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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 [X average heterosis (fruit weight, TSS, pulp weight) — X 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 °Brix), days to attain physiological maturity
(£185.70 days), crown weight (<305.50 g), peel weight (£159.27 g) and acidity (£1.05).
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‘Mauritius’ occupying 95 per cent area
(Ecostatkerala, 2020).

Introduction

Pineapple (dnanas comosus L., Bromeliaceae)

originated in southeastern Brazil, is cultivated With lesser number of cultivars dominating, a wide

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

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

Table 1. The agronomic information on the parents and
the check varieties of pineapple

SI. No. Trait Mauritius ~ Kew  Amritha
1 Plant height (cm) 100.53  109.02 9136
2 Leaves per plant 42,10  41.54  40.64
3 Length of D leaf (cm) 6194 5757 52.44
4 Breadth of D leaf (cm) 2.92 2.64 2.64
5 Dleafarea (cm?) 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) 4890  39.74  49.40

9 Days for 50 % flowering 5544 4550  55.64
10 Flowering phase (days) 26.14  23.04 2497
11 Length of the fruit (cm) 15.05 1275 11.65

12 Girth of the fruit (cm) 31.90 3410  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 7843  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 Shelflife (days) 7.94 7.50 725
22 Juice (%) 89.79  86.54  87.87
23 TSS(°Brix) 1352 1247 1682
24 Acidity (%) 0.89 0.88 0.86
25  Total sugars (%) 11.99  11.69 10.86
26 Reducing sugars (%) 2.16 4.10 328
27 Non-reducing sugars (%) 9.83 7.59 7.58
28 Sugar/ acid ratio 15.19  14.17 19.56
29 Fibre (%) 33.06 3510 3471

30  Total carotenoids (%) 228.33 25542 267.55
31 Ascorbicacid (mg/ 100 g)  64.79 4427  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

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.
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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 (°Brix) 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 shelflife.
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 % and Y 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 [Xaverage heterosis (fruit weight with
crown, TSS, pulp weight) — Xaverage 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 °Brix), 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



Breeding and identification of promising Mauritius x Kew pineapple hybrids with high heterosis for fruit and plant traits 40
Table 2.Heterobeltiosis for plant and fruit traits in Mauritius x Kew hybrids
Treatment/ Plant  Noof Length Breadth Dleaf Leaf Daysto Days  Days  Flow- Length Girth Breadth Crown Taper Peel  Pulp
Accession height leaves Dleaf Dleaf area  area attain  for for ering  ofthe ofthe ofthe weight ratio  weight weight
Index physio- flower 50%  phase fruit  fruit  fruit
logical ~initiation flow-
maturity (Visual) ering

