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Persian walnut (Juglans regia L.) a member of 
Juglans genus belongs to the Juglandaceae family. 
The genus Juglans includes 21 species which are com-
monly grown in temperate zone [McGranahan and 
Leslie 2012]. The genus is native to the western Hi-
malayan and Iran, China and Balkans are considered 
as the centre of origin for this nut species [Arzani et 
al. 2008]. China, Turkey and Iran are the major walnut 
producers in Asia. Overall 65% productivity was re-
corded in the last decades in Asian countries followed 
by America 19.1% [FAO 2019]. Pakistan neighbour-
ing to Iran is also a country having good productiv-
ity of walnut in temperate region especially in Azad 
Kashmir, Khyber-Pakhtunkhwah and Gilgit Baltistan. 

In the years (2010–2015) the production of walnuts 
recorded was 11.5 thousand tons to 15.4 thousand tons 
[Naylor 2016].

The huge genetic variation in walnut populations 
in Turkey presents good prospects for walnut breeders 
to choose new cultivars directly or use them in cross 
breeding practices [Asma 2012]. High variation found 
in nut traits such as nut sizes, shape, shell thickness, 
colour of kernels, kernel percent, taste of kernels and 
other morphological traits has been described in wal-
nut trees of different regions of the world which might 
be due to propagation of walnut through seed [Cos-
mulescu 2013, Akca et al. 2015, Khadivi-khub and 
Ebrahimi 2015, Cosmulescu et al. 2018].
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ABSTRACT

Persian walnut is an economically important nut crop of temperate regions of the world. In the present 
study 225 local walnut accessions from 37 sites of Azad Jammu and Kashmir were analysed for morpho-
logical traits to investigate variability and identify superior one. Nut length, nut weight, shell thickness and 
nut diameter varied from 20.87–47.34 mm, 6.44–17.7 g, 1.61–2.54 mm and 27.25–44.31 mm respectively. 
Kernel weight and percentage varied from 2.81–8.65 g and 32.53–77.34%. Data were analysed statistically 
using multivariate analysis such as Principal Components Analysis and Cluster Analysis. Pearson correlation 
coefficient among traits revealed a positively significant correlation between nut weight and nut thickness 
(r = 0.45987), kernel weight and nut weight (r = 0.94777), kernel% and nut thickness (r = 0.48346), shell 
thickness and kernel% (r = 0.21961), a negative correlation with significant differences was found between 
kernel weight and nut thickness (r = –0.40968), kernel% and nut length (r = –0.10844) and between kernel% 
and nut weight (r = –0.95209). The highest and most significant positive correlation (0.96024) was observed 
between kernel weight and kernel% and (r = 0.94777) between kernel weight and nut weight. A wide range 
of variability was observed among walnut accessions and BA2, BN2, CN3 and BN4 accessions are reported 
as superior and conserved for future breeding programs due to their distinct characteristics. 
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Western Himalayan region especially the state of 
Jammu and Kashmir is a rich area of a variety of fruit 
cultivars [Hussain et al. 2016]. Genetic variability in 
walnut populations has been observed very high and 
exists in many parts of the world. A good variety con-
sidered is that having jumbo size nut, soft shell and 
light coloured kernel [Chen et al. 2014, Sharma et al. 
2014,]. Morphological characters are considered to be 
an option for selection and classification of superior 
germplasm [Ebrahimi et al. 2015]. The study area is 
situated at a very important geographical place and is 
well known for rich biodiversity. The climatic condi-
tions of the study area are suitable for walnut produc-
tion [Khan et al. 2011]. The mechanism of grafting 
and budding is very rare, so walnut grows by seed dis-
persal in Kashmir. The scientific knowledge regard-
ing walnut, information of local walnut cultivars and 
its documentation from Azad Jammu and Kashmir is 
lacking so far. Hence, the main aim of current study 

was to evaluate the morphological variations among 
walnut populations and to identify promising acces-
sions from Azad Jammu and Kashmir. In this context 
this is the very first attempt in walnut documentation 
from AJK, so that these varieties may be used as breed-
ing material in future cultivar development programs. 

MATERIALS AND METHODS

The present research was conducted in Neelum 
valley, Jhelum valley and Haveli Districts of the state 
of Azad Jammu and Kashmir (AJ&K), Pakistan. 

