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Fruit morphological characterization of local custard apple (Annona squamosa L.) genotype grown under Kanker district of Chhatisgarh




ABSTRACT

Aims: To select the best performing local custard apple genotype based on fruit morphological traits so that it can be used commercially for breeding programme in the future from the four village of Kanker district in Chhattisgarh.
Study design:. Randomised Complete Block Design 
Place and Duration of Study: : The present experiment was carried out during the year 2024 in four villages named Bhirawahi, Bhaisakanhar, Bhaismundi and Tedhaikondal of two tehsil areas named Durgkondal and Bhanupratappur of Kanker district in Chhattisgarh.
Methodology: Fifteen diverse local wild custard apple genotypes of the age group (5 to 10 years) were selected from different villages under Durgkondal and Bhanupratappur blocks of Kanker district, Chhattisgarh. Based on the descriptors for custard apple, leaf morphological characters and fruit morphological characters were observed. From every genotypes fifteen samples of fruits and leaves samples were collected, where samples collected from each four directions acted as a replication. 
Results: Almost all the genotypes showed significant abnormalities in external texture and morphology of the fruit as assessed by descriptors for custard apple. The highest fruit and pulp weight (248.73 g, 139.00 g) and fruit length and width (71.22 cm and 78.00 cm) were recorded in genotype CAG-13, respectively. Moreover, peel thickness CAG-12 (97.12 mm), seed number per fruit-1 and seed length (53.13) and (13.61 mm) were recorded highest in genotype CAG-13 and seed diameter (6.74 mm) in CAG-6.
Conclusion: The genotype CAG-13 collected from Bhanupratappur Tehsil area was found to be superior in comparison to other genotypes thus can be further recommended for commercial breeding programme after few more years of observation of both morphological and biochemical characters of the fruits.
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1. INTRODUCTION 
Custard Apple (Annona squamosa L.) tree, are generally woody and semi-deciduous and grown mostly in arid and semi-arid regions, belongs to the Annonaceae family with chromosome number, 2n = 14., originated from the region around tropical-America. It was first introduced to Southern Asia before 1590 (Yadav, 2018). The custard apple flower is bisexual, having male and female parts in the same flower and exhibits protogynous (George et al., 1995). The edible part of the custard apple is the pericarp or the inner layer of the fruit. The fruit is classified as an "aterioidea of ​​berries", which means that it is a cluster of small berries that develop on the fleshy thalamus. River banks, swamp forests, woodland savannas and barren crops are some of the environments where it can thrive and is considered a common food for poor local people, mostly tribal forest communities and hence called the fruit of the poor. The total custard apple area is about 0.56 million hectares and production is expected to reach 5.13 million tons (Anon.2023). It grows as a natural population in the forests and wastelands, around houses in these tehsil areas of Kanker district of Chhattisgarh and is considered as a common food for the poor local people, mostly tribal forest communities. The fruit has low commercial value due to low pulp content, high seed content and low TSS and sugar but being a natural fruit without any cost, it is used by the poor local people. In Chhattisgarh it is being cultivated in Kanker, Bastar, Jagdalpur, Bijapur and other places of Bastar plateau while in the plain area of Chhattisgarh it is being cultivated in Mahasamund, Raipur, Dhamtari etc. Custard apple polymorph is found in the southern region of Chhattisgarh (Nag, JL 2017; Gaurha et al., 2024; Poyam et al., 2024; Jain et al., 2024; Chandel et al., 2018 and 2019 and Poyam et al., 2022). The fruit contains: moisture (70.5%); carbohydrates (23.5%) (Gavaravarapu and Hemalatha, 2018). Custard apple fruit has TSS 26.4 0B, pH and tannin 5.5 and 0.5 percent. The edible portion of the fruit ranged from 28% to 37% total solids varied between 20.6 and 28°Brix and total sucrose varied between 14.9 and 21.6% (Zahid et al., 2020).The morphology of the fruit is a very important trait for any fruit which affects its demand like its texture, size, structure, self-life and other characteristics. All these characteristics are highly influenced by environmental conditions or vary with the developmental stage of the plants. The basic objective of the present research was to survey, characterize, collect, preserve and evaluate the wild custard apple population growing in these areas of Kanker district and further to study the morpho-biochemical, antioxidant characteristics and breeding programme of the selected wild genotypes.
2. MATERIAL AND METHODS
	The present study was conducted in the year 2024 to investigate 15 diverse local wild custard apple genotypes of the age groups (5 to 10 years) from different villages under Durgkondal and Bhanupratappur blocks of Kanker district, Chhattisgarh. Table 1 lists the specifics of the 15 custard apple genotypes that were chosen for the investigation. The flowering time (June to August) and harvesting (October to November) months observed in the trees were uneven due to various soil and climatic factors, where Kanker district has a rainy season with heavy rainfall and cloudy skies and a dry season with mostly clear skies and with temperatures generally range from 59°F to 102°F.

