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ABSTRACT

The present study was carried out for genetic variability and correlation studies for morphological and biochemical 
traits of Annona genotypes. The maximum plant height (4.35 m), fresh fruit weight (FFW) (346.66 g), fruit length 
(8.11 cm) and pulp weight (237.76) were observed in the genotype No.1. Similarly in Arka Sahan, the highest total 
soluble sugars (TSS) (27.170 B) and total sugars (26.13%) were recorded. Most of the traits exhibited a heritability of 
more than 50% depicting their higher heritability. The highest values for phenotypic coefficient of variation (PCV) and 
genotypic coefficient of variation (GCV) were observed for traits like fruit weight, fruit diameter, pulp weight, rind 
weight, seed weight, number of seeds and seed percentage (SPER). Biochemical traits like TSS (6.860B), reducing 
sugar (5.14%) showed the lowest GCV values. The highest genetic advance as per cent mean (GAM) was found 
for fruit diameter (167.19%) followed by pulp weight (129.28 g), number of fruits/plant (124.52) and FFW (96.09 
g). The highest GAM for biochemical traits was exhibited by titratable acidity (TA) (73.21%).Pearson correlation 
matrix revealed that plant height, fruit diameter, number of seeds/fruit exhibited positive correlation with fruit weight. 
However, seed weight, TSS, total sugars, number of fruits/plant parameters were negatively correlated to plant height. 
Based on the desirable fruit characters, viz. high pulp percentage, low SPER with minimum number of seeds, the 
genotypes No. 1, Island Gem, No. 2 Arka Sahan and Balanagar found highly promising genotypes.
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Annona belongs to the family Annonaceae, it is one 
of the largest living families of primitive angiosperms of 
Magnoliales (Gupta et al. 2015). Larranaga and Hormaza 
(2015) reported that the genus Annona consists of 166 
species of which six species produce edible fruits, viz. 
Annona squamosa L, (Sitaphal, Sharifa, Sugar apple, 
Sweet sop), A. reticulate (Bullock’s Heart), Cherimoya (A. 
cherimola), A. muricata (Guanabana or soursop), A. atemoya 
(a natural hybrid of A. squamosa x A. cherimola) and A. 
glabra (pond apple). The fruit of Annona is a wholesome 
fruit contains majority of the vitamins, minerals, healthy fatty 
acids and having high calorific value (Gyamfi et al. 2011). 
However, the yield of Annona cultivars is very low in India 
as compared to other countries due to lack of high yielding 
cultivars due to heavy fruit drop, primarily associated with 
moisture stress, poor nutrition, temperature fluctuations, 
hormonal imbalance, higher wind velocity, insect pest and 
diseases etc. India is considered as the secondary centre 

of origin for Annona squamosa. This offers the greater 
variability among the Annona species. 

Several authors studied the genetic variability in Annona 
species (Jalikop and Kumar 2000, Mathakar 2005). A critical 
assessment to find out the magnitude of variability and 
character association is a pre-requisite to make efficient 
breeding approach to improve. Greater variability increases 
the genetic potential and gives wider scope for selection. 
The information related to nature and extent of association 
among various attributes is helpful in formulating effective 
breeding strategy. Hence, the present study was designed to 
extensively characterize the 12 Annona genotypes belonging 
to four Annona species for genetic variability and correlation 
studies for morphological and biochemical traits to detect 
the promising genotype/s.

MATERIALS AND METHODS
The present experiment was conducted during 

2017–19 at the Fruit Orchard, University of Horticultural 
Sciences, Bagalkote, Karnataka. The orchard is located 
at 16°12′N, 75°45′E an altitude of 610 m. The climate is 
warm and dry throughout the year and rainfall is scarce 
with an average annual rainfall of 518 mm and belongs 
to semi-arid tropical region. Twelve diverse genotypes, 
viz. Balanagar, Arka Sahan, No. 1, No. 2, Atemoya, Red 
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positive, but non-significant with stem girth. Fruit weight 
exhibited significant positive correlation with fruit breadth, 
number of seeds, SPER and negatively correlated with 
fruit length. Parameters like pulp weight, TA, total sugars 
and reducing sugar showed positive correlation, but non-
significant to FFW. Among biochemical parameters; total 
sugar exhibited significant positive correlation with reducing 
sugars.A positive correlation existed between reducing sugar 
and TSS.FFW exhibited non-significant negative correlation 
with the traits like fruit diameter, TA, reducing sugars and 
number of fruits/plant. It was positively correlated with the 
parameters like pulp weight, rind weight, fruit volume.Fruit 
length was non-significant and negatively correlated with 
stem girth, fruit diameter, number of seeds, TA, reducing 
sugars, SPER and number of fruits/plant while fruit diameter 
exhibited non-significant and negative correlation with pulp 
weight, seed weight and rind weight. Fruit volume exhibited 
non-significant and negative correlation with the traits like 
plant height, number of seeds, seed weight and shelf life 
while as it was significant and positively correlated with 
fruit length, fruit diameter, pulp weight and rind weight. 
Biochemical traits like total sugars, TSS and reducing sugars 
exhibited non-significant and negative correlation with plant 
height, stem girth, fruit weight, number of seeds, total sugars, 
SPER, fruit volume and number of fruits/plant. Shelf life 
was non-significant and negatively correlated to number 
of seeds, acidity percentage, fruit volume and number of 
fruits/plant. The present findings were in agreement with 
Hirdayesh et al. (2017) and Keny and Paulo (2010). 

