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INTRODUCTION
Grape (Vitis vinifera L.) is now fully adapted in

the subtropical and tropical climatic conditions of
India however it is considered as temperate fruit
crop. Grape species are highly heterozygous and
offsprings produced through seedlings show wide
genetic variability with respect to vine vigour and
berry quality due to which seeds are not preferred
for propagation. More than 9,600 grape cultivars
are present across the world (Galet, 2000) and
almost 16,000 prime names appear in the Vitis
International Variety Catalogue (Maul and Eibach,
2003). For efficient utilization of germplasm, facts
related to variability among plant species is of prime
importance. Selection and multiplication of elite
accessions of any fruit crop from existing heritable
variability is important to increase its adoption and
production for domestic consumption and from
commercial point of view. Presence of genetic
divergence in any population helps in the selection
of desirable parents used in breeding programme
which leads in the reduction of crosses made

(Vanavermaete et al., 2020). In any hybridization
programme parents are selected on the basis of their
earlier performance and the objectives of research
programme. For purposeful hybridization in any
heterosis breeding, degree and nature about the
genetic divergence is important for the breeders in
choosing the right parents (Farhad et al., 2010,
Khodadabi et al., 2011). To take advantages form
the transgressive segregation, the information of
genetic gap among parents is essential (Khodadadi
et al., 2011). The standardization of variables is
also necessary towards defining the genetic distance
so that all variables are of similar significance in
defining the distance. Among various methods,
Tocher’s method is mostly used for the estimation
of genetic diversity through cluster analysis.
Euclidean distance can theoretically evaluate the
genetic distance among parents to maximize the
transgressive segregation (Hoque and Rahman,
2006). Identification of elite grapes accessions
through survey, their adoption and multiplication,
hence upsurge grapes productivity. Till date no
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ABSTRACT

Evaluation of grape accessions was carried out from different villages of Leh district on the basis of several
morphological characters. Observations were recorded on the basis of growth, foliage and yield of vine using
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accessions. Mean values of clusters for various growth and yield parameters revealed that cluster-I possessed
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recognized effort has been conducted and
documented on this aspect in Ladakh region. Due
to economic importance of grape and for the
enhancement of its cultivation in Ladakh region,
the present study was conducted in five villages of
Leh district to produce vivacious figures on grape
vine germplasm using cluster analysis and Principle
Component Analysis.

MATERIALS AND METHODS
Area surveyed and experimental material details

After a systematic survey from five different
villages (Achinathang, Warseedo, Dha, Hanuthang
and Yokmathang) of Leh district in the UT of
Ladakh region during 2014, fifty grape accessions
were selected. The surveyed area lies between
34o80’N latitude and 77o34’E longitude at an
altitude of 3414 m  MSL however weather during
the study period was mostly warmer with highest
temperature upto 38oC in summers and lowest -
37oC in winters. Considering vigour, health, bearing
habit and desirable berry  physio-chemical
parameters of berries the vines were selected and
marked which are of seedling origin having age
between 20-60 years.

Observations recorded
Data was recorded on various growths and yield

parameters viz. length (m) and diameter (cm) of
cane, internodal length (cm), leaf area (cm2), yield
(kg/vine), yield efficiency (kg/cm2) was calculated
as per Westwood (1993). Ten bunches and ten
berries were randomly taken for physical
parameters and both bunch (length and breadth)
and berry (length and breadth) were measured using
vernier caliper and expressed in centimeter.Weight
of bunch (g) and berry (g) were also taken using
digital weighing balance from the randomly
selected samples. Number of bunches/vine, berries/
bunches (randomly ten bunches/vine) and seeds/
berry were counted and expressed in numbers. Bio-
chemical analysis of berries on various parameters
viz. total soluble solids (oB), acidity (%), TSS/acid
ratio, total sugars (%) and juice content (%) were
recorded as per the standard procedure as given in
AOAC (2000).

