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Abstract

By applying multivariate statistical analysis, this research aimed to estimate the heritability
and find relationships between the vegetative and reproductive characteristics of Prunus
scoparia and Prunus elaeagnifolia. Twenty genotypes of each species were selected randomly
from cultivated populations and twenty-two traits including the tree, leaf, flower, nut and
kernel attributes were measured. Results showed that there were high levels of genotypic and
phenotypic variations among the genotypes of both species. Many of the measurements
pertaining to the leaf, flower, nut and kernel, showed very high heritability (H? >90%) in both
species, whilst some traits such as shoot diameter in P. scoparia and kernel moisture in both
species had very lower heritability (H? <50%). Generally, the heritability of measured traits in
P. elaeagnifolia were higher than those of P. scoparia, especially for economically important
traits including yield (H?> = 94 and H? = 54.61, respectively in P. elaeagnifolia and P.
scoparia), nut weight (H? = 97.83 and H? = 85.39.61, respectively in P. elaeagnifolia and P.
scoparia) and oil percentage (H? = 75.55 and H? = 61.43, respectively in P. elaeagnifolia and
P. scoparia). Stepwise regression analysis revealed that the most influential factors on yield
of P. scoparia, were the fruit set, flower diameter and leaf length, whilst for the P.
elaeagnifolia, the yield was mostly determined by fruit set and leaf area. The high genetic
diversity and heritability of the studied traits, indicates high genetic potential of this
germplasm to be utilized in future breeding programs.
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Introduction

Almond, as a nut crop, is among the most
profitable crops in the world. It can thrive
in semi-arid areas and calcareous soils, and
the nut has high nutritional value (Kiani et
al., 2015). Almond breeding programs face
many challenges due to the narrow genetic
background of commercial cultivars.
Therefore, in many almond breeding
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programs across the world, wild almonds
considered as valuable genetic resources
which can be used to broaden the genetic
background and to introduce new traits into
commercial relatives (Gharaghani et al.,
2017). Late Dbloom, early maturity,
adaption to drought and salinity, resistance
to low temperatures in winter, reduced
insect infestation and fungal attacks and
having nectary flowers for honeybees are
among the useful traits which can be
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considered in this regard (Sorkheh et al.,
2009). Therefore, knowledge about genetic
diversity of wild genetic resources of
almond is an essential prerequisite for
involvement of native germplasm in
almond breeding programs. On the other
hand, assessment of genetic diversity is
necessary to evaluate the existed levels of
genetic variability, which is considered as a
guarantee for conservation management of
natural populations (Cohen et al., 1991).

Morphological evaluations are a common
method for the assessment of genetic
diversity with respect to different traits. Even
though new tools such as molecular markers
are deemed useful, they are still costly
(Atanasov et al., 2015). Advanced statistical
methods and multivariate  techniques,
including  cluster  analysis,  principle
components analysis or regressions could be
described as efficient tools for the evaluation
of genotypes, cultivars, or even the screening
of populations (Anumalla et al., 2015).
Considering structural relationships among
different traits of plants, however, advanced
statistical methods can provide reliable
procedures for the complex process of
selection in breeding programs (Anumalla et
al., 2015).

Nearly 20 wild almond species have
been reported in Iran, indicating that Iran is
a center of diversity and even a center of
origin for almond (Gharaghani et al.,
2017). These valuable genetic assets can be
used productively in almond breeding
programs, however a precise identification
of genetic relationships is required before
the incorporation of wild almonds into
breeding programs (Pinar et al., 2016).

Prunus scoparia Spach. and Prunus
elaeagnifolia Spach. are two important
wild almond species in Iran, where they
have been widely scattered across the
country since ancient times. Albeit both
species have been used as rootstocks for
almond cultivars, P. elaeagnifolia has been
further used as a rootstock for plum
cultivars in Iran, especially where the
availability of water is scarce (Gharaghani

et al. 2017). P. scoparia is a multi-purpose
species in Iran. It has the potential of
becoming a crop of choice in arid and
semi-arid areas and can adapt to adverse
climatic conditions. The kernel and gum of
this species could be used in industries that
produce pharmaceuticals, chemicals and
food. Such opportunities make the species
not only a good choice for reforestation but
also a  horticultural candidate  for
multipurpose nut production (Gharaghani
and Eshghi, 2015).