Sample collection. Local accessions were collected 
from 37 different sites of study areas in Azad Jammu 
and Kashmir during harvest-ing period (Fig. 1). 
A total of 225 walnut accessions were selected for the 
collection of samples in order to study morphological 
traits after several thorough surveys and observations. 
The accessions with similar traits were eliminated and

 Table 1. Morphological traits with their codes used for walnut accessions 

Traits 2 3 5 7 9 
Tree vigor very strong strong medium weak very weak 
Branch density very dense dense sparse very sparse .. 
Growth habit upright semi upright spreading .. .. 
Leafing time 18–31 March 01–14 April 15–25 April 26 April–05 May 06–20 May 
Leafing group very early early medium late very late 
Leaf shape elliptic narrow elliptic broad elliptic lanceolate .. 
Dichogamy protandrous protogynous homogamous .. .. 
Catkin abundance many medium few .. .. 
Bearing habit terminal lateral mixed .. .. 
Time of maturity 18–25 August 26 August–10 September 11–22 September 23 Sep–03 October 04–15 October 
Hardness extra soft soft medium hard very hard 
Ease of removal very easy easy medium difficult very difficult 
Nut size very large large medium small  very small 
Shell colour very light light medium brown dark brown 
Shell texture very smooth smooth slightly grooved embossed very embossed 
Tip shape obtuse emarginate mucronate cuspidate truncate 
Base shape obtuse emarginate mucronate cuspidate truncate 
Nut shape round broad ovate triangular elongated very elongated 
Plumpness very strong strong medium weak very weak 
Kernel colour very light light medium brown dark brown 

.. – blank (no value) 
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37 accessions were selected based on several horti-
cultural characteristics. The selected walnut trees from 
different sites with codes are given in Table 2. 

Morphological characterization. Morphological 
characteristics were measured according to standards 
proposed by walnut descriptor [IPGRI 1994] with minor 
modifications (Tab. 1). Thirty-three traits were measured 
to assess variations among the walnut populations during 
two successive years (2016–2017). Measurements of 
quantitative and qualitative morphological traits were 
based on 5 replicates (each with 10 nuts chosen ran-
domly) and the mean values were used. Some 
variables were measured by laboratory equipment. 
Quantitative traits (nut length, nut width, kernel 
length, shell thickness and suture height) were mea-
sured by using vernier calliper and weight for nut and 
kernel was measured using electronic balance with 
0.001 g precision. Qualitative traits such as nut shape 
(Fig. 4), kernel traits (plumpness and colour), shell 
traits (colour, texture and hardness), kernel removal 
from nuts were determined based on rating and coding 
(Tab.1) according to walnut descriptor [IPGRI 1994].

https://czasopisma.up.lublin.pl/index.php/asphc

Kernel ratio was calculated using the formula (ratio of 
kernel weight to nut weight) as obtained by Acka et al. 
[2015]. Phenological and flowering traits included 
leafing (bud-break) date, leafing group, dichogamy 
type and flowering habit [Arzani et al. 2008]. 

Statistical analyses. The data were computed for 
descriptive statistics, such as mean, standard deviation 
and coefficient of correlation (Tab. 3) by using statis-
tical software package i.e. MS Excel program 2007 
[Mousivand et al. 2013]. PAST software version 3.06 
was used for multivariate analysis including princi-
pal component analysis and cluster analysis [Braak 
and Smilauer 2002] to find out the relationship 
between studied accessions.

RESULT AND DISCUSSION

Morphological characterization of Juglans regia
The morphological traits of 37 accessions were pre-

sented in Table 2 i 7. Study revealed that nut diame-
ter has value between 27.25 mm (QK7) to 44.31 mm 
(BN4), nut thickness varied from 30.29 mm (DN1) to 

Fig. 1. Map of the study area in Azad Jammu and Kashmir, Pakistan [Google Maps 2020]
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 Table 2. Pomological characteristics of selected walnut accessions 

Accessions Nut diameter 
(mm) 

Nut thickness 
(mm) 

Nut length 
(mm) 

Nut weight 
(g) 

Kernel weight 
(g) 

