


Studies on Physico-chemical attributes of Indigenous Mango germplasm in foothills of Punjab
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The foot hills of Punjab harbour diverse mango germplasm.  The indigenous seedling mangoes widely grow across districts Pathankot, Hoshiarpur and Gurdaspur. Due to their unique flavour, seedling mangoes are highly in demand for sucking, pickling and preparation of leather. However, these genotypes also exhibit unique morphological and bio-chemical fruit quality attributes which, could be utilized in breeding programmes for varietal improvement. In line with this, the present study focussed on the analysis of physico-chemical attributes of thirty-one mango genotypes collected from the Dhar Kalan block of district Pathankot. The results showed significant variations for fruit morphology and quality among the different mango genotypes. The principal component analysis revealed that the attributes fruit weight, size, peel and stone weight exhibited maximum contribution to the total variation. These may be used for selection and breeding programmes for crop improvement.   
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Introduction
Mango, popularly known as the “king of fruits”, is a member of Anacardiaceae family and genus Mangifera. The genus Mangifera encompass 69 species with maximum diversity concentrated in Malayan Peninsula, Java, Sumatra, Borneo and Eastern Peninsula (Yadav and Pandey, 2016). The commercially cultivated Mangifera species Mangifera indica is considered to have originated in India and Myanmar (Bally, 2006). However, owing to its wide adaptability to a range of climatic conditions mango is presently grown across different tropical and sub-tropical parts of the world. The major mango growing countries are India, Pakistan, Bangladesh, Myanmar, Sri Lanka, Florida and Hawaii of USA, Australia, Brazil, Thailand, the Philippines, Malaysia, Vietnam, Indonesia, Fiji Islands etc. (Yadav and Singh, 2017). India leads in the production of mango with an area of 2.39 mha and production of 22.39 mt (Anonymous, 2023). The different mango producing states are Andhra Pradesh, Uttar Pradesh, Bihar, Karnataka, Tamil Nadu, West Bengal, Orissa and Maharashtra. 
Mango occupies an area of 9130 ha in Punjab with a production of 1.73 mt (Anonymous, 2023). Most of the mango cultivation is confined to sub-mountaneous districts of Punjab including Hoshiarpur, Pathankot, Gurdaspur and Roop Nagar. The commercial varieties grown in these areas are Dashehari, Langra and Chausa which, possesses wide potential for commercial table purpose. These districts also harbour several indigenous mango plants of seedling origin (growing along avenues, homestead, riverbanks, mango groves etc.) which exhibit rich genetic diversity in terms of yield, fruit maturity and physico-chemical attributes (viz. fruit size, shape, colour, flavour etc.) (Singh et al., 2012). The seedling mangoes are highly heterogeneous due to prevalence of cross-pollination and presence of innate genetic traits such as incompatibility and polyembryony (Sankaran et al., 2021). These may thus, provide wide genetic pool which, may act as a source of germplasm for crop improvement. Mango breeding mostly involves selections. Many varieties have developed through open-pollinated seedling selection such as Paiyur-1 from Neelum (Yadav, 1997), Dashehari-51 from Dashehari (Negi, 1997)) and chance seedling selection (such as Rumang from Xiangmang, developed in China) (Luo and He, 1996) in the past. Likewise, Manipur-I and II are clonal selections developed in North East India (Chadha and Yadav, 1996). The indigenous germplasm thus, provide novel genetic material in crop breeding programmes for improved fruit crop production and sustainable agriculture (Dinesh et al., 2011).
Most commercial mango varieties are adapted to a specific environment and develop unique quality traits under a specific set of climatic conditions, such as Alphonso in Maharashtra, Malda in West Bengal, Banganapalli in Andhra Pradesh and Tamil Nadu (Bajpai et al., 2016). The local indigenous germplasm may thus, aid in the development of such cultivars adapted to specific climatic conditions (Tiyayon, 2017). Mango (Mangifera indica L.) has phenotypic variability for fruit quality attributes. Due to these variations, studies related to the performance and evaluation of local seedling germplasm may aid in the identification and selection of new cultivars. Sharma et al.,(2006) have also reported that many local seedling selections (such as Gangian Sindhuri, GN-1, GN-2, GN-3, GN-4, GN-5, GN-6, GN-7) have been earlier made in Punjab from the existing seedling trees. The identification of beneficial traits in the indigenous genotypes and landraces is therefore, crucial for establishment of suitable varieties which, may augment the crop yield and fruit quality.  