Data recorded on all the studied parameters were
statistically analyzed using standard procedures
(Panse and Sukhatme, 1995). Non- hierarchical

Euclidean cluster method was used for the analysis
of genetic divergence (Spark, 1973) among the
accessions and for the classification of accessions
into uniform groups.

RESULTS AND DISCUSSION
Significant differences were observed among

the accessions for all the studied characters which
depict large extent of genetic variability. The
computation from covariance matrix gave non-
hierarchical clustering based on Mahalanobis D2

values among fifty accessions and grouped them
into five clusters. The clusters occupied by fifty
accessions of grape are presented in Table 1and Fig.
1 and elucidated that maximum number of
accessions was registered in cluster II having 27
accessions followed by cluster III, cluster V, Cluster
I and cluster IV having eight, eight, four and three
accessions, respectively. The clustering pattern
revealed that accessions from the same locations
did not fall in the same cluster depicting that genetic
diversity was not necessarily associated with
graphical location. The configuration of grouping
indicated that the geographical diversity was not
the only criteria to group the accessions of a specific
source or area which means that accessions
originating from a single locality were grouped in
different clusters which could be due to factors like,
genetic architecture, heterogeneity, history of
selection and mutation in the existing population
(Martínez et al., 2023). A similar trend of clustering
patterns has been reported by Barua and Sharma
(2003), Kaushal and Sharma (2005), Thakur et al.
(2005),Sharma et al. (2014 and 2015) and
Bhowmick et al. (2016) in different fruit crops viz.
apple, almond, pecan, walnut and Burmese grape,
respectively.

The mean value on various characters of cluster
in grape accessions is presented in Table 2. Cluster
I had the highest mean values for characters cane
diameter (2.03cm), internodal length (29.17cm),
leaf area (170.75cm2), yield (20.99kg/vine), bunch
length (21.36 cm), bunch breadth (11.12cm), bunch
weight (150.42g), number of bunches/vine
(148.75), number of berries/bunch (98.25), length
of berry (1.53cm), breadth of berry (1.33cm),
number of seeds/berry (1.75), acidity (0.23 %) and
juice content (89.99 %) while cluster II exhibited
the highest yield efficiency (0.09) and total sugar

Sharma et al.
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Cluster and principal component analysis in Grape accessions in Leh district

Table 1:  Clustering pattern of fifty grape accessions on the basis of genetic divergence
Cluster Number of Accessions

accessions number
I 4 LG-1, LG-15, LG-29, LG-42
II 27 LG-2, LG-4, LG-5, LG-6, LG-7, LG-8, LG-9, LG-10, LG-11, LG-12, LG-18,

LG-19, LG-20, LG-21, LG-22, LG-24, LG-25, LG-26, LG-27, LG-30, LG-31,
LG-32, LG-33, LG-37, LG-38, LG-41, LG-45

III 8 LG-3, LG-16, LG-17, LG-34, LG-36, LG-43, LG-44, LG-46
IV 3 LG-13, LG-40, LG-47
V 8 LG-14, LG-23, LG-28, LG-35, LG-39, LG-48, LG-49, LG-50

Table 2:  Cluster means for differentparameters of grape accessions in Leh district
Characters Clusters

I II III IV V
Cane length (cm) 186.76 136.98 171.22 127.62 201.77
Cane diameter (cm) 2.03 1.54 1.71 2.02 1.72
Internodal length (cm) 29.17 23.13 24.58 23.13 22.54
Leaf area (cm2) 170.75 141.44 150.37 164.78 154.16
Yield (kg/vine) 20.99 12.10 14.68 13.47 12.20
Yield efficiency (kg/cm2) 0.08 0.09 0.03 0.07 0.05
Bunch length (cm) 21.36 17.13 20.25 19.26 18.36
Bunch breadth (cm) 11.12 9.21 10.55 9.95 9.59
Bunch weight (g) 150.42 90.19 113.22 100.65 90.28
No. of bunches/vine 148.75 135.29 129.12 102.96 94.82
No. of berries/bunch 98.25 62.77 76.50 66.66 56.37
Berry length (cm) 1.53 1.08 1.10 1.17 1.03
Berry breadth (cm) 1.33 1.02 1.04 1.05 1.03
Berry weight (g) 1.38 1.33 1.32 1.41 1.54
Number of seeds/berry 1.75 1.00 1.00 1.00 1.00
TSS (oB) 19.10 20.18 20.53 20.66 20.08
Acidity (%) 0.23 0.21 0.20 0.15 0.22
Total sugars (%) 9.16 11.56 10.75 9.73 10.29
TSS/acid ratio 82.75 94.85 101.83 131.83 92.02
Juice content (%) 89.99 74.80 79.99 77.71 79.00