Shell thick 
(mm) Kernel%

TT1 32.62 35.86 35.77 11.522 5.64 1.86 48.95 
DN1 27.95 30.29 28.71 7.312 2.812 2.38 38.46 
KL5 30.19 35.05 32.77 9.826 3.668 1.75 37.33 
BA1 29.77 36.33 29.6 9.522 4.288 1.61 45.03 
KL1 31.13 38.73 31.39 7.578 4.978 1.82 65.69 
MP5 31.25 35.76 32.63 10.39 3.688 2.18 35.5 
BA2 31.55 39.35 31.72 6.444 4.984 1.98 77.34 
KS2 28.43 31.01 30.05 9.918 3.226 2.06 32.53 
CN1 29.97 34.28 29.91 10.188 4.84 1.84 47.51 
NT1 31.25 34.67 35.13 11.658 4.638 1.68 39.78 
SP2 34.71 39.02 34.25 15.156 5.018 1.75 33.11 
BD1 28.55 38.69 44.73 10.216 4.308 1.97 42.17 
TL1 30.84 37.34 33.35 13.294 4.71 2.17 35.43 
BN1 32.41 37.76 37.85 15.85 6.55 2.14 41.33 
BN2 43.7 45.02 45.15 9.466 7.321 2.36 77.34 
BN3 28.85 31.34 31.43 10.106 4.784 1.94 47.34 
SP1 32.15 35.75 32.75 10.578 7.453 1.86 70.46 
BN4 44.31 46.17 43.55 7.43 5.321 2.04 71.62 
QK1 29.75 34.28 31.55 7.958 4.002 1.92 50.29 
NT2 32.38 35.69 32.75 11.884 4.768 2.34 40.12 
CN2 32.16 39.68 31.13 10.356 6.897 1.65 66.6 
QK2 28.43 31.61 36.05 9.016 5.23 2.46 58.01 
SP3 29.97 35.69 29.95 13.064 8.654 1.98 66.24 
GA1 39.98 46.34 46.15 11.044 4.236 1.74 38.36 
GA2 37.13 40.01 46.27 7.964 3.552 1.72 44.6 
GA3 37.85 39.35 45.95 9.78 3.896 2.06 39.84 
NT3 43.73 46.34 35.39 13.234 4.406 2.08 33.29 
NT4 41.55 46.25 47.34 17.7 5.752 2.43 39.88 
QK3 28.55 38.57 29.23 8.514 4.138 1.76 48.6 
QK4 28.85 31.34 32.35 11.818 4.738 1.88 40.09 
QK5 27.65 31.61 20.87 10.328 3.838 1.86 37.16 
QK6 29 33.11 30.05 9.578 4.118 1.87 42.99 
QK7 27.25 30.71 31.25 8.888 3.722 1.72 41.88 
SB1 30.86 33.47 33.05 8.06 3.136 2.54 38.91 
SB2 27.28 31.67 27.93 15.646 7.04 2.12 45 
SA1 32.82 35.69 36.75 13.898 4.6 1.96 33.1 
CN3 30.23 34.79 36.26 6.984 5.123 1.88 73.35 

Accessions: BA – Bugna, NM – Neelum, SA – Salkhala, DN – Dawarian, NR – Nagdar, CN – Chanannian, KS – Kundal Shahi, KL – Keil, 
NT – Nowkot, QK – Qaiserkot, RN – Reshian, SP – Saidpura, TS – Tredasharif, MI – Moji, GA – Gaepura, BD – Bajaldahar, TT – Taobutt,  
MP – Mirpura, KS – Keilseri, TL – Tilawari, SB – Serbann. The numbers 1–7 withon abbreviations show the sequence of accessions from each 
other.  
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46.74 mm (NT3), nut length found between 20.87 mm 
(QK5) to 47.34 mm (NT4), weight of nut varied from 
6.444 g (BA2) to 17.7 g (NT4), weight of kernel var-
ied from 2.812 g (DN1) to 8.65 g (SP3), shell thick-
ness varied from 1.61 mm (BA1) to 2.54 mm (SB1) 
and kernel percentage found between 32.53% (KS2) 
to 77.34% (BA2). Highest kernel percentage shown 
by BA2 revealed that soft accessions are best in terms 
of kernel ratio. Quantitative morphological nut, ker-
nel and shell traits revealed that range of nut length 
was from 20.87 to 47.34 mm, whereas the diameter 
of nut ranged from 27.25 to 44.31 mm. Cosmulescu 
and Botu [2012] investigated morphological traits of 
walnut trees in Oltenia, Romania and found that nut 
length ranged from 28.20 to 49.70 mm and diameter 
from 25.70 to 40.60 mm. Weight of nut is one of the 
most important trait which influences the quality and 
market value of walnut. Weight is one of the most 
common important parameter influencing the quality 
of nuts. The highest weight of nut (17.7 g) observed 
among the selected accessions was less than the weight 
(23.81 g) for walnuts shown by Sen and Tekintas [1990] 
in Adilcevaz, Turkey, nut weight (20 g) reported by 
Atefi [2001] in Kamal-Abad, Iran, 18.60 g observed by 
Sharma and Sharma [2001] for walnut accessions in 
Himachal Pradesh, India and 18.40 g for Romanian 
walnuts reported by Cosmulescu and Botu [2012] 
but higher than the weight (17.04 g) of walnut nuts 
for Anatolia region, Turkey observed by Yarilgac et 
al. [1999] and nut weight (16.01 g) investigated for 
walnut accessions in North Anatolia region, Turkey 
[Aslantaş 2006].

