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ABSTRACT
Dragon fruit (Hylocereus spp.) is an exotic vine cactus, rich in vitamin C and antioxidants, commonly known
as ‘pitaya’ is a weather resilient crop. In order to develop superior varieties, a large number of progenies obtained
from open pollinated seedling of cvs. Hiryur red, Vietnam pink and Vietnam red were raised and evaluated. To
broaden the genetic base with desired traits, seeds of Hirehalli red and Hirehalli white were irradiated with
gamma rays (500, 600 and 700 Gy), EMS (2.25, 2.5 and 2.75%) and sodium azide (0.04, 0.05 and 0.06%)
and evaluated for horticultural traits. Three elite progenies such as CHESH-D1, CHESH-D2, and CHESH-D3
were obtained from open pollinated seedlings of cvs. Hiryur red, Vietnam red and Vietnam pink, respectively,
and one EMS (2.5%) treated mutant i.e. CHESH-DE were selected based on their morphological and yield
traits. The selection CHESH-D1 performed superior with highest fruit weight (507.71 g) and yield (39.50 kg/
pole) compared to CHESH-D2 and CHESH-D3. The biochemical characters namely, TSS (15.35 oB), total
sugars (5.95 g), reducing sugars (4.91 g) and betalains (21.2 mg BCE) were recorded highest in CHESH-D2,
and one EMS (2.5%) treated mutant from cv. Hirehalli red showed better adaptability and dwarfness. These
elite progenies are at final stage of performance assessment to be released as variety in India.
Keywords: Betalains, dwarfness, genetic variability, mutation, reducing sugar

INTRODUCTION
Dragon fruit (Hylocereus spp.) is a perennial climbing
cactus, commonly known as Pitaya, has recently
drawn much attention among the Indian growers owing
to its high value premium fruits as well as numerous
health benefits. Pitaya is native of southern Mexico,
Guatemala and Costa Rica and it was introduced to
India during late 90’s, and the area under its
cultivation is drastically increasing (Karunakaran et
al., 2019). Its commonly cultivated species viz.,
Hylocereus undatus has white pulped fruits and pink
skin and Hylocereus polyrhizus has red pulped fruits
with pink skin (Arivalagan et al., 2021). Consumers
are attracted by the exotic nature of dragon fruit with
their bright red skin and varying pulp colour. The
fruits are rich in fibre, polyphenols, sugars, vitamins,
phytochemicals, amino acids and betalain pigment
(Al-Mekhlafi et al., 2021).

The diversity of Hylocereus is least exploited in
recently laid orchards in India (Pavithra et al., 2023).
Currently, available varieties of dragon fruit which
have been planted in farmers’ field are primary

introductions from other countries. Till date, there are
no findings on crop improvement programme of
dragon fruit for varietal evaluation in India. Recent
crop improvement approaches through introduction
and selection in Taiwan and Vietnam has resulted in
a few self-fertile and productive pitaya varieties
(Zee et al., 2004). In India, red/pink pulped dragon
fruits are preferred by the growers due to their better
adaptability to wide range of climate and higher yield
potential. Distant hybridization favours the transfer of
genes between genetically distant species of plants. It
is majorly practised when there are no sources of genes
coding for desirable traits available within a certain
plant species and to obtain superior hybrid genotypes.
In this background, a systematic baseline assessment
on Crop improvement through selection, hybridization
and mutation was takenup simulatneously to broaden
genetic base and to develop a variety for wider
adaptability, dwarfness, early flowering, biotic and
abiotic stress tolerance, improved fruit quality
(attractiveness, shelf-life), or higher levels of bioactive
compounds in the fruit.
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The systematic study of dragon fruit crop
improvement was initiated at ICAR-Indian Institute of
Horticultural Research, Experimental Farm, Hirehalli
(Latitude: 280 38’, Longitude: 770 11’E and Altitude:
842 m above mean sea level), Tumakuru, Karnataka,
India during 2018-2022 by collecting the prevailing
genetic diversity from their respective growing areas.
The breeding work was carried out by raising large
number of open pollinated population of cvs. Hiriyur
red, Vietnam pink and Vietnam red. The fruit samples
were randomly collected from each seedling of three
cultivars, were used as base material for collection of
seeds followed by raising a population of individual
cultivar for evaluation and characterization.

Induced mutation can broaden the genetic base and
helps to develop population with desired traits. Hence,
a trial was taken up by irradiating seeds of cvs.
Hirehalli red and Hirehalli white with gamma rays
(500, 600 and 700 Gy), chemical mutagens
(EMS 2.25, 2.5 and 2.75%) and sodium azide (0.04,
0.05 and 0.06%). The treated seeds were washed under
running water for 1 hour to remove the residues. The
untreated seeds were sown as control. The M2
population was raised through cuttings and evaluated
for horticultural traits. The elite progenies such as
CHESH-D1, CHESH-D2, and CHESH-D3 from open
pollinated progenies of cvs. Hiryur red, Vietnam red
and Vietnam pink, respectively, and one mutant i.e.
CHESH-DE treated with EMS (Ethyl Methane
Sulfonate) at 2.5% were identified (Fig. 1). The
experiment was laid out in randomized block deisgn
with four treatments replicated five times.

