
V o l u m e  8 0  |  I s s u e  3  |  J u n e  2 0 1 5 139

Europ. J. Hort. Sci. 80(3), 139–144 | ISSN 1611-4426 print, 1611-4434 online | http://dx.doi.org/10.17660/eJHS.2015/80.3.7 | © ISHS 2015

Prunus dulcis genotypes 

A. Khadivi-Khub and E. Osati
Department of Horticultural Sciences, Faculty of Agriculture and Natural Resources, Arak University, Arak, Iran

Original article

What is already known on this subject?
 The almond tree is of great importance throughout 

the world due to high nutritive values of nut and its 
favorable effects on human health. Spring frost resis-
tance is a major breeding goal in many production 
areas. Also, high kernel quality is a desirable 
economic trait for almond. 

 Among the studied almond germplasm, seven geno-
types were the best trees in terms of consistent high 

time which can be singled out for cultivation. Kernel 
weight and nut weight were the main variables 
accounting for kernel percentage.

What is the expected impact on horticulture?
 The results will be useful for collections, conser-

vation and almond breeding programs. The inves-
tigation provided suitable data for focusing future 
studies with the aim to develop almond cultivars for 
sustainable production. The cultivation of the prom-
ising genotypes can increase quantitative and 
qualitative yield of almond. 

Summary
Almond is one of the most important fruit crops 

and the most important in the genus Prunus. Iran, 
due to a diverse variability in geographical regions 
such as mountain ranges and deserts spreading 
throughout the country and therefore diverse kinds 
of climates, is one of the origins of almond. In the 
current investigation, 174 almond genotypes were 
characterized using morphological traits to detect 

of variation (CV) showed a high variability in the 

were found between them for most of trait. Nut and 
kernel characters contributed most to the total 
variation. Also, the considered genotypes had sig-

Results from simple correlation analysis showed 

certain important characteristics. Principal com-
ponent analysis (PCA) showed high discrimination 
capabilities of variables measured. Genotypes 20, 
119, 116, 43, 145, 168 and 171 were the best trees 
in terms of consistent high fruit set, large nut, large 

out for cultivation. Furthermore, genotypes 28, 33, 

useful as parents to cross for generating appropri-

ing season of cultivars. Furthermore, two key vari-
ables including kernel weight and nut weight were 
the main variables accounting for kernel percentage 
and they should be considered together in breeding.
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Introduction
Iran is one of the most important centers of the planta-

tion and the production of almond ([Prunus dulcis (Miller) 
DA Webb, syn. Batsch]) in the world. In 

the suitable ecological conditions and its resistance to the 
drought and the calcareous conditions. Also, the trees of 

the suitable place of the orchard and its management, we 
must pay attention to select the suitable cultivar carefully 
(Kester and Gradziel, 1996).

Almond cultivation in Iran has a long historical back-
ground, and because of its self-incompatibility nature 
there are many genotypes growing in different regions of 
the country. These genotypes include a vast range of diver-
sity in many characteristics such as blooming time. One of 
the major concerns of modern agriculture is the conserva-
tion and utilization of valuable genetic resources of crop 
plants. The recognizing and collecting the superior geno-
types among the native populations (seedling orchards) of 
almond and also making new hybrids, the evaluation and 
their comparison along with the important and commer-
cial cultivars to obtain the cultivars with the desirable 
traits can make the great change in the industry of almond 
(Dangl et al., 2009). 

Modern objectives in plant breeding may be achieved 
by the evaluation of traits amongst genetic resources and 
combination of those in one cultivar. Traditionally, the 

types has been based on morphological traits. Morphologi-
cal characterization of germplasm collections is important 
for plant breeders wishing to utilize the germplasm in 
their programs. Characterization of morphological traits is 
also essential to document and study the genetic diversity 
within the collection and can facilitate the establishment 
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of core collections that fully represent the diversity of the 
collection (Van Hintum et al., 2000). 

During the last decades, the gene pool of almond in 
Iran has been studied and some promising genotypes were 
selected (Sorkheh et al., 2009; Zeinalabedini et al., 2012; 
Nikoumanesh et al., 2011). However, there were wide areas 
covered by almond trees in different parts of the country, 
which have not been searched so far. Thus, the aim of the 
present research was to identify superior and promising 
almond genotypes that will be further exploited through 

characteristics or for direct cultivation.