Although limited number of scientific
reports pertaining to the genetic diversity
of wild almond species is available in Iran
(Zeinalabedini et al., 2016, Sorkhe et al.,
2009), there is a substantial demand for a
deeper knowledge of genotypic and
phenotypic diversity of wildly scattered
almond species in Iran, especially those on
the southern region of Zagros mountains
(Rahimi Dvin et al., 2017). Accordingly,
this comparative study sought to explore
the available genotypic and phonotypic
diversity of two wild almond species, i.e.
P. scoparia Spach. and P. elaeagnifolia
Spach. In this regard the heritability of
various plant and nut traits was measured
and their structural relationships were also
assessed. A linear relationship was also
determined between the yield and other
measured traits using stepwise regression
analysis.

Materials and methods

Plant materials

This research was carried out by using
cultivated populations of two wild almond
species, i.e. P. scoparia and P.
elaeagnifolia (Fig. 1) located in the campus
at the School of Agriculture, Shiraz
University, Badjgah, Shiraz, Fars province,
Iran. The geographic coordinates are 38°
29' north latitude and 35° 52' eastern
longitude, with an altitude of 1810m.
These populations are in the same age and
were established more than 30 years ago
for research and conservation purposes. A
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Fig. 1. Shrub, shoot, leaf, kernel, nut and fruit of P. scoparia (A and B) and P. elaeagnifolia (C and D).

wild collection of these species had been
brought from Dasht-e Muk area of Firuz
Abad county (in the Fars province) which
is considered as one of the hotspots for the
diversity and evolution of these two wild
almond species in Iran. Twenty genotypes
of each species were randomly selected for
this study.

Measurements

Six vegetative traits (including shoot length
and diameter, leaf length, width, area and
length/width ratio) and 17 reproductive traits
(including flowering date, flower diameter,
fruit set, nut weight, length, width and
diameter, nut ripening date, kernel weight,
length, width and diameter, kernel moisture,
oil and protein content) were measured in the
growing season of 2014. Almond descriptors
were used for characterizing the leaf, flower,
nut and kernel attributes. The descriptors
were developed by the International Plant

Genetic  Resources Institute  (IPGRI)
(Gulcan, 1985). Measurements were made
on three sub-samples (i.e. three branches of
each tree were treated as three replications
for each genotype in each species).
Regarding the measurement of shoots,
leaves, flowers, nuts and kernels each sub-
sample was comprised of 20 shoots, leaves,
flowers, nuts and kernels per tree. Variables
were measured by using proper tape
measure, digital caliper and electronic
balance (0.001 g precision). Phenological
traits including flowering date (50% open
bloom) and fruit ripening date (50% husk
split) were recorded as date. Fruit set was
calculated on three branch per tree by
dividing the number of fruit to number of
previously counted flowers on the same
branches*100. The protein content was
determined by using a method described by
Ahmed and Schmidt (1979), and the total oil
content was measured by using a Soxhlet
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extractor with n-hexane as solvent, according
to descriptions by Venkatachalam and Sathe
(2006).

Statistical analyses

The experiment was conducted based on a
completely randomized design (CRD) with
twenty genotypes per species and three
replications per genotype. Analysis of
variance (ANOVA) and mean comparison
of values for genotypes were performed in
each species separately, according to the
GLM procedure of SAS 9.3 software.
Descriptive statistics such as means and
standard deviations in addition to analysis
of variance (ANOVA) and estimated
genetic parameters were calculated by the
software SAS v.9.3 (SAS Institute, 2003).
The genotypic coefficient of variation
(GCV), phenotypic coefficient of variation
(PCV), broad sense heritability (H?) and
response to selection (RS) were calculated
according to the following formulas
(Falconer & Mackay, 1996);

GCV= (VVG/ux) x 100
PCV= (VP/px) x 100

H? = (VG/VP) x 100

RS =2.06 x VWP x (H/100)

where VP, VG and px represent the
phenotypic variance, genotypic variance
and grand mean.