Kernel weight is important characteristic on the 
basis of which kernel percentage or ratio is calculat-

ed. Kernel weight and colour determine the quality of 
walnuts. We found the kernel weight between 2.81 to 
8.65 g. Desirable colour for kernel is light brown and 
weight of kernel should be between 6–10 g or weight 
of kernel should be at least 50% of weight of the nut 
[Arzani et al. 2008]. The kernel percentage is a trait of 
enormous importance in the selection of superior va-
rieties and walnut improvement programs. We found 
kernel percentage in our selections between 32.53% 
and 77.34%. The high percentage of kernel increas-
es the quality and market value of nuts. In our study 
the highest percentage of kernel (77.34%) was higher 
than 63.80% found by Zeneli et al. [2005], 67.14% by 
Aslantaş [2006] and 71.70% by Cosmulescu and Botu 
[2012] but less than 79.60% reported by Arzani et al. 
[2008]. Ten of all the investigated walnuts accessions 
had percentage or ratio of kernel higher than 50 can be 
the future trees for walnut breeding programs. Acces-
sion number BA2 and BN2 had the highest percent-
age of kernel (77.34%), followed by CN3 (73.35%), 
BN4 (71.61%), SP1 (70.46%), SP3 (66.24%) and KL1 
(65.69%). Twenty-seven accessions were recorded to 
have lower kernel ratio or percentage of kernel (ker-
nel%) ranging from 32.53% (KS2) to 48.95% (TT1). 
We also recorded the age of selected genotypes that 
varies from 20 to 110 years and inferred that kernel 
and nut traits are not influenced by the over age of 
walnut trees. Similar results were reported by Sharma 
and Sharma [2001].

The results with descriptive statistics for 13 quan-
titative morphological traits of local walnut accessions 
are summarized in Table 4. The highest coefficient of 
variability (38.62%) was observed in suture height 
with standard deviation of 1.05. Correlation of coeffi-

 Table 3. Correlation coefficient between pair of quantitative characters 

NT (mm) NL (mm) NW (g) KW (g) ST (mm) Kernel% 

NT (mm) 0.68541 0.45987 –0.40968 –0.31106 0.48346 

NL (mm) 0.68541 –0.073919 0.072409 0.35345 –0.10844

NW (g) 0.45987 –0.073919 0.94777 0.23182 –0.95209

KW (g) –0.40968 0.072409 0.94777 –0.21202 0.96024

ST (mm) –0.31106 0.35345 0.23182 –0.21202 0.21961
Kernel% 0.48346 –0.10844 –0.95209 0.96024 0.21961 

Key: NT – nut thickness, NL – nut length, NW – nut weight, KW – kernel weight, ST – shell thick, kernel% – percentage of kernel. 

