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Assessment of phenotypic variability, its heritable components and
character association in pomegranate (Punica granatum) genotypes

DINESH SINGH?, NIRMAL SHARMA? and K KUMAR3

Dr Y SParmar University of Horticulture and Forestry, Nauni, Solan, Himachal Pradesh 173 230

Received: 4 December 2009; Accepted: 14 May 2010

ABSTRACT

A study was conducted during 2007 and 2008 among 16 pomegranate (Punica granatum L.) genotypes to estimate
the genetic variability in respect of various quantitative and qualitative traits and their association with each other. Wide
range of phenotypic variability and genotypic variability was observed in aimost all the tree and fruit characters,
particularly plant height, plant spread, plant volume, fruit weight, aril size, aril content, TSS, acidity, sugar content and
yield/plant. High variability exists for fruit yield-contributing traits, offering opportunity for improvement through
selection. Individual plant selection for yield, aril percentage, fruit weight, number of arilsand aril : rind ratio would be
satisfactorily effective in pomegranate as these characters exhibited high heritability aswell as high genetic advance.
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Pomegranate (Punica granatumL.) is an important fruit
of tropical and subtropical regions of the world and has
originated in Persia, Afganistan and Baluchistan (De
Candolle 1967). In India, its cultivation is scattered all over
the country especially in Maharashtra, Rajasthan, Gujarat,
Karnatakaand AndhraPradesh. Pomegranate fruits have high
nutritive and therapeutic val ue, excellent keeping quality and
high market demand. Therefore, its cultivation is most
lucrative and remunerative. In India, pomegranate cultivation
is dependent upon the seedling selections from open
pollinated varietiesand few hybrids. Though the pomegranate
improvement work started as early as 1905 but it took long
time to start with concentrated efforts on genetic
improvement and still exploration for abetter cultivarisgoing
on, asmost of the commercial cultivarslack one or the other
desirabletraits. The assessment of variability isthefirst step
in any breeding programme and the progress depends on the
extent of genetic variability present in various biometric
characters in the gene pool. But few reports are available
pertaining to the extent of variability in pomegranate on
various quantitative characters. Since, most of the plant
characters of economic importance are polygenic in nature
and are highly influenced by environmental fluctuations,
therefore, it is difficult to judge whether the observed
variability isdueto environment or geneticsof anindividual.
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This suggests the imperative need of partitioning the
phenotypic variation into its heritable and non-heritable
components. For asuccessful hybridization programmewith
efficient utilization of the resources, knowledge of association
of different charactersis the most useful prerequisite. This
will help to screen the progeny at early stage which is
substantially large in case of pomegranate. The present
studies were therefore undertaken to estimate the genetic
variability in respect of various quantitative and qualitative
traits with the hope that such information may be useful for
further crop improvement programmes.

MATERIALS AND METHODS

A study was undertaken at the experimental farm of the
Department of Fruit Breeding and Genetic Resources,
Dr Y S Parmar University of Horticulture and Forestry,
Nauni, Solan, Himachal Pradesh during 2007 and 2008. Three
replicates of 16 pomegranate genotypes, viz ‘Anar Shirin
MuhammadAli’, ‘Bush Dwarf’, ‘Bush Large’, ‘ Ganesh', ‘ G-
137", ‘Alok’, ‘Suni Bedana’, ‘China Seedling’, ‘Muskat
White', ‘Gula Shah’, ‘Mridula’, ‘Chawla’, ‘ Jodhpur Red’,
‘Kandhari Hansi’, ‘PS 75-K-5" and ‘Afghan Kandhari’
consisted of the base material for the present study. Detailed
observations were recorded for 20 tree and fruit characters,
viz plant height (m), plant spread (m), plant volume (md),
average stem girth (cm), fruit weight (g), fruit length (cm),
fruit diameter (cm), rind thickness (cm), number of arils,
aril percentage (%), aril rind ratio, aril length (cm), aril
breadth (cm), 100 aril weight (g), Juice per cent (%), TSS
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(°B), acidity (%), reducing sugar (%) and non-reducing sugar
(%) as per the standard procedures suggested by Ranganna
(1986). The datawere statistically analyzed for each character
by analysis of variance as suggested by Panse and Sukhatme
(1961) from which different variance components estimated.
Heritability estimates (broad sense) were computed by the
formula suggested by Hanson et al. (1956). The coefficients
of genetic variation were estimated by the methods described
by Burton (1952). The expected genetic advance resulting
from selection of top 5% individuals from the population
was computed by the formula suggested by Johnson et al.
(1955) and the genetic gain was expressed as per cent of
genetic advance over the population mean. Co-relationship
of the characters was worked out as described by Panse and
Sukhatme (1961) and the direct and indirect effects of
independent traits on fruit yield/plant was estimated by the
method of Dewey and Lu (1959).