Table 1. Location details of various local wild custard apple genotypes selected for 	          the present study
	Geographical location

	S.N.
	Custard apple genotype
	Tehsil 
	Village

	1
	CAG-1
	Durgkondal 
	Bhirawahi

	2
	CAG-2
	Durgkondal 
	Bhirawahi

	3
	CAG-3
	Durgkondal 
	Bhirawahi

	4
	CAG-4
	Durgkondal 
	Bhirawahi

	5
	CAG-5
	Durgkondal 
	Bhirawahi

	6
	CAG-6
	Durgkondal 
	Bhirawahi

	7
	CAG-7
	Bhanupratappur
	Bhaisakanhar

	8
	CAG-8
	Bhanupratappur
	Bhaisakanhar

	9
	CAG-9
	Bhanupratappur
	Bhaisakanhar

	10
	CAG-10
	Bhanupratappur
	Bhaisakanhar

	11
	CAG-11
	Bhanupratappur
	Bhaismundi

	12
	CAG-12
	Bhanupratappur
	Bhaismundi

	13
	CAG-13
	Bhanupratappur
	Bhaismundi

	14
	CAG-14
	Bhanupratappur
	Tedhaikondal

	15
	CAG-15
	Bhanupratappur
	Tedhaikondal


       Note: CAG= Custard apple genotype

To study the morphological characteristics of fruits, descriptors for custard apple (Anon. 2001) were used. At the time of the harvest the fruits were green in colour with yellowish-white colour between the carpels. Around 30 fruits were randomly selected from all the direction of marked genotypes and were subjected to morphological analysis. The observation on three replicates of samples, each consisting of 10 fruits, the physical characters in terms of fruit length, fruit width, rind thickness, seed length and diameter were analyzed through vernier calliper and recorded. The fruit weight and pulp weight were taken on electric weighing balance. The shells were broken and the number of seeds per fruit were calculated. The qualitative fruit morphological characters such as fruit shape, fruit surface, fruit exocarp and colour of the fruit pulp were done in  accordance to the descriptors of custard apple for drive tests (Anon 2001). Statistical analysis was carried out using MS-Excel, OPSTAT for each observed morphological characters under study. Data investigation was analysed using randomised block design (RBD) with each genotype considered as treatment was replicated three times with the help of the book by Gomez and Gomez (1984).

3. RESULTS AND DISCUSSION
In the present study, qualitative and quantitative fruit morphological characters of 15 local germplasm of custard apple were observed. These qualitative observations are presented in Table 2 and quantitaive ones are observed in Table 3. Genotypes were evaluated for fruit morphological traits at specified stages of crop development using essential character descriptors. (Table 4) is in a sequential manner as per national testing guidelines (Anon. 2001) to conduct tests to establish distinctiveness among genotypes.