To illustrate the similarity and/or
dissimilarity among the genotypes in the
two studied species, a cluster analysis of
the genotypes was made based on all
measured traits. Squared Euclidian distance
and the Ward’s method for grouping were
applied by using the R 3.5.0 statistical
software (core package of the software) (R
Development Core Team, 2008). Principal
component analysis and regression analysis
were performed by using SPSS 25 software
(SPSS Inc., Chicago, IL, USA).

Results

Genetic diversity and heritability estimates
Considering the results, a high amount of
variability was clearly observed in most of
the measured traits in both P. scoparia and
P. elaeagnifolia species. The genotypic and
phenotypic parameters of P. scoparia and
P. elaeagnifolia were estimated (Tables 1
and 2). According to the results of genetic
estimation, all measured traits showed
different degrees of genotypic and
phenotypic  variations. The  highest
genotypic coefficient of variation (GCV)
(61.95%) and phenotypic coefficient of
variation (PCV) (78.75%) were estimated
in relation to the leaf area and the moisture
content of kernels in P. scoparia,
respectively, while the highest GCV and
PCV in P. elaeagnifolia were obtained in
the shoot length (52.23%) and the moisture
content of kernels (80.32%), respectively
(Table 1 and 2).

In this research, many of the measured
traits showed very high levels of
heritability (H®> > 90%) in both species.
These measured parameters included the
leaf, flower, nut and kernel attributes, as
well as yield (Table 1 and 2). On the other
hand, some traits showed lower levels of
heritability. These were the shoot diameter
(H? = 57.7 and H? = 44.24 in P. scoparia
and P. elaeagnifolia, respectively) and the
moisture content of kernels (H* = 38.58
and H* = 29.88 in P. scoparia and P.
elaeagnifolia, respectively), (Table 1 and
2). Nonetheless, their GCV and PCV
variations showed high values in relation to
the moisture content. High levels of
heritability were recorded for kernel oil (H?
= 75.55 and H® = 61.43 in P. scoparia and
P. elaeagnifolia, respectively) and for
protein (H®> = 89.54 and H? = 90.00 in P.
scoparia and P. elaeagnifolia,
respectively), (Table 1 and 2).
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Table 1. Genetic parameters calculated in P. scoparia using the expected values of the ANOVA table

Parameter Mn VX M SE GV EV PV H PCV___GCV RS NM
Sh"?ctr:f)"gth 14 43 267 141 3247 853 il 792 2398 2134 1045 3715
Sho"(tnf:ﬁ;“eter 22 432 309 013 0.19 0.14 033 5747 1861 1411 068 377
Leaflength cm) 19 508 319 018 065 002 067 9704 2575 2536 164 483
Leaf width (cm) 02 085 049 003 002 0 002 958 312 3055 03 0.79

Leafarea(cm')  0.16 225 098 014 037 002 039 9474 6364 6195 122 22
Leaf 'Vevrl‘gttﬁ’ Leaf 433 95 676 024 108 014 122 8886 1631 1538 202 878

Flowering date 12" 2" - - - - - - - - - -
i March April
F'OWe(Lﬁf)*meter 187 319 245 008 013 001 014 9457 153 1488 073 318
Fruit set (%) 145 2513 1015 112 1835 723 2558 7174 4986 4223 747 1762
NutLengthcm)  0.82 15 119 004 003 <001 004 9323 16 1545 037 155
Nut Width (cm) 05 083 067 002 00l <001 00l 9796 1359 1345 018 085
Nut weight (g) 008 025 017 001 <001 <001 <001 9783 301 2077 01 027
Nut ?c'fg‘eter 037 058 044 001 <001 <00l <00l 8439 826 759 006 051
Nut ripening date 16" 4 - - - - - - - - - -
June July

kem(ec'n'gngth 104 18 151 006 006 <00l 006 9868 1683 1672 052 202

Ker?‘é:n")"'dth 075 13 1 003 002 <001 002 9904 1497 149 03 13
Kemel weight (§) 028 107 06 005 004 <001 004 9867 3461 3438 043 1.03
Kemeldiameter o) g9 075 002 001 <001 001 9692 1077 106 016 091

