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INTRODUCTION

The Persian walnut (Juglans regia L.) known as English walnut
is the most valuable commercial species in its genus belonging
to family Juglandaceae, has origin in eastern Europe, Asia
minor, extending from Turkey, Iran and western China to
eastward to the Himalayan regions (Lesilie and McGranahan,
1998 ). The kernal is very nutritious, containing 64.5 percent
fats, 15.6 per cent protein, 10.6 per cent carbohydrates and
687 calories of energy per 100 g (Singh et al., 1967), and are
either consumed as fresh or used in confectionery and for
extracting edible oil. Walnuts are revered since ancient times
as a symbol of intellectual, since their kernels have convoluted
surface inside the shell resembling as that of brain.

In India walnut is mainly grown in Jammu and Kashmir,
Himachal Pradesh, Uttaranchal and Arunachal Pradesh. The
total area under walnut in India is 123 thousand hectare with
annual production of 233 thousand MT (Bal, 2014). Jammu
and Kashmir is ranked first in production of walnut followed
by Uttaranchal, Himachal Pradesh and Arunachal Pradesh.

At present in India there are no systematic orchards of walnut,
majority of the parent stands are of seedling origin which has
lot of variability in nut size, shape, shell thickness and kernel
quality (Rouskas and Zakynthinos, 2001; Sharma and Das,
2003).  Improvement of a crop depends on the variation
existing in genetic stock (Wani et al., 2014). To make use of
the existing variability, the selection of superior seedlings with
desirable traits will be of paramount importance in expansion
of walnut cultivation in the country. However the breeding is
a time consuming process in fruit crops especially in walnut

which has very long juvenile period. Therefore, the selection
of superior genotypes from a variable population is a simple
and quick method of varietal improvement. This research
paper aims to select superior genotype from existing seedling
populations, which has high yield and quality as well as to
supply quality planting material to walnut growers.

MATERIALS AND METHODS

The investigation on evaluation and characterization of walnut
germplasm was carried out at the Experimental Field of
Department of Fruit Science, Dr Y S Parmar University of
Horticulture and Forestry Nauni, Solan (HP) during 2012-13
to 2013-2014. The department has number of walnut genotype
in its collection block which comprise of both seedling origin
as well as exotic collections. From the existing diversity twelve
genotypes, six of seedling origin and remaining were standard
/ introduced cultivars. The experiment was laid out in RBD
with three replications. Three plants of each of the selected
genotypes were taken for the study under each replication.
The observations were recorded on different characters  viz.,
plant height (m), plant spread (m), leaf area (cm2), nut weight
(g), kernel percentage (%), bearing habit, regularity in bearing,
and yield (kg/tree). Plant height was measured by staff flag
from the base to the terminal most growing point and was
expressed in meters. On the basis of data height was
categorized as low (<50 cm), intermediate (50 cm) and high
(>100 cm). Plant spread was measured by measuring rod.
Observation was recorded in two directions, East-West and
North - South and average Plant spread was expressed in
meters. The average weight of ten randomly collected sun

ABSTRACT
Twelve walnut genotypes were evaluated and characterized for plant height, plant spread, leaf area, bearing
habit, regularity in bearing, nut weight, kernel percentage and yield. On the basis of growth characters maximum
plant height (5.45 m) was found in Kainthal Selection whereas, plant spread was highest in ‘Partap’. Shimla
selection had highest nut weight (16.37 g) and leaf area (705.33 cm2) among all the selections. Kernel percentage
was maximum in Kullu Selection (49.00 %) and minimum in Montignac (34.07 %). The nut yield varied from
3.50 to 87.50 kg/tree, highest being in Kainthal Selection. On the whole, out of twelve genotypes evaluated
Kainthal Selection and Shimla Selection appeared to be promising for most features like yield, nut weight, leaf
area etc. All the genotypes were regular and terminal in bearing habit.

KEYWORDS
Walnut
Genotypes
Kernel percentage
Yield

Received on :
17.03.2016

Accepted on :
26.07.2016

*Corresponding
author



1660

dried nuts from twelve genotypes was recorded on electrical
balance and expressed in grams. For recording data on kernel
percentage on each of the selected genotypes, first weight of
ten nuts was taken and then the weight of its kernel was
recorded. The kernel percentage was worked out as under:

100
weight nut 10

weight kernel 10
  percentage Kernel ×=

Leaf area was recorded from fully matured 10 leaves in the
month of July with help of leaf area meter and average leaf
area was worked out and expressed in cm2. The regularity in
bearing was recorded on the basis of their regular fruiting and
were grouped as i) Regular bearer ii) Alternate bearer. Data
pertaining to bearing habit was recorded on the basis of
position of female either terminal (Bears on the terminal portion
of the new growing shoots) or lateral. The yield of dry nuts was
recorded in all the genotype and expressed in kilograms/tree.
The statistical analysis was carried out for each observed
character under the study using MS-Excel and OPSTAT.