Table 4. Statistical analysis of quantitative traits of 37 walnut accessions

Traits Min. Max. Mean (±SD) Variance CV%

Nut diameter 27.25 44.31 32.30 ±4.81 43.74 14.91

Nut thickness 30.29 46.34 36.72 ±4.67 48.11 12.70

Nut length 20.87 47.34 34.62 ±6.16 62.69 17.81

Nut weight 6.44 17.7 10.60 ±2.67 9.68 25.21

Kernel weight 2.81 8.65 4.87 ±1.31 2.32 26.88

Shell thickness 1.61 2.54 1.98 ±0.24 0.14 12.29

Kernel% 32.53 77.34 47.71 ±13.67 224.66 28.88

Kernel length 18.51 43.43 30.52 ±6.10 55.78 19.97

Suture height 0.47 4.85 2.73 ±1.05 1.31 38.62

Tree DBH (cm) 45 180 80.05 ±27.10 1011.51 33.85

Age of tree 20 110 64.38 ±21.04 545.51 32.68

No. leaflets 7 11 8.78 ±1.40 3.29 15.91

No. of veins 11 19 14.02 ±2.44 9.80 16.70

CV% – percentage of coefficient of variance.
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Table 4. Statistical analysis of quantitative traits of 37 walnut accessions 

Traits Min. Max. Mean (±SD) Variance CV% 

Nut diameter 27.25 44.31 32.30 ±4.81 43.74 14.91 

Nut thickness 30.29 46.34 36.72 ±4.67 48.11 12.70 

Nut length 20.87 47.34 34.62 ±6.16 62.69 17.81 

Nut weight 6.44 17.7 10.60 ±2.67 9.68 25.21 

Kernel weight 2.81 8.65 4.87 ±1.31 2.32 26.88 

Shell thickness 1.61 2.54 1.98 ±0.24 0.14 12.29 

Kernel% 32.53 77.34 47.71 ±13.67 224.66 28.88 

Kernel length 18.51 43.43 30.52 ±6.10 55.78 19.97 

Suture height 0.47 4.85 2.73 ±1.05 1.31 38.62 

Tree DBH (cm) 45 180 80.05 ±27.10 1011.51 33.85 

Age of tree 20 110 64.38 ±21.04 545.51 32.68 

No. leaflets 7 11 8.78 ±1.40 3.29 15.91 

No. of veins 11 19 14.02 ±2.44 9.80 16.70 

CV% – percentage of coefficient of variance. 

Fig. 2. Classification of 37 walnut accessions using cluster analysis by Wards method

Accessions: BA – Bugna, NM – Neelum, SA – Salkhala, DN – Dawarian, NR – Nagdar, CN – Chanannian, KS – Kundal Shahi, KL – Keil, NT 
– Nowkot, QK – Qaiserkot, RN – Reshian, SP – Saidpura, TS – Tredasharif, MI – Moji, GA – Gaepura, BD – Bajaldahar, TT – Taobutt, MP – Mirpura, 
KS – Keilseri, TL – Tilawari, SB – Serbann. The numbers 1–7 withon abbreviations show the sequence of accessions from each other.
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cient between different traits of walnut accessions in-
cluded in this study revealed significantly positive cor-
relation among different variables such as nut weight 
and nut thickness (r = 0.45987), kernel weight and nut 
weight (r = 0.94777), kernel% and nut thickness (r = 
0.48346), shell thickness and kernel% (r = 0.21961), 
a negative correlation with significant differences was 
also observed between kernel weight and nut thick-
ness (r = –0.40968), between kernel% and nut length 
(r = –0.10844), between kernel% and nut weight (r = 
–0.95209). The highest and most significant positive 
correlation (0.96024) was observed between kernel 
weight and kernel% and between kernel weight and 
nut weight (r = 0.94777)– Table 3.. 

The cluster analysis based on Euclidean distance al-
lowed assessment of similarity or dissimilarity and clar-
ified some of the relationships among the studied wal-
nut accessions. The cluster analysis, applied on quanti-
tative morphological (nut, kernel, shell and tree) traits, 

has classified the accessions into four groups on the 
basis of kernel ratio, tree age, tree circumference and 
number of veins. First cluster consisted of two sub-clus-
ters. Sub-cluster-1 consisted of five accessions i.e. TL1, 
MP5, NT4, TT1 and QK3 while sub-cluster-2 consisted 
of six accessions i.e. BN2, SP1, CN2, KL1, SP3 and 
QK2. Second cluster also consisted of two sub-clus-
ters. Sub-cluster-1 consisted of six accessions i.e. QK1, 
QK5, SP2, KS2, KL5 and QK6 while sub-cluster-2 
consisted of eight accessions i.e. NT3, NT2, SB1, BD1, 
SB2, DN1, BA1 and QK4. Third cluster consisted of 
only three accessions i.e. CN1, GA2 and QK7. Fourth 
cluster also consisted of two sub-clusters. Sub-clus-
ter-1 consisted of three accessions i.e. BA2, CN3 and 
BN4 while sub-cluster-2 consisted of five accessions 
i.e. GA1, GA3, BN3, NT1 and SA1. An accession i.e.
BN1 was separately classified as outlier accession (Fig. 
2). The results of cluster analysis confirmed the results 
of PCA for the studied accessions. The high diversity 