Materials and methods
The study set consisted of 174 genotypes from Karaj, 

Iran. Karaj is one of the main producing regions of almond 
in Iran with 35°56’30”N latitude, 50°58’10”E longitude and 
1,312 m height above sea level. This city has 13.80°C annual 
average temperature and 260 mm annual precipitation. 
Trees were grown under standard conditions of irrigation, 
fertilization and pest and disease control. Genotypes were 
selected after evaluation on the basis of regular fruit pro-
duction and observed phenotypic diversity. The examined 
genotypes were eight years old. 

Forty-four morphological characters were evaluated 
for two consecutive years on the basis of the almond de-
scriptors developed by the International Plant Genetic 
Resources Institute (IPGRI) (Gulcan, 1985) (Table 1). Mea-
surements of each nut and kernel trait were based on 20 

-

time were recorded. Tardy-Nonpareil cultivar was used as 

For statistical analysis, the following parameters were 
evaluated for quantitative variables: mean, minimum value, 

-
sis of variance was performed for all morphological traits 
by SAS software. The correlation between all variables 

using SPSS software. Also, association between measured 
traits (as independent variables) and kernel percentage (as 
dependent variable) was detected using multiple regres-
sion analysis (MRA). Relationships among genotypes were 
investigated by principal component analysis (PCA) and 
tri-plot using SPSS software. 

Results and discussion

Phenotypic description
Almond has been grown in many parts of Iran since an-

cient times; hence, due to long history of cultivation numer-
-

ences were recorded between genotypes for all of the mor-
phological characteristics based on analysis of variance. 
Due to the high diversity in the measure traits, it is more 
probable that we can use those from the future breeding 
programs in order to obtaining superior genotypes. Among 
the quantitative traits, the highest levels of variation were 
found for nut weight (CV = 41.02%), whereas pistil number 
showed the smallest CV (24.33%) among the genotypes 
(Table 1). Zeinalabedini et al. (2012) reported a range of 

-
ical traits in almond germplasm.

Most of the studied genotypes were characterized by a 
spreading tree growth habit and strong tree vigor, in agree-

ment with results of Colic et al. (2012) and Zeinalabedini et 
al. (2012). The registered full blooming dates showed that 
the studied genotypes -
ing 

middle, middle-late, late, late-very late and very late within 
this period. In comparison to control cultivar (Tardy-Non-
pareil), most genotypes -
type 
may be having the lowest chilling requirements among the 
studied genotypes. On the contrary, the latest genotype to 

th of April. Genotypes 28, 
-

sistance is a major breeding goal in many production areas, 

The possibility of using the genotypes (28, 33, 129 and 171) 
-

ing requirements) in orchards or to develop new cultivars 
-

age, but would also reduce disease damage (Sorkheh et al., 
2009). 

spurs, whereas distribution was mixed in some genotypes, 
-

alabedini et al. (2012). The dominance of genotypes with 
light pink petal color was observed, while some of them had 
white petal. Most of the genotypes 
size. In terms of blooming density, the genotypes were clas-

 had high 
density. 

Large variations were observed in ripening date time 
(02-August to 27-September) among the studied geno-
types. Nut weight varied from 1.34 to 6.35 g, while, kernel 
weight ranged between 0.41 and 2.31 g. Colic et al. (2012) 
reported range of 2.53 to 6.00 g for nut weight and 0.62 to 
1.29 g for kernel weight. Besides, Zeinalabedini et al. (2012) 
recorded range of 0.50 to 2.30 g for kernel weight. Oblong 
nut shape, intermediate shell color intensity, intermediate 
marking of the outer shell, and semi-hard shell were deter-
mined in most genotypes. Slightly wrinkled kernel shriv-
eling was dominant and agreed with results of Colic et al. 
(2012). Kernel pubescence was low in most genotypes and 
followed by intermediate. Kernel taste was predominantly 
sweet. Kernel weight/nut weight ratio was expressed as 
kernel percentage. Thus, kernel percentage ranged be-
tween 21.03 to 80.14%. Colic et al. (2012) reported range of 
12.43 to 33.50% for kernel percentage for Turkish almonds.

