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Introduction

Pineapple (Ananas comosus L., Bromeliaceae)
originated in southeastern Brazil, is cultivated
widely in all the tropical and subtropical regions of
the world (Cabot, 1992; Firoozabady and Gutterson,
2003). Pineapple cultivation in south India dates
back to 1550 (Laufer, 1929) and in the state of
Kerala itself, this crop covers 9,200 ha with cultivar
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Abstract
Leading cultivars of pineapple Mauritius and Kew were hybridized and 25 hybrids were evaluated under
open field conditions using randomized block design with two replications. Performance of the female
parent cum check variety Mauritius, male parent Kew and check variety in Kerala state, India, Amritha,
were also evaluated and compared. Based on the performance, heterobeltiosis, average heterosis and standard
heterosis over two check varieties, in each hybrid, for 10 plant growth traits and 24 fruit traits, were calculated.
For fruit weight, hybrid H35 had the highest heterobeltiosis and standard heterosis over Amritha whereas
H62 had highest standard heterosis over Mauritius and average heterosis. For pulp weight, hybrid H17 had
the highest values for all heterosis parameters. For TSS, hybrid H62 had the highest heterobeltiosis and
other parameters were highest in H43. For days to attain physiological maturity, crown weight, peel weight
and acidity, H27, H30, H77 and H43 respectively were lowest in all heterosis parameters. Based on the
selection criterion [Σ average heterosis (fruit weight, TSS, pulp weight) – Σ average heterosis (crown weight,
peel weight, eye profile, eye relative surface, time taken for physiological maturity, acidity)]developed
using the average heterosis values for desirable and undesirable fruit traits, six hybrids H66, H17, H59, H43,
H70 and H35 were identified for further evaluation. The identified hybrids also satisfied the requirements
infruit weight (≥1.0 kg), pulp weight (≥750.58 g), TSS (≥14.49 οBrix), days to attain physiological maturity
(≤185.70 days), crown weight (≤305.50 g), peel weight (≤159.27 g) and acidity (≤1.05).

Keywords: Ananas comosus,  Hybridization, Heterobeltiosis, Selection index, Standard heterosis, Variety
evaluation

‘Mauritius’ occupying 95 per cent area
(Ecostatkerala, 2020).

With lesser number of cultivars dominating, a wide
genetic variability is missing in this crop. The fresh
fruit market demands superior fruit characters
including high TSS, medium size and longer post-
harvest life whereas processing industry prefers
Kew variety having bigger, cylindrical, juicy fruits
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with flat eyes. Even with this sort of specific
demands, the crop improvement works in this crop
has been significantly lower compared to other
commercial fruits. So far, Amritha is the only
pineapple hybrid released in India and even after
having high TSS, this hybrid suffers from its average
fruit size. Thus, it has become essential to hybridize
and generate new lines combining desirable traits
to fresh fruit as well as processing markets.

Mauritius with medium fruit size, high TSS, low
acidity and high pulp recovery is the most preferred
table variety whereas Kew with higher fruit size
and juice content is good for processing (Dhurve et
al., 2021). Crossing of these cultivars was done with
the objective to identify the lines with larger
cylindrical fruits with high TSS, low acidity and
high pulp recovery. Even though no precise
selection criterion has been defined in this crop, an
accession yielding1.5-2.5 times higher fruit weight
along with other commercial parameters may be
considered promising (Rasmusson, 1987; Brat et
al., 2004). Thus, this study had the objective to
evaluate the field level heterosis parameters for the
plant growth and yield traits in the Mauritius x Kew
hybrids and to select the best hybrid using a simple
selection criterion formulated based on the fruit
quality traits.

Material and Methods

The hybridization of Mauritius and Kew, with
Mauritius as female parent, was done at Fruit Crops
Research Station (FCRS), Kerala Agricultural
University, Thrissur, India. Cultivars of both the
types, widely grown in the Kerala state, India, were
used in the hybridization. Agronomic information
on the parent cultivars and the check varieties used
in the study are presented in Table 1.

Suckers of Mauritius and Kew were planted in open
field under two-line system and managed following
the standard procedures (KAU, 2016). At 39-42 leaf
stage ethrel application was done and hybridization
was started when the first flower in the inflorescence

opened. Due to the self-incompatibility in pineapple,
emasculation of the female flowers was not required
before pollination. Flowers were isolated from the
Kew inflorescence by making three deep triangular
incisions into the base of the flower, at anthesis time
(6.00-10.00 am). Pollen collected from the excised
flowers stayed fresh longer with lower dehydration.
For hand-pollination, anther was pickedup with
forceps, pollens were accumulated in the forceps
tip by piercing the anther walls and gently brushed
onto the stigma of opened Mauritius flowers.

Table 1. The agronomic information on the parents and
the check varieties of pineapple
Sl. No. Trait Mauritius Kew Amritha

1 Plant height (cm) 100.53 109.02 91.36
2 Leaves per plant 42.10 41.54 40.64
3 Length of D leaf (cm) 61.94 57.57 52.44
4 Breadth of D leaf (cm) 2.92 2.64 2.64
5 D leaf area (cm2) 130.97 109.97 100.13
6 Leaf Area Index 4.09 3.38 3.01
7 Days to attain ideal leaf

stage for flowering 196.30 175.10 180.57
8 Days for initiation of

flowering (visual) 48.90 39.74 49.40
9 Days for 50 % flowering 55.44 45.50 55.64

10 Flowering phase (days) 26.14 23.04 24.97
11 Length of the fruit (cm) 15.05 12.75 11.65
12 Girth of the fruit (cm) 31.90 34.10 30.00
13 Breadth of the fruit (cm) 8.31 9.47 8.34
14 Crown weight (kg) 0.10 0.21 0.10
15 Taper ratio of the fruit 0.83 0.84 0.85
16 Peel weight (kg) 0.15 0.14 0.13
17 Pulp weight (kg) 0.73 0.75 0.40
18 Pulp percentage 78.43 82.02 72.96
19 Days for fruit maturity 140.77 138.00 140.87
20 Crop duration (days) 385.97 352.84 370.84
21 Shelf life (days) 7.94 7.50 7.25
22 Juice (%) 89.79 86.54 87.87
23 TSS (° Brix) 13.52 12.47 16.82
24 Acidity (%) 0.89 0.88 0.86
25 Total sugars (%) 11.99 11.69 10.86
26 Reducing sugars (%) 2.16 4.10 3.28
27 Non-reducing sugars (%) 9.83 7.59 7.58
28 Sugar/ acid ratio 15.19 14.17 19.56
29 Fibre (%) 33.06 35.10 34.71
30 Total carotenoids (%) 228.33 255.42 267.55
31 Ascorbic acid (mg/ 100 g) 64.79 44.27 50.09
32 Fruit weight with

crown (kg) 1.02 1.13 0.65
33 Profile of eyes 4.80 4.00 5.00
34 Relative surface of eyes 4.47 5.00 5.00
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Contamination with foreign pollen was prevented
by covering the pollinated inflorescence using a
paper bag. Only three to seven flowers of the 100-
200 flowers in an inflorescence open every day, and
hence two to three weeks were required to complete
the pollination of an inflorescence.

After fruit ripening, hybrid seeds were extracted and
sown in the Petri plates for germination. After four
weeks, germinated seedlings were transplanted to
the portrays, hardened and planted in open field for
evaluation. Twenty-five hybrids, yielding more than
1.0 kg fruit weight, were selected for subsequent
open field evaluation (latitude 10°55’18.7"N and
longitude 76°28’04.6"E). The research station has
sandy loam soil, tropical hot and humid weather
with a mean annual rainfall of 2788.1 mm. Fruit
weight, fruit shape, TSS (oBrix) were evaluated by
following randomized block design with two
replications, during 2017-2019, along with Kew and
check varieties Mauritius and Amritha.

Five suckers of each hybrid, each weighing 500-
1000 g, were planted and used for recording 34
parameters as per the Descriptors for pineapple
(IBPGR, 1991). The traits plant height, leaves per
plant, length, breadth and area of the D leaf, leaf
area index, days to attain ideal leaf stage for
flowering and days for initiation of flowering
(visual) were recorded at flower initiation stage. The
traits days for 50 per cent flowering and length of
flowering phase were recorded until fruit initiation.
The D leaf area (cm2) was worked out following
the formula suggested by Balakrishnan et al. (1978)
as (length of ‘D’ leaf x breadth of ‘D’ leaf x 0.725)
and Leaf Area Index was worked out following the
formula suggested by Watson (1952) as (total leaf
area per plant/ total land area occupied per plant).

