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The field experiment was conducted at Research cum Instructional Farm, College of
Agriculture and Research Station, Singarbhat, Kanker, Indira Gandhi Krishi
Vishwavidyalaya, Raipur (Chhattisgarh) during Kharif 2013-14. The experiment was laid
out in Randomized Block Complete Design with four replication, in-situ sixty genotypes
of about 10 year age were selected for investigation, which were found as wild seedling
plants on forest land and rice bunds. Investigation was carried out at Antagarh,
Bhanupratappur, Charama, Durgkondal, Kanker, Koylibeda and Narharpur blocks of
District- Kanker (Chhattisgarh). The treatments comprised of sixty genotypes with
different character viz number of alternate leaf, length of leaf (cm), number of flowers per
branches, days to 50 % maturity, total number of fruits, fruit width (cm), fruit length (cm),
fruit weight (g), length of pedicel (cm), pedicel thickness, length of pericarp (cm), weight
of pericarp (g), seed length (mm), seed width (mm), number of seeds per fruit, seed
weight(g), pulp weight (g), areole weight(g), number of fruits per tree and fruit yield per
plant (kg). Findings of analysis of variance revealed significant mean squares due to
genotypes for all the traits under the study indicated the existence of sufficient genetic
variability for the traits. The highest Genotypic and phenotypic coefficient of variation
(GCV and PCV) estimates were observed for pulp weight, which is followed by areole
weight (51.47% and 51.80) and fruit weight (44.70% and 45.10). The highest Genetic
advance was observed for fruit weight (212.64) followed by pulp weight (122.27), areole
weight (82.55). High heritability coupled with high genetic advance was found for was
recorded for the character pulp weight, followed by areole weight, fruit weight and weight
of pericarp. Rest of the traits exhibited medium to low genetic advance coupled with high
to low heritability indicated the role of non-additive genetic variance in their expression.

Introduction

Custard apple (Annona squamosa L.), also
known as Sitaphal or Sharifa is an important
dryland fruit crop in India and belongs to
family ‘Annonaceae’ having chromosome
number 2n = 14. The fruit tree belongs to

tropical climate and is native of tropical
America and surrounding regions. Annona
means year’s harvest and squamosa means
scaly referring to the scale like structure of the
fruit surface. Custard apple tree has been
naturalized in the Deccan plateau due to its
hardy nature and hence, it is an important
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dryland fruit crop. It is cultivated in
Maharashtra, Gujarat, Madhya Pradesh,
Andhra Pradesh, Chhattisgarh, Karnataka,
Bihar, Orissa, Assam and Tamil Nadu.
Besides India, it is common in China,
Phillippines, Egypt and Central Africa. In
India, it is presently grown in an area of about
29.87 thousand hectares with a production of
228.37 metric tones and the average
productivity is 765 g/ha and it ranges from
673 g/ha in Andhra Pradesh to 685 g/ha in
Maharashtra (2014-15). Chhattisgarh and
Maharashtra occupies 55.74 per cent of the
total area in the country. Whereas Gujarat
covered 5.34 thousand hectare and the average
productivity is 768 g/ha (Chandra, 2010).
Chhattisgarh, state of India occupies an area of
approximately 7.99 thousand hectare with an
annual production of 39.73 metric tones
having the productivity of 497.25 g/ha under
custard apple. In the range of forest scattered
across Jagdalpur, Beejapur, Dantewada,
Kanker, Dhamtari, Rajnandgaon, Durg,
Jashpur, Surguja and Bilaspur districts, only
Kanker district is blessed with natural
biodiversity of the custard apple. Its wild land
races are found distributed all along as a
natural stand over an area of about 7.20
thousand hectare with an annual production of
35.60 metric tones having the productivity of
494.45 g/ha (Anonymous, 2013). The edible
portion or pulp is creamy or custard like,
granular, with a good blend of sweetness,
possessing pleasant flavor and mild aroma
have a universal liking, being rich in
carbohydrates 23.0 g per100 g fruits. The fruit
is reported to have moisture 70.5 g, protein 1.6
g, fat 0.4 g, minerals 0.9 g, fiber 3.1 g,
calcium 17.0 mg, phosphorous 47.1 mg, iron
1.5 mg, thiamine 0.07 mg, riboflavin 0.17 mg,
niacin 1.30 mg, Vitamin C 37.0 mg and
energy 104Kcal Gopalan et al., (1987) and
Singh, (1995). The evolution of custard apple
through natural and human selection in diverse
elevation zones and under different cropping
systems with involvement of honey bees being

