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Abstract
The genus Punica to which pomegranate belongs also has a miniature pomegranate 'Nana', which produces orange red flowers with 
pink pigmentation in the new foliage and it is often used for decorative purposes. We developed a yellow variant of 'Nana' by 
introgressing the gene for yellow pigment from edible 'Kabul Yellow' variety. “Yellow Nana” was evaluated for 46 characters, including 
morphological and physico-chemical traits in comparison with Nana. The results showed the morphological similarity between 
'Yellow Nana' and 'Nana' except for flower, fruit and aril colour. Most distinguishable characters of the 'Yellow Nana' are the dwarf plant 
stature (0.8 m), miniature leaves, profuse yellow flowers with white petals, small yellow fruits (9.45 g weight) with tiny light yellow 
highly acidic arils (5.19%) and hard seeds in comparison to 'Nana'. 'Yellow Nana' can grow as a new ornamental pomegranate variety as 
it is phenotypically similar to 'Nana' variety except for flower and foliage colour.
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Introduction 
Pomegranate (Punica granatum L.) is known to be one of the 
most versatile commercial fruit crops widely grown for fresh 
consumption as well as processing purposes (Pal et al., 2014). It 
belongs to 'Lythraceae' family with two species in the genus 
Punica (Graham et al., 2005). P. granatum L. is the only cultivated 
species found in the genus Punica with two sub-species viz., 
chlorocarpa (green ovary) and porphyrocarpa (red ovary) (Rana 
et al., 2010). P. granatum L. has the wild ancestor of P. 
protopunica Balf. found endemic to the remote archipelago of 
Socotra, Yemen (Shilkina, 1973; Guerrero-Solano et al., 2020). 
Wild forms of pomegranate are also known to grow in Iran, 
Afghanistan, Pakistan, Turkmenistan and North India (Holland 
et al., 2009). 

In addition to cultivated and wild pomegranates, two 
ornamental types viz., 'Double flower' and dwarf 'Nana', have 
also been reported (Jalikop, 2010). 'Double flower' types 
produce large, attractive double flowers wherein numerous 
stamens are modified into petals, resulting in no fruit set or few 
fruits. 'Nana' is a natural dwarf pomegranate which grows to a 
height of 50-70 cm, produces miniature leaves, flowers, fruits 
and arils (Nath and Randhawa, 1959; El-Moghazy et al., 2015). 
Several attempts have been made to exploit the ornamental 
pomegranates in breeding for moisture stress, bacterial blight 
resistance, understanding the genetics of fruit acidity, and 
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developing new ornamental pomegranates (Jalikop et 
al., 2003; Jalikop et al., 2006). 

The commercially grown pomegranate develops 
into a tall shrub, bearing large red flowers and sizable 
fruits with red pigmentation. In contrast, 'Nana' is a 
miniature bonsai-like compact shrub and grows to a 
height of about 2 feet. It is regarded as an ornamental 
plant and grows well as a potted plant. The tiny flowers, 
fruits and petiole base of Nana have a red pigment, as in 
several cultivated pomegranates. 'Kabul Yellow' is a rare 
pomegranate variety that has yellow pigmentation in 
flowers, fruits, and foliage. With the objective of 
developing a yellow coloured miniature pomegranate, 
'Nana' and 'Kabul Yellow' were hybridized and further by 
repeated backcrossing to 'Nana', segregants akin to 
'Nana' with yellow pigment were isolated. The selected 
yellow plants were multiplied and evaluated for their 
performance under field conditions.

Materials and Methods
To develop a yel low miniature ornamental  
pomegranate, a crossing programme involving diverse 
cultivars like 'Nana' and 'Kabul Yellow' was carried out in 
2009. Red pigment was found to be dominant over 
yellow, which is governed by a single recessive gene (rr) 
(Jalikop and Sampath Kumar, 1989). To transfer yellow 
pigmentation, two populations were developed: (1) (KY 
× N) and (2) [(KY × N) × N]-F₂ × [KY × N]-F₂. The (KY × N) 
cross was preferred due to better fruit set, higher seed 
count, and improved germination. All 90 F₁ seedlings 
from this cross were pink, confirming the dominance of 
pink over yellow. Fifteen hybrids were field-planted, 
exhibiting compact canopies with normal flowering 
and fruiting. Poor germination in selfed (2.27%) and 
open-pollinated (4.12%) seeds limited large F₂  
population development. However, hybrid 43H showed 
better germination (18.04%). Its F₂  progeny 
segregated in a 75:19 pink to yellow ratio, fitting a 3:1 
pattern (χ² = 1.149), indicating a single recessive gene 
(rr) controls yellow pigmentation. Of 94 F₂ seedlings, 
20 resembled 'N' in plant habit. To address the issue of 
poor seed germination and enhance the survival rate of 
progenies in subsequent generations, the 'Ganesh' 
variety, known for its excellent seed germination, was 
incorporated into the breeding program. The following 
crosses were developed: (1) [(KY × N) × F ] × [(G × N) × N]-1

F  and (2) N X {[(KY × N) × F ] × [(G × N) × N]-F }- F . As a 4 1 2 2

result, several miniature yellow seedlings resembling 
the 'Nana' variety were obtained, and the most fertile 
genotypes among them were selected for further 
evaluation.