Fruit traits recorded were length, breadth, girth and
weight of the fruits, crown weight, taper ratio,
profile of eyes, relative surface of eyes, juice
content, peel weight, pulp weight, pulp percentage,
days for fruit maturity, crop duration, and shelf life.
Fruit length, girth, and breadth were recorded using

Vernier calipers whereas weight of freshly harvested
fruits including the crown was taken as Fruit weight.
Taper ratio of the fruit was the ratio of fruit
diameters at ¾ and ¼ height. Profile of eyes (flat,
normal, and prominent) and relative surface of the
eyes (small, medium, and large) were recorded
following the scores given in IBPGR descriptor.
Pulp weight was the weight recorded after removing
the peel and central core of the fruit whereas pulp
percentage was calculated as [pulp weight/ weight
of fruit without crown] x 100. Juice content in the
fruits (%) was estimated using the formula [weight
of juice/ weight of fruit pulp] x 100.

Days for fruit maturity in each hybrid was estimated
as the mean number of days taken from the opening
of first flower to development of three quarters of
colour on the fruit when it reaches the standard
cultivar size. Crop duration was the number of days
taken from date of planting until completion of
harvest of all plants of the respective hybrid. Shelf
life of the fruits was the number of days from harvest
for which the fruits remained marketable when
stored at ambient temperature in laboratory
conditions. The fruits were rated as not marketable
when ≥ 50 % in a lot were spoiled.

Additionally, fruit TSS, acidity, total sugars,
reducing sugars, non-reducing sugars, sugar/ acid
ratio, fibre, total carotenoids and ascorbic acid
content were estimated by following the standard
protocols (AOAC, 2000). All the observations in
each hybrid were replicated three times and data
analysed using OPSTAT v. 6.0.81.69 (Sheoran et
al., 1998).

Average heterosis for any trait in any hybrid was
calculated as [(value of the trait in the hybrid –
average value of that trait in parents)/ average value
of that trait in parents] x 100. Heterobeltiosis for
any trait in any hybrid was calculated as [(value of
the trait in the hybrid – value of that trait in the
better parent)/ value of that trait in the better parent]
x 100. Standard heterosis was [(value of the trait in
the hybrid – value of that trait in check variety)/
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value of that trait in check variety] x 100.

To select the best hybrid, a selection criterion (SC)
was formulated using the average heterosis values
for the economically important fruit traits. SC was
calculated as [Σaverage heterosis (fruit weight with
crown, TSS, pulp weight) – Σaverage heterosis
(crown weight, peel weight, profile of eyes, relative
surface of eyes, days to attain ideal leaf stage for
flowering, acidity)]. The hybrids identified were
also confirmed to meet the basic requirements in
fruit weight (≥ 1kg), pulp weight (0.75-0.91kg), TSS
(14.49-15.69 oBrix), days to attain ideal leaf stage
for flowering (184.37-185.70 days), crown weight
(0.17-0.31kg), peel weight (0.14-0.16kg) and acidity
(0.81-1.05).

Results and Discussion

Pineapple is a crop that received comparatively
lesser attention towards well designed improvement
programmes (Achigan-Dako et al., 2014). Many of
the works were restricted to the collection of
promising lines and their evaluation for the
prioritised locations (Sen, 2001; Hassan et al., 2011;
Adje et al., 2019). The inherent difficulties in this
crop including the heavy influence of environment
and hormonal levels on flowering make the crossing
programmes difficult (Van Overbeek and Cruzado,
1948; Bartholomew, 1977; Wang et al., 2007).
Further, the breeding programmes have been
hindered by the self-incompatibility, poor
compatibility among the genotypes and the
associated inbreeding depression (Brewbaker and
Gorrez, 1967; Bhowmik and Bhagabat, 1975;
Coppensd’Eeckenbrugge et al., 1992; Cabral et al.,
2003; Sanewski, 2009). Thus, the hybrid
development has been comparatively lesser in this
crop (Chan, 1991; Chan and Lee, 1999; Cabral et
al., 2009; Souza et al., 2009; Hadiati et al., 2011;
Viana et al., 2013) and MD-2 (Van de Poel et al.,
2009) and FLHORAN41 (Brat et al., 2004) remain
as the leading pineapple hybrids in the world.

Even though initial hybridization attempts in

pineapple were successful (Kuriakose, 2004),
Amritha (Kew x Riply Queen), released by Kerala
Agricultural University, India, is the only
commercially available hybrid in India. Kew and
Mauritius are undoubtedly the leading pineapple
cultivars of the world (Kishore et al., 2021) and
hence it has been a great idea to cross them and to
select for the best hybrid.

Plant and fruit traits of the hybrids
Twenty five Mauritius x Kew hybrids were
evaluated under open field conditions, along with
their male parent Kew, female parent cum check
variety Mauritius and check variety Amritha. For
all the characters, there were significant differences
among the hybrids. H-35 had the fruit weight of
2.15 kg and H-17 recorded 1.59 kg pulp weight,
compared to mid parent values of 1.08 and 0.74 kg,
respectively. An increasing in TSS was seen in H-
43 (15.75 °Brix). Traits such as days to attain ideal
leaf stage for flowering (H-59: 178.14 days), crown
weight (H-30: 0.10 kg), peel weight (H-77, H-10
and H-14: 0.08 kg), profile of eyes (H-7: 3.38),
relative surface of eyes (H-48: 3.57), and acidity
(H-43: 0.81 %), were found to have reduced in the
hybrids.

Heterobeltiosis in hybrids
For plant height and length of D leaf, negative
heterobeltiosis was seen on all the hybrids (Table
2). For breadth of D leaf and D leaf area,
heterobeltiosis was as high as 52.74 and 39.49 %,
respectively in the hybrid H49. In all the hybrids,
days taken to physiological maturity and days taken
to first flowering had positive heterobeltiosis,
showing an extended vegetative growth. For the
fruit traits such as length, girth and breadth, the
heterobeltiosis was found to be as high as 29.90
(H59), 68.33 (H70) and 28.30 % (H43),
respectively. There was a significant heterobeltiosis
for crown weight in all the hybrids, which varied
from 2.06 (H30) to 429.90 % (H54). Highest
heterobeltiosis for pulp weight and pulp percentage
were seen in H17. As in case of the vegetative
period, all hybrids had positive heterobeltiosis for
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Table 2.Heterobeltiosis for plant and fruit traits in Mauritius x Kew hybrids
Treatment/ Plant No of Length Breadth D leaf Leaf Days to Days Days Flow- Length Girth Breadth Crown Taper Peel Pulp
 Accession height leaves D leaf  D leaf  area  area attain for for ering of the of the of the weight ratio  weight weight

Index physio- flower 50%  phase  fruit fruit  fruit
logical initiation  flow-
maturity (Visual)  ering