TO0l  Kew (male parent)
T02  Mauritius (check variety cum female parent)
TO03  Amritha (check variety)
T4 HI7 -1472 268 -1275 -13.01 2413 2616 437 1822 376  -9.64 698 2053 2302 25825 833 695 11055
TOS HI6 -1328 -553 -10.72 13.01 098  -489 494 1744 347  -1354 3123 381 644 768 595 -32.55 -40.02
T0O6 H8S -146 553 727 616 -13.02 -1809 3.08 843 935  -846 2126 -7.62 454 268 952 3042 -4592
TO7 HOl -1512 -3.63 -13.67 -2534 -3552 -379 484 1500 1201 -247 897 1l 12.14103.09 0 9.09  -1036
T08 H48 -1686 033 -6.04 1644 953 978 342 1917 758  -547 1628 129 2091 32784 -238 3278 4347
T09 H6E2 -1539 078 -1.03 137 125 1149 174 2028 1313 -842 -1.00 1085 1827 16443 0 6671 642
TI0O H43 -1341 -798 -8.62 3664 25 1516 525 2577 119 -1298 -9.63 1965 2830 14742 595 2112 4326
Tl H66 -1337 822 -1621 3048 9.08 0 685 2139 351 725 963 1364 1701 1856 357 272 4574
T2 H77 -1387 -767 -11.09 1233 -0.13 782 415 3329 022 538 392 -2009 -18.16 18557 -3.57 -43.61 -6747
TI3 H92 -1601 -546 -883 2123 1049 44 825 1233 1141 043 2924 -1935 -I15.1 5052 7.4 -3633 -39.38
T4 H6 -1747 -838 -835 2295 1278 318 48 1701 10 938 831 5130 232 876 -107 403 46
TIS H27 -1708 -862 -835 2123 1105 122 174 234 389 651 -31.56 -1261 -623 25979 119 -2843 -48.05
TI6 H78 -1628 -489 -1271 1575 097 -416 465 971 821 321 066 -1.61 317 25619 -357 -1526 -20.78
T17 H70 -1793 -15  -625 2466 169 1516 886 1427 416  -985 133 6833 -0.53 16289 107 2586 73.59
TI8 H59 -1396 -3.09 -1007 1267 128 -196 742 189 123 -82 2990 836 1067 53.09 -1.19 -621 4176
T19 H60 -1588 -458 -576 1849 1127 611 769 2516 792  -694 -3455 -23.02 -13.62 189.69 7.4 -37.18 -69.78
T20 H49 -1426 -791 867 5274 3949 2836 505 1047 233 278 2492 -7.62 253 89.69 238 -2835 -39.76
T2l  HS54  -1466 -791 -8.14 1644 699 -171 358 1945 1022 -1289 -831 1642 -9.19 42990 595 007  -0.99
T2 HI0O -157 428 -1637 788 -9.53 -13.69 428 1807 562 022 3156 -12.17 -739 18093 595 -41.24 -52.61
T23 HIS -1533 -435 484 2568 1955 1418 437 2368 1519 -5.08 -2857 -1141 95 15515 714 -3098 -55.95
T24  H30 -1539 -808 -883 2123 1052 171 781 418 828 564 -3056 -2229 -36.85 206 238 1181 -59.64
T25 HI14 -1625 831 -759 068 -722 -1491 198 2398 1284 243 2791 22 391 2200 7.4 -40.89 2757
T26 H7  -1747 316 872 1336 35 0 623 1241 147 -673 -le61 044 158 1232 595 127 2382
T27  H35 -1594 08 -1072 2226 9.09 807 389 1459 1181 -9.64 -299 2669 158 24267 595 2742 7121
T28 HI19 -1337 679 549 4623 3817 2861 421 2292 136  -1024 -2625 -154 549 9172 714 -1724 -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
TOl  Kew (male parent)
T02  Mauritius (check variety cum female parent)
TO03  Amritha (check variety)
TO4 HI7 919 657 679 -554 -1356 747 341 217 -1098 9013 -82.88 0.67 798 2375 8761 -6.25 -12.30
TOS HI6 -6.06 387 593 29 047 814 455 -1476 3537 2299 501 -19.09 046 -5092 -32.74 1050 11.86
TO6 H85 -1067 357 387 -327 598 -148 Ll4 -10.09 049 3215 -1955 1558 279 6597 -39.82 -10.50 -1.12
TO7 H91 -10.59 243 504 063 -371 1028 341 284 156 2004 -1733 662 519 4197 088 5925 9.2
TO§ H48 276 349 522 705 669 229 568 033 3634 407  -2004 293 485 2138  56.64 3800 9.84
T9 H62 -1433 742 605 1335 243 052 1932 275 2415 -13.02  -1587 079 586 60.69 2389 -6.75 3579
TI0 H43 435 169 617 -1385 987 1649 -795  -767 -139 2319 5310 142 919 -1926 3274 -10.00 11.19
Tl  H66 022 809 897 076 -1.94 333 227 684 4537 7.53 2025 653 2232 766 2832 425 -20.13
T2 H77 262 302 699 076 247 126 0 767 4122 682 1329039 -12.52 236 -39.82 15.00 11.86
TI3 H92 -1159 643 799 29 525 081 1364 226 -1293 -41.81 3076 -3.87 7.88  41.69  -30.97 20.00 11.86
T4 H6 06 713 709 -7.05 147 -1006 5.68 -1685 -36.83 -2492 2025 157 848 4076 619 5825 -10.51
TIS H27 938 822 671 038 21 333 114 284 3146 315 2512 039 646 1689  -22.12 2825 0.00
Tl6 H78 -562 894 69 0.5 291 207 1477 901 -1659 -238 2088 -0.73 263 -1636 -0.88 25.00 11.86
TI7 H70 151 364 743 29 552 089 455 -1L18 2732 2197 3083 3.63 2737 58 6195 -3.50 -3.58
TI8 H59 087 1083 1004 -529 -797 57  -L14 5496 -1854 -79.04 -77.52 136 105 3087 2743 225 -12.53
T19 H60 -1725 633 913 239 469 13.02 -1.14 2494 -1927 4212 626 054 1131 -36.67 -45.13 25.00 11.86
T20 H49 -1118 1391 913 1335 -173 939 9.09 161 927 355 -13.92 -11.04 -1113 -1848 -2832 3825 0.00
T21 H5 522 507 595 1335 56 296 227 -19.77 2805 3215 <2971 5.69 1061 2613 30.09 38.25 0.00
T22 HI0 -834 1003 808 -1499 -325 836 341 -1193 3024 2167 3302 -133 6.06 4457 3363 -175 738
T23  HIS -11.62 559 702 239 021 12 0 767 4122 682 -1329 039 -12.52 236 -37.17 2500 11.86
T24  H30 2204 846 765 705 066 325 125 -5 2927 <946 626 054 1131 33 -49.56 675 1633
T25 HI4 857 1087 794 378 703 68 1023 359 2634 -13.12 195 393 -1576 29.02 796 4175 -3.13
T26 H7  -1225 103 851  -11.84 -407 288 1705 -10.68 -33.66 -1882 -13.29 033 -1848 -185  -10.62 -15.50 6.26
T27  H35 -1363 563 578 <756 53 1146 227 659 5317 1058 1642 027 -657 132 9027 -175 313
T28 HI19 417 601 702 -126 466 851 114 3 -46.1  3.26 362 29 1212 3139 -1593 175 582
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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 Noof Length Breadth Dleaf Leaf Daysto Days  Days Flow- Length Girth Breadth Crown Taper Peel  Pulp
Accession height leaves Dleaf Dleaf area  area attain  for for ering  ofthe ofthe ofthe weight ratio  weight weight
Index physio- flower 50%  phase fruit ~ fruit  froit
logical ~initiation flow-
maturity (Visual) ering

