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ABSTRACT

Exploration on genetic variability and diversity of Heliconia genotypes amongst yield and floral biology traits were executed
being intended to investigate the prime floral parameters quite potential to enact vital role in breeding and also inflorescence
productivity per annum. The study revealed noteworthy dissimilitude in flowering behavior of different varieties under West
Bengal condition. Here, ‘ Golden Torch’, a hybrid cultivar merely showcased perpetual flowering whereas other are considerably
seasonal . Highest genotypic and phenotypic variabilities were observed for anthocyanin content. Likewise, PCV of 61.43% for
duration of male phase and GCV of 58.34% for number of flowers/inflorescence were apparent as second highest. Here,
characters days from first to last flower opening, days from emergence to male and female phase and duration of male and
femal e phase recorded high heritability coupled with high genetic advance manifests possibility of genetic improvement through
selection. Duration of male and female phase duo showed significant positive phenotypic and genotypic correlation with days
fromfirst to last flower opening and days frombud emergenceto full unfurling of bracts. Furthermore, inflorescence productivity
year! was found to be positively correlated with inflorescence length and number of open bracts at genotypic and phenotypic

levels both.
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Heliconia, a monophyletic genus familiar as
‘Lobster-claws’, ‘Wild plantains' or ‘False bird of
paradise’ residesto the family Heliconiaceae, formerly
included inthefamily Musaceae. Approximately 200 to
250 speciesaredistributed primarily in Neotropical areas
from the North of Mexico to the South of Brazil (Urooj-
Ul-Nissaet al., 2015). It isan herbaceous, rhizomatous,
erect perennial having sympodia branching, posses
pseudocaule formed by the juxtaposition of the petioles
or leaf laminas. Their variable heights rangesfrom 1 to
7 m. It contains a group of excellent cut flowers due to
their striking shape, attractive color, long vase life and
prolific flower producing capacity. Vast morphological
diversity at intra-specific, intra-popul ation and varietal
levels are observed in this genus (Janakiraman and
Kumar, 2011). Owing to their desirable horticultural
properties and postharvest characteristics they are
gaining importance, much, though, remainsto be known
about this plant. So, the correct identification of the
various species and cultivars are important.

For any crop improvement program, selection of
superior parents is an essential prerequisite especially
for the traits showing higher heritability and genetic
advancefor varioustraits. The adequate information on
extent of variability parameters may be helpful to
improvetheyield by selecting theyield component traits
because yield is a complex trait, whose manifestation
dependson the component traits. Generally, the estimates
of heritability (h? of traits are environment specific
(Shimelis and Rhandzu, 2010). These estimates should
be incorporated and specifically applied only to the
population and environment sampled. Thus, selection
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of traits based on h? and genetic advance as per cent of
mean is of great importance to the breeder for making
criteria for improvement in a complex character. A
positive genetic correlation between two desirabletraits
makes the job of the plant breeder easy for improving
both traits simultaneously.

In Heliconia sp., obvious problems in quest of new
hybrids are the low rate of hybridization. With this
consideration, the present study focuses on assessment
of the genetic variability and correlation studiesfor yield
and yield attributing traitsin ‘ False-Bird-of -Paradise’.

MATERIALSAND METHODS

The present investigation was carried out at the
Agricultural Experimental Farm, University of Calcutta,
situated at Baruipur, South 24 Parganas, West Bengal,
(88%28' East longitude, 22°22' North latitudeand 9.75m
above sea level) during 2013 involving ten Heliconia
genotypes namely H. psittacorum L.f. x H.
spathocircinata Aristeg. cv. ‘Golden torch’, H.
psittacorumL.f. var. ‘ Choconiana’, H. psittacorumL.f.
var. ‘Lady di’, H. rostrata Ruiz and Pavén, H. humilis
(Aubl.) Jacq., H. stricta Huber var. ‘Dwarf Jamaican
Red', H. wagneriana Peterson, H. stricta Huber, H.
metallica Planchon and Linden ex Hooker and H. indica
Lam. var. ‘Indica’ summoned from Agri-Horticultural
Society of India (AHSI) and Kamal Nursery, Andul,
Howrahto find the nature and extent of genetic variability
and correlation studies for flowering and yield
parameters. Initially they were planted in black
polyethylene bags followed by transplantation at a
distance of 1 x 1m while attained 30cm height at main



field at Baruipur during Kharif season of 2013. Main
field was prepared by ploughing followed by mixing of
1 part of sand, 1part of dry cow-dung manure and 3 parts
of vermi-compost. The variability was observed among
the clones of this population. They were tagged and
observations were documented to study the genetic
variability existing among these population.
Observations were recorded from the emergence of
inflorescence and continued up to their senescence.
Several traitswere considered under thisstudy such as —

Floral traits

Inflorescence length (cm), number of open bracts,
number of inflorescence plant? year?, size of bract
(cm?), number of bracts, number of flowers per bract,
number of flowers per inflorescence, days from bud
emergenceto full unfurling of bracts, daysfrom first to
last flower opening, days from bud emergence to male
and femal e phase and duration of maleand female phase.