T 01 Kew (male parent)
T 02 Mauritius (check variety cum female parent)
T 03 Amritha (check variety)
T 04 H 17 -14.72 -2.68 -12.75 -13.01 -24.13 -26.16 4.37 18.22 3.76 -9.64 6.98 20.53 23.02 258.25 8.33 6.95 110.55
T 05 H 16 -13.28 -5.53 -10.72 13.01 0.98 -4.89 4.94 17.44 3.47 -13.54 -31.23 -3.81 -6.44 76.8 5.95 -32.55 -40.02
T 06 H 85 -14.6 -5.53 -7.27 -6.16 -13.02 -18.09 3.08 8.43 9.35 -8.46 -21.26 -7.62 -4.54 26.8 9.52 -30.42 -45.92
T 07 H 91 -15.12 -3.63 -13.67 -25.34 -35.52 -37.9 4.84 15.00 12.01 -2.47 -8.97 11 12.14 103.09 0 9.09 -10.36
T 08 H 48 -16.86 0.33 -6.04 16.44 9.53 9.78 3.42 19.17 7.58 -5.47 16.28 12.9 20.91 327.84 -2.38 32.78 43.47
T 09 H 62 -15.39 -0.78 -1.03 13.7 12.5 11.49 1.74 20.28 13.13 -8.42 -1.00 10.85 18.27 164.43 0 66.71 6.42
T 10 H 43 -13.41 -7.98 -8.62 36.64 25 15.16 5.25 25.77 1.19 -12.98 -9.63 19.65 28.30 147.42 5.95 -21.12 43.26
T 11 H 66 -13.37 -8.22 -16.21 30.48 9.08 0 6.85 21.39 3.51 -7.25 9.63 13.64 17.11 18.56 3.57 2.72 45.74
T 12 H 77 -13.87 -7.67 -11.09 12.33 -0.13 -7.82 4.15 33.29 -0.22 -5.38 -39.2 -20.09 -18.16 185.57 -3.57 -43.61 -67.47
T 13 H 92 -16.01 -5.46 -8.83 21.23 10.49 4.4 8.25 12.33 11.41 0.43 -29.24 -19.35 -15.1 50.52 7.14 -36.33 -39.38
T 14 H 63 -17.47 -8.38 -8.35 22.95 12.78 3.18 4.8 17.01 10 -9.38 8.31 -5.13 -2.32 8.76 -10.7 4.03 4.6
T 15 H 27 -17.08 -8.62 -8.35 21.23 11.05 1.22 1.74 23.4 3.89 -6.51 -31.56 -12.61 -6.23 259.79 1.19 -28.43 -48.05
T 16 H 78 -16.28 -4.89 -12.71 15.75 0.97 -4.16 4.65 9.71 8.21 -3.21 0.66 -1.61 3.17 256.19 -3.57 -15.26 -20.78
T 17 H 70 -17.93 -1.5 -6.25 24.66 16.9 15.16 8.86 14.27 4.16 -9.85 1.33 68.33 -0.53 162.89 10.7 25.86 73.59
T 18 H 59 -13.96 -3.09 -10.07 12.67 1.28 -1.96 7.42 18.9 12.3 -8.2 29.90 8.36 10.67 53.09 -1.19 -6.21 41.76
T 19 H 60 -15.88 -4.58 -5.76 18.49 11.27 6.11 7.69 25.16 7.92 -6.94 -34.55 -23.02 -13.62 189.69 7.14 -37.18 -69.78
T 20 H 49 -14.26 -7.91 -8.67 52.74 39.49 28.36 5.05 10.47 2.33 -2.78 -24.92 -7.62 -2.53 89.69 -2.38 -28.35 -39.76
T 21 H 54 -14.66 -7.91 -8.14 16.44 6.99 -1.71 3.58 19.45 10.22 -12.89 -8.31 16.42 -9.19 429.90 5.95 0.07 -0.99
T 22 H 10 -15.7 -4.28 -16.37 7.88 -9.53 -13.69 4.28 18.07 5.62 0.22 -31.56 -12.17 -7.39 180.93 5.95 -41.24 -52.61
T 23 H 15 -15.33 -4.35 -4.84 25.68 19.55 14.18 4.37 23.68 15.19 -5.08 -28.57 -11.41 -9.5 155.15 7.14 -30.98 -55.95
T 24 H 30 -15.39 -8.08 -8.83 21.23 10.52 1.71 7.81 4.18 8.28 -5.64 -30.56 -22.29 -36.85 2.06 2.38 -11.81 -59.64
T 25 H 14 -16.25 -8.31 -7.59 0.68 -7.22 -14.91 1.98 23.98 12.84 2.43 -27.91 2.2 3.91 220.1 7.14 -40.89 -27.57
T 26 H 7 -17.47 -3.16 -8.72 13.36 3.5 0 6.23 12.41 14.7 -6.73 -16.61 0.44 1.58 123.2 5.95 -12.7 -23.82
T 27 H 35 -15.94 -0.86 -10.72 22.26 9.09 8.07 3.89 14.59 11.81 -9.64 -29.9 26.69 1.58 242.67 5.95 27.42 71.21
T 28 H 19 -13.37 -6.79 -5.49 46.23 38.17 28.61 4.21 22.92 13.6 -10.24 -26.25 -15.4 -5.49 91.72 7.14 -17.24 -20.64

Treatment/ Pulp Days Crop Shelf - Juice TSS Acidity Total Redu- Non- Sugar/ Fibre Total Ascorbic Fruit Eye Eye
Accession % for fruit duration life % sugars cing reducing acid carote- acid weight profile relative

maturity sugars sugars  ratio noids surface
T 01 Kew (male parent)
T 02 Mauritius (check variety cum female parent)
T 03 Amritha (check variety)
T 04 H 17 9.19 6.57 6.79 -5.54 -13.56 7.47 -3.41 -2.17 -10.98 -90.13 -82.88 0.67 7.98 -23.75 87.61 -6.25 -12.30
T 05 H 16 -6.06 3.87 5.93 -2.9 -0.47 -8.14 4.55 -14.76 -35.37 -22.99 -5.01 -19.09 -0.46 -50.92 -32.74 10.50 11.86
T 06 H 85 -10.67 3.57 3.87 -3.27 5.98 -1.48 1.14 -10.09 0.49 -32.15 -19.55 -15.58 -2.79 -65.97 -39.82 -10.50 -1.12
T 07 H 91 -10.59 2.43 5.04 0.63 -3.71 10.28 3.41 -2.84 -7.56 -20.04 -17.33 -6.62 5.19 -41.97 -0.88 59.25 9.62
T 08 H 48 -2.76 3.49 5.22 -7.05 -6.69 -2.29 -5.68 0.33 -36.34 -4.07 -20.04 2.93 4.85 21.38 56.64 38.00 9.84
T 09 H 62 -14.33 7.42 6.05 13.35 -2.43 0.52 19.32 -2.75 -24.15 -13.02 -15.87 -0.79 -5.86 60.69 23.89 -6.75 35.79
T 10 H 43 4.35 1.69 6.17 -13.85 -9.87 16.49 -7.95 -7.67 -13.9 -23.19 53.10 1.42 9.19 -19.26 32.74 -10.00 11.19
T 11 H 66 0.22 8.09 8.97 0.76 -1.94 3.33 -2.27 6.84 -45.37 7.53 -20.25 6.53 22.32 7.66 28.32 -4.25 -20.13
T 12 H 77 -26.2 3.02 6.99 0.76 -2.47 1.26 0 7.67 -41.22 6.82 -13.29 0.39 -12.52 2.36 -39.82 15.00 11.86
T 13 H 92 -11.59 6.43 7.99 2.9 -5.25 0.81 13.64 -22.6 -12.93 -41.81 -30.76 -3.87 7.88 41.69 -30.97 20.00 11.86
T 14 H 63 0.6 7.13 7.09 -7.05 1.47 -10.06 5.68 -16.85 -36.83 -24.92 -20.25 1.57 8.48 40.76 -6.19 58.25 -10.51
T 15 H 27 -9.38 8.22 6.71 0.38 -2.1 -3.33 1.14 2.84 -31.46 -3.15 -25.12 -0.39 -6.46 16.89 -22.12 28.25 0.00
T 16 H 78 -5.62 8.94 6.9 -0.5 -2.91 -2.07 14.77 -9.01 -16.59 -23.8 -20.88 -0.73 2.63 -16.36 -0.88 25.00 11.86
T 17 H 70 1.51 3.64 7.43 -2.9 -5.52 -0.89 -4.55 -11.18 -27.32 -21.97 -30.83 3.63 27.37 5.8 61.95 -3.50 -3.58
T 18 H 59 0.87 10.83 10.04 -5.29 -7.97 5.7 -1.14 -54.96 -18.54 -79.04 -77.52 1.36 10.5 -30.87 27.43 -2.25 -12.53
T 19 H 60 -17.25 6.33 9.13 -2.39 -4.69 13.02 -1.14 -24.94 -19.27 -42.12 -6.26 0.54 11.31 -36.67 -45.13 25.00 11.86
T 20 H 49 -11.18 13.91 9.13 13.35 -1.73 9.39 9.09 -16.1 -9.27 -35.5 -13.92 -11.04 -11.13 -18.48 -28.32 38.25 0.00
T 21 H 54 -5.22 5.07 5.95 13.35 -5.6 2.96 2.27 -19.77 -28.05 -32.15 -29.71 5.69 10.61 26.13 30.09 38.25 0.00
T 22 H 10 -8.34 10.03 8.08 -14.99 -3.25 8.36 3.41 -11.93 -30.24 -21.67 -33.12 -1.33 6.06 44.57 -33.63 -1.75 7.38
T 23 H 15 -11.62 5.59 7.02 -2.39 -0.21 1.26 0 7.67 -41.22 6.82 -13.29 0.39 -12.52 2.36 -37.17 25.00 11.86
T 24 H 30 -22.04 8.46 7.65 7.05 0.66 -3.25 12.5 -1.5 -29.27 -9.46 -6.26 0.54 11.31 3.3 -49.56 6.75 16.33
T 25 H 14 -8.57 10.87 7.94 -3.78 -7.03 6.8 10.23 -3.59 -26.34 -13.12 1.95 3.93 -15.76 29.02 -7.96 41.75 -3.13
T 26 H 7 -12.25 10.3 8.51 -11.84 -4.07 2.88 17.05 -10.68 -33.66 -18.82 -13.29 0.33 -18.48 -1.85 -10.62 -15.50 6.26
T 27 H 35 -13.63 5.63 5.78 -7.56 -5.3 11.46 -2.27 6.59 -53.17 10.58 16.42 0.27 -6.57 13.2 90.27 -1.75 3.13
T 28 H 19 -4.17 6.01 7.02 -1.26 4.66 8.51 1.14 3 -46.1 3.26 3.62 2.9 12.12 31.39 -15.93 1.75 -5.82
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Table 3. Standard heterosis for plant and fruit traits in Mauritius x Kew hybrids over the check variety cum female
parent Mauritius
Treatment/ Plant No of Length Breadth D leaf Leaf Days to Days Days Flow- Length Girth Breadth Crown Taper Peel Pulp
 Accession height leaves D leaf  D leaf  area  area attain for for ering of the of the of the weight ratio  weight weight