TO0l  Kew (male parent)
T02  Mauritius (national check cum female parent)
TO03  Amritha (check variety)
To4 HI7 753 268 -1275 -13.01 -2413 -2616 -6.9  -3.93 -798 2035 698 2884 40.19 25825 9.64 3.04 11799
TOS HI6 -596 553 -10.72 1301 098  -489 -639 456 823 -2379 -3123 282 662 768 723 3502 -379
TOo6 H8 739 553 -727 -6.16  -13.02 -1809 -8.05  -11.88 -3.02 -1932 2126 -125 878 268 1084 -32.96 -44.01
T0O7 HOL 795 -3.63 -13.67 -2534 -3552 -379 648 654 065 -1404 897 1865 278 10309 12 51 -7.19
TOS H48 -984 033 -604 1644 953 978 775 315 458 -16.68 1628 2069 3779 327.84 -12 2793 4854
T09 H62 -825 078 -1.03 137 125 1149 925 225 034 -1928 -l 185 3478 16443 12 60.62 1018
TI0 H4 61 798 862 3664 25 1516 -6.11 221 -1026 -233 -9.63 279 4621 14742 723 24 &3
Tl H66 -6.06 -822 -1621 3048 9.08 0 469 -135 819 -1825 9.63 2147 3345 1856 482 -1.03  50.89
T2 H77 -66 -767 -11.09 1233 -013 -782 -71 832 -1151 -166 -39.20 -1458 -6.74 18557 -241 -45.67 -66.32
TI3 H92 -892 546 883 2123 1049 44 344 871 -L19  -1148 2924 -1379 325 5052 843 3865 -37.24
T4 H63 -1051 -838 -835 2295 1278 318 -652 -491 244 2012 831 141 1131 876 964 024 83
TI5 H27 -1008 -862 -835 2123 1105 122 -925 029 786 -176 -31.56 -6.58 686 25979 241  -31.04 -4621
Tl H78 922 -48 -1271 1575 097  -416 -6.65 -10.84 -403 -1469 0.66 517 1757 25619 -241 -1835 -17.98
T17 H70 -1101 -5  -625 2466 169 1516 -290 -7.14 -7.62 -2054 133 7994 1336 162.89 12.05 2127 79.73
TI8 HS9 -6.69 -309 -1007 1267 128 -196 -418 -337 04  -19.09 2990 1583 2611 53.09 0 9.4 46.77
T19 H60 -878 458 -576 1849 1127 611 -394 172 429 -1798 -3455 -1771 156 189.69 843  -3947 -68.71
T20 H49 703 -791 867 5274 3949 2836 -63 1022 -925  -1431 2492 -125 1107 89.69 -12 3097 -37.63
T21 HS54 746 791 814 1644 699 -1L71 761 292 224 2322 831 2445 349 42990 723 358 252
T2 HI0O -858 428 -1637 788 953 -13.69 -698 405 633 -11.67 -31.56 -6.11 554 18093 723 4338 -50.93
T23 HIS 819 435 484 2568 1955 1418 -69 051 216  -1634 -2857 -53 313 15515 843 -335 -54.39
T24 H30 -825 808 -883 2123 1052 171 -3.84  -1534 397 -1683 -30.56 -1693 -28.04 206 361 -15.03 -5821
T25 HI4 918 831 759 068 -722 -1491 903 076 008 972 2791 925 1841 2201 843 -43.05 -25.01
T26 H7  -1051 316 -872 1336 35 0 525 865 173 1779 -1661 737 1576 1232 723 -15.89 2113
T27 H35 -885 08 -1072 2226 9.09 807 -733 687 083 2035 299 3542 1576 24267 723 2277 7726
T28 HI19 -606 679 -549 4623 3817 2861 -7.04 0.1 075 2089 -2625 -956 7.7 9172 843 2020 -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
TOl  Kew (male parent)
T02  Mauritius (national check cum female parent)
TO03  Amritha (check variety)
TO4 HI7 1419 448 238 -554 -1356 747 449 217 6898 9013 -82.88 0.67 2079 -23.75 107.84 -21.88 -12.30
TO5S HI6 -176 18 317 29  -047 814 337 <1476 2269 2299 501 -19.09 1135 -5092 -2549 -7.92 11.86
TO6 H85 -658 153 504 -327 598 -148 0 -10.09 9074 3215 -19.55 -15.58 875 6597 -3333 2542 -1.12
T0O7 H91 -65 042 397 063 371 1028 225 .84 7546 -2004  -1733 -6.62 17.67 -4197 98 3271 9.62
TOS H48 17 146 381 -7.05 669 -229 -674 033 2083 -407  -2004 293 1729 2138 7353 1500 9.84
T09 H62 -104 531 306 1335 243 052 1798 275 4398 -13.02 -1587 -0.79 531 60.69 3725 -22.29 35.79
TI0 H43 913 -031 294 -1385 987 1649 899  -7.67 6343 -23.19 5310 142 2215 -1926 47.06 -25.00 11.19
Tl  He6 481 597  -038 076 -194 333 337 684 37 153 22025 653 3684 766 4216 -2021 -20.13
T2 H77 228 099 219 076 247 126 -1.12 767 1157 682 1329039 215 236 3333 417 11.86
T3 H9 755 433  -128 29 525 081 1236 226 6528 -41.81 3076 -3.87 2068 41.69  -23.53 0.00 11.86
T4 H6 52 502 211 705 147  -10.06 449 -1685 1991 2492 22025 157 2136 4076 392 31.88 -10.51
TIS H27 523 609 245 038 21 333 0 2843009 315 2502 039 463 1689 -13.73 6.88  0.00
Tl6 H78 -13 68 228 05 291 207 1348 -9.01 5833 238 2088 -0.73 148 -1636 98 417 1186
T17 H70 616 16 1.8 29 5520 <089 <562 -1118 3796 2197 3083 3.63 4249 58 7941 -19.58 -3.58
TI8 HS59 548 865 060 -529 797 57 225 5496 5463 -79.04 -77.52 136 2361 -30.87 4LI18 -18.54 -12.53
T19 H60 -1346 424  -024 239 469 13.02 -225 2494 5324 4212 -626 054 2452 -36.67 -3922 417 11.86
T20 H49 711 1167 -024 1335 -173 939 787 -16.1 7222 355 1392 -11.04 -059 -1848 2059 1521 0.00
T21 HS4 088 3 S04 1335 560 296 LI2 1977 3657 3215 <2971 569 2373 2613 4412 1521 0.00
T22 HI0 414 786  -12  -1499 -325 836 225 -1193 3241 2167 -33.02 -133 1864 4457 2647 -18.13 7.38
T23 HIS 757 352 216 239 -021 126 112 767 1157 682 21329 039 215 236 -3039 417 1186
T24 H30 -1848 632 -159 705 066 -3.25 1124 -15 3426 946  -626 054 2452 33 4412 -11.04 1633
T25 HI14 439 86 -133 378 -703 68 899 359 3981 -13.42 195 393 5760 2902 196 1813 313
T26 H7 -824 813 08  -1184 -407 288 1573  -10.68 2593 -1882 -1329 033 -881 -185 -098 -29.58 6.26
T27  H35 968 355 33 756 53 1146 337 0 659 -ILIL 1058 1642 027 452 132 11078 -18.13 3.13
T28 HI19 022 392 216 -126 466 851 0 3 231 326 362 29 2542 3139 686 -1521 -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  Noof Length Breadth Dleaf Leaf Daysto Days  Days  Flow- Length Girth Breadth Crown Taper Peel  Pulp
Accession height leaves Dleaf Dleaf area  area attain  for for ering ofthe ofthe ofthe weight ratio  weight weight
Index physio- flower 50%  phase fruit fruit  fruit
logical ~ initiation flow-
maturity (Visual) ering