 Table 5. Statistical analysis of qualitative morphological traits for walnut accessions 

Traits Min. Max. Mean (±SD) Variance CV% 

Tree vigor 2 5 3.57 ±1.19 1.42 33.39 
Branch density 2 7 4.22 ±1.75 3.06 41.51 
Growth habit 2 5 2.95 ±1.18 1.39 39.96 
Leafing time 2 9 4.35 ±2.61 6.79 59.88 
Leafing group 2 9 4.35 ±2.61 6.79 59.88 
Leaf shape 2 7 4.27 ±1.63 2.65 38.1 
Dichogamy type 2 5 3.03 ±1.28 1.64 42.28 
Catkin abundance 2 5 2.92 ±1.19 1.41 40.68 
Bearing habit 2 5 3.27 ±1.35 1.81 41.18 
Time of maturity 2 9 4.73 ±2.71 7.37 57.4 
Hardness 2 9 4.30 ±1.94 3.77 45.18 
Ease of removal 2 9 4.35 ±2.45 6.01 56.35 
Nut size 2 9 5.62 ±2.09 4.35 37.11 
Shell colour 2 7 4.05 ±1.39 1.94 34.37 
Shell texture 2 9 4.54 ±1.74 3.03 38.36 
Tip shape 3 9 5.38 ±1.62 2.63 30.16 
Base shape 2 9 3.73 ±2.76 7.59 73.87 
Nut shape 2 5 2.73 ±1.24 1.54 45.4 
Plumpness 2 7 3.35 ±1.18 1.4 35.32 
Kernel colour 2 9 4.24 ±1.71 2.91 40.21 

CV% – percentage of coefficient of variance. 

 
Table 6. Principal component analysis (PCA) and cluster analysis of walnut accessions based on principal component 

Principal component axis Eigenvalue Percentage of variance

PC1 3.68247 28.327

PC2 2.30833 17.756

PC3 1.76327 13.564

PC4 1.21282 9.3294

PC5 1.07641 8.2801

PC6 0.895281 6.8868

PC7 0.724756 5.575

PC8 0.694801 5.3446

PC9 0.311491 2.3961

PC10 0.254171 1.9552

PC11 0.0467556 0.35966

PC12 0.0210784 0.16214

PC13 0.00836396 0.064338
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Leafing time 2 9 4.35 ±2.61 6.79 59.88
Leafing group 2 9 4.35 ±2.61 6.79 59.88
Leaf shape 2 7 4.27 ±1.63 2.65 38.1
Dichogamy type 2 5 3.03 ±1.28 1.64 42.28
Catkin abundance 2 5 2.92 ±1.19 1.41 40.68
Bearing habit 2 5 3.27 ±1.35 1.81 41.18
Time of maturity 2 9 4.73 ±2.71 7.37 57.4
Hardness 2 9 4.30 ±1.94 3.77 45.18
Ease of removal 2 9 4.35 ±2.45 6.01 56.35
Nut size 2 9 5.62 ±2.09 4.35 37.11
Shell colour 2 7 4.05 ±1.39 1.94 34.37
Shell texture 2 9 4.54 ±1.74 3.03 38.36
Tip shape 3 9 5.38 ±1.62 2.63 30.16
Base shape 2 9 3.73 ±2.76 7.59 73.87
Nut shape 2 5 2.73 ±1.24 1.54 45.4
Plumpness 2 7 3.35 ±1.18 1.4 35.32
Kernel colour 2 9 4.24 ±1.71 2.91 40.21

CV% – percentage of coefficient of variance.