(cm) : : : : : : : ' : : : :

Moisture (%) 0 1765 449 078 483 769 1253 3858 7875 4892 281 731
Protein (%) 1359 2652 1941 074 1014 118 1132 8954 1734 1641 621 2561
oil (%) 2088 3963 3293 094 1379 446 1825 7555 1297 1128 665 3958
Yield (kg) 01 222 152 015 011 005 0115 94 724 757 067 201

Mn: minimum, Mx: maximum, SE: standard error, M: mean, GV: genotypic variation, EV: environmental variation, PV: Phenotypic
variation, H2, broad sense heritability, PCV: phenotypic coefficient of variation, GCV: genotypic coefficient of variation, RS: response to
selection (under 5% screening from the population), NM: mean of the next generation after the selection of 5% of the population.

Table 2. Genetic parameters calculated in P. elaeagnifolia using the expected values of the ANOVA table

Parameter Mn VX M SE GV EV PV % PCV _GCV RS NM
Shoot length (cm) _ 0.58 10 484 058 638 064 702 9093 5477 5223 49 98
Shoo(trg:f];“eter 11 431 239 013 015 019 034 4424 2444 1625 053 292
Leaf length (cm) 101 213 153 006 007 0 007 9447 1766 1717 053 205
Leaf width (cm) 038 073 055 002 001 0 001 9483 1753 1708 019 073
Leafarea (cm') 0.26 124 067 005 004 00l 005 8946 3363 3181 041 108
Leaf 5’:3:2’ Leaf 219 343 283 006 007 001 009 813 1041 966 052 335
. ™ "
Flowering date March 19" March - - - - - - - - - -
F'O""e(rcgf;‘meter 132 232 17 005 005 001 006 8745 1427 1335 044 213
Fruit set (%) 094 1598 746 078 1172 088 1250 9303 4754 458 68 1427
Nut Length (cm) 1.06 157 126 003 <001 <001 <001 9735 1094 108 028 154
Nut Width (cm) 0.55 082 068 001 <00l <001 <001 9687 839 825 011 079
Nut weight (g) 012 027 017 001 <00l <00l <001 8539 1818 168 006 023
Nut diameter (cm) 034 0.52 041 0.01 <0.01 <0.01 <0.01 84.88 10.81 9.96 0.08 0.49
Nutripeningdate ~ 4"June 27" June - - - - - - - - - -
kemel length cm) ~ 1.35 203 163 004 <001l <001 <001 9782 1182 1169 039 202
Kemel width (cm) 094 133 108 002 <001 <001 <001 9753 838 827 018 127
Kemel weight (g) 045 11 069 003 <001 <001 <001 9747 218 2158 03 099
Ker”e('c‘r’T:";'“Eter 067 0.95 077 001 <001 <001 <001 8686 783 73 011 088
Moisture (%) 0 1429 39 069 294 689 98 2988 8032 4391 193 583
Protein (%) 1259 2346 1649 066 83 082 912 91 1831 1747 566 2215
ol (%) 205 4813 3653 124 1956 1229 3185 6143 1545 1211 714 4367
Yield (kg) 013 128 023 007 006 002 011 5461 2564 4701 047 0345

Mn: minimum, Mx: maximum, SE: standard error, M: mean, GV: genotypic variation, EV: environmental variation, PV: Phenotypic
variation, h?, heritability, PCV: phenotypic coefficient of variation, GCV: genotypic coefficient of variation, RS: response to selection (under

5% screening from the population), NM: mean of the next generation after the selection of 5% of the population.
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Cluster analysis
The ultimate clustering diagrams of P.
scoparia and P. elaeagnifolia were portrayed
based on all of the measured traits (Figures 3
and 4). The results showed that P. scoparia
genotypes can be clustered into three distinct
groups. The most closely related pairs of
genotypes among all those of P. scoparia
were the genotypes 1 and 19 in the third
cluster. In this study, on one side, there were
genotypes 10 and 16, and on the other side,
genotypes 6, 17, 3, and/or 14, which can be
recommended for parenting future crosses
that could make new generations with high
variations in almost all of the measured traits.
Clustering the genotypes of P.
elaeagnifolia resulted in four separated groups
of genotypes (Figure 5). Highly similar pairs
in the second, third and fourth clusters were
genotypes 9 and 16, genotypes 8 and 13, and
genotypes 12 and 20, respectively. Highly

distant pairs included genotypes 9 and 16 vs.
genotypes 8 and 13, which can be used as
dissimilar and distanced parents when aiming
at producing highly variable genotypes in new
generations.