TO0l  Kew (male parent)
T02  Mauritius (national check cum female parent)
TO03  Amritha (check variety)
To4 HI7 176 081 305 379 076 033 121 490 496 -16.62 3820 37.00 39.69 24925 7.06 21.83 29334
TOS HI6 348 214 545 2500 3209 2924 176 553 523 2022 1116 933 624 7236 471 2317 12.06
TO6 HS8 190 214 953 379 1377 1130 -0.04 -1277 016  -1554 172 500 839  23.62 824 -2074 1.03
TO7 H91 129 017 196 -1742 -1566 -1561 1.66  -749 260  -1001 17.60 26.17 2734 9799 -1.18 2427 6747
TOS H48 -0.79 394 1098 2879 4326 49.17 028 413 -145 -1278 5021 2833 3729 31709 -3.53 5125 168.03
T0O9 H62 096 278 1690 2576 47.15 5150 -135 324 363 -1550 2790 2600 3429 15779 -1.18 89.91 9881
TI0 H43 333 468 793 5114 6350 5648 207  L17  -732 -1970 1674 36.00 4568 14121 471  -10.15 167.63
Tl H66 337 492 -1.03 4432 4267 3588 3.62 235 518 -1442 4163 2907 3297 1558 235 17.02 17226
T2 H77 278 436 502 2424 3063 2525 1.00 723 861 -1270 2146 -9.17 -7.07 17839 471 3577 -39.23
TI3 H92 022 207 768 3409 4452 4186 497 964 205 733 858 833 360 4673 588 2747 1324
T4 H6 -153 509 826 3598 4752 4020 162  -587 076  -1638 3991 783 1091 6.03  -11.76 1851 9541
TIS H27 -1.05 534 826 3409 4525 3754 -135 073 484 -1374 -11.59 -067 647 25075 0.00 -1847 -2.95
Tl6 H78 -0.10 -148 311 2803 3207 3023 148  -11.74 -088 -10.69 30.04 1183 1715 24724 471 -347 48.00
T17 H70 207 204 1074 3788 5291 5648 556 808 459 -1682 3090 9133 1295 15628 941 4338 22430
TI8 HS59 267 039 622 2462 3248 3322 417 435 287  -1530 6781 2317 2566 4925 -235 684 16483
T19 H60 037 -1.16 1131 3106 4554 4419 443 0.69 LIS <1414 41545 -1250  -1.92 18241 5.88  -2843  -43.55
T20 H49 230 460 788 6894 8245 7442 187  -ILI13 627 -1029 -3.00 5.00 1067 8492 353 -1838 1253
T21 H54 18 460 850 2879 3994 3355 044 391 096  -19.62 1845 3233 312 41658 471 1399 8498
T22 HI0 059 08 -122 1932 1834 1728 L12  -5.02 -326 753 -11.59 -0.17 516 17387 471  -33.06 -11.46
T23 HIS 103 091 1240 39.02 5637 5515 121 051 551  -1241 -773 070 276 14874 588 2137 -17.70
T24  H30 09 -477 768 3409 4456 3821 454  -1619 -0.82 -1294 -1030 -11.67 -2830 -0.50 L18 046  -24.60
T25 HI14 007 502 915 1136 2135 1561 -L11 026 336 -549 -687 1617 1799 21206 58  -32.66 3531
T26 H7 -153 032 782 2538 3537 3588 301 957 506 -1394 773 1417 1535 11759 471 055 4232
T27  H35 030 271 545 3523 4268 4684 075 781 242 -16.62 944 4400 1535 23406 471 4515 219.84
T28 HI19 337 344 1163 6174 8073 7475 106  -L1I 406 -17.18 472 383 731 8690 588 -573 4826
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
TOl  Kew (male parent)
T02  Mauritius (national check cum female parent)
TO03  Amritha (check variety)
TO4 HI7 2275 440 160 345 -11.68 -1361 -l1.16 801 1128 -8720 -80.77 -412 3.08 -1.38  226.15 -25.00 -21.60