For biochemical analysis, around 5 g of sample of
each dragon fruit was extracted in 10 mL of aqueous
ethanol using an ultrasonic bath for 30 minutes in dark
at 60°C. After centrifugation at 7000 rpm for 15 min,
the supernatant was collected. Then re-extraction of

residue and the supernatant thus collected was pooled
and ethanol from the pooled extract was removed
using flash evaporator. Further, the ethanol free
extracts were re-suspended in 5 mL of water and
stored at -20 °C until further analysis. The extract was
used to determine the quality traits following standard
methods (Arivalagan et al., 2021). Total soluble sugar
content in the extract was estimated using phenol-
sulphuric acid method (DuBois et al., 1956), and
reducing sugar content was determined using Nelson-
Somogyi’s method (Somogyi, 1952). The total
betalains were determined as per Castellar et al.
(2003). FRAP assay was carried out for anti-oxidant
activity (Benzie & Strain,  1996). The  collected data
were analyzed using OPSTAT software (Sheron et al.,
1998).
In the present study, promising selections were made
from open pollinated progenies of three cultivars
showed variation in terms of morphological and
biochemical traits (Table 1 & 2). Considering
pomological traits as an important variation, the three
dragon fruit progenies were categorized i.e., the
selection CHESH-D1 resulted in round shaped fruits
with red pulp having dense bracts, CHESH-D2 had
oval fruits with red pulp, while, CHESH-D3 had fruits
of round shape with pink pulp; medium dense bracts
on the surface. The EMS (2.5%) mutant i.e. CHESH-
DE yielded fruits with medium number of bracts,
smooth surface, round fruits having pale pulp with
pink blush. These differences among the pulp colour
of the progenies might be due to parental character
or natural variation occured during outcrossing.
According to the researchers, there are number of
dragon fruit species, which vary among themselves for
fruit pulp colour (pink, red, white, purplish-red, yellow
etc.). Upon outcrossing, the variation may be inherited
in the progenies for pulp colour (Hamidah et al.,

Fig. 1: Cross section of elite progenies of Dragon fruit
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2017). The descriptive characterization of progenies
from crosses showed a wide variability for many
morpho-agronomic traits in olive (León et al., 2004a;
Avidan et al., 2012; Klepo et al., 2013).

Statistical analysis revealed that there was no
significant difference among the progenies for number
of days taken from bud initiation to anthesis and
anthesis to maturity. On an average, the days taken
from initiation to anthesis (22 to 23 days) and anthesis
to maturity (34 to 35 days). Among these elite
progenies, the maximum bud length during anthesis
(33.63 cm), pericarpel length (12.91 cm), length of
perianth (20.72 cm), number of stigma lobes (29.31)
and bracts (28.59), fruit weight (507.71 g), breadth
(15.42 cm), pulp weight (404.52 g), skin weight
(103.19 mm), fruit yield per pole (39.50 kg), pH
(5.37) and antioxidant content (467 μmol TE) were
recorded in CHESH-D1. The highest number of
stigma lobes (29.31), maximum width of basal bract
(2.73 cm), skin thickness (4.12 mm), better
biochemical constituents viz., TSS (15.35 oB), total
sugars (5.95 g), reducing sugars (4.91 g) and betalains
(21.2 mg BCE) were recorded highest in CHESH-D2.
The selection CHESH-D3 recorded maximum bud
width (7.00 cm), style length (28.11 cm) and apical
cavity (1.98 cm).

The variation in the elite progenies might be due to
the genotypic characters of pollen source of unknown
parent associated with environmental factors and
agronomic practices. The results are in conformity
with the findings of Nieddu et al. (2006). Further,
Kammapana et al. (2013) reported that the differences
in fruit characters might be due to physiological
changes at different phases of dragon fruit
development.

The mutant progeny CHECH-DE beared fruits
weighing (379.18 g) with pulp weight (260.11 g), TSS
(14.80 oB), total sugar (5.75 g), betalains (18.57 mg
BCE) and antioxidant potential (388 μmol TE). Lower
dosage and short duration of EMS treatment showed
positive effect on plant height, biomass, mineral uptake
and biochemical parameters (Shukla et al., 2023). The
improvement in fruit quality with lower concentration
of EMS may be attributed to the fact that EMS at a
lower dose induces hormones which are responsible
for yield and quality. Physiological changes in mutant
fruits occur due to ethyl methane sulphonate mutagen
treatment (Kumar et al., 2017).

CONCLUSION
Dragon fruit holds greater economic value due to its
capacity to promote human wellbeing. Extensive trials
were initiated to develop new varieties with promising
horticultural traits. One such attempt was made
towards crop improvement, resulting in three
promising open pollinated types and a mutant progeny.
Upon comparative study, CHESH-D1 showed better
performance in the field with highest individual fruit
and pulp weight & photo insensitive nature, CHESH-
D2 has higher TSS with total sugar content, CHESH-
D3 fruits has medium bracts on surface and mutant
progeny CHESH-DE is marked for variant pulp
colour, better performance in terms of adaptability and
dwarfness. Further, this elite progeny will be released
for commercial cultivation, which is notably a first
attempt towards varietal development of dragon fruit
in India.
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