The field evaluation was carried out at ICAR-

National Research Centre on Pomegranate, Solapur, 
Maharashtra (17°68' N latitude, 75°91' E longitude; 483.5 
m above sea level) for four consecutive years (2019-
2024). In 2017, 'Nana' and 'Yellow Nana' were planted at 
4.5 m × 3 m and followed the standard management 
practices including timely pruning, training, weeding, 
irrigation, fertilizer application etc. 

In total, 46 characters, including 10 qualitative and 
36 quantitative traits, were recorded in the new variety 
('Yellow Nana') along with its parental check variety 
('Nana'). The DUS characters were recorded as per the 
D U S  d e s c r i p t o r  o f  P P V & F R A ,  N e w  D e l h i  
(https://plantauthority.gov.in/sites/ default/files/ 
dpomegranate.pdf ) .  For  the morphological  
characterization, plant material was randomly sampled 
f rom 10 plants.  Fi f teen mature leaves,  15 
hermaphrodite flowers at full bloom, and 30 fruits at 
maturity were analysed. Tree height, spread, linear 
dimensions and weight were measured using 
measuring tape, digital Vernier Caliper, and precision 
electronic balance. Volume was determined by the 
liquid displacement method and expressed in ml. Total 
soluble solids (°Brix) of the arils juice was recorded using 
a digital refractometer. The titratable acidity of arils juice 
was measured by titration against 0.1 N NaOH solution 
using phenolphthalein indicator. Fruit and aril colour 
were measured by using a colorimeter and expressed in 
L*, a*, and b* coordinates. The seed hardness (N) was 
measured using a texture analyzer. Fruit juiciness was 
estimated on volume/weight (ml/g) basis and 
expressed in percentage. All seeds were extracted from 
each fruit and shade-dried under room conditions 
before taking the count and weight (g) data. Qualitative 
traits like tree foliage density, precocity, leaf blade 
shape, leaf apex shape, petiole anthocyanin colour, 
calyx colour, corolla colour, corolla type, crown neck, 
nipple/fin were measured on the selected plants of 
each variety.

The pooled mean data of the recorded quantitative 
traits were analysed for various descriptive statistical 
parameters in MS Excel 2016 software. Two-sample T-
test was carried out to determine the statistical 
differences between the genotypes by using Web Agri 
Stat Package (WASP 2.0) developed by Jangam and 
Thali (2004).

Results and Discussion
'Nana', a natural dwarf pomegranate, differs from the 
edible variety for its dwarf plant stature, miniature 
leaves, tiny flowers and non-edible fruits. In warm-
temperate climates, it is deciduous, but indoors and in 
the tropics, it behaves as an evergreen (El-Moghaz et al., 



2015; Sánchez-Hernández, 2022). Earlier gene 
exchange between cultivated (Ganesh) and decorative 
pomegranates (Nana, Double flower) has been 
attempted for bacterial blight resistance and drought 
resistance. Wherein 'Nana', 'Ganesh × Nana' and 
'(Ganesh × Nana) × Daru' showed a high level of 
resistance to bacterial blight disease. For drought 
resistance based on cell membrane stability, 'Nana' has 
shown as low as 1% in contrast to 16% in Ganesh. 
Hybrids involving Double flower with Ganesh (5.1%), 
Kabul Yellow (5.73%) and Nana (4.79%) also had very 
low CMS values (Jalikop et al., 2003). Inheritance of fruit 
acidity in pomegranate was studied in three sweet and 
three sour varieties and their progenies. The F  and F  1 2

data of 'Ganesh × Nana' showed that fruit acidity is 
monogenically controlled, and the sour nature is 
dominant over the sweet. (Ganesh × Nana) × Daru 
crossed progenies have produced acidity as high as 71.2 
g/l due to the influence of modifying genes derived 
from the two acidic varieties 'Nana' and 'Daru' (Jalikop, 
2007).

