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Abstract
Apricot (Prunus armeniaca L.) is a world-wide highly appreciated fruit, with its attractive colour,
soft texture and typical flavour. In the current investigation, 68 apricot accessions collected from
Jammu and Kashmir, India were analysed to determine the measure of variation using 12 qualitative
and 16 quantitative traits with an aim to identify superior apricot accessions with excellent fruit
quality traits. High phenotypic variability was observed among the studied apricot accessions
with significant differences among most of the qualitative and quantitative traits. Fruit-related char-
acteristics including fruit weight, fruit length, fruit ratio, fruit firmness, fruit shape, fruit suture, stone
weight, kernel weight and stone shape were the most diverse with a high coefficient of variation
(>30%). One way analysis of variance showed significant differences (P < 0.0001) among all the
quantitative traits. Significant positive and negative correlations were observed between all the
agronomically important fruit quality traits. The principal component analysis (PCA) revealed that
75.34% of the variability was defined by the first eight components. The unweighted pair group
method with arithmetic mean (UPGMA) dendrogram, based on all traits measured grouped the
accessions into twomain clusters with several sub-clusters. Both UPGMA dendrogram and PCA scat-
ter plot formed a cluster of 14 accessions, having the highest values regarding most important fruit
quality traits such as fruit weight, fruit length and width, fruit ratio, stone weight and kernel weight
can be treated as potentially superior accessions. These accessions can be used directly for
cultivation and in future apricot breeding programmes. The present findings are promising for gen-
etic resource management, cultivar improvement and commercial applications of apricot in Jammu
and Kashmir, India.
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Introduction

Apricot (Prunus armeniaca L.) is one of the most import-
ant economic fruit crops belonging to the Rosaceae family,
cultivated in warm temperate to subtropical regions of all
the continents of the world. It is believed that apricot has
originated in the mountains of northern and north-eastern
China, with central Asia’s Dzhungar and Zachlag

mountains as a secondary centre of origin (Zeven and De
Wet, 1982). The apricot gene pool contains species and
varieties with a wide range of adaptations from the cold
Siberian winters to the subtropical climate of North Africa
and from the Central Asian deserts to the humid areas of
Japan and eastern China (Mehlenbacher et al., 1991;
Ercisli et al., 2009). With local apricots from Central Asia,
Afghanistan, Xinjiang, Pakistan, Baluchistan and Northern
India (Kashmir), the Central Asian group is the largest
and richest group for biodiversity. It is believed that it
was introduced via Baltistan into cold arid Ladakh,*Corresponding author. E-mail: Showkatzargar1@gmail.com
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although some experts suggest that it has been imported
directly from China via Tibet (Dwivedi et al., 2007;
Kumar et al., 2009). In India, different apricot genotypes
are grown in Jammu and Kashmir, Himachal Pradesh,
Uttarakhand and Punjab. However, the region of Jammu
and Kashmir is the leading producer of apricots in India
with a total production of 21,131 MT in the year 2017–18
(http://hortikashmir.gov.in/).

Although there is a rich diversity in the apricot germ-
plasm of Jammu and Kashmir, there have been no breeding
efforts to develop accessions that are suited for commer-
cialization in India. Assessment of genetic resources of
the indigenous accessions is important for breeding pro-
grammes aimed at incorporating features such as firmness
and disease resistance from wild accessions into cultivated
varieties (Ercisli et al., 2009). Using morphological/agrono-
mical traits and biochemical characteristics, significant
levels of phenotypic diversity among wild and cultivated
apricot germplasm have been observed from the different
regions of the world (Drogoudi et al., 2008; Yilmaz et al.,
2012; Krichen et al., 2014; Pérez-Romero et al., 2014;
Khadivi-Khub and Khalili, 2017; Gecer et al., 2020;
Rezaei et al., 2020). However, studies on apricot germ-
plasm of Jammu and Kashmir has mostly been restricted
to the Ladakh region (Sofi et al., 2001; Zaffar et al., 2004;
Malik et al., 2010; Girish et al., 2012; Abdul et al., 2016;
Angmo et al., 2017; Naryal et al., 2019). The result of
some investigations from the Kashmir region has revealed
that there is a huge genetic diversity in this fruit species
(Bhat et al., 2013; Kumar et al., 2015; Wani et al., 2017)
which has not been explored completely indicating that
detailed information on the phenotypic diversity of apricot
germplasm in Jammu and Kashmir is still lacking.

Hence, the current study aimed to analyse both quantita-
tive and qualitative traits in wild and cultivated apricot
accessions collected from different districts of Jammu and
Kashmir, India. This is the first report on descriptive and
multivariate analysis focusing on the phenotypic diversity
of apricot germplasm that includes the accessions collected
from the Jammu province apart from Kashmir province.
The findings of this study can be helpful in the identifica-
tion of superior accessions with economically important
traits for direct cultivation as well as for implication in future
apricot breeding programmes.