The foot hills of Himalayas i.e. Dhar Kalan block of Pathankot, Punjab is a home to  mango germplasm which exhibit extensive genetic diversity.  The cross-pollinating behaviour of mango has further promoted high diversity in mango. Keeping this in view, the present study was carried out to assess and characterize the fruit morphological and physico-chemical attributes of indigenous mango genotypes in district Pathankot. This may aid in widening the varietal resources pool which may further be explored in the breeding programmes for future crop improvement. 
Material and Method
The present study was conducted in Dhar Kalan block of district Pathankot during  the years 2023 and 2024. A survey of indigenous mango seedlings was carried out in Dhar Kalan block which, exhibit many indigenous mango grooves. Fruit samples from thirty-one mango trees which revealed phenotypical variations were selected for the study. The feedback of farmers and local mango growers was also considered for making the selections. Mature fruit samples were randomly harvested from the selected trees during their harvesting time for evaluation of different physico-chemical traits. Average fruit weight, stone weight, pulp weight, pulp/stone ratio, fruit size, peel thickness, fruit colour etc. were determined using standard methods. Further, the juice was extracted from the pulp through a muslin cloth and total soluble solids were noted with Bausch and Lomb hand refractometer and expressed in terms of degree brix. The titratable acidity of fruit juice was determined by titrating 2 ml juice against 0.1 N NaOH using phenolphthalein as indicator (AOAC, 1980). Total sugars, reducing sugars and non-reducing sugars were determined by using the standard procedures of Ranganna (1986). The data were analysed as per the method given by Gomez and Gomez (1984). The difference exhibited by the genotypes for various characters was tested for the significance using the analysis of variance (Panse and Sukhatme, 1967). The genetic diversity among genotypes was estimated using principal component analysis.
Results and Discussion
Physical characteristics of mango genotypes
The data pertaining to physical attributes of fruits (viz. fruit weight, size, pulp stone ratio etc.) of varied genotypes is mentioned in Table 1. The study revealed significant variations among these traits. The fruit weight ranged from 35.24 g to 235 g. The maximum fruit weight was found in the genotype no.21 followed by genotype no. 7 (224 g) and genotype no. 12 (165 g) while the minimum fruit weight was found in genotype no. 30 (30 g).  Raza et al., (2017) also reported significant variations for fruit weight.  The fruit size varied from 32.59 mm to 112.48 mm and 24.34 mm to 64.75 mm in terms of fruit length and fruit breadth, respectively.  The maximum fruit length (112.48 mm) was observed in genotype no. 5 while the minimum fruit length (32.59 mm) was found in genotype no. 30. However, the maximum fruit breadth was found in genotype no. 21 while, the minimum was found in genotype no. 30.The average pulp weight ranged from 185.66 g to 16.28 g; being maximum in genotype no. 21 and minimum in genotype no. 29. The present study revealed significant variations for peel thickness which, ranged between 0.37 mm to 1.30 mm. Sufficient peel  thickness  ensures  protection  against insect pests damage and may aid in prevention against post-harvest damage. But according to Bora et al. (2017), thick peel in fruit may be undesirable trait for processing industry. Furthermore, significant differences were observed in peel weight. Highest peel weight was recorded in genotype no. 12 (23.5 g) and lowest in genotype no. 30 (4.2 g). The stone weight was noted maximum in genotype no. 5 (34 g) followed by genotype no. 7 (83.35 g) whereas, the genotype no. 3 recorded minimum stone weight (8 g). The pulp stone ratio is a favourable trait for processing (juice and canning) industry (Singh et al., 2012). The study revealed that this attribute ranged from 0.86 to 8.05. Maximum pulp to stone ratio was found in genotype no. 3 followed by genotype no. 6. High pulp stone ratio is preferred in  mango cultivars for pickle purpose (Singh et al., 2012). 
Morphological characteristics of mango genotypes