RESULTS AND DISCUSSION

The observations recorded on plant height, plant spread, leaf
area, nut weight, kernel percentage, bearing habit, regularity
in bearing, and yield are presented in Table 1 and 2

respectively. The plant height is one of the important
characteristic, which helps in differentiating the genotypes.
The walnut genotypes exhibited significant variability in plant
height ranging from 3.62 m to 5.45 m. Maximum plant height
was in Kainthal Selction (5.45 m) followed by Sirmour Selection
(5.25 m) and minimum in Hartley (3.62 m). All the genotypes
were categorised under high (>100cm) range of plant height.
Joolka and Sharma (2005) during selection of superior walnut
trees of seedling origin identified semi vigorous seedling trees.
Results are also in accordance with the findings of Casal et al.
(2006) and Mosivand et al. (2013) who found significant
differences in plant height. The extent of variations in
economically   important characters were similar which would
be attributed to their origin and age differences. Yet some of
the selections exhibited distinct characteristics hitherto not
reported in walnut germplasm of indigenous origin in
Himachal Pradesh (Pandey and Sinha, 1984; Atefi, 1990;
Sharma and Sharma, 1997).

Cultivar Partap differed statistically from all other genotypes as
it had maximum plant spread (6.28 m) and minimum in
Meylannaise (2.61 m). The spread of Partap was 2.42 times
higher in comparison to Meylannaise. Thakur (1993) in his
study on genetic variability in bearing seedling walnuts
growing in Kullu valley also recorded variation in plant spread.
According to Joolka et al. (2008), the results of 20 superior

GIRISH  SHARMA et al.,

Table 1: Plant height, plant spread, leaf area of different walnut germplasm

Character Plant height (m) Plant spread (m) Leaf area (cm2)
Cultivars 2012-13 2013-14 Pooled 2012-13 2013-14 Pooled 2012-13 2013-14 Pooled

Partap 4.3 4.63 4.47 6.22 6.34 6.28 652.9 667.17 667.78
Hartley 3.57 3.67 3.62 5.02 5.13 5.07 358.17 402.97 380.57
Gobind 4.23 4.7 4.47 5.93 6.09 6.01 658.78 701.47 661.65
Pieral- Lara 3.6 4.12 3.86 3.69 3.82 3.76 369.73 379.2 374.47
Montignac 3.83 4 3.92 4.12 4.23 4.17 668.4 328.37 332.12
Meylannaise 3.83 3.93 3.88 2.55 2.67 2.61 453.7 428.18 440.94
Kullu Selection 4.03 4.17 4.1 3.08 3.21 3.14 335.87 610.63 631.77
Kinnaur Selection 3.93 4.2 4.07 3.1 3.08 3.09 610.5 570.67 590.59
Kashmir Selection 3.97 4.07 4.02 3.96 4.07 4.01 393.53 376.17 384.85
Sirmour Selection 4.83 5.5 5.25 4.88 5 4.94 695 664.33 698.89
Kainthal Selection 5.4 5.67 5.45 5.85 5.95 5.9 649.1 609.4 629.25
Shimla Selection 4.53 5.03 4.78 4.34 4.47 4.41 709.2 702.78 705.33
C.D. (0.05) 0.74 1.08 0.87 0.69 0.7 0.69 104.92 121.77 105.76

Table 2: Nut weight, kernal percentage, yield, bearing habit and regularity of different walnut germplasm

 Characters Nut Weight (g) Kernel percentage (%) Yield (kg/tree) Bearing Regularity
habit in bearing

Cultivars 2012-13 2013-14 Pooled 2012-13 2013-14 Pooled 2012-13 2013-14 Pooled

Partap 10.37 9.6 9.98 44.1 52.63 48.37 22.33 19.67 21 Terminal Regular
Hartley 9.1 6.87 7.98 52.67 39.43 46.05 3.33 3.67 3.5 Terminal Regular
Gobind 12.23 14.83 13.53 46.67 41.13 43.9 62 70 66 Terminal Regular
Pieral- Lara 9.17 8.9 9.03 40.53 40.23 40.38 88.33 84.67 86.5 Terminal Regular
Montignac 11.93 11.87 11.9 31.07 37.07 34.07 60.67 71.67 66.17 Terminal Regular
Meylannaise 11.5 14.63 13.07 37.6 39.13 38.37 31 39.67 35.33 Terminal Regular
Kullu Selection 12.87 12.8 12.83 53.7 44.3 49 20 21.33 20.67 Terminal Regular
Kinnaur Selection 11.07 11.93 11.5 46.9 46.13 46.52 40.33 42.67 41.5 Terminal Regular
Kashmir Selection 11.53 13.37 12.45 40.33 41.93 41.13 50 45.67 47.83 Terminal Regular
Sirmour Selection 14.37 16.43 15.4 37.97 38.17 38.07 75 68 71.5 Terminal Regular
Kainthal Selection 13.7 13.4 13.55 37.13 38.9 38.02 90.33 84.67 87.5 Terminal Regular
Shimla Selection 16.13 16.6 16.37 33.3 38.27 35.78 51.67 55 53.33 Terminal Regular
C.D.(0.05) 2.07 1.32 1.84 11.06 7.21 6.48 8.04 11.99 8.71
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strains of seedling origin showed that most of them were
spreading type. On the basis of research carried out and from
the review of work on walnut, it is evident that walnuts of
seedling origin exhibited variation in most of the growth
characters including plant spread.

