (Milosevic and Milosevic,
2012; Khadivi-Khub and Barazandeh, 2015; Khadivi et al.,
2020; Mirheidari et al., 2020).

PCA and CA

The PCA uses the observed characteristics that may
be related and orthogonally converts to a numerical value.
Characteristics are reduced to discriminate accessions and
relationships established using PCA may inform genetic
linkages between loci controlling the observed traits or indi-

TABLE 3. Eigenvectors and eigenvalues for PCA of morphological and pomological traits of the wild cherry plum accessions

studied.
- Component

Characteristic 1 2 3 1 5 5 7
Ten-fruit weight 0.82* 0.00 -0.19 0.32 -0.07 0.05 0.09
Fruit length 0.86** 0.11 -0.34 0.18 -0.09 0.06 -0.06
Fruit width 0.87* -0.13 0.03 0.33 0.10 0.03 -0.16
Fruit color -0.21 0.38 -0.26 0.56** 0.14 -0.02 0.08
Fruit pulp thickness 0.64* -0.10 -0.07 0.42 0.16 0.08 -0.21
Fruit stalk length 0.53** 0.1 0.36 -0.12 0.02 -0.39 -0.05
Fruit symmetry 0.42 -0.54* 0.12 -0.06 -0.40 0.24 -0.02
Fruit shape -0.03 0.12 -0.57* -0.44 -0.37 0.10 0.05
Fruit texture color -0.22 0.22 -0.08 0.62* 0.17 -0.35 0.05
Fruit texture stiffness 0.20 -0.16 0.10 -0.24 -0.14 -0.40 -0.51%
Stone length 0.86** 0.04 -0.27 -0.15 -0.20 -0.09 0.07
Stone width 0.88** -0.12 0.16 -0.05 -0.03 -0.07 -0.03
Stone shape 0.18 0.48 -0.19 -0.12 -0.34 0.22 0.08
Ten-stone weight 0.89* -0.15 0.21 -0.06 -0.05 -0.05 0.01
Stone keel development 0.1 -0.49 0.32 0.18 -0.09 -0.02 0.49
Stone apex shape 0.26 0.01 0.54* -0.37 -0.03 0.14 -0.30
Stone shape (ventral view) 0.05 -0.52** 0.50 0.26 0.13 -0.05 -0.03
Stone shape (lateral view) -0.11 -0.22 0.71 0.02 0.23 0.04 -0.05
Stone width of stalk-end -0.26 -0.04 0.21 0.41 -0.09 0.21 0.17
Leaf length 0.48 0.30 -0.06 -0.40 0.57** 0.17 0.02
Leaf width 0.49 0.71** 0.15 -0.14 0.31 0.03 -0.01
Leaf length/leaf width -0.20 -0.74* -0.26 -0.26 0.25 0.16 0.08
Petiole length 0.30 -0.07 -0.35 -0.56* 0.40 -0.02 0.27
Leaf side color (abaxial) 0.06 0.39 0.53* 0.01 -0.08 0.07 0.27
Leaf side color (adaxial) -0.13 0.09 0.50 -0.34 -0.28 -0.08 0.43
Leaf pubescence density (abaxial) 0.10 0.23 0.16 -0.06 0.63* 0.32 0.14
Leaf shape -0.05 0.47 0.55** -0.10 -0.29 0.23 -0.17
Leaf symmetry 0.25 0.05 -0.15 0.27 -0.28 0.66** 0.05
Leaf margin incisions -0.50 0.21 -0.17 -0.04 -0.03 -0.05 -0.54**
Leaf apex angle 0.24 0.24 -0.22 0.00 -0.15 -0.61 0.39
Leaf base angle 0.14 0.72 0.41 0.07 -0.12 -0.12 0.01
Total 6.70 3.61 343 2.69 1.99 1.69 1.57
% of Variance 21.61 11.66 11.06 8.67 6.41 5.46 5.06
Cumulative % 21.61 33.27 4433 53.00 59.41 64.87 69.93