3.1 QUALITATIVE FRUIT MORPHOLOGICAL CHARACTERS
Fruit shape: Analysis of variance for the evaluated trait showed significant difference in fruit shape among the tested genotypes (Table 2). Fruit shape was divided into three groups, heart-shaped group (CAG-1, CAG-4, CAG-6, CAG-9, CAG-11 and CAG-14) and round group (CAG-5, CAG-10, CAG-12 and CAG-15) and rest of the genotypes fell under broadly heart-shaped group. If we measure fruit shape in percentage then heart-shaped was found to be the highest (40%), followed by broadly heart-shaped (33.33%) and banded (26.66%). The results of our research are in good agreement with the findings of Katankar et al.,2024; Ghawade et al.,2018; Gaurha et al.,2024 and Jain et al.,2024.
Fruit surface: It was observed in 15 genotypes (Table 2). Custard apple genotypes CAG-1, CAG-2, CAG-3, CAG-4, CAG-5, CAG-8, CAG-10, CAG-13, CAG-14 and CAG-15 had ridged fruit surface and other genotypes were mammulated group. Fruit surface was observed to be ridged (66.66%) and mammulated (33.33%). These results are consistent with the findings of Yadav et al., 2010; Sushmitha et al., 2024 and Sinha and Pathak (2023).
Fruit Exocarp: Fruits are fully developed and recorded in two categories, the colour of fruit exocarp of custard apple genotype (CAG-9) is dark green and other fourteen genotypes have green colour. Similarly, if seen in percentage, dark green (6.66%) and green (93.33%) were recorded. Variation in fruit exocarp colour may be a genetic factor which has been validated by other researchers Nag et al., 2018 and Jain et al., 2024.
Colour of fruit pulp: All the 15 genotypes of custard apple were found to have creamy white colour of fruit pulp. All the fruit pulps are creamy white in colour, so (100%) will have only one colour.
Table 2: Qualitative fruit morphological characters of different custard apple genotypes
	Genotypes 
	Fruit Shape
	Fruit Surface
	Fruit Exocarp Colour
	Fruit pulp Colour