TOS HI6 561 175 078 634 171 2616 6.9 589 -1921 013 672 2293 497 3651 1692 -11.60 0.00
TO6 H85 042 146  -117 593 830 -2081 349 0.74 2561 -1200  -9.62  -1959 -7.19 -5598 462 -2840 -11.60
TO7 H9L 051 035  -006 1021 -1.60 -11.36 581 727 1555 3.69 ST 1106 042 2494 7231 2740 -2.00
TO§ H48 932 138 011 179 465 -2146 -349 1077 -2043 2441  -1016 -196 0.0 57.00 172.31 1040 -1.80
T0O9 H62 -3.69 523 090 2414 -030 -1920 2209 737 518 1280  -547 -550 -10.13 107.85 11538 -25.40 2140
TI0 H43 1731 -038 102 566 -790 -636 -581 193 762 040 7201 -340 424 443 13077 -28.00 -0.60
T H66 1266 589 368 1034 020 -1694 0.00 1796 3171 3945  -1040 147 1678 3925  123.08 -23.40 -28.60
T2 H77 -1704 092 180 1034 -034 -1861 233 1888 2652 3852  -2.58 438 -1649 3240 462 -8.00 0.00
T3 H9 062 426 275 1269 -3.18 -1897 1628  -1455 884 2454 2220 -844 299 8327 2000 -4.00 0.00
T4 H63 1309 495 18 179 369 2771 814 820 2104 264  -1040 -326 357 8207 63.08 26.60 -20.00
TIS H27 188 601 153 993 003 2229 349 1354 -1433 2559  -1587 -5.13 -10.70 S1.19 3538 2.60 -10.60
Tl6 H78 610 672 171 897 -079 -2128 1744 046 427 -119 1110 -545 -2.03 819 7231 0.00 0.00
T17 H70 1412 153 221 634 346 -2033 -233  -193 915 L19 2228 -130 2160 3685  181.54 -22.80 -13.80
TI8 H59 1339 857 470 372 596 -15.04 L16 5028 183 -72.82 <7475 346 549 -1058  121.54 -21.80 -21.80
T19 H60 -698 417 38 690 261 916 L16 -17.13 091 2493 532 424 627 -1809 462 0.00 0.00
T20 H49 -015 1159 38 2414 042 -1207 1163 737 1341 -1636 -328 -1527 -15.16 545 2462 10.60 -10.60
T21  H54 655 293 081 2414 354 -1724 465 1142 -1006 -12.00  -21.03 066 559 6315  126.15 10.60 -10.60
T22 HI0 304 779 28  -690 -1.14 -1290 581 276 -12.80 158 2486 -6.02 125 8700 1538 -21.40 -4.00
T23 HIS 064 344 18 690 197 -1861 233 1888 2652 3852 258 438 -1649 3240 923  0.00 0.00
T24  H30 -1236 625 243 1724 286 2224 1512 875  -1159 1741 532 424 627 3362 1231 -14.60 4.00
T25 HI4 278 861 270 538 500 -1415 1279 645 793 1266 1454 -1.01 -19.58 66.88  60.00 1340 -13.40
T26 H7 136 805 324 -345 -197 -1730 1977  -138 -1707 5.28 258 444 2218 2695 5538 -32.40 -5.00
T27 H35 291 348 064 124 323 -1040 0.00 1768 -4146 4340 3081 -449 -10.80 4642  230.77 -21.40 -7.80
T28 HI19 773 38 18 814 694 -12.78 349 1372 -3262 3391 1642 -199 704 6995 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 Noof Length Breadth Dleaf Leaf Daysto Days  Days Flow- Length Girth Breadth Crown Taper Peel  Pulp
Accession height leaves Dleaf Dleaf area  area attain  for for ering  ofthe ofthe ofthe weight ratio  weight weight
Index physio- flower 50%  phase fruit  fruit  fruit
logical ~initiation flow-
maturity (Visual) ering