the carrier of cross pollination has resulted in a
wide variety of locally adapted landraces.
These landraces have evolved over years to fit
into local cropping patterns and diverse end
uses and represent a wide range of patterns of
crop diversity. The knowledge of patterns of
genetic variation of a crop species in any
given region or country is very important for
planning future germplasm exploration
missions and thereafter it’s efficient utilization
in crop improvement programme. Assessment
of genetic variability for vyield and its
components is useful to predict the extent of
improvement possible for fruits yield and
other important characters. The heritability
estimates and genetic advance proved to be
the important parameters for isolating the
desirable genotypes. Heritability provides
information on contribution of genotypic
variance to the corresponding phenotypic
variance while, genetic advance reflects
genetic architecture of any population. High
genetic advance associated with high
heritability gives an idea of true heritable traits
for better plant selection during breeding
programme.

Materials and Methods

An experiment comprised of 60 genotype
accessions (Table 1) was conducted at 10
years In-situ plantation at Northern Bastar,
Research cum Instructional Farm College of
Agriculture and Research Station, Singarbhat,
Kanker, Indira Gandhi Krishi
Vishwavidyalaya, = Raipur  (Chhattisgarh)
during Kharif 2013-14. The experiment was
laid out in Randomized Complete Block
Design (RCBD) with four replications
recommended package of practices were
applied to raise the normal crop. Observations
were recorded on one randomly selected
competitive plants from each genotype, in
each replication on 20 characters viz., number
of alternate leaf, length of leaf (cm), number
of flowers per branch, days to 50 % maturity,
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total number of fruits, fruit width (cm), fruit
length (cm), fruit weight (g), length of pedicel
(cm), pedicel thickness, length of pericarp
(cm), weight of pericarp (g), seed length
(mm), seed width (mm), number of seeds per
fruit, seed weight (g), pulp weight (g), areole
weight (g), number of fruits per tree and fruit
yield per plant (kg). The statistical analysis for
genetic variability was done as per the method
given by Burton (1952). Heritability in broad
sense (Hanson et al., 1956) and genetic
advance (Johnson et al., 1955) were
calculated.

Results and Discussion
Analysis of variance

The Analysis of variance (ANOVA) worked
out for guantitative traits with respect to fruit
yield and its components in custard apple
indicated that the mean sum of squares due to
genotypes were highly significant for all the
characters. This is an indication of existence
of sufficient variability for the traits (Table 2).

Genetic variability parameters

Genetic parameters of variation for fruit yield
and its components in custard apple are
presented in table 3. The measurement of
existing variability in genetic material has
been the basic requirement of a breeding
programme. In the present investigation, a
wide range of variability was observed for
nearly all the traits viz., number of alternate
leaf, length of leaf, number of flowers per
branch, days to 50 % maturity, seed length,
seed width, number of seeds per fruit, fruit
yield per plant, weight of pulp, weight of
areole, number of fruits per tree and weight of
seed in total gene pool, indicating the
existence of sufficient variability among the
genotypes for the quantitative traits. These
findings are in general agreement with the
findings of Saulo et al., (2006), Keny and

Paulo (2009), Paulo et al.,
Bhatnagar et al., (2012).

(2009) and

Genotypic and phenotypic coefficient of
variation

The genotypic and phenotypic coefficients of
variation for quantitative traits have been
computed by 2013-14 and presented in Table
3. Genotypic and phenotypic coefficients of
variation are simple measures of variability;
these measures are commonly used for the
assessment of variability. The relative values
of these types of coefficient gives an idea
about the magnitude of variability present in a
genetic population. Thus, the components of
variation such as genotypic coefficient of
variation (GCV) and phenotypic coefficient of
variation (PCV) were computed. The
phenotypic coefficients of variation were
marginally higher than the corresponding
genotypic coefficients of variation indicated
the influence of environment in the expression
of the characters under study. Genotypic
coefficient of variation (GCV) and phenotypic
coefficient of variation (PCV) are categorized
as low (less than 10%), moderate (10-20%)
and high (more than 20%) as suggested by
Sivasubramanium and Madhavamenon (1973).