** Eigenvalues =0.51 are significant.
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FIGURE 3. Scatter plot for PC1 and PC2 (33.27% of total variance) of the wild cherry plum accessions studied.

cate pleiotropic effects (Iezzoni, 2008). Associations among
phenotypic traits are very useful for distinguishing variance
among different plum species (Kaufmane etal., 2002; Aazami
and Jalili, 2011; Milosevic and Milosevic, 2012; Khadivi-Khub
and Barazandeh, 2015; Khadivi et al.,, 2020; Mirheidari et al.,
2020).

Seven PCs with eigenvalues > 1 explained 69.93% of total
variance (Table 3). The first three PCs explained 44.33% of
total variance. The PC1 accounted for 21.61% of the over-
all variance and positively correlated ten-fruit weight, fruit
length, fruit width, fruit pulp thickness, fruit stalk length,
stone length, stone width, and ten-stone weight. Fruit sym-
metry, stone shape in ventral view, leaf width, and leaf
length/leaf width were correlated with PC2 and explained
11.66% of total variance. The PC3 explained 11.06% of
variance detected and showed significant correlations with
fruit shape, stone apex shape, leaf lower side color (abaxial),
and leaf shape. The remaining PCs (PC4-PC7) accounted for
25.60% of total variance and included the remaining charac-
teristics, indicating the minimal effect of those traits on dif-
ferentiating between accessions.

A two-dimensional scatter plot was created based on
PC1 and PC2 (33.27% of total variance) for determination of
relationships among the accessions (Figure 3). Neighboring
accessions were more similar in terms of the effective traits
in PC1 and PC2 and sorted to the same group. Phenotypic
variability among the accessions was captured with the scat-
ter plot and showed the wide-ranging distribution. Residuals
formed a horizontal band along the 0.00 line. This suggests
variances of the error terms are equal and accession rela-
tionships are linear. Abr-10 accession was a notable outlier
among the accessions evaluated likely due to the extreme
fruit size and weight observed. The loading plot indicated
the importance of fruit-related traits for explaining vari-
ance among the accessions and agreed with other plum
findings (Milosevic and Milosevic, 2012; Khadivi-Khub and
Barazandeh, 2015; Khadivi et al.,, 2020; Mirheidari et al.,,
2020).
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FIGURE 4. Ward cluster analysis of the wild cherry plum
accessions studied using Euclidean distances based on
morphological traits.
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Cluster analysis (CA) using all the measured morphologi-
cal characters showed that the accessions were grouped into
two main clusters (Figure 4). The first cluster (I) consisted
of 16 accessions. The second cluster (II) included 27 acces-
sions. Colic et al. (2003) and Khadivi et al. (2020) studied the
phenotypic variability of the wild cherry plum and showed
extensive morphological variability among the native cherry
plum accessions of this area.

Conclusions

Commercial European plums (P. domestica) have a nar-
row genetic base which can render the population more
susceptible to abiotic and biotic stresses. Cherry plum,
a European plum ancestor, appears to be a promising species
to aid breeding programs for purposes of increasing genetic
variation and use in the trait selection. Conversely, Myrobalan
plum, a conventional plum rootstock for wild cherry plums
in wet forests with heavy soils, can be a useful source for
new rootstock breeding materials along with the evaluation
of soil pathogen and flooding resistances. Recording mor-
phological and pomological characteristics have historically
been important to diversity analyses. Fruit and stone-related
characteristics such as weight, size, and color were key traits
to observe the variability within the collected cherry plum
(P, divaricata) accessions. The results presented here indicat-
ed wild cherry plums in Hyrcanian forests have fruiting char-
acteristics that may be essential to breeding programs or for
the conservation of genetic resources. The current research
revealed a rich supply of genetic material for use in breeding
and in situ and ex situ conservation efforts.
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