Vegetative traits

Plant height (feet), plant spreading (sg. feet), leaf
blade length (cm), stem length (cm), number of shoots
per clump, number of leaves per stem, number of
flowering stems clump™.

Biochemical Traits

Total Chlorophyll content of leaves (mg per gtissue),
anthocyanin content of leaves (mg 100 g tissue).

Pigment estimations were done following the
protocol of Sadasivam and Manickam (1996) and
Mazumder and Mazumder (2003) at the laboratory of
Department of Horticulture, Institute of Agricultural
Science, University of Calcutta, Kolkata.

Genetic parameters like genotypic coefficients of
variation (GCV) and phenotypic coefficientsof variation
(PCV) were estimated according to Burton (1952),
heritability as suggested by Falconer (1981) and genetic
advance as per cent over mean by Johnson et al. (1955).
The correlations at genotypic and phenotypic levels
between all the possible pairs of characters were
calculated as proposed by Al Jibouri et al. (1958).

The experiments were conducted in Randomized
Block Design (RBD) with factorial concept (Panse and
Sukhatme, 1985) having two replications for each
genotype. The data were subjected to ANOVA using
SPSS10.0 statistical package. Thetreatment meanswere
compared by Duncan’s New Multiple Range Test
(DNMRT) at 5 per cent probability level.

RESULTSAND DISCUSSION

Estimation of mean, range, genotypic coefficient
variation (GCV), phenotypic coefficient variation (PCV),
heritability (broad sense), genetic advance (GA) as
percent of mean of the assembl ed genotypeswas pooled
over years and are presented in the table 1. The range
was highest for leaf blade length (27.80-56.45) followed
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by size of bracts(24.53-62.26), number of inflorescence/
plant/year (23.61-98.17), stem length (20.39-49.49),
number of flowers/inflorescence (19.97-76.65) and plant
spread (19.56-30.11) while the lowest range perceived
regarding pigment level viz. anthocyanin (0.30-39.84)
and total chlorophyll (0.68-4.81) of |leaves, days from
first to last flower opening (0.18-48.33), days from
emergenceto mal e phase (0.64-26.63), duration of male
phase (0.82-32.70), days from emergence to female
phase (0.44-26.30) and duration of female phase (0.47-
32.88).

The relative values for two types of coefficient of
variation viz. phenotypic and genotypic gives an idea
about the magnitude of genetic variability present inthe
population. There were narrow differences between
corresponding PCV and GCV values for all characters
under thisstudy, with slightly higher values of theformer
highly influenced by environment. Similar resultswere
obtained by Kumar (2016) in pearl millet, Suhel et al.
(2013) in mung bean and Ravishanker et al. (2013) in
ginger. Hence selection on phenotypic values of these
characterswould be effective. Srinivaset al ., 2012 found
dlightly higher PCV values than GCV values, thus
indicating negligible effect of environmental parameters
on the characters studied in Heliconia sp.

Phenotypic and genotypic coefficients of variation
were estimated based on the coefficient of variation and
these parameters were used to compare the variability
among the ten genotypes. The GCV provides a valid
basis for comparing and accessing the range of genetic
diversity for quantitative characters and PCV measures
the extent of total variance. GCV and PCV are better
indicesfor comparison of characterswith different units
of measurements, than estimates of quantitative variation
like range and variation around mean (Sanjeev et al.,
2010). For anthocyanin content of |eaves combined high
PCV and GCV of 245.997 and 245.983 were obtained.
The difference among the phenotypic variance and
genotypic variance were very low for leaf blade length,
anthocyanin content, stem length, inflorescence length,
number of open bracts, number of inflorescence/plant/
year, number of flowers/inflorescence, days from bud
emergenceto full unfurling of bracts, daysfrom first to
|ast flower opening, daysfrom emergenceto male phase,
duration of male phase, daysfrom emergenceto female
phase (Table 1) indicating the low magnitude of
variability i.e. less effect of environment on the
expression of these characters or less genotype x
environment interactions. Thus, evolution of these
characters has only a limited scope. Whereas plant
height, plant spread, number of shoots/clump, number
of leaves/stem, number of flowering stems/clump, size
of bracts, number of bracts, number of flowers/bract and
duration of female phase manifested moderate to large
differences between phenotypic variance and genotypic
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variance (Table 1), indicating therole of environmentin
expression of thesetraits. So, careful selection may be
practiced for improvement of characters. Akin findings
were also obtained by Airadevi and Archana, 2014. It

Table 1: Genetic variability of Heliconia sp.

thus suggeststhat the selection for any character depends,
not only on the extent of genetic variability but also in
the extent to which it will be transferred from one
generation to the other generation.