Materials and methods

Plant materials

Sixty-eight accessions of P. armeniaca L. including mater-
ial from both wild and cultivated populations were col-
lected from different districts of Jammu and Kashmir,
India (Table 1; online Supplementary Fig. S1).

Morphological analysis

The phenotypic characterization of apricot accessions was
carried out by following the morphological descriptors se-
lected from the International Union for the Protection of
New Varieties of Plants (UPOV, 2007) and the standard
DUS guidelines on apricot Protection of Plant Varieties and
Farmer’s Rights Authority, Govt. of India (PPV & FRA, 2012)
(https://itestweb.in/ppvf/crop-dus-guidelines). Twenty-eight
(12 quantitative and 16 qualitative) traits were collected
over 3 years. Twenty representative samples of mature leaves
were taken from the current season’s shoot per tree in the
areas of natural growth. The traits including leaf length and
width, petiole length, and fruit length and width, were
measured using a digital caliper while the area of the leaf
was determined using millimetre graph paper (Pandey and
Singh, 2011). The fruits were collected at the ripening stage,
and the fruit weight, stone weight, and kernel weight were
measured by using an electronic balance with 0.01 g preci-
sion. Furthermore, the characteristics comprising tree growth
habit, leaf serration type, leaf apex, leaf base, petiole gland
number, petiole anthocyanin coloration, fruit harvest maturity
days, fruit shape, fruit suture, fruit apex, fruit colour, fruit firm-
ness, separation of stone, stone shape, stone colour and ker-
nel taste were measured based on ranking and coding. The
list of evaluated morphological traits is shown in online
Supplementary Table S1.

Data analysis

Descriptive statistics (including mean, median, minimum
value, maximum value and standard deviation) were deter-
mined using Excel 2013 (Microsoft Office package).
Coefficient of variation % (CV = (SD/Mean) × 100 ) was esti-
mated as the indicator of variability. Execution of analysis of
variance (ANOVA) was performed for all quantitative traits.
Principal component analysis (PCA) based on all the quanti-
tative and qualitative traits was performed to determine the re-
lationships among the accessions using SPSS v20.0 (IBM SPSS
Statistics, 2011). A scatter plot was created using PAST soft-
ware (Hammer et al., 2001) based on the first two principal
components (PC1 and PC2). Also,multivariate cluster analysis
was performedusing the unweighted pair groupmethodwith
arithmetic mean (UPGMA) based on the Euclidean distance
coefficient and performed with PAST software.

Results

Morphological characterization based on
quantitative traits

In the current study, a total of 68 diverse apricot accessions
collected from different districts of Jammu and Kashmir,
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India were used. One way ANOVA and Fisher test values
(probability level P < 0.0001) showed differences for all
12 quantitative traits that were highly significant at the
threshold of 1% (online Supplementary Table S2). The
descriptive statistics (minimum, median, maximum, average,
SD and coefficient of variation (CV)) of 12 quantitative traits
based on UPOV and FRA guidelines are given in Table 2.
Among all the 68 accessions, leaf length ranged from 4.86
to 10.65 cm with an average of 7.37 cm, whereas leaf width
varied from 3.65 to 8.81 cm with an average of 5.97 cm.
Similarly, the leaf area ranged from 12.61 to 68.05 cm2.
In addition, petiole length ranged from 1.26 to 4.54 cm
(Table 2; Fig. 1a). A wide variation was observed in the fruit
quantitative traits among the studied apricot accessions. The
fruit weight ranged from 2.93 to 47.12 g with an average of
14.29 g. Similarly, fruit length ranged from 19.74 to 44.28mm
with an average of 14.29mm,whereas fruit width varied from
16.42 to 43.22mm with an average of 27.82mm. Fruit ratio
ranged from 2.86 to 19.07 with an average of 7.12. Besides,
stone weight ranged from 0.59 to 3.71 g with an average of
1.57 g whereas kernel weight varied from 0.23 to 0.92 g
with an average of 0.45 g (Table 2; Fig. 1a).

Among the analysed quantitative traits, the highest coeffi-
cient of variance (CV%) was shown by fruit weight (79.91%)

followed by fruit ratio (48.31%), fruit length (46.67%), stone
weight (40.12%) and kernel weight (33.33%). In contrast,
quantitative characters such as leaf length (16.28%), leaf
width (17.25%), leaf blade ratio (7.31%) and petiole length
(25.63%) showed the least CV% (Table 2).