Index physio- flower 50%  phase  fruit fruit  fruit
logical initiation  flow-
maturity (Visual)  ering

T 01 Kew (male parent)
T 02 Mauritius (national check cum female parent)
T 03 Amritha (check variety)
T 04 H 17 -7.53 -2.68 -12.75 -13.01 -24.13 -26.16 -6.9 -3.93 -7.98 -20.35 6.98 28.84 40.19 258.25 9.64 3.04 117.99
T 05 H 16 -5.96 -5.53 -10.72 13.01 0.98 -4.89 -6.39 -4.56 -8.23 -23.79 -31.23 2.82 6.62 76.8 7.23 -35.02 -37.9
T 06 H 85 -7.39 -5.53 -7.27 -6.16 -13.02 -18.09 -8.05 -11.88 -3.02 -19.32 -21.26 -1.25 8.78 26.8 10.84 -32.96 -44.01
T 07 H 91 -7.95 -3.63 -13.67 -25.34 -35.52 -37.9 -6.48 -6.54 -0.65 -14.04 -8.97 18.65 27.8 103.09 1.2 5.11 -7.19
T 08 H 48 -9.84 0.33 -6.04 16.44 9.53 9.78 -7.75 -3.15 -4.58 -16.68 16.28 20.69 37.79 327.84 -1.2 27.93 48.54
T 09 H 62 -8.25 -0.78 -1.03 13.7 12.5 11.49 -9.25 -2.25 0.34 -19.28 -1 18.5 34.78 164.43 1.2 60.62 10.18
T 10 H 43 -6.1 -7.98 -8.62 36.64 25 15.16 -6.11 2.21 -10.26 -23.3 -9.63 27.9 46.21 147.42 7.23 -24 48.32
T 11 H 66 -6.06 -8.22 -16.21 30.48 9.08 0 -4.69 -1.35 -8.19 -18.25 9.63 21.47 33.45 18.56 4.82 -1.03 50.89
T 12 H 77 -6.6 -7.67 -11.09 12.33 -0.13 -7.82 -7.1 8.32 -11.51 -16.6 -39.20 -14.58 -6.74 185.57 -2.41 -45.67 -66.32
T 13 H 92 -8.92 -5.46 -8.83 21.23 10.49 4.4 -3.44 -8.71 -1.19 -11.48 -29.24 -13.79 -3.25 50.52 8.43 -38.65 -37.24
T 14 H 63 -10.51 -8.38 -8.35 22.95 12.78 3.18 -6.52 -4.91 -2.44 -20.12 8.31 1.41 11.31 8.76 -9.64 0.24 8.3
T 15 H 27 -10.08 -8.62 -8.35 21.23 11.05 1.22 -9.25 0.29 -7.86 -17.6 -31.56 -6.58 6.86 259.79 2.41 -31.04 -46.21
T 16 H 78 -9.22 -4.89 -12.71 15.75 0.97 -4.16 -6.65 -10.84 -4.03 -14.69 0.66 5.17 17.57 256.19 -2.41 -18.35 -17.98
T 17 H 70 -11.01 -1.5 -6.25 24.66 16.9 15.16 -2.90 -7.14 -7.62 -20.54 1.33 79.94 13.36 162.89 12.05 21.27 79.73
T 18 H 59 -6.69 -3.09 -10.07 12.67 1.28 -1.96 -4.18 -3.37 -0.4 -19.09 29.90 15.83 26.11 53.09 0 -9.64 46.77
T 19 H 60 -8.78 -4.58 -5.76 18.49 11.27 6.11 -3.94 1.72 -4.29 -17.98 -34.55 -17.71 -1.56 189.69 8.43 -39.47 -68.71
T 20 H 49 -7.03 -7.91 -8.67 52.74 39.49 28.36 -6.3 -10.22 -9.25 -14.31 -24.92 -1.25 11.07 89.69 -1.2 -30.97 -37.63
T 21 H 54 -7.46 -7.91 -8.14 16.44 6.99 -1.71 -7.61 -2.92 -2.24 -23.22 -8.31 24.45 3.49 429.90 7.23 -3.58 2.52
T 22 H 10 -8.58 -4.28 -16.37 7.88 -9.53 -13.69 -6.98 -4.05 -6.33 -11.67 -31.56 -6.11 5.54 180.93 7.23 -43.38 -50.93
T 23 H 15 -8.19 -4.35 -4.84 25.68 19.55 14.18 -6.9 0.51 2.16 -16.34 -28.57 -5.3 3.13 155.15 8.43 -33.5 -54.39
T 24 H 30 -8.25 -8.08 -8.83 21.23 10.52 1.71 -3.84 -15.34 -3.97 -16.83 -30.56 -16.93 -28.04 2.06 3.61 -15.03 -58.21
T 25 H 14 -9.18 -8.31 -7.59 0.68 -7.22 -14.91 -9.03 0.76 0.08 -9.72 -27.91 9.25 18.41 220.1 8.43 -43.05 -25.01
T 26 H 7 -10.51 -3.16 -8.72 13.36 3.5 0 -5.25 -8.65 1.73 -17.79 -16.61 7.37 15.76 123.2 7.23 -15.89 -21.13
T 27 H 35 -8.85 -0.86 -10.72 22.26 9.09 8.07 -7.33 -6.87 -0.83 -20.35 -29.9 35.42 15.76 242.67 7.23 22.77 77.26
T 28 H 19 -6.06 -6.79 -5.49 46.23 38.17 28.61 -7.04 -0.1 0.75 -20.89 -26.25 -9.56 7.7 91.72 8.43 -20.26 -17.83
Treatment/ Pulp Days Crop Shelf - Juice TSS Acidity Total Redu- Non- Sugar/ Fibre Total Ascorbic Fruit Eye Eye
Accession % for fruit duration life % sugars cing reducing acid carote- acid weight profile relative

maturity sugars sugars ratio noids surface
T 01 Kew (male parent)
T 02 Mauritius (national check cum female parent)
T 03 Amritha (check variety)
T 04 H 17 14.19 4.48 -2.38 -5.54 -13.56 7.47 -4.49 -2.17 68.98 -90.13 -82.88 0.67 20.79 -23.75 107.84 -21.88 -12.30
T 05 H 16 -1.76 1.83 -3.17 -2.9 -0.47 -8.14 3.37 -14.76 22.69 -22.99 -5.01 -19.09 11.35 -50.92 -25.49 -7.92 11.86
T 06 H 85 -6.58 1.53 -5.04 -3.27 5.98 -1.48 0 -10.09 90.74 -32.15 -19.55 -15.58 8.75 -65.97 -33.33 -25.42 -1.12
T 07 H 91 -6.5 0.42 -3.97 0.63 -3.71 10.28 2.25 -2.84 75.46 -20.04 -17.33 -6.62 17.67 -41.97 9.8 32.71 9.62
T 08 H 48 1.7 1.46 -3.81 -7.05 -6.69 -2.29 -6.74 0.33 20.83 -4.07 -20.04 2.93 17.29 21.38 73.53 15.00 9.84
T 09 H 62 -10.4 5.31 -3.06 13.35 -2.43 0.52 17.98 -2.75 43.98 -13.02 -15.87 -0.79 5.31 60.69 37.25 -22.29 35.79
T 10 H 43 9.13 -0.31 -2.94 -13.85 -9.87 16.49 -8.99 -7.67 63.43 -23.19 53.10 1.42 22.15 -19.26 47.06 -25.00 11.19
T 11 H 66 4.81 5.97 -0.38 0.76 -1.94 3.33 -3.37 6.84 3.7 7.53 -20.25 6.53 36.84 7.66 42.16 -20.21 -20.13
T 12 H 77 -22.82 0.99 -2.19 0.76 -2.47 1.26 -1.12 7.67 11.57 6.82 -13.29 0.39 -2.15 2.36 -33.33 -4.17 11.86
T 13 H 92 -7.55 4.33 -1.28 2.9 -5.25 0.81 12.36 -22.6 65.28 -41.81 -30.76 -3.87 20.68 41.69 -23.53 0.00 11.86
T 14 H 63 5.2 5.02 -2.11 -7.05 1.47 -10.06 4.49 -16.85 19.91 -24.92 -20.25 1.57 21.36 40.76 3.92 31.88 -10.51
T 15 H 27 -5.23 6.09 -2.45 0.38 -2.1 -3.33 0 2.84 30.09 -3.15 -25.12 -0.39 4.63 16.89 -13.73 6.88 0.00
T 16 H 78 -1.3 6.8 -2.28 -0.5 -2.91 -2.07 13.48 -9.01 58.33 -23.8 -20.88 -0.73 14.8 -16.36 9.8 4.17 11.86
T 17 H 70 6.16 1.6 -1.8 -2.9 -5.52 -0.89 -5.62 -11.18 37.96 -21.97 -30.83 3.63 42.49 5.8 79.41 -19.58 -3.58
T 18 H 59 5.48 8.65 0.60 -5.29 -7.97 5.7 -2.25 -54.96 54.63 -79.04 -77.52 1.36 23.61 -30.87 41.18 -18.54 -12.53
T 19 H 60 -13.46 4.24 -0.24 -2.39 -4.69 13.02 -2.25 -24.94 53.24 -42.12 -6.26 0.54 24.52 -36.67 -39.22 4.17 11.86
T 20 H 49 -7.11 11.67 -0.24 13.35 -1.73 9.39 7.87 -16.1 72.22 -35.5 -13.92 -11.04 -0.59 -18.48 -20.59 15.21 0.00
T 21 H 54 -0.88 3 -3.14 13.35 -5.6 2.96 1.12 -19.77 36.57 -32.15 -29.71 5.69 23.73 26.13 44.12 15.21 0.00
T 22 H 10 -4.14 7.86 -1.2 -14.99 -3.25 8.36 2.25 -11.93 32.41 -21.67 -33.12 -1.33 18.64 44.57 -26.47 -18.13 7.38
T 23 H 15 -7.57 3.52 -2.16 -2.39 -0.21 1.26 -1.12 7.67 11.57 6.82 -13.29 0.39 -2.15 2.36 -30.39 4.17 11.86
T 24 H 30 -18.48 6.32 -1.59 7.05 0.66 -3.25 11.24 -1.5 34.26 -9.46 -6.26 0.54 24.52 3.3 -44.12 -11.04 16.33
T 25 H 14 -4.39 8.69 -1.33 -3.78 -7.03 6.8 8.99 -3.59 39.81 -13.12 1.95 3.93 -5.76 29.02 1.96 18.13 -3.13
T 26 H 7 -8.24 8.13 -0.8 -11.84 -4.07 2.88 15.73 -10.68 25.93 -18.82 -13.29 0.33 -8.81 -1.85 -0.98 -29.58 6.26
T 27 H 35 -9.68 3.55 -3.3 -7.56 -5.3 11.46 -3.37 6.59 -11.11 10.58 16.42 0.27 4.52 13.2 110.78 -18.13 3.13
T 28 H 19 0.22 3.92 -2.16 -1.26 4.66 8.51 0 3 2.31 3.26 3.62 2.9 25.42 31.39 -6.86 -15.21 -5.82
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Table 4. Standard heterosis for plant and fruit traits in Mauritius x Kew hybrids over the check variety Amritha
Treatment/ Plant No of Length Breadth D leaf Leaf Days to Days Days Flow- Length Girth Breadth Crown Taper Peel Pulp
 Accession height leaves D leaf  D leaf  area  area attain for for ering of the of the of the weight ratio  weight weight