The morphological attributes of different mango genotypes were also studied and marked variations were recorded. A wide diversity was recorded for peel colour of mature fruits among genotypes. The peel colour ranged from greenish, greenish yellow, yellowish green to yellow with few genotypes exhibiting red blush. Greenish yellow peel colour was observed in genotypes no. 2, 17, 20, 30 and 31while, yellow green peel colour was found in genotypes no. 5, 8, 10, 12, 18, 26 and 28. According to Chitarra and Chitarra (2005), the fruit colour is a quality attribute which is mostly preferred by the consumers.  Sharma and Majumdar (1989) revealed that red skin colour of the fruit is dominant and governed by duplicate gene thereby a wide gradation of pink blush on the fruits is visible in the progeny population. In the present study, a few genotypes no.1, 15, 16 and 21 observed a distinct peel colour i.e. greenish with red tinge. Therefore, such genotypes may be utilized in fruit breeding programmes for imparting red blush. Moreover, the mango fruits characterised with red blush on peel are generally more desirable in the international trade (Sethi et al. 2011). It was further noted that the pulp colour ranged from light bright yellow, yellowish orange to orange yellow among different genotypes. Pulp colour is a valuable trait for processing and intense yellow pulp minimizes the use of colour additives (Fontes 2002).  The fruit shape defines the harvest maturity of fruits. Characteristic changes appear in the shape of mango fruit towards maturity (Muhammad, 2012). In the present study, roundish fruit shape was found dominant in most genotypes followed by oblong and elliptic shape. In terms of seed shape, 64.5 percent of the genotypes exhibited oblong seed shape. According to (Jamil et al., 2015) each genotype exhibits specific qualitative attributes viz. fruit shape, peel colour, pulp colour etc. which, could be successfully employed for the assessment and characterization of germplasm. Considerable variations were also recorded for presence of fibre among the genotypes. Few genotypes were abundantly fibrous while some were scant. About 35 per cent genotypes exhibited abundant (short) and 29 per cent recorded abundant (long) fibre in fruits. The presence of fibre is an important quality trait. The sucking type mangoes are often characterised with coarse fibres. But majority of commercial table varieties exhibit slight fibre (Singh et al., 1990). Presence of fine fibres are a necessity to protect the interior of a fruit from bruising and internal collapse during handling and shipping, however, abundance of fibre content is not acceptable to the consumer and processing industry (Iyer, 1991). The presence of sinus (shallow) was noted in few genotypes no. 7, 10, 13, 14 and 25 whereas, it was absent in remaining genotypes. These variations might be ascribed to the inherent nature of genetic variability present among the different genotypes and existing agro-climatic conditions (Singh et al., 2017). Under the agro-climatic conditions of Punjab, mango fruit maturity commences from first fortnight of July and extends till August-end. During the present study, it was observed that most of the genotypes mature in the second and third week of July.
Chemical quality attributes of mango genotypes
The study of qualitative trait aids in identification and development of commercial varieties for fruit production (Leakey et al., 2000). In the present study, the evaluation of chemical quality attributes such as total soluble solids revealed that genotype no. 7, 12 and 14 exhibited highest T.S.S i.e. 18 ̊ Brix (Table 3). According to Dash and Hota (1977), total soluble solids is a highly heritable character and genotypes with high T.S.S may be utilized for development of improved cultivars. Further, the juice acid per cent ranged from 0.19 % to 1.02 %. Higher acidity level is not conducive for table purpose but most suitable for dehydration and pickling. Such fruits can be utilized at culinary maturity (Kaur et al., 2014). The TSS acid ratio is considered as a suitable parameter for assessing the fruit quality and fruits with TSS acid ratio ranging between 23 and 50 are categorised superior in quality (Vasquez caicedo et al., 2005). The results of present  study indicated 38 per cent genotypes exhibited TSS acid ratio within this range. The maximum TSS acid ratio (70.31) was found in genotype no. 7 and 14  and minimum (12.27) in genotype no. 18. The different genotypes showed significant variations with respect to the percentage of various types of sugars. Maximum total sugar per cent was revealed in genotype 14 (16.17  per cent) which was at par with genotype no.7 and minimum was found in genotype no. 1(8.53 per cent) followed by genotype no. 18. Significant variations in reducing sugar were also noted among different genotypes which ranged from 2.01 to 4.68 per cent.  