Morphological characterization based on
qualitative traits

In the current study, 16 qualitative traits were used to char-
acterize the collected apricot accessions. Except for stone
colour, all the qualitative traits were polymorphic with vari-
able distribution (Fig. 1b). Most of the accessions showed a
predominance of spreading tree growth habit (86.8%)
whereas the remaining accessions (13.2%) showed an up-
right tree growth habit. The majority of the accessions
showed an obtuse (86.8%) leaf shape of the base, whereas
the rest of the accessions showed truncate (13.2%) leaf
shape of the base. Three types of leaf angles of apex includ-
ing moderately obtuse (80.9%), right-angled (13.2%) and
strongly obtuse (5.9%) were observed. Most of the acces-
sions showed a predominance of crenate (51.5%) and ser-
rate (45.6%) type of incision on margin. The anthocyanin

Table 1. List of apricot accessions collected from Jammu and Kashmir, India and their GPS coordinates

Sl.
no. Collection site GPS coordinates Accessions

1 Srinagar: Rangreth, CITH 33°59′4.37″, 74°48′0.38″ SNC*19
2 Budgam: Charar e Sharief 33°50′51.1″, 74°45′20.59″ BGC02, BGW*06
3 Shopian: Zainpora, Govt. Hort.

Nursery
33°47′01.33″, 74°49′54.41″ SPC04

4 Ganderbal: Watlar 34°15′47.94″, 74°46′45.96″ GBC06, GBC07
5 Ganderbal: Badampora 34°13′30.67″, 74°41′29.46″ GBC08, GBC09
6 Ganderbal: Manasbal 34°15′23.32″, 74°41′12.65″ GBW10, GBW11, GBW12, GBW13, GBW14,

GBW15, GBW16, GBW17, GBW18,
GBW19

7 Bandipora: Guroora 34°22′9.89″, 74°40′14.17″ BPC01
8 Bandipora: Nesbal 34°14′40.18″, 74°40′15.18″ BPW02, BPW03, BPW04, BPW05, BPW06
9 Bandipora: Chewa 34°16′22.86″, 74°41′9.97″ BPW07, BPW08, BPW09, BPW10, BPW11,

BPW12, BPW13, BPW14, BPW15, BPW16,
BPW17, BPW18, BPW19, BPW20, BPW21

10 Kupwara: Wahipora 34°4′12.78″, 74°27′20.97″ KWC01
11 Rajouri: Rajdhani 33°30′39.89″, 74°20′55.04″ RJW01, RJW02, RJW03, RJC04, RJC05
12 Rajouri: Thanamandi 33°32′11.29″, 74°22′

12.009″
RJC06, RJW07, RJC08, RJC09, RJW10

13 Rajouri: Shahdara Sharief 33°33′2.6″, 74°20′40.23″ RJW11, RJW12, RJW13, RJW14, RJC15
14 Rajouri: Main Town 33°22′37.69″, 7°418′48.85″ RJW16, RJW17, RJW18, RJW19, RJC20
15 Rajouri: Darhal 33°29′4.45″, 74°24′46.14″ RJW21, RJW22, RJW23, RJC2, RJC25
16 Poonch: Bafliaz 33°34′33.09″, 74°23′27.72″ PNC01, PNC02, PNW03

C*, cultivated, W*, wild.
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coloration was medium (50.0%) to strong (26.5%) whereas
petiole gland number was mostly <2 (41.2%) followed by
2–4 (38.2%) and >4 (20.6%) (Fig. 1b). In the current inves-
tigation, the traits including fruit harvest maturity (days),
fruit shape, fruit apex, fruit ground colour of skin, fruit su-
ture, fruit firmness, separation of stone, stone colour and
kernel taste were taken into consideration. The studied ac-
cessions showed a difference in terms of the harvesting sea-
son. Depending on the accession, the period of fruit
maturation (full flower bloom – harvest date) was different,
with most of the accessions (47.1%) having late harvesting
followed by mid harvesting (29.4%) and early harvesting
(23.5%) (Fig. 1b). In the entire 68 accessions of apricot,
29.4% had fruits with round shape, whereas 22.1% had

elliptic, 23.5% had ovate and 25.0% had oblong fruit
shape. More than half of the accessions had rounded
(54.4%) fruit shape of apex followed by pointed (27.9%)
and flat (17.6%) fruit shape of the apex (Fig. 1b). The acces-
sions were divided into five groups based on the ground
colour of skin including the most predominant orange
(36.8%), light orange (30.9%), red blush (22.1%), yellow
(5.9%) and greenish-yellow (4.4%). Percentage of the ac-
cessions having the three types of fruit suture were as fol-
lows: shallow (69.1%), intermediate (25.0%) and deep
(5.9%). Moreover, the firmness of flesh in most of the acces-
sions was soft (52.9%) followed by medium (33.8%) and
hard (13.2%). The separation of stone from the pulp was
predominantly free (72.1%) in the majority of the