Principle component analysis

The first two components (PCs) explained
64% and 51% of the total variability among
data pertaining to P. scoparia and P.
elaeagnifolia, respectively (Table 3). Figure
4 and Figure 5 are showing the genotypes
points of the two species of A. scoparia and
A. eleagnifolia versus the first two
components of the principal component
analysis in two-dimensional plot. According
to the PC results, the genotypes of both
species were grouped well, and the two
graphs indicated separated groups as
previously determined by the cluster
analysis in both species (Fig. 2 and 3).

15

10

Height

o o N2
2e

o -

AT

~ @ 0 —

13
18

Fig. 2. Cluster dendrogram for 20 genotypes of P. scoparia based on all measured traits.
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Fig. 3. Cluster dendrogram for 20 genotypes of P. eleagnifolia based on all measured traits.
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Fig. 4. Score (upper) and loading (lower) plots according to principal component analysis in P. scoparia.
X1: Shoot length, X2: Shoot diameter, X3: Leaf length, X4: Leaf width, X5: Leaf area, X6: Leaf
length/Leaf width, X7: Flowering date, X8: Flower diameter, X9: Fruit set, X10: Nut Length, X11: Nut
width, X12:nut weight, X13:nut diameter, X14:Nut ripening date, X15: Kernel length, X16: Kernel
width, X17: Kernel weight, X18: Kernel diameter, X19: Nut moisture, X20: Nut protein, X21: Nut oil,

X22: Yield.
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Fig. 5. Score (upper graph) and loading (lower graph) plots according to principal component analysis in
P. elaeagnifolia.
X1: Shoot length, X2: Shoot diameter, X3: Leaf length, X4: Leaf width, X5: Leaf area, X6: Leaf length/Leaf
width, X7: Flowering date, X8: Flower diameter, X9: Fruit set, X10: Nut Length, X11: Nut width, X12:nut
weight, X13:nut diameter, X14: Nut ripening date, X15: Kernel length, X16: Kernel width, X17: Kernel
weight, X18: Kernel diameter, X19: Nut moisture, X20: Nut protein, X21: Nut oil, X22: Yield.
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Table 3. Model summary of the principal component analysis in P. scoparia and P. elaeagnifolia

Dimension Cronbach's Alpha Eigenvalue Variance (%)
A. scoparia
1 0.952 10.456 52.282
2 0.585 2.249 11.245
Total 0.97 12.705 63.527
A. eleagnifolia
1 0.889947 6.470369 32.35184
2 0.765094 3.660857 18.30428
Total 0.949 10.13123 50.65613