All the genotypes bore fruits terminally and were also regular
bearer (Table 2). Similar observation has been reported by
Sharma (1999) according to whom walnuts of seedling origin
were mostly terminal bearer. Joolka et al. (2008) in walnut
seedlings (Shimla district) recorded similar type of bearing
habit, whereas according to Asma (2012) the terminal
fruitfulness ranged from 65-100 percent. No genotype had
lateral fruiting in the present study, although some workers
had also identified some lateral bearing genotypes (Acka et
al.,1999 ; Ghasemi et al., 2012). Shimla Selection was found
to have maximum leaf area (705.33cm2) and was statistically
at par with Partap, Kullu Selection, Sirmour selection and
Kainthal selection and minimum values were (332.12 cm2) in
Montignac (Table 1). The Shimla Selection had leaves 2.12
times larger than Montignac. Sharma and Sharma (1998)
recorded leaflet area that varied from 39.64 to 128.19 cm2.
The variation observed in the present study for leaf character
is more than the previous studies which may be due to different
locations, population size, difference in environmental
conditions and soil factors etc.

The pooled values of nut weight ranged from 7.98 g (Hartley)
to 16.37 g (Shimla Selection). Shimla Selection (16.37 g) being
highest in nut weight was statistically similar to Sirmour
Selection (15.40 g). Hartley had least value (7.98 g) and differed
significantly from all other genotypes (Table 2). Desirable nut
weight should range from 12 to 18 g (McGranahan and Leslie,
1990). Results are in agreement with the findings of earlier
studies conducted by various workers on walnut seedling
origin trees growing at different areas (Guo et al., 2009; Cerovic
et al., 2010). Kullu Selection according to analysis of variance
had maximum kernel percentage (49.00 %) and minimum in
Montignac (34.07 %). Almost similar type of variations for
various metric nut and kernel characters have also been shown
by Pramanick et al. (2006), Kong et al.(2008), Hou et al. (2010)
and Asma (2012). This trait has been used to select promising
individuals for walnut breeding programmes (McGranahan
and Forde, 1985; Mosivand et al., 2013).

Yield is one of the most desirable traits attaining highest
consideration in any breeding programme. In this study,
Kainthal Selection had highest yield (87.50 kg) followed by
Pieral-Lara (86.50 kg) whereas minimum yield was in Hartley
(3.50 kg) and Partap (21.00 kg) and were significantly inferior
in yield to all other genotypes. Yield is dependent on number
of parameters important being age of tree, trunk girth and
yield efficiency etc. According to Sharma and Sharma (1997)
in seedling walnuts,yield varied from 0.5 kg to 105 kg per tree
whereas the yield at the rate of 2400 kg/ha, 5.5 tons/ha and
3.2 tons/ha was recorded by various workers (Atefi, 1999;
Sevage and McNeil, 1999).  The yield per tree was highest in
Yalova 1 (3.44 kg/tree) and lowest in KR 2 i.e. 0.63 kg/ tree
(Bayazit et al., 2009), whereas cultivar ‘Xiangling’ produced
yield of 3.5 kg/tree (Kong et al., 2008). In superior walnut
seedling trees, yield varied from 1.5-130 kg per tree (Sharma,
1999), whereas in the present study it ranged from 3.50 to

87.50 kg per tree which is quite similar to the yield obtained
by above authors. The factors like biotic and abiotic
environmental conditions, genetic constitution of genotypes
etc. may also have contributed for large variation in the yield.

The evaluation of the quantitative and qualitative variation
under a wide range of environment and climatic condition
provide useful information regarding the variability and genetic
diversity within different genotypes, which is essential for
present as well as future crop improvement programmes.
Keeping in view it can be concluded that out of twelve
genotypes evaluated Kainthal Selection and Shimla Selection
appeared to be promising for most features like yield, nut
weight, leaf area etc. All the genotypes were regular and terminal
in bearing habit. Hence, these selections can be used in the
walnut breeding programmes.
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