Index physio- flower 50%  phase  fruit fruit  fruit
logical initiation  flow-
maturity (Visual)  ering

T 01 Kew (male parent)
T 02 Mauritius (national check cum female parent)
T 03 Amritha (check variety)
T 04 H 17 1.76 0.81 3.05 -3.79 -0.76 0.33 1.21 -4.90 -4.96 -16.62 38.20 37.00 39.69 249.25 7.06 21.83 293.34
T 05 H 16 3.48 -2.14 5.45 25.00 32.09 29.24 1.76 -5.53 -5.23 -20.22 -11.16 9.33 6.24 72.36 4.71 -23.17 12.06
T 06 H 85 1.90 -2.14 9.53 3.79 13.77 11.30 -0.04 -12.77 0.16 -15.54 1.72 5.00 8.39 23.62 8.24 -20.74 1.03
T 07 H 91 1.29 -0.17 1.96 -17.42 -15.66 -15.61 1.66 -7.49 2.60 -10.01 17.60 26.17 27.34 97.99 -1.18 24.27 67.47
T 08 H 48 -0.79 3.94 10.98 28.79 43.26 49.17 0.28 -4.13 -1.45 -12.78 50.21 28.33 37.29 317.09 -3.53 51.25 168.03
T 09 H 62 0.96 2.78 16.90 25.76 47.15 51.50 -1.35 -3.24 3.63 -15.50 27.90 26.00 34.29 157.79 -1.18 89.91 98.81
T 10 H 43 3.33 -4.68 7.93 51.14 63.50 56.48 2.07 1.17 -7.32 -19.70 16.74 36.00 45.68 141.21 4.71 -10.15 167.63
T 11 H 66 3.37 -4.92 -1.03 44.32 42.67 35.88 3.62 -2.35 -5.18 -14.42 41.63 29.17 32.97 15.58 2.35 17.02 172.26
T 12 H 77 2.78 -4.36 5.02 24.24 30.63 25.25 1.00 7.23 -8.61 -12.70 -21.46 -9.17 -7.07 178.39 -4.71 -35.77 -39.23
T 13 H 92 0.22 -2.07 7.68 34.09 44.52 41.86 4.97 -9.64 2.05 -7.33 -8.58 -8.33 -3.60 46.73 5.88 -27.47 13.24
T 14 H 63 -1.53 -5.09 8.26 35.98 47.52 40.20 1.62 -5.87 0.76 -16.38 39.91 7.83 10.91 6.03 -11.76 18.51 95.41
T 15 H 27 -1.05 -5.34 8.26 34.09 45.25 37.54 -1.35 -0.73 -4.84 -13.74 -11.59 -0.67 6.47 250.75 0.00 -18.47 -2.95
T 16 H 78 -0.10 -1.48 3.11 28.03 32.07 30.23 1.48 -11.74 -0.88 -10.69 30.04 11.83 17.15 247.24 -4.71 -3.47 48.00
T 17 H 70 -2.07 2.04 10.74 37.88 52.91 56.48 5.56 -8.08 -4.59 -16.82 30.90 91.33 12.95 156.28 9.41 43.38 224.30
T 18 H 59 2.67 0.39 6.22 24.62 32.48 33.22 4.17 -4.35 2.87 -15.30 67.81 23.17 25.66 49.25 -2.35 6.84 164.83
T 19 H 60 0.37 -1.16 11.31 31.06 45.54 44.19 4.43 0.69 -1.15 -14.14 -15.45 -12.50 -1.92 182.41 5.88 -28.43 -43.55
T 20 H 49 2.30 -4.60 7.88 68.94 82.45 74.42 1.87 -11.13 -6.27 -10.29 -3.00 5.00 10.67 84.92 -3.53 -18.38 12.53
T 21 H 54 1.83 -4.60 8.50 28.79 39.94 33.55 0.44 -3.91 0.96 -19.62 18.45 32.33 3.12 416.58 4.71 13.99 84.98
T 22 H 10 0.59 -0.84 -1.22 19.32 18.34 17.28 1.12 -5.02 -3.26 -7.53 -11.59 -0.17 5.16 173.87 4.71 -33.06 -11.46
T 23 H 15 1.03 -0.91 12.40 39.02 56.37 55.15 1.21 -0.51 5.51 -12.41 -7.73 0.70 2.76 148.74 5.88 -21.37 -17.70
T 24 H 30 0.96 -4.77 7.68 34.09 44.56 38.21 4.54 -16.19 -0.82 -12.94 -10.30 -11.67 -28.30 -0.50 1.18 0.46 -24.60
T 25 H 14 -0.07 -5.02 9.15 11.36 21.35 15.61 -1.11 -0.26 3.36 -5.49 -6.87 16.17 17.99 212.06 5.88 -32.66 35.31
T 26 H 7 -1.53 0.32 7.82 25.38 35.37 35.88 3.01 -9.57 5.06 -13.94 7.73 14.17 15.35 117.59 4.71 -0.55 42.32
T 27 H 35 0.30 2.71 5.45 35.23 42.68 46.84 0.75 -7.81 2.42 -16.62 -9.44 44.00 15.35 234.06 4.71 45.15 219.84
T 28 H 19 3.37 -3.44 11.63 61.74 80.73 74.75 1.06 -1.11 4.06 -17.18 -4.72 -3.83 7.31 86.90 5.88 -5.73 48.26