Table 6. Principal component analysis (PCA) and cluster analysis of walnut accessions based on principal component 

Principal component axis Eigenvalue Percentage of variance 

PC1 3.68247 28.327 

PC2 2.30833 17.756 

PC3 1.76327 13.564 

PC4 1.21282 9.3294 

PC5 1.07641 8.2801 

PC6 0.895281 6.8868 

PC7 0.724756 5.575 

PC8 0.694801 5.3446 

PC9 0.311491 2.3961 

PC10 0.254171 1.9552 

PC11 0.0467556 0.35966 

PC12 0.0210784 0.16214 

PC13 0.00836396 0.064338 

Fig. 3. Principal component analysis for the classification of walnut accessions
Accessions: BA – Bugna, NM – Neelum, SA – Salkhala, DN – Dawarian, NR – Nagdar, CN – Chanannian, KS – Kundal Shahi, KL – Keil,  
NT – Nowkot, QK – Qaiserkot, RN – Reshian, SP – Saidpura, TS – Tredasharif, MI – Moji, GA – Gaepura, BD – Bajaldahar, TT – Taobutt,  
MP – Mirpura, KS – Keilseri, TL – Tilawari. The numbers 1–7 withon abbreviations show the sequence of accessions from each other. 
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 Table 7. The morphological and pomological characteristics of selected walnut accessions 

S # Acc TV BD GH LT LG LS DT CA FH TM HR ER NSI SC ST TS BS NS KP KC 

1 TT1 3 2 2 2 2 3 2 3 5 3 3 3 5 5 7 9 3 3 5 7 
2 DN1 5 2 2 2 2 5 2 3 5 3 5 5 5 5 5 5 9 5 3 5 
3 KL5 5 5 3 3 3 2 5 5 3 3 7 7 3 5 7 7 2 5 3 3 
4 BA1 5 5 3 5 5 2 5 2 3 5 5 5 5 7 5 7 9 5 5 5 
5 KL1 5 7 5 9 9 5 2 2 2 9 5 5 5 3 3 5 2 2 2 3 
6 MP5 3 5 3 9 9 5 2 2 2 9 3 2 5 3 3 7 9 5 2 3 
7 BA2 3 2 2 9 9 3 3 3 5 9 3 2 5 3 2 5 3 2 3 3 
8 KS2 5 3 2 9 9 5 2 5 5 9 3 2 3 3 5 5 9 5 5 9 
9 CN1 3 3 2 2 2 5 2 2 2 3 7 9 2 3 3 5 2 2 3 3 

10 NT1 3 5 2 2 2 5 3 2 2 2 7 7 3 5 5 5 2 2 3 3 
11 SP2 5 7 5 2 2 3 3 5 2 2 7 9 3 3 3 7 2 2 5 5 
12 BD1 5 7 5 2 2 3 5 5 2 2 7 9 2 3 3 7 2 2 5 5 
13 TL1 5 2 2 3 3 2 5 2 5 3 5 5 7 3 3 5 2 2 5 7 
14 BN1 5 2 2 3 3 2 5 2 3 3 3 2 2 3 3 3 2 3 3 3 
15 BN2 2 3 3 7 7 5 2 3 5 7 3 2 3 2 3 3 7 2 2 2 
16 BN3 3 3 3 2 2 5 2 2 5 2 3 2 5 3 3 7 9 5 3 7 
17 SP1 3 3 2 2 2 2 2 2 3 2 3 3 7 3 5 7 3 2 3 5 
18 BN4 3 2 2 9 9 3 2 3 5 9 3 2 3 3 3 2 2 3 3 3 
19 QK1 5 5 5 3 3 7 3 5 5 9 3 3 7 7 5 3 2 2 3 3 
20 NT2 2 5 2 9 9 5 5 3 2 9 2 2 5 3 5 3 2 2 2 3 
21 CN2 3 7 5 5 5 5 2 2 5 5 3 2 5 5 5 7 3 5 3 3 
22 QK2 2 5 2 7 7 5 5 2 2 7 3 3 7 5 7 5 2 2 3 5 
23 SP3 2 5 2 3 3 7 3 5 2 3 7 9 7 5 7 7 2 2 3 5 
24 GA1 3 2 3 3 3 3 3 3 5 3 3 3 5 2 3 5 2 2 3 5 
25 GA2 5 3 3 7 7 3 2 3 5 7 3 3 5 2 3 5 2 2 7 7 
26 GA3 3 5 2 3 3 5 2 2 3 3 3 3 5 7 7 5 7 2 3 5 
27 NT3 3 5 2 3 3 5 3 2 3 3 5 3 7 5 7 7 3 5 3 5 
28 NT4 5 7 5 5 5 7 2 3 2 7 5 5 9 5 7 7 3 2 3 3 
29 QK3 5 3 3 7 7 3 5 3 5 5 3 3 7 5 5 7 2 2 3 3 
30 QK4 3 2 5 3 3 5 3 5 2 7 9 9 9 5 9 5 3 3 2 2 
31 QK5 2 2 2 2 2 5 2 2 2 3 2 2 7 2 2 5 5 2 5 3 
32 QK6 2 3 2 2 2 5 2 2 3 2 3 5 9 5 5 5 2 2 2 3 
33 QK7 3 5 3 3 3 3 2 3 5 3 3 3 7 3 3 3 2 2 3 3 
34 SB1 2 7 3 5 5 2 5 2 2 5 3 3 7 3 3 3 9 2 3 3 
35 SB2 2 5 5 7 7 7 5 3 2 9 3 3 5 5 5 7 9 2 2 3 
36 SA1 3 5 2 2 2 5 2 2 2 2 5 5 9 3 3 3 2 2 3 7 
37 CN3 2 3 3 7 7 5 2 2 5 7 3 2 3 3 2 3 5 2 2 3 