Table 2. Descriptive statistics for the 28 traits describing the 68 apricot accessions measured according to UPOV (2007), PPV
and FRA (2012) descriptors

Trait Abbreviation Min Median Max Mean SD CV%

Quantitative traits
Leaf: area (cm2) LAr 12.61 27.89 68.05 29.27 9.60 32.79
Leaf blade: length (cm) LLe 4.86 7.58 10.65 7.37 1.20 16.28
Leaf blade: width (cm) LWd 3.65 6.03 8.81 5.97 1.03 17.25
Leaf blade: ratio length/width RLW 1.08 1.22 1.62 1.23 0.09 7.31
Petiole: length (cm) PLe 1.26 2.79 4.54 2.77 0.71 25.63
Ratio: leaf length/petiole length RLP 1.94 2.71 3.93 2.74 0.45 16.42
Fruit size: weight (g) FWt 2.93 9.19 47.12 14.29 11.42 79.91
Fruit: length (mm) FLe 19.74 26.56 44.28 14.29 6.67 46.67
Fruit: width (mm) FWd 16.42 25.35 43.22 27.82 6.78 24.37
Fruit: ratio weight of pulp/weight of stone RPS 2.86 6.11 19.07 7.12 3.44 48.31
Stone: weight (g) SWt 0.59 1.43 3.71 1.57 0.63 40.12
Kernel: weight (g) KWt 0.23 0.41 0.92 0.45 0.15 33.33

Qualitative traits
Tree: habit THa 1 2.00 2 1.87 0.34 18.18
Leaf blade: shape of base LSb 1 1.00 2 1.13 0.34 30.08
Leaf blade: angle of apex (excluding tip) LAa 1 1.93 3 1.93 0.43 22.27
Leaf blade: incisions of margin LIm 1 1.00 3 1.51 0.56 37.08
Petiole: glands number PGn 1 2.00 3 1.79 0.76 42.45
Petiole: anthocyanin coloration of upper side PAc 1 2.00 3 2.03 0.71 34.97
Fruit: harvest maturity FHm 1 2.00 3 2.24 0.81 36.16
Fruit: shape FSh 1 2.00 4 2.44 1.16 47.54
Fruit: suture FSu 1 1.00 3 1.37 0.59 43.06
Fruit: shape of apex FSa 1 2.00 3 2.10 0.67 31.90
Fruit: ground colour of skin FGs 1 4.00 5 3.66 1.03 28.14
Fruit: firmness of flesh FFf 1 1.00 3 1.60 0.71 44.37
Stone: shape SSh 1 2.00 3 1.81 0.69 38.12
Stone: separation of stone SSt 1 2.00 2 1.72 0.45 26.16
Stone: colour SCo 1 1.00 1 1.00 0.0 0.00
Kernel: kernel taste KTa 1 2.00 2 1.76 0.42 23.86
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accessions whereas 27.9% of the accessions had semi-
clinging character. The majority of the accessions had
ovate (48.5%) stone shape, whereas other stone shapes

were round (35.3%) and elliptic (16.2%). Most accessions
(76.5%) had a bitter kernel whereas the rest of the acces-
sions (23.5%) had a sweet kernel (Fig. 1b).

Fig. 1. Frequency distribution of (a) quantitative and (b) qualitative traits among 68 apricot accessions.
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Overall, the highest CV% among the qualitative traits was
shown by fruit shape (47.54%), firmness of flesh (44.37%),
fruit suture (43.06%), petiole gland number (42.45%), stone

shape (38.12%) and incision of leaf margin (37.08%).
On the contrary, the stone colour did not show any variabil-
ity (CV = 0.00%). Moreover, the low CV% was shown by

Fig. 1. (Continued)
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tree habit (18.18%), angle of apex of the leaf (22.27%), ker-
nel taste (23.86%), ground colour of fruit skin (28.14%) and
separation of stone (26.16%) (Table 2).

Correlations between morphological traits

Significant correlations were identified among various
quantitative morphological traits (online Supplementary
Table S3). Leaf length showed highly significant positive
correlation with leaf width (r = 0.90), leaf area (r = 0.89)
and petiole length (r = 0.79). Leaf area also showed a sig-
nificant positive correlation with petiole length (r = 0.78).
Petiole length showed a positive correlation with leaf
length (r = 0.79) and leaf width (r = 0.80). By contrast,
there were also negative correlations between leaf incision
on margin and leaf length (r =− 0.62) (online
Supplementary Table S3).