Treatment/ Pulp Days Crop Shelf - Juice TSS Acidity Total Redu- Non- Sugar/ Fibre Total Ascorbic Fruit Eye Eye
Accession % for fruit duration life % sugars cing reducing acid carote- acid weight profile relative

maturity sugars sugars ratio noids surface
T 01 Kew (male parent)
T 02 Mauritius (national check cum female parent)
T 03 Amritha (check variety)
T 04 H 17 22.75 4.40 1.60 3.45 -11.68 -13.61 -1.16 8.01 11.28 -87.20 -80.77 -4.12 3.08 -1.38 226.15 -25.00 -21.60
T 05 H 16 5.61 1.75 0.78 6.34 1.71 -26.16 6.98 -5.89 -19.21 -0.13 6.72 -22.93 -4.97 -36.51 16.92 -11.60 0.00
T 06 H 85 0.42 1.46 -1.17 5.93 8.30 -20.81 3.49 -0.74 25.61 -12.01 -9.62 -19.59 -7.19 -55.98 4.62 -28.40 -11.60
T 07 H 91 0.51 0.35 -0.06 10.21 -1.60 -11.36 5.81 7.27 15.55 3.69 -7.11 -11.06 0.42 -24.94 72.31 27.40 -2.00
T 08 H 48 9.32 1.38 0.11 1.79 -4.65 -21.46 -3.49 10.77 -20.43 24.41 -10.16 -1.96 0.10 57.00 172.31 10.40 -1.80
T 09 H 62 -3.69 5.23 0.90 24.14 -0.30 -19.20 22.09 7.37 -5.18 12.80 -5.47 -5.50 -10.13 107.85 115.38 -25.40 21.40
T 10 H 43 17.31 -0.38 1.02 -5.66 -7.90 -6.36 -5.81 1.93 7.62 -0.40 72.01 -3.40 4.24 4.43 130.77 -28.00 -0.60
T 11 H 66 12.66 5.89 3.68 10.34 0.20 -16.94 0.00 17.96 -31.71 39.45 -10.40 1.47 16.78 39.25 123.08 -23.40 -28.60
T 12 H 77 -17.04 0.92 1.80 10.34 -0.34 -18.61 2.33 18.88 -26.52 38.52 -2.58 -4.38 -16.49 32.40 4.62 -8.00 0.00
T 13 H 92 -0.62 4.26 2.75 12.69 -3.18 -18.97 16.28 -14.55 8.84 -24.54 -22.20 -8.44 2.99 83.27 20.00 -4.00 0.00
T 14 H 63 13.09 4.95 1.89 1.79 3.69 -27.71 8.14 -8.20 -21.04 -2.64 -10.40 -3.26 3.57 82.07 63.08 26.60 -20.00
T 15 H 27 1.88 6.01 1.53 9.93 0.03 -22.29 3.49 13.54 -14.33 25.59 -15.87 -5.13 -10.70 51.19 35.38 2.60 -10.60
T 16 H 78 6.10 6.72 1.71 8.97 -0.79 -21.28 17.44 0.46 4.27 -1.19 -11.10 -5.45 -2.03 8.19 72.31 0.00 0.00
T 17 H 70 14.12 1.53 2.21 6.34 -3.46 -20.33 -2.33 -1.93 -9.15 1.19 -22.28 -1.30 21.60 36.85 181.54 -22.80 -13.80
T 18 H 59 13.39 8.57 4.70 3.72 -5.96 -15.04 1.16 -50.28 1.83 -72.82 -74.75 -3.46 5.49 -10.58 121.54 -21.80 -21.80
T 19 H 60 -6.98 4.17 3.83 6.90 -2.61 -9.16 1.16 -17.13 0.91 -24.93 5.32 -4.24 6.27 -18.09 -4.62 0.00 0.00
T 20 H 49 -0.15 11.59 3.83 24.14 0.42 -12.07 11.63 -7.37 13.41 -16.36 -3.28 -15.27 -15.16 5.45 24.62 10.60 -10.60
T 21 H 54 6.55 2.93 0.81 24.14 -3.54 -17.24 4.65 -11.42 -10.06 -12.01 -21.03 0.66 5.59 63.15 126.15 10.60 -10.60
T 22 H 10 3.04 7.79 2.83 -6.90 -1.14 -12.90 5.81 -2.76 -12.80 1.58 -24.86 -6.02 1.25 87.00 15.38 -21.40 -4.00
T 23 H 15 -0.64 3.44 1.83 6.90 1.97 -18.61 2.33 18.88 -26.52 38.52 -2.58 -4.38 -16.49 32.40 9.23 0.00 0.00
T 24 H 30 -12.36 6.25 2.43 17.24 2.86 -22.24 15.12 8.75 -11.59 17.41 5.32 -4.24 6.27 33.62 -12.31 -14.60 4.00
T 25 H 14 2.78 8.61 2.70 5.38 -5.00 -14.15 12.79 6.45 -7.93 12.66 14.54 -1.01 -19.58 66.88 60.00 13.40 -13.40
T 26 H 7 -1.36 8.05 3.24 -3.45 -1.97 -17.30 19.77 -1.38 -17.07 5.28 -2.58 -4.44 -22.18 26.95 55.38 -32.40 -5.00
T 27 H 35 -2.91 3.48 0.64 1.24 -3.23 -10.40 0.00 17.68 -41.46 43.40 30.81 -4.49 -10.80 46.42 230.77 -21.40 -7.80
T 28 H 19 7.73 3.85 1.83 8.14 6.94 -12.78 3.49 13.72 -32.62 33.91 16.42 -1.99 7.04 69.95 46.15 -18.60 -15.80
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Table 5. Average heterosis for plant and fruit traits in Mauritius x Kew hybrids
Treatment/ Plant No of Length Breadth D leaf Leaf Days to Days Days Flow- Length Girth Breadth Crown Taper Peel Pulp
 Accession height leaves D leaf  D leaf  area  area attain for for ering of the of the of the weight ratio  weight weight

Index physio- flower 50%  phase  fruit fruit  fruit
logical initiation  flow-
maturity (Visual)  ering

T 01 Kew (male parent)
T 02 Mauritius (check variety cum female parent)
T 03 Amritha (check variety)
T 04 H 17 -11.27 -2.03 -9.56 -8.63 -17.51 -19.14 -1.59 6.00 -2.46 -15.33 15.83 24.55 31.05 126.02 8.98 4.96 114.21
T 05 H 16 -9.77 -4.9 -7.46 18.71 9.79 4.15 -1.05 5.30 -2.73 -18.99 -25.54 -0.61 -0.34 11.54 6.59 -33.81 -38.97
T 06 H 85 -11.14 -4.9 -3.87 -1.44 -5.44 -10.31 -2.8 -2.78 2.8 -14.23 -14.75 -4.55 1.69 -20 10.18 -31.72 -44.98
T 07 H 91 -11.68 -2.99 -10.52 -21.58 -29.9 -31.99 -1.15 3.11 5.3 -8.62 -1.44 14.7 19.46 28.13 0.6 7.06 -8.8
T 08 H 48 -13.49 1.00 -2.6 22.30 19.08 20.21 -2.49 6.86 1.14 -11.43 25.9 16.67 28.8 169.92 -1.8 30.31 45.96
T 09 H 62 -11.97 -0.12 2.59 19.42 22.3 22.09 -4.07 7.85 6.35 -14.19 7.19 14.55 25.98 66.83 0.6 63.61 8.27
T 10 H 43 -9.9 -7.36 -5.28 43.53 35.89 26.1 -0.75 12.77 -4.88 -18.46 -2.16 23.64 36.67 56.1 6.59 -22.59 45.74
T 11 H 66 -9.87 -7.6 -13.15 37.05 18.59 9.5 0.75 8.84 -2.69 -13.09 18.71 17.42 24.75 -25.2 4.19 0.81 48.27
T 12 H 77 -10.38 -7.05 -7.84 17.99 8.57 0.94 -1.79 19.52 -6.2 -11.35 -34.17 -17.42 -12.82 80.16 -2.99 -44.66 -66.9
T 13 H 92 -12.61 -4.83 -5.5 27.34 20.12 14.32 2.07 0.72 4.73 -5.9 -23.38 -16.67 -9.56 -5.04 7.78 -37.51 -38.33
T 14 H 63 -14.13 -7.77 -5 29.14 22.61 12.99 -1.18 4.92 3.41 -15.09 17.27 -1.97 4.05 -31.38 -10.18 2.1 6.42
T 15 H 27 -13.72 -8.01 -5 27.34 20.73 10.84 -4.07 10.65 -2.33 -12.4 -25.9 -9.7 -0.11 126.99 1.8 -29.76 -47.15
T 16 H 78 -12.89 -4.26 -9.51 21.58 9.77 4.95 -1.32 -1.62 1.72 -9.31 8.99 1.67 9.9 124.72 -2.99 -16.84 -19.4
T 17 H 70 -14.61 -0.84 -2.82 30.94 27.09 26.1 2.64 2.46 -2.08 -15.53 9.71 73.94 5.96 65.85 11.38 23.52 76.61
T 18 H 59 -10.47 -2.44 -6.79 18.35 10.11 7.36 1.29 6.61 5.57 -13.99 40.65 11.97 17.89 -3.41 -0.6 -7.96 44.22
T 19 H 60 -12.48 -3.95 -2.32 24.46 20.97 16.2 1.55 12.23 1.45 -12.81 -29.14 -20.45 -7.99 82.76 7.78 -38.34 -69.26
T 20 H 49 -10.79 -7.29 -5.33 60.43 51.65 40.56 -0.95 -0.95 -3.81 -8.91 -18.71 -4.55 3.82 19.67 -1.8 -29.68 -38.72
T 21 H 54 -11.2 -7.29 -4.78 22.3 16.31 7.63 -2.33 7.11 3.62 -18.38 -0.72 20.3 -3.26 234.31 6.59 -1.79 0.73
T 22 H 10 -12.29 -3.63 -13.31 13.31 -1.64 -5.49 -1.67 5.87 -0.72 -6.1 -25.9 -9.24 -1.35 77.24 6.59 -42.33 -51.79
T 23 H 15 -11.9 -3.71 -1.36 32.01 29.97 25.03 -1.58 10.9 8.29 -11.06 -22.66 -8.45 -3.6 60.98 7.78 -32.26 -55.18
T 24 H 30 -11.97 -7.46 -5.5 27.34 20.15 11.38 1.65 -6.59 1.79 -11.59 -24.82 -19.7 -32.73 -35.61 2.99 -13.45 -58.94
T 25 H 14 -12.86 -7.7 -4.21 5.76 0.86 -6.83 -3.84 11.17 6.08 -4.03 -21.94 5.61 10.69 101.95 7.78 -41.99 -26.31
T 26 H 7 -14.13 -2.51 -5.38 19.06 12.52 9.5 0.16 0.79 7.82 -12.61 -9.71 3.79 8.21 40.81 6.59 -14.32 -22.5
T 27 H 35 -12.54 -0.19 -7.46 28.42 18.59 18.34 -2.04 2.75 5.11 -15.33 -24.1 30.91 8.21 116.19 6.59 25.05 74.18
T 28 H 19 -9.87 -6.17 -2.03 53.6 50.21 40.83 -1.73 10.22 6.79 -15.9 -20.14 -12.58 0.67 20.96 7.78 -18.78 -19.26

