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ABSTRACT

Seven local apple cultivars of the trans-Himalayan Ladakh region were studied for phenological and pomological
characteristics. Early and extended flowering was observed. Flowering began 12 days earlier as compared to Royal
Delicious, a popular introduced cultivar. The cultivars attained fruit maturity between mid-August to early September,
which is one month earlier than Royal Delicious. Apples of the Ladakh region are soft (6.1+1.1 kg cm™?) and small
in size (60.1429.1 g). The unique characteristics observed in apples of the Ladakh region, such as early flowering
and early fruit maturity offer an opportunity for exploring the native cultivars for future breeding programs for the

development of early maturing cultivars.
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1. INTRODUCTION

Apple (Malus domestica Borkh.) is the most ubiquitous
temperate fruit and has been cultivated in Asia and Europe
from antiquity'?. Orchards are now found in northern China
and Siberia, where winter temperatures fall to -40°C, to high
elevations in Indonesia and Colombia straddling the equator?.
Apples have been introduced into tropical, subtropical
and temperate environments globally. There are over 6000
regionally important landraces and cultivars across the world,
but a few major cultivars dominate worldwide*.

The natural variation present in crop plants has been
exploited since their domestication thousands of years ago
by the genetic manipulation of developmental traits and
physiological features related to adaptation’. Apple offers
a clear prospect for the development of cultivars combining
all the quality, horticultural and commercial traits, in a single
genotype. Improving fruit quality and the development of
disease-resistant cultivars are the two prime objectives of
apple breeders worldwide. Developments of early maturing
and winter-hardy cultivars are other important objectives
the breeders seek to achieve®. The native cultivars serve as
a valuable resource in breeding programs and therefore, the
study of native germplasm in terms of early maturing and fruit
quality has been considered both for breeding as well as for the
selection of apple cultivars.

Apple is a traditional fruit crop of high altitude trans-
Himalayan Ladakh region. It is the second most important fruit
crop of the region, after apricot. Several native cultivars are
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grown in the region, and Thra, Mongol, and Karkechu are the
three most popular cultivars. However, little is known about
the native apple cultivars of Ladakh, to date, there is a single
report by Dwivedi’ ef al. on preliminary description of the local
cultivars. Native apple cultivars of the region exhibit unique
and wide variations and thus offer prospects for exploring
the native germplasm for crop improvement programs.
Accordingly, this study was carried to contribute to the
pomological and phenological characteristics of seven native
cultivars and highlight the important and unique characteristics
of trans-Himalayan Ladakh apple germplasm that can be used
for future apple improvement programs globally.

2. MATERIALS AND METHODS
2.1 Study Area and Plant Material

The study was carried out at an experimental orchard
(34°08.2°N; 77°34.3E, elevation 3331 m) which is located on
flat ground with abundant direct sunshine at Defence Institute of
High altitude research in trans-Himalayan Ladakh, India. The
mean maximum temperature recorded daily during the cropping
season (April-September) were 21.0£4.7 and 20.4+4.8°C,
while the minimum temperatures were 8.3+4.9 and 6.9+3.7°C,
respectively in 2018 and 2019. The orchard contains 10 rows,
having 8 trees per row of cultivars representing important
germplasm from the Ladakh region. Trees were planted at a
spacing of 4mx4m and trained to the modified central leader
system. Standard cultural practices were performed and all
trees were of the same age. The soil texture of the orchard
was silty loam with pH 7.8+0.2. Royal Delicious, a popular
introduced cultivar grown in an adjacent orchard, was used
for comparison. The date of fruit harvesting of each cultivar
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was determined by a panel of four assessors who identified the
best-maturing stage for fresh consumption based on firmness,
taste and fruit colour.