Among all the genotypes, highest non-reducing sugar content was detected in genotype no. 14 (11.2 %) and lowest was found in genotype no. 1 (5.04 %). The variability among genotypes for different physical and chemical attributes can be ascribed to their inherent genetic makeup and environmental conditions (Singh and Chadha, 1981). In line with present work  Navprem and Sharma (2007), also reported wide variation among sucking type mangoes for different quality traits such as T.S.S, acidity. These may act as a diagnostic tool for local varietal selection. Likewise, Kabir et al., (2007) also observed noteworthy variations for physico-chemical characteristics of mango genotypes. 
Correlation analysis
 During the present study, correlation studies were conducted to reveal the magnitude of relationship among different physico-chemical quality traits. The results revealed significant positive correlation among various quality attributes. The fruit weight was significantly correlated with morphological fruit attributes viz. fruit size (length and breadth), peel weight, pulp weight and stone weight (Table 4). But, no significant correlation was found with TSS, acidity and reducing sugars. The peel thickness revealed a weak positive correlation with peel weight. The pulp weight was positively correlated with fruit weight and fruit length. Similar findings were also reported by Lal et al., (2017) in mango. The present results further showed significant positive correlation of TSS with total sugar, reducing sugar and non-reducing sugar per cent. These findings were found in accordance with Raza et al., (2017).
Principal component analysis 
The variation among the physical quality attributes of different mango genotypes was further evaluated using principal component analysis (PCA) (Table 5). The principal component analysis was conducted on the multivariate data which obtained a smaller set of variables explaining variation. The parameters viz. fruit weight, fruit length, fruit breadth, peel thickness, peel weight, pulp weight and stone weight were analysed. PCA distributed variation in seven principal components, but only two components were important as they had an eigen value greater than one. The PC 1 and PC 2 revealed maximum contribution to the total variance. A study by Aleem et al., (2021) indicated that first 3 PCs were responsible for maximum variation during assessment of cauliflower genotypes. The PC 1 had an eigenvalue of 4.217 and explained for 60.2% of variance. This component was more related to fruit weight, length and breadth; peel weight and stone weight. The principal component 2 (PC 2)  revealed an eigenvalue of 1.059, accounting for 15.1% of variance. It was dominated by peel thickness and pulp weight. Overall, it was found that the fruit weight, size, peel and stone weight were the most significant attributes which affected the morphological variability among the genotypes. These attributes had a major role towards overall diversity and therefore, are important for selection during crop improvement. These findings are in line with Aguoru et al., (2016) who also suggested that fruit quality attributes are most significant characters to influence morphological variability in mango. The biplot between PC1 and PC2 (Fig 1) was constructed with PC1 on X axis and PC2 on Y axis. The results revealed the genetically diverse genotypes based upon physical attributes. It was found that the genotypes located farther from the point of origin revealed greater diversity. 
Conclusion 
The indigenous mango germplasm with rare and desirable variations holds critical importance for development of improved varieties. This study provides relevant data on the fruit morphology and quality attributes of different mango genotypes. Besides, providing nutritional security and livelihood to local population, these genotypes may also be exploited for crop improvement. The attributes viz. fruit weight, size and TSS comes across as pivotal traits for germplasm identification and characterization. These can be utilized for selection of donor in crop hybridization, which can further help in developing improved varieties. The morphological characterization of different genotypes may serve as a foundation for further investigation involving the molecular characterization of genotypes. This might aid in  germplasm management and ex-situ conservation which, are the need of hour. 
Table 1. Physical quality attributes of different Mango genotypes 
	Genotype No.
	Fruit weight (g)
	Fruit length (mm)
	Fruit breadth
(mm)
	Peel thickness
(mm)
	Stone weight
(g)
	Peel weight
(g)
	Pulp weight
(g)
	Pulp stone ratio