Treatment/ Pulp Days Crop Shelf - Juice TSS Acidity Total Redu- Non- Sugar/ Fibre Total Ascorbic Fruit Eye Eye
Accession % for fruit duration life % sugars cing reducing acid carote- acid weight profile relative

maturity sugars sugars ratio noids surface
T 01 Kew (male parent)
T 02 Mauritius (check variety cum female parent)
T 03 Amritha (check variety)
T 04 H 17 11.64 5.51 2.00 -2.85 -11.97 11.81 -3.95 -0.93 16.61 -88.86 -82.02 -2.35 14.03 -9.41 97.21 -14.77 -17.21
T 05 H 16 -3.96 2.84 1.18 -0.13 1.37 -4.42 3.95 -13.68 -15.34 -13.09 -0.26 -21.51 5.11 -41.68 -29.3 0.45 5.60
T 06 H 85 -8.67 2.54 -0.79 -0.52 7.93 2.5 0.56 -8.95 31.63 -23.42 -15.53 -18.1 2.66 -59.56 -36.74 -18.64 -6.65
T 07 H 91 -8.59 1.42 0.33 3.5 -1.93 14.74 2.82 -1.60 21.09 -9.76 -13.19 -9.42 11.08 -31.05 4.19 44.77 3.48
T 08 H 48 -0.58 2.46 0.50 -4.4 -4.97 1.65 -6.21 1.60 -16.61 8.27 -16.04 -0.15 10.72 44.21 64.65 25.45 3.70
T 09 H 62 -12.41 6.35 1.29 16.58 -0.63 4.58 18.64 -1.52 -0.64 -1.84 -11.66 -3.76 -0.59 90.92 30.23 -15.23 28.19
T 10 H 43 6.69 0.68 1.41 -11.4 -8.21 21.2 -8.47 -6.5 12.78 -13.32 60.76 -1.61 15.31 -4.07 39.53 -18.18 4.96
T 11 H 66 2.46 7.02 4.09 3.63 -0.13 7.5 -2.82 8.19 -28.43 21.35 -16.26 3.35 29.17 27.91 34.88 -12.95 -24.60
T 12 H 77 -24.55 2.00 2.19 3.63 -0.67 5.35 -0.56 9.04 -23 20.55 -8.95 -2.61 -7.63 21.62 -36.74 4.55 5.60
T 13 H 92 -9.62 5.37 3.15 5.83 -3.5 4.89 12.99 -21.62 14.06 -34.33 -27.29 -6.75 13.92 68.35 -27.44 9.09 5.60
T 14 H 63 2.85 6.07 2.28 -4.4 3.34 -6.43 5.08 -15.79 -17.25 -15.27 -16.26 -1.47 14.56 67.25 -1.4 43.86 -15.52
T 15 H 27 -7.35 7.14 1.92 3.24 -0.3 0.58 0.56 4.14 -10.22 9.3 -21.37 -3.37 -1.23 38.88 -18.14 16.59 -5.60
T 16 H 78 -3.51 7.86 2.10 2.33 -1.12 1.89 14.12 -7.85 9.27 -14.01 -16.92 -3.7 8.37 -0.62 4.19 13.64 5.60
T 17 H 70 3.78 2.61 2.61 -0.13 -3.78 3.12 -5.08 -10.05 -4.79 -11.94 -27.37 0.53 34.51 25.71 70.23 -12.27 -8.98
T 18 H 59 3.12 9.72 5.11 -2.59 -6.28 9.97 -1.69 -54.39 6.71 -76.35 -76.4 -1.67 16.69 -17.86 33.95 -11.14 -17.42
T 19 H 60 -15.4 5.28 4.23 0.39 -2.93 17.58 -1.69 -23.99 5.75 -34.67 -1.57 -2.46 17.55 -24.76 -42.33 13.64 5.60
T 20 H 49 -9.19 12.78 4.23 16.58 0.09 13.81 8.47 -15.03 18.85 -27.21 -9.61 -13.7 -6.15 -3.14 -24.65 25.68 -5.60
T 21 H 54 -3.1 4.03 1.2 16.58 -3.86 7.12 1.69 -18.75 -5.75 -23.42 -26.2 2.52 16.8 49.86 36.74 25.68 -5.60
T 22 H 10 -6.29 8.94 3.23 -12.56 -1.47 12.74 2.82 -10.81 -8.63 -11.6 -29.78 -4.28 12.00 71.78 -30.23 -10.68 1.37
T 23 H 15 -9.64 4.54 2.22 0.39 1.63 5.35 -0.56 9.04 -23 20.55 -8.95 -2.61 -7.63 21.62 -33.95 13.64 5.60
T 24 H 30 -20.3 7.38 2.82 10.1 2.51 0.65 11.86 -0.25 -7.35 2.18 -1.57 -2.46 17.55 22.74 -46.98 -2.95 9.82
T 25 H 14 -6.53 9.77 3.1 -1.04 -5.31 11.12 9.6 -2.36 -3.51 -1.95 7.05 0.82 -11.04 53.29 -3.26 28.86 -8.55
T 26 H 7 -10.29 9.2 3.65 -9.33 -2.3 7.04 16.38 -9.54 -13.1 -8.38 -8.95 -2.67 -13.92 16.61 -6.05 -23.18 0.32
T 27 H 35 -11.7 4.58 1.03 -4.92 -3.56 15.97 -2.82 7.94 -38.66 24.8 22.25 -2.73 -1.33 34.49 100.00 -10.68 -2.64
T 28 H 19 -2.03 4.95 2.22 1.55 6.58 12.89 0.56 4.31 -29.39 16.53 8.81 -0.18 18.40 56.12 -11.63 -7.50 -11.09
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Table 6. Average heterosis for the plant and fruit traits used for calculating the value of selection criterion in Mauritius
x Kew hybrids
Treatment/Hybrid Fruit TSS Pulp Days to attain Crown Peel Eye Eye relative Acidity Value of

weight weight physiological weight weight profile surface selection
maturity  criterion