2.2 Analysis of Phenological, Pomological and

Quality Traits

The time of the beginning of flowering was considered
when 10 per cent of the flowers were fully open® and expressed
in Julian days (JD) (natural days from January 1). Full bloom
was considered when 90 per cent of the floral buds were fully
open. Standard fruit quality parameters and pomological
traits (Annexure I, Annexure II) were determined on the day
of harvest. Fruit and seed weight were measured with an
electronic balance. Dimensional properties were measured with
a digimatic caliper (CD-6”CS, Mitutoya, Japan) to an accuracy
of 0.01 mm. Total soluble solids (TSS) were measured with a
refractometer (ATAGO, Tokyo) and values were corrected at
20°C. Total acid (TA) was determined by titration using 0.1N
NaOH and values expressed as % malic acid’. Fruit firmness
was determined with a hand penetrometer (FT-327, Effegi,
Italy).

2.3 Statistical Analysis

All the experimental data were recorded in triplicates,
with each replication being an average of ten samples. The
experimental results were expressed as mean + standard
deviation (SD) using statistical analysis with SPSS (Statistical
Program for Social Sciences, SPSS Corporation, Chicago,
Illinois, USA). One way analysis of variance (ANOVA) and
post hoc analysis with 2-sided Tukey’s HSD at p<0.05 level
were performed. Hierarchal clustering along with Dendrogram
using UPGMA (unweighted pair group method
with arithmetic mean) was constructed using
SPSS software to determine the relatedness
among the cultivars. The data collected for all the
characters were used as variables for clustering.

3. RESULTS AND DISCUSSION |
3.1 Flowering Phenology

Significant variability in the bud burst
time was observed between the native cultivars
(Annexure I). The cultivars reached the bud
burst stage much earlier than Royal Delicious.
Similarly, a wide variation at the beginning of
blooming was observed. The amplitude of the Tl
variation between the earliest and the latest
flowering cultivars was 8.7 and 8.3 in 2018 and
2019, respectively. Flowering began in native
cultivars 12 days earlier as compared to Royal
Delicious. The native cultivars came into the
full bloom stage in early to mid-May (124-135 i
JD). In comparison, Royal Delicious came into
full bloom 9-16 days after the native cultivars
under the same environmental condition. Early
flowering in the native cultivars may be an
adaptive mechanism for the early completion
of the fruit development stages before the onset
of cold weather in the region. The flowering
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duration (number of days from beginning to end of flowering)
ranged from 9 to 17.7 days depending on cultivar and year. In
comparison, the flowering duration of native apple trees is 7.0-
12.3 with a mean of 9.11 days in Serbia®.

3.2 Maturity Date

Fruits of all the cultivars were harvested between 253 to
273 JD (mid-August to early September) in 2018 and 261 to
283 JD in 2019 (Annexure I). Karkechu matures much later as
compared to other cultivars. Overall, the native cultivars were
early maturing and ripening one month before Royal Delicious
under the same environmental condition. Therefore, the native
cultivars of Ladakh may be exploited in future breeding
programs for development of early maturing cultivars. The
difference in harvesting dates between the earliest and the
late cultivar was 20 to 22 days. Significant variations in fruit
maturity period between the cultivars may be an adaptive
mechanism to extend the seed dispersal period. A similar
observation was recorded in apricots''. The variation in fruit
maturity in these cultivars may be due to the genetic makeup
of the cultivars.

3.3 Pomological Traits

Tables 1 & 2 presents pomological attributes of the seven
native cultivars. Fruit weight ranged from 21-107.5 g with a
mean weight of 60.1£29.1 g. Except for one cultivar that weighs
more than 100 g, fruit weight from all other cultivars was
determined <85.0 g. In comparison, the fruit weight of Royal
Delicious was 180.8+23.5 g, which was significantly higher
than all the native cultivars. Therefore, it could be commented
that apples of the trans-Himalayan Ladakh region are small
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Figure 1. Dendrogram showing the similarity between the cultivars.
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in size, which could be due to high altitude environmental
conditions and genetic factors. Mratini¢ & AkSi¢!® reported
fruit weight of 70-193 g with a mean weight of 129 g in 18
native apple cultivars from Serbia. Kaya'? et al. reported 43.04-
310.99 g fruit in 35 promising genotypes of Turkey. The fruit
weight of 79 native cultivars and germplasm from Iran ranged
between 9-165 g with a mean weight of 84.79+4.66 g'*. The
fruit weight of five local cultivars of Syria ranged between 36-
68 gl4.