RESULTS AND DISCUSSION

Assessment of the phenotypic variability isaprerequisite
of any breeding programme asto sel ect desirabl e genotypes.
A wide range of phenotypic variability was observed in
almost al the characters studied particularly plant height,
plant spread, plant volume, fruit weight, aril size, aril per
cent, TSS, acidity, sugar content and yield. Analysis of
variance (Table 1) revealed significant varietal differences
for al the 16 characters. The estimates of rangein variation,
average mean performance, genotypic and phenotypic

Table 1 Analysis of variance for tree and fruit characters

Character Mean squares
Replication ~ Treatment Error
d.f. 2 15 30
Plant height (m) 0.02 1.158* 0.05
Plant spread (m) 0.086 1.10* 0.19
Plant volume (m3) 15.46 29.76* 8.13
Average stem girth (mm)  13.78 290.32* 4.87
Fruit weight () 501.75 25991.0* 58.28
Fruit length (cm) 7.06 13.21* 6.15
Yield (kg/plant) 29.68 106.77* 12.78
Fruit diameter (cm) 1.98 9.23* 1.82
Rind thickness (cm) 0.01 0.02* 0.002
Number of arils 429.02 83942. 2* 9.30
Aril content (%) 15.52 636.71* 11.45
Aril :rind ratio 0.11 0.80* 0.05
Aril length (cm) 0.06 0.10* 0.06
Aril breadth (cm) 0.04 0.03* 0.013
100 aril weight (g) 6.20 91.22* 0.53
Juice percentage 22.34 311.56* 20.43
TSS(°B) 244 6.37* 1.25
Acidity (%) 0.39 0.47* 0.32
Reducing sugars (%) 3.46 23.73* 1.69
Non-reducing sugars (%) 0.88 1.70* 0.57

*P=0.05
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coefficients of variation, heritability. Genetic advance and
genetic gain are presented in Table 2. The genotypic
coefficient of variability measures and compares the range
of genetic variability present in various characters. Maximum
variation was observed in yield/plant, followed by fruit
weight, acidity, non-reducing sugars, number of arils, aril :
rind ratio, plant spread, reducing sugars, plant height and
plant volume both at phenotypic and genotypic levels. The
genotypic coefficient of variation ranged from 5.51%in TSS
to 71.98% for fruit yield/plant and characters, such as plant
spread, number of arils, aril : rind ratio, acidity, reducing
sugars and non-reducing sugars showed comparatively high
genotypic coefficient of of variation, whereas the remaining
characters exhibited low to medium genotypic coefficient
of variation (Table 2). Similarly, Prasad and Bankar (2000)
recorded considerable phenotypic variability in characters
like plant height, plant spread, fruits/plant, fruit weight, fruit
size, aril content, acidity and sugar contents while studying
different pomegranate genotypes. In the present study, in
general the estimates of phenotypic coefficient of variation
(PCV) were higher than genotypic coefficient of variation
(GCV) in al the characters. The highest estimates of PCV
and GCV were shown by the character yield/plant and the
estimateswere moderate for theyield-contributing characters,
ie fruit weight, fruit length, number of arils, aril percentage
and fruit diameter. Thus it may be concluded that high
variability exists for fruit yield-contributing traits, offering
opportunity for improvement through selection. The results
are in consonance with the findings of Samadia and Pareek
(2006).