TO0l  Kew (male parent)
T02  Mauritius (check variety cum female parent)
TO03  Amritha (check variety)
T4 HI7 -1127 203 -956 -863 -1751 -19.14 -159 600  -246 -1533 1583 2455 3105 12602 898 496 11421
TOS HI6 977 -49 746 1871 979 415 -105 530 273 -1899 -2554 -0.61 034 1154 659 -33.81 -3897
TO6 H8 -11.14 49 387 -144 544 -1031 -28 278 28 <1423 -1475 455 169 20 1018 -31.72 4498
TO7 HO91  -11.68 -299 -1052 -2158 -299 -31.99 -L15 311 53 862 144 147 1946 2813 06 706 88
TO8 H48 -1349 1.00 -26 2230 19.08 2021 -249 686 114 -1143 259 1667 288 16992 -18 3031 4596
T09 H62 -1197 012 259 1942 223 2209 -407 785 635 -1419 719 1455 2598 6683 0.6 6361 827
TIO H4 99 736 -528 4353 3589 261 075 1277 488 -1846 -2.16 23.64 3667 561 659 2259 4574
Tl H66 987 -76  -13.15 3705 1859 95 075 884 269 -13.09 1871 1742 2475 252 419 081 4827
T2 H77 -1038 -7.05 -784 1799 857 094 -179 1952 62 -1135 3417 -1742 -12.82 80.16 299 -44.66 -66.9
TI3 H92 -1261 -48 55 2734 2012 1432 207 072 473 -59 2338 -1667 956 -5.04 778 -3751 3833
T4 H63 -1413 -777 -5 2914 2261 1299 -118 492 341 -15.09 1727 -197 405 3138 -10.18 2.1 6.42
TS H27 -1372 801 -5 27342073 1084 407 1065 233 -124 259 97 001 12699 18 2976 -47.15
TI6 H78 -1289 -426 -951 2158 977 495 -132 -1.62 172 931 899 167 99 12472 299 -16.84 -194
T17 H70 -1461 084 282 3094 2709 261 264 246 208 -1553 971 7394 596 6585 1138 2352 76.61
TI8 HS59 -1047 -244 -679 1835 1011 736 129 661 557  -13.99 4065 1197 1789 -341 -06 796 4422
T19 H60 -1248 -395 232 2446 2097 162 155 1223 145 -1281 -29.14 -2045 -7.99 8276 778  -38.34 -69.26
T20 H49 -1079 -729 -533 6043 5165 4056 -095 -095 -381 -891 -1871 -455 382 1967 -18  -29.68 -38.72
T21 HS4 -112 729 478 223 1631 763 233 711 362 -1838 072 203 -326 23431 659 -179 073
T2 HI0O -1229 -3.63 -1331 1331 -l64 -549 -167 58 072 -61 -259 924 -135 7724 659 4233 5179
T23 HIS -119 371 -136 3201 2997 2503 -1.58 109 829  -11.06 -22.66 -845 -3.6 6098 778 -32.26 -55.18
T24  H30 -1197 -746 -55 2734 2015 1138 165  -659 179  -1159 -2482 -197 -3273 3561 299 -1345 -58.94
T25 HI14 -1286 -7.7 421 576 086 -683 -384 1L17 608 403 -21.94 561 1069 10195 778  -41.99 -2631
T26 H7  -1413 -251 538 1906 1252 95 016 079 782 -1261 971 379 821 4081 659 -1432 225
T27 H35 -1254 019 746 2842 1859 1834 -2.04 275  S5I1 0 -1533 241 3091 821 11619 659 2505 7418
T28 HI9 987 617 -203 536 5021 4083 -1.73 1022 679 -159 -20.14 -12.58 067 2096 778 -1878 -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
TO0I  Kew (male parent)
T02  Mauritius (check variety cum female parent)
TO03  Amritha (check variety)
T0o4 HI7 1164 551 200 -285 -1197 1181 -395 093 le.61 -8886 -82.02 -235 1403 -941 9721 -1477 -1721
TOS HI6 -396 284  LI8 013 137 -442 395 -13.68 -1534 -13.09  -026 2151 511 4168 293 045 5.60
TO6 HS8 -867 254  -079 -052 793 25 056 895 3163 2342 -1553 181 266  -59.56 -36.74 -18.64 -6.65
TO7 H9l -85 142 033 35 -1.93 0 1474 282 -L60 2109 976 -13.19 942 1108 -31.05 419 4477 34
TO§ H48 -058 246 050 -44 497 165 -621 160  -16.61 827 -16.04 015 1072 4421 6465 2545 3.70
T0O9 H62 -1241 635 129 1658 -0.63 458 1864 -152  -064 -1.84 1166 -376 -0.59 9092 3023 -15.23 28.19
TI0 H43 669 068 141 -114 821 212 847 65 1278 -1332 6076 -1.61 1531 -407 3953 -I8.18 4.96
Tl  H66 246 7.02 409 363 013 75 28 819 2843 2135 -1626 335 2907 2791 3488 -12.95 -24.60
T2 H77 2455 200 219 363 067 535 -056 9.04 23 2055 895 261 -7.63 2162 -36.74 455 5.60