Sitaphal, Atemoya × Balanagar, Island Gem, Red & Pink, 
Chance Seedling, Pink Mammoth and Ramphal were used. 
Important morphological and biochemical attributes were 
recorded. The data was subjected to estimate the genetic 
variability, principal component analysis such as GCV, PCV 
and to know the extent of heritability of these traits to next 
generation, the heritability components such as heritability 
analysis (h2 broad sense) and the GAM with the help of 
Windowstat (version 8.2) software. Heritability in broad 
sense was computed as the ratio of genetic variance to 
the total phenotypic variance (Riaz and Chowdhry 2003) 
and expressed as percentage. Genetic advance (Rosmaina 
et al. 2016); phenotypic correlations (Abou et al. 2009) 
and Pearson’s correlation coefficient were evaluated for 
morpho-biochemical traits. 

RESULTS AND DISCUSSION
The genetic variability and heritability for selected traits 

(Table 1), all the studied characters revealed moderate to 
high PCV and GCV. The traits like fruit weight, pulp weight, 
seed weight, number of seeds, total sugars, TSS, number of 
fruits/plant of Annona genotypes exhibited a heritability of 
more than 50% depicting their higher heritability. Traits like 
fruit length (90.24%) and fruit breadth (96.03%) exhibited 
heritability of greater than 90% however the highest values 
of both PCV and GCV were recorded for traits like fruit 
weight, fruit breadth, pulp weight, rind weight, seed weight, 
number of seeds and SPER. Fruit breadth trait exhibited 
the highest GCV (64.62%) and PCV (65.94%) values and 
lowest for plant height and stem girth traits. Biochemical 
traits like TSS (6.86°B), reducing sugar (5.14%) showed 
the lowest GCV values. Whereas, low to moderate level of 
genetic variation was recorded for fruit volume, shelf life, 
rind weight and seed parameters like SPER, number of seeds 
and seed weight. The highest GAM for morphological trait 
was recorded for fruit diameter (167.19%) followed by pulp 
weight (129.28 g), number of fruits/plant (124.52) and FFW 
(96.09 g). Among the biochemical traits, the highest GAM 
was exhibited by TA (73.21%), whereas the lowest values 
of GAM for morphological and biochemical traits were 
recorded in plant height (15.37 m) and TSS of the juice 
(16.11°B) respectively. These results are in agreement with 
the previous findings of Kumar et al. (2018), Jeevan et al. 
(2018) and Chandel et al. (2018) for fruit morphology and 
quality parameters of custard apple germplasm.

Further, the correlation analysis for morpho-biochemical 
traits was presented (Table 2). The plant height was found 
to have significant positive correlation with traits like stem 
girth, fruit breadth, number of seeds and reducing sugars. 
Similarly, non-significant negative correlation was observed 
with traits like seed weight, TSS, total sugars and SPER. 
Fruit length, pulp weight and TA traits were positive, but 
non-significant with plant height. Stem girth was found 
to have significant positive correlation with FFW, fruit 
diameter, number of seeds while as negatively correlated 
with fruit length, seed weight, TSS, total sugars, reducing 
sugar and SPER. Parameters like pulp weight and TA were 

Table 1	 Genetic variability and heritability for morphological 
and biochemical traits evaluated for different Annona 
genotypes

Trait GCV (%) PCV (%) h2b.s (%) GAM
Plant height (m) 08.40 12.11 48.07 015.37
Stem girth (cm) 09.77 13.86 49.73 018.19
Fresh fruit weight 

(g) 
42.50 49.64 73.32 096.09

Fruit length (cm) 19.49 20.51 90.24 048.87
Fruit breadth (cm) 64.62 65.94 96.03 167.19
Fruit volume (cm3) 28.82 42.84 45.25 051.18
Pulp weight (g) 56.01 64.08 76.42 129.28
Seed weight (g) 34.51 40.85 71.37 076.97
SPER (%) 23.71 36.05 43.27 041.18
Shelf life 18.73 28.95 41.87 032.01
Number of seeds 35.05 43.62 64.58 074.37
Rind weight (g) 27.73 39.81 48.50 050.98
Titratable acidity 

(%) 
37.07 49.56 55.95 073.21

Total sugars (%) 18.98 30.75 83.10 030.93
Reducing sugars (%) 05.14 38.63 57.80 018.10
TSS (°Brix) 06.86 07.71 79.09 016.11
No. of fruits/plant 50.78 54.68 86.26 124.52
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