Fruit length showed a significant positive correlation
with leaf length (r = 0.56), leaf width (r = 0.59), leaf area (r
= 0.56), petiole length (r = 0.63) and fruit weight (r = 0.96).
Similarly, fruit width showed a positive correlation with leaf
length (r = 0.54), leaf width (r = 0.60), leaf area (r = 0.55),
fruit weight (r = 0.97) and fruit length (r = 0.97). In addition,
the ratio of pulp weight to stone weight also showed a
positive correlation with fruit weight (r = 0.92), fruit length
(r = 0.86) and fruit width (r = 0.90). Furthermore, stone
weight was positively and significantly correlated with
fruit weight (r = 0.88), fruit length (r = 0.91), fruit width
(r = 0.89) and fruit ratio (r = 0.66). In a similar way, kernel
weight showed a positive correlation with fruit weight
(r = 0.80), fruit length (r = 0.79), fruit width (r = 0.82), fruit
ratio (r = 0.76) and stone weight (r = 0.72) (online
Supplementary Table S3).

PCA based on morphological traits

The PCA performed in this study revealed that more than
75% of the variability observed was defined by the first
eight components (PC). The first three PC enclosed
49.62% of the total variation with 30.68% on PC1, 10.90%
on PC2 and 8.03% on PC3. The remaining components
(PC4–PC8) explained only 25.71% of the total variance.
Traits with principal component loading >0.50 were con-
sidered significant for each factor (Table 3). The first PC
(30.68%) included leaf length, leaf width, leaf area, petiole
length, fruit weight, fruit length, fruit width, fruit ratio, stone
weight and kernel weight. The PC2 (10.90%) was corre-
lated with the length of the leaf blade, leaf area and fruit
harvest maturity. The PC3 (8.03%) was correlated with
the leaf angle of apex and fruit firmness of flesh (Table 3).

A PCA scatter plot was build based on the first two com-
ponents which contributed 41.59% of the total variance
(Fig. 2). In the PCA plot, the apricot accessions were

grouped based on the resemblance of their phenotypic
traits. PC1 is highly correlated with leaf, fruit, stone and ker-
nel dimensions. Positive values of PC1 corresponded to the
large-sized leaves and fruits whereas negative values are
related to the small-sized leaves and fruits. Similarly, PC2
is highly correlated with large-sized leaves and fruit harvest
maturity days. In the scatter plot, the formation of three dis-
tinct groups can be seen, 13 accessions with the highest leaf
and fruit dimensions were positioned more dispersedly in
the right plane. Yet, an outlier was also identified in this
plane SNC19. The remaining 54 accessions formed two
groups one in the central part of the plot and another
small group in the lower left plane of the PCA plot. Apart
from the leaf dimensions, important fruit quality traits in-
cluding fruit harvest maturity days, fruit weight, fruit length,
fruit width, fruit ratio, stoneweight and kernel weight led to
the formation of these three groups.

Cluster analysis

The dendrogram obtained by combining the data of quan-
titative and qualitative morphological traits formed two
main clusters – clusters I and II grouped at an approximate
genetic distance of 34.5 (Fig. 3). At an approximate genetic
distance of 17, cluster I was further sub-divided into I-A
(18 accessions) and I-B (36 accessions); cluster II is divided
into two sub-clusters: II-Awith five accessions and II-B with
eight accessions, in addition, an out-group was also identi-
fied: SNC19. The accessions of main cluster I having smaller
leaf and fruit dimensions tend to be more homogenous
than cluster II having larger leaf and fruit dimensions.

Discussion

Germplasm characterization based on the morphological
as well as agronomic traits is of great importance for
plant breeders since it is the first step in the initiation of
crop breeding programmes and identification of superior
accessions to diversify local production (Pereira-Lorenzo
et al., 2012). In the current study, we have studied the
phenotypic diversity of 68 apricot accessions through 12
quantitative and 16 qualitative traits, collected from diverse
locations of Jammu and Kashmir, India. According to pre-
vious studies (Badenes et al., 1998; Asma andOzturk, 2005;
Ruiz and Egea, 2008a; Yilmaz et al., 2012; Krichen et al.,
2014; Raji et al., 2014; Rezaei et al., 2020), both quantitative
and qualitative traits have proved useful in distinguishing
the apricot accessions from different parts of the world.
Most of the studied traits were of potential economic ben-
efits, especially the fruit, stone and kernel-related traits.
Therefore, these traits can serve as a target for the growers
and breeders. Moreover, the current results show that the
phenotypic-based diversity assessment can be effectively
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used for the identification of superior accessions as well as
in the estimation of genetic relationship between large and
diverse groups of apricots. The current study suggests that
significant phenotypic variability exists within the collected
apricot accessions.