The highest (GCV 52.16%) and PCV 52.46)
was observed for pulp weight, which is
followed by areole weight (51.47% and
51.80), fruit weight (44.70% and 45.10),
length of pedicel (30.67 % and 31.27%),
pedicel thickness (29.61% and 30.16%),
weight of pericarp (29.60% and 30.22%),
length of pericarp (29.29% and 29.61%), total
number of fruits per plant (23.08% and 24.35)
and fruit width (20.19% and 21.07%). The
moderate GCV and PCV were observed for
fruit yield per plant (16.13% and 17.04%)
which is followed by number of flower per
branches (10.71% and 12.31%), length of leaf
(10.59% and 14.88%) and seed length
(10.37% and 20.08%). Rest of the traits
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exhibited low GCV and PCV estimates. The
results on genotypic and phenotypic
coefficient of variation clearly indicated that
the phenotypic coefficients of variation in
general were slightly higher than the
genotypic coefficients of variation for all the
characters indicating the substantial influence
of environment in the expression of the
characters the character high GCV and PCV
was observed pulp weight, areole weight and
fruit weight GCV and PCV. The moderate
GCV and PCV were observed for fruit yield
per plant and number of flower per branches.
The GCV and PCV were low for the
characters viz., days to 50% maturity, fruits
per tree, number of seeds per fruit and number
of alternate leaf. These findings are in general
agreement with the findings of Jagtap and
Kokate (1991), George et al., (1999),
Carvalho et al., (2000) and Wang et al.,
(2001).

Heritability and genetic advance

Heritability governs the resemblance between
parents and their progeny, whereas, the
genetic advance provides the knowledge about
expected gain for a particular character after
selection. Heritability suggests the relative
role of genetic factors in expression of
phenotypes and also acts as an index of
transmissibility of a particular trait to its off
springs. However, the knowledge of
heritability alone does not help in formulating
concrete  breeding programme,  genetic
advance along with heritability helps to
ascertain the possible genetic control for any
particular trait. The nature and extent of the
inherent ability of a genotype for a character is
an important parameter determining the extent
of improvement of any field and fruit crop
species. Heritability and genetic advance are
the important genetic parameters for selecting
a genotype that permit greater effectiveness of
selection by separating out environmental
influence from total variability.

Heritability estimates along with genetic
advance are normally more wuseful in
predicting the gain under selection than that of
heritability alone. However, it is not necessary
that a character showing high heritability will
also exhibit high genetic advance (Johnson et
al., 1955). An attempt has been made in the
present investigation to estimate heritability in
broad sense and categorized as low (<50%),
moderate (50-70%) and high (>70%) as
suggested by Robinson (1966).

and its

Heritability for fruit

components

yield

The data computed from 2013-14 observation
on heritability for quantitative traits have been
presented in Table 3. In present investigation,
the highest heritability estimate was recorded
for the character pulp weight (99.00%), areole
weight (99.00%), fruit weight (98.00%),
length of pericarp (98.00%), weight of
pericarp (96.00%), length of pedicel (96.00%),
pedicel thickness (96.00%), fruit width
(92.00%), total number of fruits per plant
(90.00%), fruit yield per plant (90.00%), fruit
length (88.00%), number of flowers per
branch (76.00%) and seed length (76.00%).

The moderate heritability was observed for the
character seed weight (67.00%), number of
fruits per tree (65.00%), number of seeds per
fruit (62.00%) and seed width (62.00%) and
length of leaf (51.00%). Rest of the traits
exhibited low heritability estimates. These
findings are in general agreement with the
findings of Carvalho et al., (2000) and Wang
et al., (2001).

Genetic advance

The genetic advance for computed from have
been presented in Table 3. The magnitude of
genetic advance was categorized as high (>
20%), moderate (10% - 20%) and low (<
10%).
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The highest genetic advance was observed for  The moderate genetic advance was not
fruit weight (212.64) followed by pulp weight  observed for the character, rest of the traits
(122.27), areole weight (82.55), number of showed low genetic advance by George et al.,
fruits per tree (34.84), fruit yield per plant (1999).