Table 4. Pearson phenotypic correlation coefficients (above the main diagonal) and genotypic correlation
coefficients (under the main diagonal) based on all measured traits for P. scoparia
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10 0.01 0.33 0.35 0.13 017 0.28 0.12 0.01 0.05 1 009 057** 02 04*  0.9** 04** 0.6* 0.1 0.01 -0.1 0 0.01
1 0.46* 001 0.21 0.19 03 0.01 001 036 0.13 0.08 1 055* 024 0.42 002 0.7 05 058** 016 03 036  -0.2**
12 062** 043 062** 046* 059** 022 04* 022 0.09  05**  0.5** 1 047% 031  05** 06** 08** 059** 033 -0.2 001 -0.2**
13 068 03 0.4 055% 063 0.2 001 001 0.1 O** 0.2%*  0.4** 1 016 0.01** 003 01*  078** 064 -0.1 02 -0.2%
14 0.07 0.1 0.01 0.7 01 0.01 0.4* -0.3 0.03 0.4* 0.42 031 0.16 1 034 002 -0.2 001 037 035  0.24**
15 0.01 037 047 021 0.26 0.35 0.09 007 001 097** 003  055* 0.2 1 051*  0.7** 0.1 0.01 0.01 0.1 0.01
16 0.24 017 047 039 047 005 -04  048* 001 048 0.74* 065**  0.05 034  05* 1 0.85** 04 011 0.1 008  -0.3**
17 033 03 062 044 054* 022 -0.1 0.43 0.02  0.65** 054* 08** 016 002 0.7%* 08** 1 0.48* 0.2 -0.1 0.01 -0.1
18 071 014  045% 043 057 006 0.36 03 003 0.01** 06** 06** 08 02 001** 04** 04* 1 057**  -0.2 006  -0.2**
19 053* 038 03 047% 041 -0.2 023 001 006 001* 01** 04* 08 001 001* 01* 02 0.7* 1 -0.3 0.1 0.01
20 04 0.2 0.01* 001 001  001** 001 001** -04* 001* 001** 001** 001** 037 001  001* 001* 001** 0.01** 1 03 02
21 -0.1  -0.6**  0.01**  0.01** 0.01**  0.4** 03 0.3** 0.4 001 03* 001 001* 035 001* 01* 001 0.08  0.01** 0.01** 1 0.17*
22 007 02+ 001** 001* 001* 001 0.21 0.1 055% 001 03** 02 02 024 001 05% 01* 0.5*  0.01 0.01** 0.2** 1

** and * are signs for significant at the 0.01 and 0.05 levels.
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Phenotypic and genotypic correlations

Table 4 and Table 5 represent phenotypic
and genotypic correlation coefficients for all
pairs of the traits in P. scoparia and P.
elaeagnifolia, respectively. The results
showed that a high degree of association
exists between the traits. Those in relation to
the nut and kernel were closely correlated in
a positive way according to both genotypic
and phenotypic correlations. Moreover, traits
that related to leaf characteristics showed
highly positive correlations with one another
and also with traits related to the nut and
kernel in both species. Based on phenotypic
correlations for vyield, the only positive
correlation  of  significance,  occurred
betweenthe yield and the percentage of
fruit set in both of P. scoparia (r = 0.85)
and P. elaeagnifolia (r = 0.55). According
to genotypic correlations, many of the
calculated correlations were significant.
Specifically, however, the yield produced

by P. scoparia was found to correlate
positively with the kernel length (r = 0.44),
kernel width (r = 0.29), kernel diameter (r
= 0.38), flower diameter (r = 0.54), shoot
diameter (r = 0.45), and percentage of fruit
set (r = 0.72). Furthermore, the vyield
produced by P. elaeagnifolia correlated
with shoot diameter (r = 0.45), leaf area (r
= 0.39), the percentage of fruit set (r =
0.55), nut weight (r = 0.30), kernel width (r
= 0.53), kernel diameter (r = 0.54), kernel
protein (r = 0.46) and kernel oil (r = 0.21).

Stepwise regression analysis

The results of the stepwise regression for
both species are shown in Table 6. In P.
scoparia, the final model was established
after three steps of screening for the
percentage of fruit set, flower diameter, and
leaf length. Meanwhile, the most influential
factors on the yield of P. elaeagnifolia were
the percentage of fruit set and leaf area.

Table 6. Stepwise regression model taking yield as response variable in P. scoparia and P. elaeagnifolia separately

Step Model Unstandardized Stoddard Standardized t P-
Coefficients error Coefficients value
A. scoparia
1 Intercept -0.519 0.205 - -2.531 0.021
Fruit set percentage 0.125 0.018 0.846 6.738 0
2 Intercept -1.447 0.415 - -3.487 0.003
Fruit set percentage 0.126 0.014 0.858 8.831 0
Flower diameter 0.642 0.177 0.352 3.623 0.002
3 Intercept -2.109 0.467 - -4.52 0
Fruit set percentage 0.119 0.02 0.786 5.992 0
Flower diameter 0.712 0.112 0.381 4.132 0
Leaf length 0.291 0.103 0.37 2.819 0.012
A. elaeagnifolia
1 Intercept 0.211 0.143 - 1.475 0.157
Fruit set percentage 0.049 0.017 0.554 2.822 0.011
2 Intercept -1.447 0.415 - -3.487 0.003
Fruit set percentage 0.086 0.016 0.668 7.231 0
Leaf area 0.532 0.133 0.355 2.891 0.009
Discussion results of current study, a high amount of