Acc – accessions, TV – tree vigour, BD – branch density, GH – growth habit, LT – leafing time, LG – leafing group, LS – leaflet shape,  
DT – dichogamy type, CA – catkin abundance, FH – flowering habit, TM – time of maturity, HR – hardness, ER – ease of removal, NSI – nut size, 
SC – shell colour, ST – shell texture, TS – tip shape of nut, BS – base shape of nut, NS – nut shape, KP – kernel plumpness, KC – kernel colour. 

Accessions: BA – Bugna, NM – Neelum, SA – Salkhala, DN – Dawarian, NR – Nagdar, CN – Chanannian, KS – Kundal Shahi, KL – Keil,  
NT – Nowkot, QK – Qaiserkot), RN – Reshian), SP – Saidpura, TS – Tredasharif, MI – Moji, GA – Gaepura, BD – Bajaldahar, TT – Taobutt,  
MP – Mirpura, KS – Keilseri, TL – Tilawari, SB – Serbann. The numbers 1–7 withon abbreviations show the sequence of accessions from each 
other.  
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among accessions may be related to sexual propagation, 
which leads to intra-population diversity. Also, artificial 
selection and natural hybridization may have contribut-
ed to the variations. 

Principal components analysis (PCA) was used 
to identify the most significant traits in the dataset. 
It determines the main factors and parameters to dis-
criminate among accessions. Accessions were also 
classified by using principal components analysis 
(PCA) – Figure 3. The PCA of quantitative traits in 
local walnut accessions revealed maximum variations. 
The PC-1 showed the highest Eigenvalue (3.6824) 
with 28.327% variance while the lowest Eigenvalue 
(0.00836396) with 0.064338% variance was shown by 
the PC-13. The PCA for walnut accessions revealed 
maximum variation in the first four PC’s contributing 
68.9764% variance (Tab. 6). The PCA of quantitative 
traits revealed that kernel% is the most important pa-
rameter in discriminating the local walnut accessions. 
The PCA revealed that the accessions BN1, BN2 and 
NT4 were different from others. These accessions 
were actually landraces from Leepa Valley (Fig. 3). 
Our results are in harmony with [Jonah et al. 2014]. 

CONCLUSION 

This study was conducted in one of the most im-
portant walnut growing regions of Azad Jammu and 
Kashmir. The results of current study revealed a great-
er amount of variability in walnut indicating better 
chances for improvement of germplasm based upon 
morphological characteristics. These results indicate 
that valuable walnut accessions, particularly those 
with desirable nut and kernel characteristics, exist in 
Azad Jammu and Kashmir. Principal component anal-
ysis and cluster analysis permitted discrimination of 
significant traits that are useful for breeding. The high 
variability among walnut accessions could be the re-
sult of sexual propagation. This study also confirmed 
the importance of conserving the promising walnut 
genetic resource. These accessions are the potential 
source for future breeding programs of nut crops.
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