Spearman correlation analysis
Strong correlations were observed among most of the 

studied traits (not shown). Tree canopy was correlated 
with tree height, tree vigor, growth habit, branching habit 
and leaf density, which corresponds with results obtained 
by Talhouk et al. (2000), Nikoumanesh et al. (2011), and 
Sorkheh et al. (2009). The existence of close correlations 
between leaf and canopy size indicates that more leaf ex-
pansion leads to stronger aerial growth. This correlation 
could be considered as a suitable relationship for improv-
ing vigorous rootstocks suitable for dry environments 
where a fast and strong growth is needed in the beginning 
of the seasonal life cycle to induce and maintain appropri-
ate vigor in shoots and also for reaching an appropriate 
size for budding and/or grafting as soon as possible in 

was highly and positively correlated with nut and kernel 
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Table 1. Descriptive statistics for morphological characters for the studied almonds.

No. Variable Code and state
1 3 5 7 9

Qualitative trait
1 Tree habit Drooping Spreading Spreading to upright Upright Very upright
2 Tree vigor Weak Intermediate Strong
3 Tree height Very low Low Intermediate High Very high
4 Canopy diameter Low Intermediate High
5 Branching Low Intermediate High
6 Low Intermediate High
7 Current year old shoot anthocyanin Low Intermediate High
8 One-year old shoot thickness Low Intermediate High
9 Blooming density Very low Low Intermediate High Very high
10 Petal color White Light-Pink Pink
11 One year shoot Spur Mixed
12 None Low Intermediate High
13 Leaf density Low Intermediate High
14 Leaf color Light green Green Dark green
15 Leaf serration shape Serrulate Serrate
16 Green fruit density Very low Low Intermediate High Very high
17 Green fruit size Very low Low Intermediate High Very high
18 Green fruit shape Flat Ovate Narrow elliptic Elliptic
19 Green fruit pubescence Low Intermediate High
20 Fruit yield Very low Low Intermediate High Very high
21 Ease of hulling Low Intermediate High
22 Nut size Very low Low Intermediate High Very high
23 Nut shape Round Ovate Oblong Cordate Very narrow
24 Nut tip shape Flat acute oblate
25 Shell hardness Extremely hard Hard Intermediate Soft Paper
26 Suture opening of the shell Excellent seal Open Very wide
27 Shell color intensity Extremely light Light Intermediate Dark
28 Marking of outer shell Without pores Sparsely pored Intermediate Densely pored Scribed
29 Kernel size Very low Low Intermediate High Very high
30 Kernel color intensity Extremely light Light Intermediate Dark Very dark
31 Kernel shriveling Slightly wrinkled Intermediate Wrinkled
32 Kernel pubescence Low Intermediate High
33 Doubled kernel None Low Intermediate High
34 Kernel taste Sweet Intermediate Slightly bitter Bitter

No. Quantitative trait Unit Min Max Mean CV (%)
1 Fruit weight g 4.12 23.92 9.26 35.06
2 Nut weight g 1.34 6.35 2.86 41.02
3 Kernel weight g 0.41 2.31 1.09 27.48
4 Nut weight/Fruit weight Ratio 0.13 0.58 0.32 32.67
5 Kernel weight/Fruit weight Ratio 0.06 0.27 0.12 25.05
6 Kernel weight/Nut weight Ratio 0.21 0.80 0.42 34.02
7 Kernel percentage % 21.03 80.14 42.04 34.02
8 Pistil number Number 1.00 2.00 1.56 24.33
9 Flowering data Day 13 Mar 11 Apr - -
10 Ripening date Day 2 Aug 27 Sep - -
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(2012). This could be interpreted as the tendency of late-

kernels. Furthermore, a positive correlation was observed 
between nut weight and kernel weight (r=0.58), which is 

 et al., 
2000; Sorkheh et al., 2009; Zeinalabedini et al., 2012). On 
the basis of the strong positive correlations among nut and 
kernel traits, it could be concluded that these characters 
have an equal effect on determining cultivar cropping po-
tential and also germplasm characterization. In addition, 
shell hardness was negatively correlated with nut weight 
(r=-0.67) and agreed with results of others (Sanchez- 
Perez et al., 2007; Zeinalabedini et al., 2012). Kernel weight 