(35.81) and number of alternate leaf (24.58).

Table.1 The list of experimental material used for genetic variability analysis in custard apple

| S.No._ | Name of Genotypes | S. No. [ Name of Genotypes |
IGCA-1 IGCA-31
IGCA-2 32 IGCA-32
IGCA-3 33 IGCA-33
IGCA-4 34 IGCA-34
IGCA-5 35 IGCA-35
i IGcA-6 36 IGCA-36
IGCA-7 37 IGCA-37
g IGcA-8 38 IGCA-38
JIGCA-9 39 IGCA-39
IGCA-10 40 IGCA-40
IGCA-11 41 IGCA-41
IGCA-12 42 IGCA-42
IGCA-13 44 IGCA-43
IGCA-14 44 IGCA-44
IGCA-15 45 IGCA-45
IGCA-16 46 IGCA-46
IGCA-17 47 IGCA-47
IGCA-18 48 IGCA-48
IGCA-19 49 IGCA-49
IGCA-20 50 IGCA-50
IGCA-21 51 IGCA-51
IGCA-22 52 IGCA-52
IGCA-23 53 IGCA-53
IGCA-24 54 IGCA-54
IGCA-25 55 IGCA-55
IGCA-26 56 IGCA-56
IGCA-27 57 IGCA-57
IGCA-28 58 IGCA-58
IGCA-29 59 IGCA-59
IGCA-30 60 IGCA-60
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Table.2 Analysis of variance for quantitative traits of fruit yield and its components in custard apple during the year 2013-14

Source of | d.f. Mean Sum of Squares
Variation
1 2 3 4 5 6 7 8 9 10

No. of Length No. of Daysto  Total No. Fruit Fruit Fruit Weight ~ Length Pedicel
Alternate of Leaf Flowers 50 % of Fruits Width Length (9) of Thickness
Leaf (cm) Per Maturity (cm) (cm) Pedicel
Branch (cm)

Replication PRz Re iy 1.1402 9.5444 20.9500 0.1333 0.2275 0.9158 104.9708 0.0592 5.6500
il 59 8179.1841**  1.5170**  69.6565** 63.9862** 83.6768** 1.7590** 10.4101** 45424.8906** 1.6904** 94.4658**

Error 177 486.7686 0.3210 4.1716 42.6280 1.4384 0.1164 0.3450 193.4737 0.0326 2.2573
Total 239
Source of | d.f. Mean Sum of Squares
Variation
11 12 13 14 15 16 17 18 19 20
Length  Weight Seed Seed No. of Seed Pulp Weight Areole No. of Fruit Yield/
of of Length Width Seeds/ Weight(g) (9) Weight(g)  Fruits/ Tree Plant (kg)
Pericarp  Pericarp (mm) (mm) Fruit
(cm) (9)
Replication el pRLtt] 0.1495 1.1611 0.9486 4.1889 13.1081 58.1511 38.2642 415.0278 56.1794
el 59 1.4461*%*  4.5969** 31.4150** 3.0008** 29.0751** 822.5460** 14300.2822** 6453.8711** 1752.9929** 1315.5424**
Error 177 0.0149 0.0614 1.7798 0.4232 3.1465 7.4679 43.3687 23.6971 236.4402 35.7307

Total 239
**Significant at 5% probability level, *Significant at 1% probability level
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Table.3 Genetic parameters of variation for fruit yield and its components in custard apple for
quantitative traits