TI3 H92 962 537 315 58 35 489 1299 2162 1406 -3433 2729 675 1392 6835 -27.44 9.09 5.60
T4 H63 28 607 228 -44 334 643 508 1579 -1725 1527 -1626 -147 1456 6725 -14 4386 -15.52
TS H27 735 714 192 324 03 058 056 414 -1022 93 2137 337 -1.23 3888 -18.14 1659 -5.60
Tl H78 351 786 210 233 -L12 189 1412 -785 927 -1401 -1692 -37 837 -062 419 13.64 5.60
T17 H70 378 260 261 013 378 312 508  -10.05 -479 -1194 -27.37 053 3451 2571 7023 -12.27 -8.98
TI8 HS 312 972 511 259 628 997 -1.69  -5439 671 -7635 764 -1.67 1669 -1786 3395 -11.14 -17.42
T19 H60 -154 528 423 039 293 1758 -1.69 2399 575 -3467 -1.57 246 1755 2476 -4233 13.64 5.60
T20 H49 919 1278 423 1658 009 1381 847 1503 1885 <2721 961 -137 -6.15 314 2465 25.68 -5.60
T21 HS5 31 403 12 1658 -386 712 1.69 1875 575 2342 262 252 168 4986 36.74 2568 -5.60
T22 HI0 -629 894 323  -1256 -147 1274 282 -1081 863 -11.6  -29.78 -428 1200 71.78 -30.23 -10.68 1.37
T23 HIS 964 454 222 039 163 535 -056 9.04 23 2055 895 261 763 2162 3395 13.64 5.60
T24 H30 203 738 282 100 250 065 118 025 -735 218 -1.57 246 1755 2274 -4698 -2.95 9.82
T25 HI4 653 977 31 -1.04 531 1112 96 236 351 <195 705 082 -11.04 5329 326 2886 -8.55
T26 H7  -1029 92 365 933 23 704 1638 -954 130 -838  -895 267 -13.92 1661 -6.05 -23.18 0.32
T27  H35 -1L7 458 103 -492 356 1597 282 794 3866 248 2225 273 -133 3449 100.00 -10.68 -2.64
T28 HI9 203 495 222 155 658 1289 056 431 2939 1653 881 0.8 1840 S56.12 -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  Eyerelative Acidity Value of
weight weight  physiological weight ~ weight profile  surface selection
maturity criterion
T4 HI7 97.21 11.81 114.21 -1.59 12602 496 -14771 0 -1721 -3.95 129.77
T05 HI6 -29.30 442 -38.97 -1.05 1154 -3381 0.45 5.60 3.95 -59.37
T06 HSS -36.74 2.50 -44.98 -2.80 22000 -31.72 -18.64 -6.65 0.56 0.03
T07 HOII 4.19 14.74 -8.80 -1.15 2813 7.06 44.77 348 2.82 -74.98
T8 H4 64.65 1.65 45.96 -2.49 169.92  30.31 2545 3.70 621 -108.42
T09 H62 30.23 4.58 8.27 -4.07 66.83  63.61 -15.23 28.19 18.64  -114.89
TI0 H43 39.53 21.20 45.74 -0.75 56.10  -22.59 -18.18 4.96 -8.47 95.40
Tl  H66 34.88 7.50 4827 0.75 22520 081 -12.95 -24.60 2.82 154.66
T2 HT7 -36.74 5.35 -66.90 -1.79 80.16  -44.66 4.55 5.60 0.56  -141.59
T3 H92 -27.44 4.89 -38.33 2.07 -5.04 0 3751 9.09 5.60 1299 -48.08
T4 H63 -1.40 -6.43 6.42 118 23138 210 43.86 -15.52 5.08 -4.37
T15 H27 -18.14 0.58 -47.15 -4.07 12699  -29.76 16.59 -5.60 056  -169.42
Tl6 HT8 4.19 1.89 -19.40 -1.32 12472 -16.84 13.64 5.60 1412 -153.24
T17 H70 70.23 312 76.61 2.64 6585  23.52 -12.27 -8.98 -5.08 84.28
T8 H59 33.95 9.97 44.22 1.29 341 -7.96 -11.14 -17.42 -1.69 128.47
T19 H60 -42.33 17.58 -69.26 1.55 8276  -38.34 13.64 5.60 -1.69 -15753
T20 H49 -24.65 13.81 -38.72 -0.95 19.67  -29.68 25.68 -5.60 8.47 -67.15
T2l H54 36.74 7.12 0.73 233 23431 -1.79 25.68 -5.60 1.69  -207.37
T22 HI0 -30.23 12.74 -51.79 -1.67 7124 -4233 -10.68 1.37 2.82 -96.03
T23 HIS -33.95 535 -55.18 -1.58 6098  -32.26 13.64 5.60 0.56  -129.60
T24 H30 -46.98 0.65 -58.94 1.65 3561 -13.45 -2.95 9.82 11.86  -76.59
T25 HI4 -3.26 11.12 -26.31 -3.84 101.95  -41.99 28.86 -8.55 9.6 -104.48
T26 H7 -6.05 7.04 -22.50 0.16 40.81  -14.32 2318 0.32 1638 -41.68
T27 H35 100.00 15.97 74.18 -2.04 116.19  25.05 -10.68 -2.64 2.82 67.09
T28 HI9 -11.63 12.89 -19.26 -1.73 2096 -18.78 -1.50 -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 leafarea 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