The higher the variation among genotypes of
a plant species in traits of interest, the higher
the possibility of finding new genes or QTLS
to be applied in revealing new cultivars
through  conventional and  molecular
breeding (Cruz, 2013; Holsinger and Weir,
2009; Xiong et al., 2015). Considering the

variability was clearly observed in most of
the measured traits in both of P. scoparia
and P. elaeagnifolia species (Tables 1 and 2).
The high variations of tree and nut
characteristics of P. scoparia confirmed in
this study, are in agreement with previous
reports by Khadivi-Khub and Anjam (2014)
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evaluating the tree and nut attributes, and
Dvin et al. (2017), investigating the nut
characteristics of this species in very diverse
plant materials. Furthermore, Nikoumanesh
et al. (2011) reported that leaf area has the
highest coefficient of variation in some
almond species. Zeinalabedini et al. (2012)
obtained a high range of variability that was
based on the coefficient of variations in
relation to morphological traits in the almond
germplasm, which is consistent with the
results obtained in the current study. There
were  higher values of phenotypic
coefficients of variation, as compared to the
genotypic coefficients of variation, which
indicate the undeniable role of the
environment in affecting the phenotypes
(Farshadfar et al., 2001).

Many of the measured traits in both
species including the leaf, flower, nut and
kernel attributes, as well as vyield in P.
elaeagnifolia showed very high levels of
heritability (H? > 90%), however some such
as shoot diameter and kernels’ moisture
content showed lower levels of heritability
(H? < 50%) in both species (Tables 1 and 2).
Such high levels of heritability could be
considered as genotypic capability of
generating new populations with high quality
kernels (Riasat et al. 2018). Chandrababu
and Sharma (1999) also reported a high level
of heritability for several morphological
traits of almonds species (H? = 89%, 90%,
94%, 95%, 90%, and 92% for nut length, nut
width, nut weight, kernel weight, kernel
length, and kernel width, respectively).
Similarly, Kester et al. (1977) obtained
similar results when studying almonds. Such
high levels of heritability in wild almond
genotypes deserve more attention in breeding
programs.

A cluster diagram assigns different
branch lengths to each genotype, thereby
representing the distance between them. The
longer the branch length, the more distanced
the genotypes are genetically (Saed-
Moucheshi et al. 2013). Besides a high level
of variation among the genotypes in terms
of the measured traits, a high level of