In terms of quantitative traits, the leaves of 68 accessions
showed small to large leaf size. The minimum leaf length
was recorded in RJW14 (4.86 cm) and the maximumwas re-
corded in SNC19 (10.65 cm), similarly, the minimum leaf
width was observed in RJW07 (3.65 cm) whereas a max-
imum leaf width was recorded in SNC19 (8.81 cm).
Moreover, PNW03 showed a minimum leaf area (12.61 cm2)

whereas SNC19 showed a maximum leaf area (68.05 cm2).
In comparison, Krichen et al. (2014) recorded the range of
4.28 to 9.33 cm for leaf length and 4.09 to 9.41 cm for leaf
width in the apricot germplasm of Tunisia, whereas, Wani
et al. (2017) reported the range 6.75 to 11.87 cm for leaf
length, 4.97 to 10.70 cm for leaf width and 18.02 to 96.52 cm2

for leaf area in the apricot germplasm of Kashmir Valley.
Characters associated with the external appearance of

the fruit, including fruit dimensions, colour and shape are
important considerations of horticultural crops for consu-
mers (Maeda et al., 2018). One of the most desired traits
by consumers is the size of the fruit. The size of fruit and

Table 3. Eigen values of the principal component axes from PCA of morphological traits in the studied apricot accessions

Traits

Components

1 2 3 4 5 6 7 8

THa 0.07 0.24 −0.05 −0.07 0.68** 0.27 0.15 0.28
LLe 0.72** 0.59** −0.09 −0.10 0.01 0.10 −0.15 0.06
LWd 0.79** 0.41 0.17 −0.21 −0.04 0.09 −0.11 0.16
RLW −0.25 0.31 −0.63 0.21 0.16 0.02 −0.05 −0.21
LAr 0.73** 0.51** 0.07 −0.16 0.04 0.003 −0.22 0.09
LSb −0.21 −0.42 0.25 0.007 0.23 −0.20 −0.42 −0.38
LAa 0.11 −0.45 0.56** −0.02 −0.13 0.21 0.22 0.30
Lim −0.19 −0.38 0.00 −0.14 −0.35 0.48 −0.23 0.18
PLe 0.82** 0.33 0.16 0.11 −0.08 −0.13 −0.11 0.04
PGn 0.11 0.30 −0.12 0.46 −0.47 −0.11 0.28 0.02
PAc −0.01 0.39 0.34 −0.33 0.05 −0.21 0.41 −0.11
RLP −0.57 −0.04 −0.40 −0.24 0.20 0.32 0.08 0.02
FHm 0.11 0.61** 0.10 −0.02 −0.16 0.35 −0.02 −0.14
FWt 0.91** −0.25 −0.18 0.03 0.05 −0.03 0.09 −0.04
FLe 0.93** −0.16 −0.14 0.04 0.07 −0.03 0.008 −0.03
FWd 0.92** −0.22 −0.15 −0.10 0.04 −0.02 0.04 −0.05
FSh 0.01 −0.12 0.15 0.48 0.37 0.32 −0.28 0.21
RPS 0.80** −0.36 −0.20 −0.04 0.05 −0.12 0.17 −0.02
FSu 0.33 −0.00 0.21 0.46 0.00 0.24 0.39 −0.22
FSa −0.20 0.33 0.38 0.33 0.41 −0.28 −0.15 −0.10
FGs 0.05 −0.09 0.38 −0.12 0.40 0.24 0.36 −0.22
FFf 0.22 0.09 0.55** 0.11 −0.23 0.35 −0.21 −0.34
SWt 0.88** −0.05 −0.15 0.03 0.07 0.10 −0.04 −0.01
SSh −0.09 −0.00 0.22 0.47 0.03 −0.31 0.007 0.49
SSt 0.02 −0.07 0.31 −0.64 0.02 −0.27 −0.08 0.10
KWt 0.81** −0.31 −0.10 −0.02 0.05 0.03 −0.01 0.01
KTa −0.73 0.46 −0.08 −0.15 −0.03 0.09 0.05 0.11
Total 8.28 2.94 2.16 1.81 1.55 1.36 1.17 1.03
% Variance 30.68 10.90 8.03 6.72 5.75 5.06 4.34 3.82
% Cumulative 30.68 41.59 49.62 56.35 62.11 67.17 71.51 75.34