Asitisnot possible to authenticate the heritable amount
of variation with the help of genotypic coefficient of
variation, it was further assessed with the hel p of heritability
(broad sense) estimates. Heritability ranged from 43.91
(average stem girth) to 94.30% (acidity). The highest
heritability estimate was observed for acidity (94.30%),
followed by 93.21% (fruit weight), 91.50% (number of arils)
and 91.05% (yield/plant). Low to moderate heritability was
observed for plant height (74.21%), plant volume (70.58%),
fruit length (62.05%), fruit diameter (69.82%), rind thickness
(55.72%), aril length (65.21%), TSS (52.70%), reducing
sugars (80.40%) and non-reducing sugars (61.85%). Mishra
et al. (1983) reported 34.89t0 96.81% heritability in different
biometric traits of pomegranate. The high estimates of
heritability are helpful asit enables the breeders to base the
selection programme on phenotypic performance. Earlier
Samadia and Pareek (2006) suggested that heritability
estimates in conjunction with genetic advance are usually
more helpful in predicting its resultant effect from selecting
the bestindividuals. Heritability in broad sense, asit includes
both additive aswell as epistatic gene effectsshall bereliable
only if accompanied by high genetic advance (Singh et al.
2009)). In the present study, genetic advance expressed in
percentage of mean ranged from 0.11% in rind thicknessand
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Table 2 Estimates of range, mean, phenotypic coefficient of variation, genotypic coefficient of variation, heritability, genetic advance
and genetic gain in different pomegranate genotypes

Character Range Mean Coefficient of variation (%) Heritability Genetic  Genetic gain
Phenotypic Genotypic (%) advance (%)
Plant height (m) 1.60-3.33 2.37 25.52 18.94 74.21 1.44 21.96
Plant spread (m) 1.02-2.20 157 35.20 28.97 82.29 0.24 15.29
Plant volume (md) 0.16 — 15.65 6.93 38.75 27.35 70.58 191 27.56
Average stem girth (mm)  11.28-43.5 31.65 30.82 13.53 43.91 4.70 14.85
Fruit weight (g) 104.67 —465.33 214.92 43.26 40.32 93.21 82.71 38.48
Fruit length (cm) 5.14-9.63 7.14 21.48 13.33 62.05 3.76 52.66
Yield (kg/plant) 1.84—-24.60 7.08 79.06 71.98 91.05 8.20 115.82
Fruit diameter (cm) 5.62-9.88 7.31 21.49 15.00 69.82 3.44 47.06
Rind thickness (cm) 0.16-0.45 0.29 27.55 15.35 55.72 0.11 37.93
Number of arils 280-719 466.96 35.82 32.78 91.50 42.09 9.01
Aril content (%) 35.87-71.96 60.94 23.69 20.86 88.07 30.55 50.13
Aril: rind ratio 1.42-2.28 174 28.78 23.73 82.46 0.62 35.63
Aril length (cm) 0.95-1.16 0.99 12.64 8.24 65.21 0.28 28.28
Aril breadth (cm) 0.58-0.80 0.65 10.89 9.12 83.77 0.11 16.92
100 aril weight (g) 19.72 - 40.68 29.56 18.60 8.20 44.10 11.23 37.99
Juice percentage 59.67 — 75.67 68.84 14.31 9.91 69.26 10.32 14.99
TSS(°B) 10.10-14.13 12.50 10.45 5.51 52.70 1.40 11.20
Acidity (%) 0.16-1.13 0.56 38.92 36.70 94.30 0.28 50.00
Reducing sugars (%) 7.95-10.28 8.76 30.94 24.88 80.40 2.61 29.79
Non-reducing sugars (%) 0.87—-2.85 153 40.13 24.82 61.85 0.32 20.92

aril breadth to 82.71% in fruit weight. Mishra et al. (1983)
reported 7.14-59.26% genetic advancein different biometric
traits of pomegranate. High heritability was associated with
high genetic advance for most of the characters. Fruit weight,
yield/plant, number arils, aril content, aril: rind ratio, acidity
and reducing sugars had high heritability along with high
genetic advance which indicated that high heritability
obtained for these characters was probably due to additive
gene effects (Panse and Sukhatme 1961). While studying
the phenotypic and genotypic variability among different
pomegranate genotypes, Samadia and Pareek (2006) also
concluded that characters, viz fruit weight, acidity, fruits/
plant, arils/fruit and yield possessed high heritability along
with high genetic advance. Other characters exhibited
comparatively lower heritability and/or low genetic advance,
indicating that dominance or epistatic effects are of
considerable value for these characters and hence little
improvement in these charactersis possible through selection
(Panse 1957). Genetic advance as percentage of mean
(genetic gain) was very high for yield/plant (115.82%),
followed by fruit length (52.66%), aril percentage (50.13%),
acidity (50.00%), fruit diameter (47.06%), fruit weight
(38.48%), 100 aril weight (37.99%), rind thickness (37.93%)
and aril: rind ratio (35.63%). Thus, individual plant selection
for yield/plant, aril percentage, fruit weight, number of arils,
aril: rind ratio and acidity may be effective to aconsiderable
extent in pomegranate as these characters exhibit high
heritability as well as high genetic advance. Samadia and
Pareek (2006) also reported high estimates of GCV,

heritability and genetic advance for number of arils, aril
weight, fruit weight, number of fruits/plant and yield/plant
and suggested that improvement in these characters could
be brought about by selection.