similarity could still be realized among the
genotypes, which could be explored as an
advantage in breeding programs. According
to the results the genotypes of P. scoparia
clustered into three distinct groups (Fig. 2),
whilst, the genotypes of P. elaeagnifolia
classified in four separated groups (Fig. 3).
The dissimilarity between genotypes
denotes the capability of generating new
genotypes and  producing  different
associations or segregations of genes,
thereby facilitating a partial removal of
former linkages or the creation of new ones
that can be applicable in both classical and
modern breeding methods (Dicenta and
Garcia, 1992). In order to generate new
genotypes in a subsequent generation (with
new linkage groups or new population
properties), it is a common practice to use
distant genotypes (Sorkheh et al., 2009).
Further into the grouping of the
genotypes and after reviewing the results
of the clustering, principal component
analysis (PCA) was performed as a
statistical procedure to gauge the precision
of clustering. According to the PC results,
the clustering of the genotypes was
performed well, and the two graphs
indicated separated groups as previously
determined by the cluster analysis in both
species (Table 3, Figures 4 and 5). By
using PCA, the individuals and even the
traits could be categorized into groups,
thereby saving time and effort when
screening for germplasm and populations
that are worthy of breeding, as well as
parent selection (Khadivi-Khub and
Anjam, 2014; Rahimi Dvin et al., 2017).
To illustrate the association between
traits and to find effective traits in relation
to important  variables, correlation
coefficients based on Pearson’s method
were used for both species. The results
showed that a high degree of association
exists between the traits (Tables 4 and 5).
Generally, genotypic correlation
coefficients were lower than the phenotypic
ones, although there were some cases in
which the genotypic correlation was higher
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than the phenotypic (Tables 4 and 5). These
results are in agreement with previous
findings on wheat (Riasat et al., 2018),
pomegranate (Mars and Marrakchi, 1999)
and almond (Dicenta et al., 1993). However,
the more the number of traits that exist, the
more coefficients need to be considered,
thereby complicating the capability of
correlation  coefficients in  finding
associations between traits (Hazel, 1943).
To that end, multivariate analysis can
reduce the number of indices and facilitate
research when exploring the association
between traits. One of these techniques is
principal component analysis which intends
to reduce the dimensions of the data and
enables the assessment of more information
through fewer indices (Richards et al.,
2002). The loading plot for both of P.
scoparia and P. elaeagnifolia are presented
in Figures 4 and 5, whereby the first two
components are used. The graphs clearly
supported the results obtained in the
correlation analysis where the percentage of
fruit set appeared to be the most prominent
trait that correlated with the yield in both
species. Furthermore, the traits in relation to
kernel weight showed higher associations
with the yield than with the other traits in
both species. Positive correlations between
leaf properties (e.g. leaf area) and fruit set
indicate a direct association between
vegetative and reproductive parameters.
This correlation can be considered as an
appropriate route to improve the growth
vigor of trees located in arid areas where
plant survival demands a rapid and strong
growth at the start of the growing season
(Nikoumanesh et al.,, 2011). Previous
reports have also indicated that leaf area has
positive correlations with the characteristics
of the nut and kernel (Khadivi-Khub and
Anjam, 2014; Zeinalabedini et al., 2016;
and Karimi et al., 2009). Due to genetic
linkage and the existence of linkage groups
among genes, the availability of strong
correlations between traits might bring
about more traits of interest in the next
generation when selecting for other traits

(Dicenta and Garcia, 1992). In both species,
a significant negative genotypic correlation
was found between oil content and protein
content of the kernel (r =-0.44 and r = -0.43
in P. scoparia and P. elaeagnifolia,
respectively) indicating that it is rather
difficult to obtain high amounts of oil and
protein in one genotype (Colic et al., 2012).
Regarding principal component analysis, a
previous study has shown that traits in
relation to the leaf and vegetative growth
have different dimensions and relationships
in separate species (Nikoumanesh et al.,
2011). In a study on wild almond species,
the features of the nut showed a larger
contribution to species differentiation than
those of the leaf (Sorkheh et al., 2009).

To detect a linear association and to find
effective traits through vyield, linear
regression was used in both species, but
since the regression coefficients may affect
each other, some false results might be
generated in the whole model of the multiple
regression (Saed-Moucheshi et al., 2013).
Accordingly, stepwise selection regression
was applied to reveal and screen the most
effective variables through the yield of these
two almond species. The most influential
factors on the yield of P. elaeagnifolia were
the percentage of fruit set and leaf area, this
is while in P. scoparia, the percentage of
fruit set, flower diameter, and leaf length
screened as the most effective factors on
yield (Table 6). Imani and Shamili (2018)
showed that nut length and nut width are the
main variables that cause variations in the
nut weight (i.e. the yield) of almonds per the
regression model.

Conclusion

High levels of genotypic and phenotypic
variations exist among the evaluated
genotypes, and these include many of the
vegetative and reproductive attributes. These
observations denote the valuable nature of
available genetic resources that originate
from these two wild almond species.
Furthermore, high levels of heritability for
many of the traits pertaining to the growth
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and nut-related characteristics suggest the
feasibility of genetic improvement through
conventional breeding. The vegetative
growth, along with the features of the nut and
kernel correlated strongly with the final
amount of yield, whereas qualitative traits
such as oil and protein contents did not share
strong correlations with the amount of
almond yield. Genotypes from different
clusters could be used in crossbreeding
programs to generate greater variations in
vegetative and reproductive characteristics of
wild almonds.
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