In this study, we have compared the performance of 
selected 'Yellow Nana' with the well-known ornamental 
variety 'Nana'. Both varieties were found to exhibit a 
similar phenotype of medium tree foliage density, early 
flowering, lanceolate leaf blade shape, obtuse leaf apex 
shape, low petiole anthocyanin colouration, single 
corolla type, fruits with crown neck and lack of 
nipple/fin in fruits, traits as per PPV&FRA guidelines. 
Non-significant similarities were also observed 
between 'Yellow Nana' and 'Nana' for most of the 
assessed characters. The most significant distinctive 
traits were found to be flower colour, fruit colour and aril 
colour. Wherein, 'Yellow Nana' showed the phenotype 
of 'Yellow calyx', 'White corolla' and 'Yellow' fruits with 
light yellow arils similar to 'Kabul Yellow'. Tree height of 
'Yellow Nana' (0.80 m) was on par with 'Nana' (0.60 m) 
and was early (91 days), produced minute leaves, tiny 
yellow flowers, small fruits (9.45 g) that contained acidic 

(5.19%) hard seeded arils with very tiny and shorter 
(0.98 g) seeds (Table 1, Fig. 1). Similar, evaluation and 
morphological characterization using DUS test 
guidelines has been carried in different crops like Sweet 
Cherry (Dangi et al., 2021), Mango (Kumar et al., 2023) 
etc. In pomegranate, such morphological and physico-
chemical comparison studies have been largely carried 
out for edible commercial varieties (Shilpa et al., 2024). 
Few molecular studies have been carried out using 
ornamental pomegranates, like understanding the 
genomic variation and phenotype in single and 
double-petal varieties (Huo et al., 2023), and single-
nucleotide polymorphism markers from de-novo 
assembly of the two P. granatum accessions viz., 'Nana' 
(P.G.233–244) and 'Black' (P.G.127–28) transcriptome to 
reveal the genetic diversity in the 105 ARO germplasm 
collection (Ophir et al., 2014). 

'Yellow Nana' was distinct from cv. 'Nana' for its 
flower colour, fruit colour, and aril colour.  'Yellow Nana' 
described in this paper can go as a new ornamental 
variety with decorative value, which can be grown in 
limited space and in pots as it produces attractive 
yellow flowers, foliage and tiny fruits, and resembles the 
established pink pigmented ornamental 'Nana' in 
respect of miniature plant habit. Large-scale 
multiplication and selling of plants of this variety will 
generate income for nurserymen, indoor gardeners and 
other stakeholders.
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Fig. 1: Morphological features of pomegranate varieties (A) new dwarf variety “Yellow Nana” (B) parental check variety “Nana” for selected DUS characters.



Table 1: Morphological, physico-chemical characteristics of identified ornamental variety (Yellow Nana) and parental 
check variety (Nana)

Character Yellow Nana Nana T-Sta-
Mean Range SD CV% SE m Mean Range SD CV% SEm tistic