Correlation: For a successful hybridization programme
with efficient utilization of the resources, knowledge of
association of commercially important traitsis of most useful
pre-requisite. Thishelpsin screening the progeny at an early
stage, whichissubstantially large asin case of pomegranate.
Genotypic correlation coefficientsin general were higher than
the corresponding phenotypic correlation coefficients
(Table 3) implying inherent association among different
characters and lower values of phenotypic coefficients,
indicating the environmental influence lowering the value
of genotypic correlation (Samadia and Pareek 2006). Plant
height was positively and significantly correlated with plant
volume but exhibited no significant co-relationship in either
way with yield characteristics but plant spread was found to
be positively correlated with yield and number of characters.
Similarly, Meenaet al. (2009) also observed no correlation
of plant height with plant volume and yield. However plant
spread was positively and significantly correlated with plant
volume, fruit weight, fruit length, fruit diameter, fruit yield,
fruit diameter, number of arils, aril percentage and 100-aril
weight, thus, emphasis needsto be given on this character in
selection of parents and progeny screening. Plant volume
was positively and significantly associated with plant height,
plant spread, fruit weight, fruit length, fruit diameter, yield/
plant, aril length and aril breadth (yield attributes). Fruit yield/
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Table 4 Direct (in diagonal) and indirect (others) effects of various tree and fruit characters on yield/plant in different pomegranate genotypes
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ESTIMATION OF GENETIC VARIABILITY IN POMEGRANATE

X1, Plant height; X2, plant spread; X3, plant volume; X4, average stem girth; X5, fruit weight; X6, fruit length; X7, fruit diameter; X8, rind thickness; X9, number of arils; X10, aril content; X11,
:rind ratio; X212, aril length; X13, aril breadth; X14, 100 aril weight; X 15, juice percentage; X16, TSS; X17, acidity; X 18, reducing sugars, X 19, non-reducing sugars

Italic figures represent direct effects
aril

Residual effects: 0.0136
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plant was positively and significantly correlated with plant
spread, plant volume, fruit length, fruit weight, fruit diameter,
number of arils, aril content, aril : rind ratio and 100 aril
weight. Thus, these characters are most important yield
contributing components and yield could be improved
through selection based on these characters. Fruit weight was
positively and significantly associated with plant spread,
plant volume, fruit length, fruit diameter, number of arils,
aril content, aril length, aril breadth, 100 aril weight and juice
percentage whereasit was negatively correlated with acidity.
Similar trend of characters association was observed by
Samadia and Pareek (2006) between yield-contributing
componentsin pomegranate. Juice percentage was positively
correlated with plant volume, yield, fruit diameter, aril : rind
ratio, aril percentage and aril length, but was negatively
correlated with TSS, acidity and aril percentage, aril
percentagein turn was positively correlated with fruit weight,
fruit length, yield, fruit diameter, number of arils, aril: rind
ratio, aril length, aril breadth, 100 aril weight and juice
percentage. These results are in consonance with those
reported by Samadia and Pareek (2006). Thus, it may be
concluded that characters such as plant spread, plant volume,
fruit length, fruit weight, fruit diameter, number of arils, aril
content, aril : rind ratio and 100 aril weight deserve due
attention while deciding selection strategy for improvement
of pomegranate.

Path analysis. For path analysis, 19 different treeand fruit
characters were considered as variables and fruit yield/plant
was taken as a dependent variable. The direct and indirect
effects of different characters were worked out and are
presented in Table 4. Plant height, plant spread, plant volume,
fruit weight, aril : rind ratio and aril content were positively
associated with fruit yield. The procedure provides
information about the cause and effect situation and helpsin
understanding the cause of relationship between variables.
Thedirect and indirect effects of different characterson plant
yield have been studied by different workers on different
fruit cropslike pecan nut (Kaushal 2000) and walnut (Singh
et al. 2009).
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