**Eigen values are significant ≥0.50.
Refer to Table 2 for the code of traits.
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its weight has a direct impact on the sales and acceptance of
fruit crops for fresh and processed markets and has a sig-
nificant impact on performance. In the current study, fruit
weight (size) ranged from 2.93 g (RJW14) to 47.12 g
(GBC08) with an average of 14.29 g, which is following
the previous studies (Krichen et al., 2014; Raji et al.,
2014; Gecer et al., 2020). Ten accessions (SNC19, SPC04,
BPC01, BGC02, GBC06, GBC07, GBC08, GBC09, KWC01
and RJC06) showed the highest fruit weight (>30 g), where-
as 39 accessions showed the lowest fruit weight (<10 g).
Significant variability was also observed in other fruit traits
such as length and width of fruit. Previous studies on apri-
cot also reported a high variability among accessions
regarding fruit dimension (Mratinic ́ et al., 2007; Miloševic ́
et al., 2010; Yilmaz et al., 2012; Krichen et al., 2014; Wani
et al., 2017). Besides, consumer preferences for large-sized
fruits, these traits are also important for packaging and
transportation (Padilla-Ramirez et al., 2012). For other
related fruit quantitative traits including fruit ratio, stone
weight and kernel weight considerable variability was
also recorded in the current study.

Regarding the qualitative traits of tree, leaf and fruit,
significant variability was observed in almost all of the

recorded traits. Spreading tree growth habit was predomin-
antly found in most of the accessions followed by upright
tree growth habit. Studies of Krichen et al. (2014), Wani
et al. (2017) and Gecer et al. (2020) also reported the pre-
dominance of spreading growth habits in their studies on
apricot germplasm of Tunisia, Kashmir and Turkey, re-
spectively. Most of the accessions showed obtuse leaf
shape of base, moderately obtuse leaf angle of apex and
crenate incision on margins. These results confirm the im-
portance of leaf quality traits for distinguishing the diverse
apricot accessions.

All cultivar improvement programmes give priority to
fruit quality, but this is a complex attribute that needs to
be defined for each circumstance and use. Sensory fruit
quality refers to the consumer perception of size, shape,
taste, colour, texture and freshness (Llácer, 2007). In the
current investigation, important fruit quality traits were
taken into consideration such as fruit harvest maturity
(days), fruit shape, fruit apex, fruit ground colour of skin,
fruit suture, fruit firmness, separation of stone, stone colour
and kernel taste. Great variation was observed in the fruit
shape among the collected accessions with most of the ac-
cessions having round shape followed by elliptic, ovate

Fig. 2. Scatter plot showing the distribution of 68 apricot accessions in three clusters based on the first two components PC1
(30.68%) and PC2 (10.9%).
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and oblong fruit shapes. Our results are in close agreement
with the studies of Miloševic ́ et al. (2014), in which they
have also reported the round shape as the most

predominant shape of apricot fruits. Colour has a direct im-
pact on the perception of apricot value by consumers, par-
ticularly in terms of fruit attractiveness (Ruiz and Egea,

Fig. 3. Hierarchical clustering of the 68 apricot accessions based on UPGMA method using Euclidian distance.
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2008a). In this study, most of the accessions showed the
predominance of orange colour followed by light orange
and red blush whereas few accessions had greenish-yellow
skin colour. Miloševic ́ et al. (2010) also reported orange
colour as the most predominant skin colour of Central
Serbian apricots. On the contrary, Batnini et al. (2016) re-
ported that most Tunisian apricot genotypes showed yel-
low to light orange flesh colour, whereas the genotypes
from the Spanish collection are characterized by light or-
ange or orange skin colour. Fruit firmness, which is one
of the most important indices for judging fruit maturity
and quality, is most widely used in research. It is strongly
influenced by the maturity of fruit because as the fruit ri-
pens firmness usually decreases (Kingston, 1992). Most of
the accessions were soft in firmness followed by medium
firmness. Only 13.2% of the accessions were hard in firm-
ness. This trait is important for the evaluation of the quality
of the fruit, influencing its shelf life and for the acceptance
of the customer. Besides, separation of stone from the pulp
was found ‘free’ in the maximum number of accessions
with most of the accessions having ovate stone shape
and brown in colour. Moreover, the bitter kernel was
found in a majority of the accessions. In recent years, par-
allel to the economic value, interest in apricot kernels in-
creased, whereas large and sweet kernels are used for
direct consumption; bitter kernels are used in the pharma-
ceutical and cosmetic industries (Asma and Ozturk, 2005).

To calculate the strength of a linear relationship between
two variables, the correlation coefficient is used, where
r = 1 depicts a complete positive correlationwhereas r =−1
depicts a complete negative correlation (Khadivi et al.,
2020). Besides, this correlation is due to the action or link-
age of the pleiotropic gene or more likely to be both. The
variation in the correlation coefficients may be due to the
different genetic compositions of a heterogeneous popula-
tion. The significant positive association between different
pairs can be useful in a single step for the genetic improve-
ment of different traits if the higher or low value of both is
desired. However, the traits that are negatively correlated
and where the increase or decrease in the values of both
traits is required cannot be improved in a single step.
The traits with no significant correlation show that they
are independent of each other (Chauhan et al., 2020). In
the current study, interesting relationships were shown by
correlations among the studied quantitative and qualitative
traits. For instance, there were positive correlations among
different leaf traits such as leaf length, leaf width, leaf area
and petiole length which are in close agreement with
Krichen et al. (2014), Wani et al. (2017) and Rezaei et al.
(2020) who also reported the positive correlation in differ-
ent leaf traits. By contrast, there were also negative correla-
tions between qualitative and quantitative leaf traits. Apart
from the different leaf parameters, positive correlations
were found among quantitative leaf and fruit traits; fruit