Lalit Dhurve, Ajith Kumar K., Jyothi Bhaskar, Sobhana A., Rose Mary Francies and Deepu Mathew 45

(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 highestin 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 °Brix),
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 etal., 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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Table 7. Agronomic information on the selected hybrids of pineapple

SI. No. Trait H66 H17 H59 H43 H70 H35
1 Plant height (cm) 90.64 92.97 92.24 94.40 89.47 91.64
2 Number of leaves per plant 42.24 40.97 41.77 38.74 41.47 41.74
3 Length of D leaf (cm) 58.20 54.04 61.30 56.60 58.07 55.30
4 Breadth of D leaf (cm) 3.40 2.54 3.32 3.99 3.64 3.57
5 D leaf area (cm?) 143.45 99.37 147.34  163.71 153.11 142.87
6 Leaf Area Index 4.49 3.02 4.56 4.71 4.71 4.42
7 Days to attain ideal leaf stage for flowering 181.08 18275 178.14  184.30 190.61 181.92
8 Days for initiation of flowering (visual) 47.36 46.98 47.80 49.98 45.41 45.54
9 Days for 50 % flowering 52.81 52.19 53.08 54.99 50.60 50.75
10 Flowering phase (days) 21.78 20.82 21.10 20.05 20.77 20.82
11 Length of the fruit (cm) 17.50 16.10 14.90 13.60 15.25 10.55
12 Girth of the fruit (cm) 38.50 41.10 37.80 40.80 57.40 43.20
13 Breadth of the fruit (cm) 11.45 11.65 11.20 12.15 9.42 9.62
14 Crown weight (kg) 0.42 0.35 0.26 0.24 0.26 0.33
15 Taper ratio of the fruit 0.82 0.91 0.84 0.89 0.93 0.89
16 Peel weight (kg) 0.19 0.15 0.24 0.11 0.18 0.18
17 Pulp weight (kg) 1.08 1.59 0.80 1.08 1.31 1.29
18 Pulp percentage 79.76 89.56 70.27 85.59 83.26 70.84
19 Days for fruit maturity (days) 142.82 147.07 14824  140.33 143.02 145.77
20 Crop duration (days) 371.25 376.79 37417  374.61 379.04 373.22
21 Shelf life (days) 7.38 7.50 9.00 6.84 7.71 7.34
22 Juice (%) 83.78 77.61 87.61 80.93 84.83 85.03
23 TSS (° Brix) 13.21 14.53 13.59 15.75 13.40 15.07
24 Acidity (%) 0.83 0.85 1.05 0.81 0.84 0.86
25 Total sugars (%) 12.03 11.73 11.66 11.07 10.65 12.78
26 Reducing sugars (%) 2.61 3.65 3.11 3.53 298 1.92
27 Non-reducing sugars (%) 9.43 0.97 8.55 7.55 7.67 10.87
28 Sugar/ acid ratio 15.92 17.09 12.94 19.44 15.95 17.52
29 Fibre (%) 34.03 33.28 32.80 33.53 34.26 33.15
30 Total carotenoids (%) 267.81 275.80 24046  278.90 325.34 238.65
31 Ascorbic acid (mg/ 100 g) 78.64 49.40 104.11 52.31 68.55 73.34
32 Fruit weight with crown (kg) 1.77 2.12 1.40 1.50 1.83 2.15
33 Profile of eyes 5.52 3.75 3.73 3.60 3.86 3.93
34 Relative surface of eyes 491 3.92 6.07 497 431 4.61

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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