Tree height(m) 0.80 0.58-0.97 0.12 15.21 0.04 0.60 0.46-0.85 0.10 17.23 0.03 4.30**
Tree spread(m) 0.61 0.45-0.74 0.11 17.81 0.03 0.40 0.25-0.625 0.10 25.34 0.03 4.85**
Shoot thorniness 5.41 3.07-11.80 2.75 50.87 0.80 5.20 3.33-8 1.42 27.27 0.41 0.24
Leaf blade length(cm) 2.40 1.95-3.07 0.38 15.70 0.11 2.19 1.70-2.87 0.40 18.17 0.12 1.32
Leaf blade width(cm) 0.65 0.51-0.77 0.09 13.29 0.02 0.64 0.43-0.90 0.15 22.84 0.04 0.21
Petiole length(mm) 2.07 0.96-2.68 0.52 24.92 0.15 2.42 1.67-3.3 0.55 22.78 0.16 -1.60
Petiole width(mm) 0.45 0.02-0.81 0.22 47.96 0.06 0.51 0.29-0.92 0.22 43.95 0.06 -0.60
Calyx length(mm) 21.32 17.56-26.81 2.69 12.62 0.78 20.24 12.43-24.87 3.49 17.24 1.01 0.84
Calyx width(mm) 6.95 4.23-9.58 1.52 21.88 0.44 6.74 4.71-10.54 1.55 22.96 0.45 0.33
Petal length(mm) 15.91 9.74-18.48 2.96 18.61 0.85 15.46 12.17-20.21 2.48 16.02 0.71 0.41
Petal width(mm) 10.92 6.85-13.65 2.31 21.15 0.67 10.45 6.72-13.67 2.80 26.76 0.81 0.45
No of fruits/plant 38.20 20-75.40 16.62 43.50 4.80 39.32 18.6-72 17.71 45.03 5.11 -0.16
Fruit weight(g) 9.45 3.86-19.96 4.03 42.68 1.16 13.46 9.36-22.75 3.36 24.95 0.97 -2.64*
Fruit volume 5.68 1.40-15.20 3.32 58.50 0.96 9.74 7.00-15.9 2.43 24.96 0.70 -3.41**
Fruit density 1.59 1.33-1.84 0.18 11.40 0.05 1.44 1.17-1.75 0.19 13.37 0.06 1.92
Fruit length (cm) 2.50 1.95-3.35 0.38 15.24 0.11 2.86 2.44-3.36 0.30 10.63 0.09 -2.54* 
Fruit diameter (cm) 2.46 1.96-3.28 0.35 14.25 0.10 2.87 2.61-3.43 0.20 7.08 0.06 -3.49**
Crown length (cm) 1.14 1.02-1.31 0.12 10.81 0.04 1.21 0.95-1.48 0.16 13.20 0.05 -1.25
Crown width (cm) 0.72 0.56-0.88 0.09 12.99 0.03 0.87 0.75-1.01 0.09 9.75 0.02 -4.18**
Fruit shape (Ratio of 
longitudinal and 
lateral axes) 1.08 1.03-1.14 0.03 3.04 0.01 1.10 1.03-1.40 0.11 10.26 0.03 -0.84
No of arils/fruit 99.61 54.25-216.25 48.51 48.70 14.00 114.48 45.03-215.66 44.82 39.15 12.94 -0.78
Aril % 51.41 31.10-61.56 8.21 15.96 2.37 52.44 44.20-61.11 5.10 9.72 1.47 -0.37100 
Aril weight (g) 4.50 3.20-6.31 0.91 20.27 0.26 4.16 3.14-5.55 0.79 18.98 0.23 0.97
Rind thickness (mm) 1.39 1.07-1.68 0.20 14.41 0.06 1.52 1.28-1.96 0.23 15.09 0.07 -1.47

0TSS (  Brix) 13.41 10.48-16.78 2.09 15.57 0.60 11.05 8.52-13.26 1.67 15.13 0.48 3.06**
Acidity % 5.19 2.42-6.72 1.57 30.34 0.45 4.73 2.48-.717 1.80 37.99 0.52 0.67
Aril length (mm) 5.93 5.08-6.97 0.54 9.09 0.16 6.38 5.55-7.19 0.53 8.27 0.15 -2.08*
Aril width (mm) 3.37 2.30-4.06 0.55 16.46 0.16 3.69 2.98-4.53 0.48 12.92 0.14 -1.54
Fruit Juiciness %(V/W) 16.53 8.80-39.31 8.21 49.66 2.37 10.65 2.45-20.11 5.25 49.27 1.52 2.09*
100 Seed weight(g) 0.98 0.74-1.48 0.26 26.81 0.08 1.01 0.59-1.26 0.22 21.36 0.06 -0.35
Seed length(mm) 5.13 4.63-5.60 0.31 5.98 0.09 4.85 4.51-5.30 0.31 6.35 0.09 2.21*
Seed width(mm) 2.09 0.82-3.00 0.79 37.56 0.23 1.97 1.12-3.2 0.85 43.11 0.25 0.36
Fruit colour(L*) 31.90 28.15-35.09 2.50 7.83 0.72 24.45 19.53-30.96 3.89 15.89 1.12 5.58**
a* 9.44 8.58-11.31 0.80 8.44 0.23 17.79 11.48-21.77 3.50 19.65 1.01 -8.06**
b* 22.99 18.55-26.42 2.74 11.92 0.79 20.59 15.80-27.97 3.04 14.74 0.88 2.03
Aril colour(L*) 52.38 47.08-55.09 2.73 5.20 0.79 55.94 50.36-59.25 2.85 5.09 0.82 -3.13**
a* 5.07 4.20-6.23 0.70 13.74 0.20 5.74 4.46-6.87 0.66 11.44 0.19 -2.42*
b* 19.92 17.38-22.32 1.50 7.51 0.43 23.42 19.65-25.65 2.02 8.64 0.58 -4.82**
Seed hardiness(N) 59.42 51.28-69.31 6.51 10.95 1.88 57.28 50.76-71.52 6.69 11.68 1.93 0.79
Fruit maturity(days 
after anthesis) 91.42 77-110 10.47 11.46 3.02 96.83 85-120 9.59 9.90 2.77 -1.32

*significant at 0.05 level of significance; ** significant at both 0.05 and 0.01 levels of significance.
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