length showed a significant positive correlation with leaf
length, leaf area and fruit weight. Moreover, fruit width
showed a positive correlation with leaf length, leaf width,
leaf area, fruit weight and fruit length. Significant correla-
tions between fruit and leaf size were also recorded by
other workers in plum (Khadivi-Khub and Barazandeh,
2015), apricot (Khadivi-Khub and Khalili, 2017) and al-
mond (Khadivi et al., 2019). Therefore, it can be inferred
that these traits have a similar effect on the determination
of accession’s crop potential and the characterization of
germplasm. In line with previous studies, there was no as-
sociation between firmness and other quality attributes
such as fruit size, fruit length, fruit width, fruit ratio and
fruit colour (Ledbetter et al., 1996; Badenes et al., 1998).
Positive correlations were also found between fruit dimen-
sions, stone and kernel weight. Asma and Ozturk (2005)
also found positive correlations between fruit and kernel
weight and flesh/stone ratio. These may be justified
because large-sized fruits would also have larger stones,
kernels as well as higher flesh/stone ratio. The high correl-
ation found between several traits could reduce the num-
ber of fruit quality traits that need to be studied in
breeding programmes and taken into consideration in the
selection of new cultivars.

In the current study, the PCA revealed that PC1 is highly
correlated with the traits: leaf area and dimensions and fruit
weight and dimensions, this means that the positive values
of the PC1 refers to the large-sized leaves and fruits and
negative values of the PC1 refers to small-sized leaves
and fruits. As observed in PCA, the first three components
described 49.62% of the total variance. This value is much
lower than those reported by Asma andOzturk (2005) 70%,
and Yilmaz et al. (2012) 73%. In general, PCA may help to
select a set of accessions with better fruit quality perfor-
mances (Azodanlou et al., 2003; Ruiz and Egea, 2008b).
The PCA scatter plot showed that the collected accessions
were classified into three groups. The traits that contribute
to the formation of the three groups include the most im-
portant fruit quality traits (fruit harvest maturity days, fruit
weight, fruit length, fruit width, fruit ratio, stone weight
and kernel weight) apart from leaf dimensions. These re-
sults indicate the importance of using fruit quality traits
for the selection of superior accessions. Similarly, cluster
analysis divided 68 apricot accessions into two main clus-
ters with 54 accessions in the main cluster I and 13 acces-
sions in the main cluster II with an out-group SNC19.
Similar results were found by Kumar et al. (2015) and
Khadivi-Khub and Khalili (2017) who also observed two
major groups of apricot accessions in the cluster analysis
according to their important fruit quality traits grown in
India and Iran respectively. Results from both PCA and
cluster analysis revealed 14 (SPC04, BPC01, RJC05, RJC09,
RJC20, BGC02, GBC08, KWC01, GBC09, GBC06, RJC04,
GBC07, RJC06 and SNC19) superior apricot accessions
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based on important fruit quality traits such as fruit harvest
maturity days, fruit weight, fruit length, fruit width, fruit
ratio, stone weight and kernel weight that can be used in
future national and international apricot breeding
programmes.

Conclusion

The selected apricot accessions from the Jammu and
Kashmir region showed significant variability in terms of
all the phenotypic traits examined. All the selected apricot
accessions were identified and distinguished based on the
12 qualitative and 16 quantitative traits. Accessions were
clustered according to the most important fruit quality traits
including fruit harvest maturity days, fruit weight, fruit
length, fruit width, fruit ratio, stoneweight and kernel weight
apart from leaf size and dimensions in both the PCA and
dendrogram. PCA scatter plot and cluster analysis enabled
the establishment of similar groups of accessions confirming
this clustering. From the current study, 14 accessions (SPC04,
BPC01, RJC05, RJC09, RJC20, BGC02, GBC08, KWC01,
GBC09, GBC06, RJC04, GBC07, RJC06 and SNC19) showed
the highest values in terms of fruit quality traits which can be
treated as superior accessions and can be used for direct
cultivation as well as in the future apricot breeding pro-
grammes for fruit quality enhancement. Moreover, in the
current study, most of the accessions possessed relatively
small fruit dimensions, and in this respect breeding studies
to improve fruit size will be helpful.
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