(11.56 %). Maximum mean values for TSS
(20.66oB) and TSS/acid ratio (131.83) was recorded
in cluster IV whereas cane length (201.77 cm) and
berry weight (1.54 g) was registered maximum in
cluster V. Mean values of Cluster III and I were
bestowed with desirable features which is required
for desirable recombination’s in segregating
generations. Kanavi et al. (2020) reported that mean
of clusters depicts the inner diversity in the material
taken under investigation. Priority should be given
to those clusters for further selection and choosing
parents in hybridization programme, in which

characters contribute more towards the D2 values
(Bose and Pradhan, 2005).

The principal component analysis revealed
prominent differences among the accessions
studied. Table 3 depicts that in principal component
analysis, maximum contribution of diversity (28.17
%) and maximum eigen roots (5.634) values was
observed in first component with major
contributions from cane diameter, fruit yield,
length, breadth and weight of bunch whereas
minimum contribution towards diversity (0.04 %)
and minimum eigen root value (0.007) was reported
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Fig. 1: Dendogram of cluster analysis of various grapes accessions of Leh district

Fig. 2: Scatter plot of Principal component of various grape accessions ofLeh district

in last component with major role from number of
berries/bunch, berry weight, acidity and TSS/acid
ratio. Cane diameter which is second component
exhibited the eigen root value and total variation
of 2.415 and 12.08 per cent, respectivelywith
mainly contribution of number of bunches/vine,
number of berries/bunch and cane diameter. An
eigen root value of 2.165 with total variation of

10.83 per cent was registered by the third
component i.e. intermodal length and the major
contribution for this component is of yield, yield
efficiency, number of bunches/vine, number of
berries/bunch and total sugars whereas 4th vector
i.e. leaf area has the eigen root value and total
variation of 1.737 and 8.69 per cent, respectively
and the contribution was from length and breadth
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of bunch, breadth of berry and acidity. Yield was
considered as fifth component with eigen root value
of 1.404 and the total variation was 7.02 per cent
with maximum and contributed mainly by
internodal length, berry length, berry breadth, total
soluble solids and total sugars, however, sixth
component i.e. yield efficiency showed eigen root
value and total variation of 1.181 and 5.91 per cent
respectively and mainly contribution was of
internodal length, leaf area, number of bunches/
vine, berry weight and total sugars. First twelve
components registered 95.11 per cent of total
variation.The scatter plot was generated for grape
accessions selected from five different villages of
Leh district for the first two principal components
from a principal component analysis of twenty
agro-morphological characters as depicted in Fig.
2. Such separation of genotypes may be due to
distinct and diverse nature of the varieties for
different agro-morphological traits (Kadu et al.,
2007 and Viana et al., 2011). Characters with largest
absolute value closer to unity within the first
principal component influenced the clustering more
than those with lower absolute value closer to zero
(Kumar et al., 2015).

Rao et al. (2003) also reported that for any crop
species there is direct correlation between
geographical distribution and genetic diversity of
that crop and also concluded that eco-
geographically different cultivars/accessions also
differ from each other genetically. A wide range of
variation for almost all the economically important
traits is present in this crop. This implies a great
potential for breeding through hybridization
programme.

From current investigations, with respect to
genetic divergence and its component analysis of
grape accessions this is inferred that hybridization
among genetically different  accessions will be
helpful for obtaining desirable segregates.
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