T 04 H 17 97.21 11.81 114.21 -1.59 126.02 4.96 -14.77 -17.21 -3.95 129.77
T 05 H 16 -29.30 -4.42 -38.97 -1.05 11.54 -33.81 0.45 5.60 3.95 -59.37
T 06 H 85 -36.74 2.50 -44.98 -2.80 -20.00 -31.72 -18.64 -6.65 0.56 0.03
T 07 H 91 4.19 14.74 -8.80 -1.15 28.13 7.06 44.77 3.48 2.82 -74.98
T 08 H 48 64.65 1.65 45.96 -2.49 169.92 30.31 25.45 3.70 -6.21 -108.42
T 09 H 62 30.23 4.58 8.27 -4.07 66.83 63.61 -15.23 28.19 18.64 -114.89
T 10 H 43 39.53 21.20 45.74 -0.75 56.10 -22.59 -18.18 4.96 -8.47 95.40
T 11 H 66 34.88 7.50 48.27 0.75 -25.20 0.81 -12.95 -24.60 -2.82 154.66
T 12 H 77 -36.74 5.35 -66.90 -1.79 80.16 -44.66 4.55 5.60 -0.56 -141.59
T 13 H 92 -27.44 4.89 -38.33 2.07 -5.04 -37.51 9.09 5.60 12.99 -48.08
T 14 H 63 -1.40 -6.43 6.42 -1.18 -31.38 2.10 43.86 -15.52 5.08 -4.37
T 15 H 27 -18.14 0.58 -47.15 -4.07 126.99 -29.76 16.59 -5.60 0.56 -169.42
T 16 H 78 4.19 1.89 -19.40 -1.32 124.72 -16.84 13.64 5.60 14.12 -153.24
T 17 H 70 70.23 3.12 76.61 2.64 65.85 23.52 -12.27 -8.98 -5.08 84.28
T 18 H 59 33.95 9.97 44.22 1.29 -3.41 -7.96 -11.14 -17.42 -1.69 128.47
T 19 H 60 -42.33 17.58 -69.26 1.55 82.76 -38.34 13.64 5.60 -1.69 -157.53
T 20 H 49 -24.65 13.81 -38.72 -0.95 19.67 -29.68 25.68 -5.60 8.47 -67.15
T 21 H 54 36.74 7.12 0.73 -2.33 234.31 -1.79 25.68 -5.60 1.69 -207.37
T 22 H 10 -30.23 12.74 -51.79 -1.67 77.24 -42.33 -10.68 1.37 2.82 -96.03
T 23 H 15 -33.95 5.35 -55.18 -1.58 60.98 -32.26 13.64 5.60 -0.56 -129.60
T 24 H 30 -46.98 0.65 -58.94 1.65 -35.61 -13.45 -2.95 9.82 11.86 -76.59
T 25 H 14 -3.26 11.12 -26.31 -3.84 101.95 -41.99 28.86 -8.55 9.6 -104.48
T 26 H 7 -6.05 7.04 -22.50 0.16 40.81 -14.32 -23.18 0.32 16.38 -41.68
T 27 H 35 100.00 15.97 74.18 -2.04 116.19 25.05 -10.68 -2.64 -2.82 67.09
T 28 H 19 -11.63 12.89 -19.26 -1.73 20.96 -18.78 -7.50 -11.09 0.56 -0.42

days for fruit maturity and crop duration, suggesting
the extended crop duration in all hybrids. Promising
heterobeltiosis of 16.49 % in TSS content (H43),
7.67 % in total sugars (H77), 53.13 % in sugar/acid
ratio (H43), 27.37 % in total carotenoids (H70),
60.69 % in ascorbic acid content (H62) and 90.27
% in fruit weight (H35) were also observed among
the hybrids.

Through diallel crosses, Chan (1991) has developed
the hybrids of Queen and Smooth Cayenne, showing
heterosis for eight agronomic characters. Sanewski
(1998) developed advanced pineapple crosses
including PRI hybrid 73-50, with advanced
parentage values resulted from the accumulation of
desirable genes during earlier crosses and selection
processes. Results of the present study confirmed
the heterosis previously reported for the
commercially important traits in pineapple
(d’Eeckenbrugge and Marie, 1998; Marie et al.,
1998; Cabral et al., 2000; Brat et al., 2004;
Kuriakose, 2004; Fournier et al., 2007; Paull et al.,
2017; Viana et al., 2020).

Standard heterosis over Mauritius
Compared to Mauritius, all the hybrids had shown
negative heterosis for plant height, number of leaves
and length of the D leaf (Table 3).Hybrids H59
(29.90 %), H70 (79.94 %) and H43 (46.21 %) had
shown maximum positive standard heterosis for
fruit length, girth and breadth, respectively.
Maximum heterosis for pulp weight, pulp
percentage, TSS and sugar/acid ratio were shown
by H17 (117.99, 14.19, 16.49 and 53.10 %,
respectively). H70 had highest heterosis (42.49 %)
for highest fruit carotenoid content whereas H62
had highest for ascorbic acid content (60.69 %).

Standard heterosis over Amritha
Over the check parent Amritha, the hybrids had high
standard heterosis for D leaf area and leaf area index.
Maximum heterosis for these traits were seen in H49
(82.45 %) and H19 (74.75 %), respectively (Table
4). Days taken for flower initiation and 50 per cent
flowering had slightly lower heterosis over Amritha.
The fruit traits such as length, girth and breadth had
shown positive heterosis with maximum in H59
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(67.81 %), H70 (91.33 %) and H43 (45.68 %). The
higher standard heterosis for crown weight in all
the hybrids is viewed as a disadvantage. Heterosis
for pulp weight and pulp percentage were highest
in H17 (293.34 and 22.75 %, respectively). Almost
all the hybrids have shown better shelf life but the
reduced TSS content in the hybrids was another
disadvantage over the check variety. Heterosis for
sugar/acid ratio, carotenoid content, ascorbic acid
content and fruit weight were highest in H43 (72.01
%), H70 (21.60 %), H62 (107.85 %) and H35
(230.77 %), respectively.

Average heterosis in hybrids
All the hybrids have shown negative average
heterosis for plant height but the leaf area index
was found to have improved with the highest in H19
(40.83 %) (Table 5).Days taken for flower initiation
and 50 per cent flowering were almost similar to
the parents, with the maximum heterosis of 19.52
(H77) and 1.79 % (H30), respectively. For fruit
length, girth and breadth, there were mixed
responses from the hybrids however, the maximum
heterosis for these traits were shown by H59 (40.65
%), H70 (73.94 %) and H43 (36.67 %), respectively.
Positive heterosis for crown weight shown by most
of the hybrids was an unfavourable factor in the
selection of hybrids. Pulp weight and pulp
percentage had highest heterosis in H17 (114.21 and
11.64 %, respectively). Crop duration in all the
hybrids was nearly same as in the parents, with the
heterosis values ranging between -0.79 (H85) and
5.11 % (H59). In most of the hybrids, TSS, acidity
and sugar/acid ratio were improved with the highest
heterosis of 21.2 (H43), 18.64 (H62) and 60.76 %
(H43), respectively. Total carotenoids, ascorbic acid
content and fruit weight were also improved in most
of the hybrids with the maximum heterosis of 34.51
(H70), 90.92 (H62) and 100.00 % (H35),
respectively.

Selection of hybrids
Improvement in fruit weight and quality is the
leading breeding objective in pineapple (Kuriakose,
2004). The selection index provides appropriate

weightage to the phenotypic values of multiple
characters in selection process (Fisher, 1936; de
Souza et al., 2000). Often, selection criteria, multiple
regression relations or indices are more efficient
than individual selection based on individual traits
(Moreira et al., (2019).

Thus, in this study also, selection criterion was
formulated based on multiple desirable and
undesirable fruit and plant traits. Using the selection
criterion, values were calculated for all the hybrids
(Table 6). The highest values were observed in H66
(154.66), H17 (129.77), H59 (128.47), H43 (95.40),
H70 (84.28) and H35 (67.09). All these hybrids were
found to meet the requirements in fruit weight (≥1.0
kg), pulp weight (≥0.75kg), TSS (≥14.49 oBrix),
day to attain ideal leaf stage for flowering (≤185.70
days), crown weight (≤0.31kg), peel weight
(≤0.16kg) and acidity (≤1.05).Agronomic
information on the selected hybrids is presented in
Table 7.

Hybridization in pineapple is reported to result in
superior hybrid varieties suited for various purposes
(Benega et al., 1999). This has resulted hybrids with
wide variability in fruit and plant traits, suggesting
a high level heterozygosity in the parents used.
Heterozygosity has been increased in the present
day cultivars, due to many reason but mainly
through the self-incompatibility and outcrossing
(Sanewski, 2018). Even with the existence of
crossing and hybrid variety development, a precise
report on the extent of heterobeltiosis, standard
heterosis and average heterosis in each trait in
pineapple has been missing. In addition to
presenting the achievable heterosis targets for each
trait in this crop and demonstrating a workable
selection criterion, this paper reports the recovery
of six promising hybrids, which have to be
forwarded for multi-location evaluation and
commercial cultivation. The identified hybrids
possess significant heterobeltiosis, standard
heterosis over the check varieties and average
heterosis for nearly all the desirable traits such as
fruit size, pulp weight, pulp percentage, TSS, sugar/
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acid ratio, carotenoid content and ascorbic acid
content. Similarly, negative heterosis was observed
for most of the undesirable traits.

Twenty five selected hybrids resulted from the cross
of Mauritius and Kew pineapple cultivars were
evaluated under RBD in open field conditions.
Heterobeltiosis, average heterosis and standard
heterosis over two check varieties were worked out
in each hybrid, for ten plant growth traits and twenty
four fruit traits. A selection criterion, based on the
average heterosis of desirable and undesirable traits
was formulated and used to identify the promising
hybrids. High heterobeltiosis, average heterosis and
standard heterosis were observed for most of the

desirable traits in the hybrids evaluated and six
promising hybrids were recommended from this
study.
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