Sl.  Characters Grand Range GCV PCV ECV Heritability GA as%
No. mean (%) of mean
1. Plant height (feet) 4.208 1.48-7.43 47.4169 48.0771 7.9404  97.27 96.3373
2. Plantspreading (sg.feet)  3.129 19.56-30.11 17.0227 18.3986 6.9812  85.60 32.4443
3. Leaf blade length (cm) 41.469 27.80-56.45 24.1486 24.2066 1.6742  99.52 49.6270
4 Number of shoots clump? 7.648 6.12-10.08 225019 23.4706 6.6732  91.92 44.4409
5. Number of leavesstem™  5.608 4.30-6.81 125341 155039 9.1251  65.36 20.8743
6. Anthocyanin content of 5273 0.30-39.84 245.983 245997 2.7032  99.99 506.6944
leaves(mg 100? g tissue)
7. Total Chlorophyll content 25.290 0.68-4.81 44.5238 44.6895 3.8453  99.26 91.3789
of leaves (mg g tissue)
8. Number of flowering 4.915 3.69-6.85 17.7338 20.9495 11.1532  71.66 30.9242
stems/clump
9. Stemlength (cm) 36.215 20.39-49.49 30.5195 30.6268 25621  99.30 62.6497
10. Inflorescencelength(cm.) 35.636 16.59-58.40 35.1433 35.1696 1.3589  99.85 72.3411
11.  Number of open bracts 6.549 3.14-13.35 53.1902 53.9841 9.2241  97.08 107.9605
12.  Number of inflorescence/ 45.553 23.61-98.17 50.0001 50.0663 25744  99.74 102.8639
plant/year
13. Sizeof bracts (cm?) 38.918 24.53-62.26 45.8461 30.9083 1.8110 99.66 63.4526
14.  Number of bracts 7.090 3431520 61.0607 45.9587 6.7108  99.51 125.0321
15. Number of flowers/ bract 8.022  5.23-15.42 45.8109 46.0614 4.7973  98.92 94.2114
16. Number of flowers/ 40.660 19.97-76.65 58.3352 58.3816 3.2160 99.84 120.0752
inflorescence
17. Daysfrombud emergence 27.324 16.78-41.02 28.4981 28.6465 2.9122  98.97 58.4020
to full unfurling of bracts
18. Daysfrom 1% tolast 30.509 0.18-48.33 46.0379 46.1494 32062  99.52 94.6090
flower opening
19. Daysfrom bud 16.094 0.64-26.63 49.3567 49.6187 5.0916  98.95 101.1381
emergence to male phase
20. Durationof malephase 22461 0.82-32.70 42.6725 42.8996 4.4084  98.94 87.4399
21. Daysfrom bud 17.187 0.44-26.30 46.4018 46.5686 3.9380  99.28 95.2453
emergence to female phase
22. Duration of femalephase 22.332  0.47-32.88 30.8552 61.4283 2.3257 98.81 93.8573

Note: GCV — Genetic Co-efficient of Variation; PCV- Phenotypic Co-efficient of Variation; ECV- Environmental Co-efficient of

Variation; GA- Genetic Advance

Inthe current study, heritability was high for most of
the parameters under investigation demonstrating these
parameters were less influenced by environmental
impacts. The pooled data was utilized for estimation.
Hence, selection would be more effective for up
gradation of these parameters. Similar results were
obtained by Soorianthasundaram and Nambisan (1991)
and Bichoo et al. (2002) and Bhujabal et al. (2013) in
Gladiolus.

In general, heritability specifiesthe proportion of the
total variability that is dueto genetic causes or theratio
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of genotypic variance to the total variance. It is agood
index of the transmission of characters from parents to
their off spring (Falconer, 1981).

Improvement in the mean genotypic value of best
selected plant over the parental population is known as
genetic advance. It isthe measure of genetic gain under
selection. Heritability and genetic advance areimportant
selection parameters. High heritability coupled with high
genetic advance is important in predicting the genetic
gain under selection than variability estimated alone
(Jhonson et al., 1955). In the present investigation,
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preponderance yield correlated attributes and pigment
intensity (h2%- 99.99% and GAM- 506.69%@
anthocyanin of leaves, h?%- 99.26% and GAM-
91.37%@ total chlorophyll of leaves) exhibited high
heritability coupled with high genetic advance (GA)
(Table1). Thisindicatesthat most likely the heritability
is due to additive gene effect or additive gene action
predominant for controlling such charactersunder study.
Therefore, there is an ample scope for selection in the
variable population. But the character number of leaves/
stemrevealed low heritability coupled withlow GA. The
charactersdaysfromfirst tolast flower opening (Sanjeev
et al., 2010), days from bud emergence to male phase,
duration of male phase, days from bud emergence to
female phase and duration of femal e phaserecorded high
heritability and genetic advance duo. Hence these
features can be considered for further crop improvement
program. Comparable consequences were found by
Janakiram and Rao (1991) in African Marigold for total
flower yield per plant, Misraand Saini (1997) in Dahlia
and Katwate et al. (1990) in Gladiolus.