-
ness. Also, kernel pubescence showed highly positive cor-
relation with wrinkled kernel shriveling (r=0.54). A close 
relationship between traits could facilitate or hinder gene 
introgression since selection for a desirable trait, could fa-
vor the presence of another desirable trait from the same 
population (Khadivi-Khub et al., 2013). 

Multiple regression analysis (MRA)
The association between kernel percentage (as de-

pendent variable) and measured traits (as independent 
variables) was determined using multiple regression anal-
ysis (MRA). Then the effect of each independent variable 
on this key trait was calculated. MRA showed that kernel 
percentage was found to be associated with kernel weight 
(R2=0.89) and nut weight (R2=0.51). Kernel weight had high 

=0.74, P -
cant positive association with the kernel percentage (Fig-
ure 1). Understanding association between these traits 
can help breeders for selection and crosses (Khadivi-Khub, 
2014).

Principal component analysis 
Principal component analysis (PCA) was used to iden-

-

PCA put all the traits into 14 components which explained 
-

plained 28.02% of the total variability observed. A plot of 
the variance extracted by 14 PCs showed that the variance 
explained by a single PC decreased strongly between PC1 
and PC5, but from PC5 onward, the decrease became very 
slow and several PCs with almost the same variance could 

-
counted for 10.64% of total variation, featured kernel 
weight/nut weight, nut weight/fruit weight, nut weight, 
ease of hulling, nut size and shell hardness. The second 
component, which explained 9.14% of total variation, in-
cluded green fruit size, kernel size, kernel weight and green 
fruit weight. The third component, featuring 8.24% of total 
variation, included tree habit, tree vigor, tree height, can-

-
dini et al. (2012) reported that nut and kernel weights had 

-
more, Lansari et al. (1994), Talhouk et al. (2000), and Sork-
heh et al. (2009) found that the variables contributing to 
nut and kernel size were more important than leaf traits. 

Tri-plot analysis
-

ponents (PC1/PC2/PC3, 28.02% of variance). The tri-plot 
showed the distribution of almond genotypes on the PC1, 
PC2 and PC3 sides and the geometrical distances among 
genotypes  
phenotypic resemblance and morphological characteris-
tics (Figure 3). Tri-plot distributed genotypes in four sides 
of scatter plot. 
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Figure 1. Regression plot for kernel percentage (as dependent variable) with kernel weight (as independent variable). 
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Figure 2. Variance percentages explained by 14 principal components (PCs) in PCA.

 

 
 
 

indicate the studied genotypes.
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Our results showed that nut and kernel traits are suit-
able for characterization of almond germplasm and could 
appropriately separate our samples into distinct morpho-

authors (Talhouk et al., 2000; Sorkheh et al., 2009; Zeinal-
abedini et al., 2012) showed morphological evaluation to be 

and for species distinction. Furthermore, Khadivi-Khub et 
al. (2013) reported that fruit characteristics could clearly 
discriminate diversity among sour cherry genotypes.

Conclusion
Information about the diversity of germplasm collec-

tions is of great importance for conservation, management 
and utilization of plant materials in gene banks. The suc-
cess of any breeding program is highly dependent on the 
extent of diversity and knowledge of the behavior of desir-
able traits through crosses. In the present investigation, we 
used most of morphological traits to determine phenotypic 

-
ology, leaf properties and fruit attributes of the genotypes 
studied here could be useful to choose the appropriate ones 
to be grown under different climatic conditions or used as 
parent in future breeding programs. According to this,  
genotypes 20, 119, 116, 43, 145, 168 and 171 were the best 
genotypes in terms of consistent high fruit set percentages, 

-
age of double kernel and can be singled out for cultivation. 
Besides, genotypes -
ering and could be useful as parents to cross for generating 

cultivars. These results imply the high potential for breed-
ing programs.
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