	CAG-1
	Cordate
	Impressed 
	Green
	Creamy White

	CAG-2
	Broadly Cordate
	Impressed 
	Green
	Creamy White

	CAG-3
	Broadly Cordate
	Impressed 
	Green
	Creamy White

	CAG-4
	Cordate
	Impressed 
	Green
	Creamy White

	CAG-5
	Round
	Impressed
	Green
	Creamy White

	CAG-6
	Cordate
	Mammillated
	Green
	Creamy White

	CAG-7
	Broadly Cordate
	Mammillated
	Green
	Creamy White

	CAG-8
	Broadly Cordate
	Impressed
	Green
	Creamy White

	CAG-9
	Cordate
	Mammillated
	Dark green
	Creamy White

	CAG-10
	Round
	Impressed
	Green
	Creamy White

	CAG-11
	Cordate
	Mammillated
	Green
	Creamy White

	CAG-12
	Round
	Mammillated
	Green
	Creamy White

	CAG-13
	Broadly Cordate
	Impressed 
	Green
	Creamy White

	CAG-14
	Cordate
	Impressed 
	Green
	Creamy White

	CAG-15
	Round
	Impressed 
	Green
	Creamy White



3.2 FRUIT MORPHOLOGICAL QUANTITATIVE TRAITS
Fruit Length: Significant variations were observed among all the 15 genotypes for fruit length in research year 2024 as shown in (Table 3). The population average of this character was (38.37 to 71.22 mm). The highest fruit length was found in genotype CAG-13 (71.22 mm) while the lowest fruit length was observed in genotype CAG-9 (38.37 mm). These results are consistent with the findings of Katankar et al., 2024;Jain et al., 2024 and Khanbarad and Bakane (2020).
Fruit width: Fruit width was observed to vary considerably among trees of different custard apple genotypes (Table 3). The average fruit width ranged from 56.081 mm to 85.531 mm. CAG-13 (85.531 mm) was found to have the highest width while (56.081 mm) was the lowest. The findings of Kumar et al. (2018) revealed similar results, wherein fruit width also varied from 57.7 to 71.3 mm among different custard apple genotypes. Additionally, Jnapika, (2020) & Padmini at al., 2013 studies also revealed similarities among specific genotypes.
Weight of fruit and pulp: Some genotypes showed significant variation in fruit weight (Table 3). Fruit weight averaged ranged from 84.31 to 248.73 g. Genotype CAG-13 had the highest fruit weight (248.73 g), while CAG-9 had the lowest fruit weight (84.31 g). The fruit pulp weight in different selected genotypes varied significantly between 41.44 and 139 g (Table 3). The maximum pulp weight was observed in CAG-13 (139 g) and CAG-9 (41.44 g). Fruit and pulp weight is the most important factor in fruit morphology which is a habitat of any variety, hence variation in fruit weight is due to genetic as well as other factors. Katankar et al., 2024. from there studies observed the highest fruit quality parameters such as fruit weight, peel weight, pulp weight (315.5 g, 160.50 g and 141.2 g, respectively), pulp content (46.02%), pericarp content (48.01%) and seed content (5.92%). Apart from this, it has also been proved by many other scientists, Jnapika et al., 2020; Poyam et al., 2022 & 2024.
Rind thickness: The average thickest fruit rind was recorded in CAG-12 (97.12 mm) while the lowest was recorded in CAG-9 (20.65 mm) among all genotypes (Table 3). All these genotypes were significantly different from CAG-9 which had less rind thickness. The findings of Singh, 2018; Yadav et al., 2017; Chandel et al., 2018 and 2019 are also consistent with the findings of the present experiment regarding rind thickness.
Number of seed fruit-1: The data regarding number of seeds fruit-1 given in Table 3 showed variation in the total number of seeds fruit-1 in different genotypes and it varied from (10.11 to 53.13). The maximum number of seeds fruit-1 was observed in genotype CAG-11 (53.13). Whereas, the minimum was observed in genotype CAG-6 (10.11). The variation in number of seeds fruit-1 may be due to genetic variation in number of fruits. These findings are in accordance with previous reports in custard apple by Lokesha et al., 2022; Chandel et al., 2019 and Calimpang et al., 2024.
Seed length & diameter (mm): Considerable variations were observed among genotypes in seed length and diameter and in the present experiment the average values ​​for this parameter are shown as (Table 3). Maximum seed length was observed in CAG-13 (13.61 mm) whereas minimum seed length was observed in CAG-8 (8.66 mm) which was found lowest among all genotypes. Maximum seed diameter was observed in genotypes CAG-6 (6.74 mm) followed by CAG-1 (6.64 mm) & CAG-2 (6.18) while minimum seed width was observed in CAG-10 (4.64 mm) followed by CAG-9 (4.68 mm), CAG-4 (4.73 mm). This finding is also consistent with the findings of Khanbarad and Bakane 2020 and Sinha and Pathak 2023 in the present experiment regarding seed length and diameter.
Table 3: Studies on different fruit length & width, fruit & pulp weight, rind thickness, 	number of seed fruit-1, seed length & diameter characteristics of 15th local genotypes 	of custard apple grown under Kanker district 
	Genotypes
	Fruit length (mm)
	Fruit width (mm)
	Fruit weight (g)
	Pulp weight (g)
	Rind thickness (mm) 
	Number of seed fruit-1 
	Seed length (mm)
	Seeds Diameter (mm)