Greater part of characters under the present study
showed high heritability as per the classification of
Robinson (1965). So selection of phenotypically superior
plants with respect to these features will result in
significant improvement in the next generation.

Phenotypic and genotypic correlations were
computed for all possible paired combinations among
twenty two different charactersover theyears. Genotypic
correlation in general was higher in magnitude (Table
3) than corresponding phenotypic correlation (Table 2),
thusindicating that therewasinherent association among
various characters and phenotypic expressions or
correlation was lessened under the influence of the
environment.

It revealed from the table-2 and 3 that plant height
exhibited positive correlation at both genotypic and
phenotypic levels with all characters except number of
shoots clump? (-0.179 and -0.181), number of leaves
stemr? (-0.030 and 0.032), anthocyanin content (-0.214
and -0.210), number of flowering stemsclump? (-0.226
and -0.198), number of inflorescence plant? year? (-
0.129 and -0.126) and duration of male phase (-0.019
and -0.022). Similar results were obtained by Raghava
et al. (1992) in Chrysanthemum, Mathad et al., (2003)
inMarigold, Misraand Saini (1997) in Dahlia, Barpande
(1990) in Gladiolus and Radhakrishna et al. (2004) in
Tuberose. In contrast, number of inflorescence plant?
year! showed positive correlation (0.104) with plant
height at environmental correlationlevel (Table4). Here,
annual yield of inflorescence wasfound to be positively
correlated with number of leavesstem, total chlorophyll
content of leaves, inflorescence length and number of
open bracts at genotypic and phenotypic levels duo
(Table2, 3). Few floral-biology attributesviz. daysfrom
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first to last flower opening, duration of male phase and
duration of female phase showed negative correlation
with size of bracts at environmental correlation level
(Table4). So, therole of environment in the expression
of these characterslimitsthe chances of inheriting these
characters through breeding. Significant positive
correlation between the parameters at genotypic and
phenotypic level revealed these features are vital for
breeding programme.

The path analysisexhibited (Table5) that theduration
of femal e phase (hereby dependant variable) waslargely
influenced through the largest direct positive effect of
days from bud emergence to full unfurling of bracts
(0.4294), inflorescence length (0.3906), daysfrom first
tolast flower opening (0.2763), number of inflorescence
plant?® year! (0.2108), duration of male phase (0.1711),
leaf blade length (0.1172), size of bracts (0.0757),
number of open bracts (0.0609), plant height (0.0568),
number of leaves stem? (0.0517) and number of
flowering stems/clump (0.0147). Similar trend was
reported by Nazia (2007) in Heliconia sp.

Characters showing negative and direct effect on the
depended character was highest in total chlorophyll
content of leaves (-0.4923), stem length (-0.4404),
anthocyanin content of leaves (-0.4394), number of
bracts (-0.4374), number of flowers inflorescence? (-
0.2636), number of flowersbract? (-0.2201), number of
shoots clump? (-0.0809) and days from emergence to
mal e phase (-0.0387).

It may be depicted from the above results that
sel ection based on characters having highest positive and
direct impacts on the duration of female phase might be
accounted for crop improvement and shaping of potential
genotypes.

Wide variation was observed among the 10 genotypes
of Heliconiafor vegetativeand floral characteristics. The
study revealed that under hot and humid situation
prevailing over West Bengal there was no uniformity in
flowering behavior of different species and varieties.
Hybrid cultivar ‘ Golden Torch’ only flowers profusely
and exhibited perpetual blooming, hence idea for the
landscaping. Significant positive correlation b/w ‘days
fromfirst tolast flower opening’, ‘ daysfrom emergence
tomale’ and ‘female phase’ and ‘ duration of male’ and
‘female phase’ with ‘days from bud emergence to full
unfurling of bracts' at both genotypic and phenotypic
levelsrevealing that these features are vital in breeding
programs. As annual yield of inflorescences are
reasonably an imperative parameter, it has found to be
positively correlated with ‘ number of leaves/stem’, ‘total
chlorophyll content of leaves, ‘inflorescencelength’ and
‘number of open bracts at genotypic and phenotypic
levels duo. It also showcased positive correlation with
plant height at environmental correlation level.
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