g o | = | e | 5 | 22
Characters GCV PCV Heritability advance advance as
Min. Max. (%) % of mean
No. of Alternate Leaf 320,75 23675 359.00 7.31 1438  26.00 2458 7.66
Length of Leaf (cm) 6.77 5.18 8.15 10.59 1488  51.00 1.05 15.52
Flowers Per branches 29.67 2525  42.00 10.71 1231  76.00 5.69 19.18
Days to 50 % maturity 11545  106.00 12400 2.67 476 31.00 3.56 3.09
Total No. of fruits/ plant 17.96 11.00  32.00 23.08 2435  90.00 8.10 45.07
[0 Fruit width (cm) 3.38 2.35 4.70 20.19 21.07  92.00 1.35 39.87
Fruit length (cm) 9.50 5.43 12.52 16.88  17.95  88.00 3.11 3271
[ Fruit weight (g) 23302 15425 570.00 44.70 45.10 98.00 212.64 91.25
[ Length of pedicel (cm) 2.26 1.15 3.63 3067 3127  96.00 1.40 61.95
Pedicel thickness (mm) 16.45 11.25 25.75 29.61 30.16 96.00 9.85 59.87
Length of pericarp(cm) 2.01 1.35 3.35 29.29 2961  98.00 1.20 59.69
Weight of pericarp (g) 3.45 2.28 5.85 29.60 30.22 96.00 2.06 59.71
Seed length (mm) 20.50 15.50 24.00 10.37 12.08  74.00 3.76 18.34
Seed width (mm) 7.70 5.50 8.75 9.00 11.44 62.00 1.12 1457
Number of seeds/ fruit 31.55 2575 3550 6.94 8.78 62.00 3.56 11.29
Seed weight (g) 32.47 2388 3555 9.05 11.06  67.00 4.96 15.26
Pulp weight (g) 114.46 72.29 302.10 52.16 52.46 99.00 122.27 106.82
Areole weight (g) 78.36 47.46 20520 5147 51.80 99.00 82.55 105.35
Number of fruits/ tree 305.63 28475 376.00 6.86 8.51 65.00 34.84 11.40
Fruit yield/ plant (kg) 113.89 10125 152.25 16.13  17.04  90.00 35.81 31.44

Genetic advance as percentage of mean

The data of genetic advance as percentage of
mean for observation are presented in Table 3.
Among 20 characters studied, the highest genetic
advance as percentage of mean was observed for
pulp weight (106.82), followed by areole weight
(105.35), fruit weight (91.25), length of pedicel
(61.95), pedicel thickness (59.87), weight of
pericarp (59.71), length of pericarp (59.69), total
number of fruits per plant (45.07), fruit width
(39.87), fruit length (32.71), fruit yield per plant
(31.11), number of flowers per branches (19.18),
seed length (18.34), length of leaf (15.52), seed
weight (15.26), seed width (14.57), number of
fruits per tree (11.40), number of seeds per fruit
(11.29), number of alternate leaf (7.66) and days
to 50% maturity (3.09). Similar results have also
been reported by Keny and Paulo (2009), Paulo et
al., (2009) and Bhatnagar et al., (2012).

The highest genetic advance was observed for
fruit weight (212.64) followed by pulp weight
(122.27), areole weight (82.55), number of fruits
per tree (34.84), fruit yield per plant (35.81) and
number of alternate leaf (24.58). The moderate
genetic advance was not observed for the

character, rest of the traits showed low genetic
advance by George et al., (1999).

Genetic advance as percentage of mean

The data of genetic advance as percentage of
mean for observation are presented in Table 3.
Among 20 characters studied, the highest genetic
advance as percentage of mean was observed for
pulp weight (106.82), followed by areole weight
(105.35), fruit weight (91.25), length of pedicel
(61.95), pedicel thickness (59.87), weight of
pericarp (59.71), length of pericarp (59.69), total
number of fruits per plant (45.07), fruit width
(39.87), fruit length (32.71), fruit yield per plant
(31.11), number of flowers per branches (19.18),
seed length (18.34), length of leaf (15.52), seed
weight (15.26), seed width (14.57), number of
fruits per tree (11.40), number of seeds per fruit
(11.29), number of alternate leaf (7.66) and days
to 50% maturity (3.09) Similar results have also
been reported by Keny and Paulo (2009), Paulo et
al., (2009) and Bhatnagar et al., (2012).

In the present investigation, high heritability
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coupled with high genetic advance as percentage
of mean was found for pulp weight, followed by
areole weight, fruit weight, weight of pericarp,
pedicel thickness, length of pericarp and length of
pedicel, which indicated the predominance of
additive gene action in the expression of these
characters which could be utilized through
selection for improvement in these characters.
Rest of the traits showed high to moderate
heritability estimates coupled with moderate to
low genetic advance as percentage of mean
indicated the role of non- additive genetic
variance in their expression Similar results have
also been reported by Islam et al., (1991), Jagtap
and Kokate (1991), George et al., (1999),
Carvalho et al., (2000), Wang et al., (2001) and
Saulo et al., (2006).
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