	CAG-1
	57.75
	76.917
	187.17
	108.81
	57.68
	36.26
	9.20
	6.64

	CAG-2
	52.70
	72.041
	161.25
	96.25
	51.49
	27.83
	9.43
	6.18

	CAG-3
	44.24
	62.594
	104.82
	64.01
	31.59
	23.61
	11.27
	4.87

	CAG-4
	49.48
	68.264
	155.23
	97.73
	43.88
	23.61
	11.73
	4.73

	CAG-5
	45.58
	59.754
	111.17
	64.41
	34.12
	21.92
	8.69
	4.82

	CAG-6
	47.51
	67.450
	136.59
	92.08
	38.01
	15.18
	10.58
	6.74

	CAG-7
	45.08
	64.591
	130.79
	84.09
	36.39
	21.92
	9.38
	5.75

	CAG-8
	48.54
	69.372
	139.9
	87.63
	40.16
	37.95
	8.64
	4.90

	CAG-9
	38.37
	56.081
	84.31
	41.44
	20.65
	31.20
	10.25
	4.68

	CAG-10
	46.17
	65.027
	134.66
	77.48
	45.37
	20.24
	10.12
	4.64

	CAG-11
	40.99
	61.230
	95.60
	54.50
	46.70
	10.12
	11.51
	5.68

	CAG-12
	63.00
	79.028
	240.92
	127.37
	97.12
	29.51
	12.69
	5.73

	CAG-13
	71.22
	85.531
	248.73
	139.00
	86.39
	53.13
	13.61
	5.65

	CAG-14
	55.14
	66.144
	122.47
	62.43
	43.38
	27.83
	12.18
	4.85

	CAG-15
	61.17
	73.035
	198.64
	116.48
	63.21
	46.38
	13.15
	5.55

	S.E.(m) ±
	0.15
	0.198
	0.57
	0.30
	0.33
	0.29
	0.02
	0.02

	CD at 5%
	0.45
	0.583
	1.66
	0.87
	0.96
	0.85
	0.07
	0.08




3.3 DISTINCTIVENESS OF FRUIT MORPHOLOGICAL TRAITS
To establish the distinctiveness of fruit morphological traits among the fifteen genotypes of custard apple, the genotypes were evaluated for fruit traits for crop development according to the descriptors of custard apple for drive tests (Anon 2001), is shown in Table 4. From the table is could be seen that most of the genotypes fruit shape were cordate and fruit surface to be impressed. Fruit exocarp colour and pulp colour were observed to be mostly green and creamy white respectively. Except for the genotype CAG-13, all other genotypes had short fruit length and fruit diameter. With respect to fruit weight only genotype 13 and 12 had medium weight and all the other genotypes had low fruit weight. 

Table 4: Frequency distribution and important traits of fruits morphological characters of fifteen genotypes of custard apple
	Characteristics
	States
	Notes
	Example genotypes 
	Percentage (%) of morphological Characteristics

	Fruit Shape
	Round
	3
	CAG-5,10 & 15
	20

	
	Cordate
	5
	CAG-1,4,6,9,11 &14
	40

	
	Broadly Cordate
	7
	CAG-2,3,7,8 &13
	33.33

	Fruit Surface
	Mammillated
	3
	CAG-6,7,9,11 &12
	33.33

	
	Impressed
	5
	CAG-1,2,3,4,5,8,10,13,14 & 15
	66.66

	Fruit Exocarp Colour
	Green
	3
	CAG-1,2,3,4,5,6,7,8,10,11,12,13,14 & 15
	93.33

	
	Crimson Red
	5
	
	

	
	Dark green
	7
	CAG-9
	6.66

	Fruit pulp colour
	Creamy white 
	1
	All
	100

	
	Reddish White
	9
	
	

	Fruit length (cm)
	Short < 7.0
	3
	CAG-1,2,3,4,5,6,7,8,9,10,11,12,14 & 15
	93.33

	
	Medium 7.1 -8.0
	5
	CAG-13
	6.66

	
	Long >8.0
	7
	-
	

	Fruit diameter (cm)
	Small < 7.0
	3
	CGA-3,4,5,6,7,8,9,1011, &14
	66.66

	
	Medium 7.1 – 8.5
	5
	CAG-1,2, 12 & 15
	26.66

	
	Long >8.5
	7
	CAG-13
	6.66

	Fruit weight (g)
	Low 150 – 200
	3
	CAG-1,2,3,4,5,6,7,8,9,10,11,14 & 15
	86.666

	
	Medium 201 –300
	5
	CAG-12 & 13
	13.33

	
	High >300
	7
	
	



4. CONCLUSION
From the above findings it can be stated that vast differences could be observed among the different genotypes. However for further breeding purpose genotypes CAG- 13 located in Bhanupratappur Tehsil could be used as the fruits from this genotype have found to exhibit higher fruit and pulp weight. But simply fruit quantitative character is not enough to give a clear cut conclusion, further fruit biochemicals characters of that genotypes needed to be observed because the fruits need to exhibit desirable biochemical traits such as TSS, Total Sugar, Reducing Sugar, Ascorbic Acids and many more other essential vitamins and minerals. Thus further research work needed to be conducted to observe the biochemical characters of the different genotypes but with respect to fruit morphological traits there is no doubt that CAG- 13 as the best genotype to be used for further breeding purposes.
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