The fruit of native cultivars was soft with a mean
firmness value of 6.1+1.1 kg cm?, which was significantly
low as compared to Royal Delicious (8.8+0.9 kg cm?). In
comparison, Farrokhi'® et al. reported fruit firmness of 3.2-17.1
kg cm™ with a mean value of 8.35+1.4 kg/cm? in the 56 native
apple germplasm of Iran. Kaya'? et al. reported that the fruit
firmness of 35 promising genotypes collected from Turkey
ranged between 3.99-14.05 kg cm? with a mean value of 7.86
kg/em2,

The number of seeds per fruit ranged from 5.7-8.6 with
mean value of 7.1+1.4, and each seed weighed 52-76 mg. Low
fruit weight with a high number of seeds may be an adaptive
mechanism for plant reproduction in high altitude conditions
by producing a higher number of seeds per plant.

3.4 Fruit Total Soluble Solids and Acidity

The native cultivars showed a wide range of TSS content
(11.8-15.5°Brix) with mean value of 13.2+1.6°Brix. The highest
TSS was observed in Marpo cultivar. In comparison, the
value ranged from 6.7-16.3°Brix among 33 apple accessions
from Kashmir valley'¢, 11.8-15.6°Brix in five local cultivars
in Syria', 9-18°Brix in 56 native apple germplasm of Iran®,
9.0%-14.4% in 35 promising genotypes from Turkey'?, and
12.55-19.24°Brix in 18 native cultivars from Serbia'®. The
acidity was between 0.25 % - 0.71%. High acidity in Skurmo
relates well to the name of the cultivar. Skurmo in local dialect
means sour.

3.5 Cluster Analysis

The dendrogram constructed using UPGMA of variables
of the characters studied separated the seven native cultivars
into three groups (Fig. 1). Three cultivars were placed in cluster
I, while two cultivars each formed cluster II and -III. However,
Royal Delicious formed a separate cluster.

4. CONCLUSIONS

Native apple cultivars of the trans-Himalayan Ladakh
possess a considerable diversity. Early flowering was observed
as compared to the introduced cultivar. The native cultivars
were early maturing and ripe one month before Royal Delicious.
Apples of the Ladakh region are soft and small in size with mean
weight of 60.1£29.1 g. The unique characteristics observed in
apples of Ladakh region, such as early flowering and early fruit
maturity offer opportunity for exploring the native cultivars for
future breeding programs for development of early maturing
cultivars. The flowering duration of the native cultivars was
also high, which ranged from 9 days to 17.7 days depending
on cultivar and year.
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Annexure 11

Pomological description of local apples of trans-Himalayan Ladakh as per UPOV descriptor®

Cultivars

Parameters

Mongol Thra Karkechu  Marpo Yayon Bong Skyurmo
Fruit: size Small medium Small Medium Very small Small Small Small
Fruit: general shape Flat globose Flat globose  Globose Flat Globose Flat globose Globose
Fruit: ribbing Weak Weak Weak Absent Weak Absent Absent
flgﬁt: greasiness of Moderate Medium Medium Moderate Absent Weak Weak
Fruit: ground colour Red Yellow Green Yellow orange  Yellow green  Yellow green Yellow green
Fruit: intensity of over . . . . . .

Strong Medium Medium Light Light Light Light
colour
Fruit: width of stripes Absent Absent Absent Absent Absent Absent Absent
Fruit: area of
russet around stalk Absent Medium Absent Absent Absent Absent Absent
attachment
Fruit: area of russet on Absent Absent Absent Absent Absent Absent Absent
cheeks
Fruit: size of lenticels Absent Absent Small Absent Small Small Absent
Fruit: colour of flesh White Yellowish White Pinkish Yellowish White White
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