	1
	35.24
	44.45
	36.42
	0.37
	10.00
	5.50
	19.75
	1.97

	2
	81
	61.34
	47.09
	0.69
	17.00
	12.200
	51.80
	3.04

	3
	78.50
	64.12
	52.63
	0.45
	8.00
	6.12
	64.38
	8.05

	4
	80.24
	73.36
	43.02
	0.98
	25.00
	19.05
	36.20
	1.44

	5
	157
	112.48
	60.33
	0.58
	34.00
	16.43
	106.57
	3.13

	6
	96
	64.45
	54.87
	1.07
	17.33
	19.36
	52.64
	7.09

	7
	224
	86.60
	60.62
	0.93
	32.00
	22.78
	169.22
	5.28

	8
	90.24
	70.73
	47.67
	0.47
	27.00
	20.62
	42.63
	1.57

	9
	80.24
	73.38
	42.09
	0.98
	25.00
	18.76
	36.49
	1.46

	10
	99.74
	61.80
	56.94
	1.12
	21.00
	19.54
	59.21
	2.81

	11
	47
	58.40
	42.32
	0.81
	20.00
	9.720
	17.28
	0.86

	12
	165
	85.70
	51.56
	0.56
	29.00
	23.50
	112.50
	3.88

	13
	122
	71.51
	56.38
	0.67
	15.00
	12.23
	94.77
	6.31

	14
	157
	75.13
	55.18
	0.91
	25.00
	16.70
	115.30
	4.61

	15
	61.50
	64.20
	46.64
	0.81
	17.00
	9.68
	34.82
	2.04

	16
	99.24
	69.33
	51.98
	0.75
	23.00
	14.50
	61.76
	2.68

	17
	85.50
	70.56
	54.84
	0.47
	28.00
	19.35
	38.15
	1.36

	18
	67.50
	55.30
	46.45
	0.95
	18.00
	11.82
	37.68
	2.09

	19
	110
	82.43
	53.27
	1.27
	20.00
	13.06
	76.94
	3.84

	20
	90.5
	65.83
	48.92
	0.83
	22.00
	13.48
	55.02
	2.50

	21
	235
	102.89
	64.75
	1.30
	29.00
	20.34
	185.66
	6.40

	22
	52
	47.56
	40.04
	0.47
	20.00
	9.50
	22.50
	1.12

	23
	45.50
	49.07
	30.25
	0.42
	15.00
	7.80
	22.70
	1.51

	24
	84
	74.53
	51.78
	0.96
	22.00
	16.36
	45.64
	2.07

	25
	94
	85
	72
	0.53
	26.00
	15.25
	52.75
	2.02

	26
	64
	62
	46.08
	0.78
	12.00
	7.82
	44.18
	3.68

	27
	57
	45
	31.63
	0.48
	18.00
	8.22
	30.78
	1.71

	28
	83
	72.01
	58.42
	1.01
	27.00
	22.45
	33.55
	1.24

	29
	42
	40
	32.56
	0.72
	16.00
	9.72
	16.28
	1.01

	30
	30
	32.59
	24.34
	0.40
	9.00
	4.20
	16.80
	1.86

	31
	90
	85.43
	56.87
	0.52
	21.00
	10.50
	58.50
	2.78

	CD
	4.402
	2.54
	2.047
	0.03
	3.799
	0.692
	3.419
	2.528

	SE (m)
	1.552
	0.898
	0.722
	0.01
	1.339
	0.244
	1.206
	0.892

	SE (d)
	2.195
	1.270
	1.021
	0.019
	1.894
	0.345
	1.705
	1.261

	C.V.
	2.870
	2.289
	2.553
	3.191
	11.093
	2.999
	3.572
	52.266


 
Table 2. Fruit Morphological attributes of different Mango genotypes
	Genotype No.
	Peel colour
	Pulp colour
	Presence of fibre
	Fruit shape
	Presence of sinus
	Seed Shape
	Time of Maturity

	1
	Greenish with red tinge
	Light yellow
	Scanty short
	Obovoid
	Absent
	Oblong
	IInd week of July

	2
	Greenish yellow
	Light yellow
	Abundant short
	Roundish
	Absent
	Oblong
	IInd week of July

	3
	Yellow
	Bright yellowish orange
	Abundant short
	Roundish
	Absent
	Reniform
	Ist week of July

	4
	Light yellow
	Light yellow
	Abundant short
	Roundish
	Absent
	Oblong
	IInd week of July

	5
	Yellow green
	Orange yellow
	Abundant long
	Oblong
	Absent
	Ellipsoid
	IIIrd week of July

	6
	Green yellow
	Light yellow
	Abundant short
	Obovoid
	Absent
	Reniform
	IInd week of July

	7
	Yellow
	Dark yellow
	Scanty short
	Oblong
	Present (shallow)
	Oblong
	IIIrd week of July

	8
	Yellow green
	Bright yellow
	Scanty short
	Obovate
	Absent
	Oblong
	IInd week of July

	9
	Yellow
	Yellow
	Abundant long
	Obovate Round
	Absent
	Oblong
	IInd week of July

	10
	Yellow green
	Light yellow
	Abundant short
	Elliptic
	Present (shallow)
	Ellipsoid
	IInd week of July

	11
	Green yellow 
	Slightly dark yellow
	Scanty
	Oblong ovate
	Absent
	Oblong
	IInd week of July

	12
	Yellow green
	Orange yellow
	Abundant long
	Elliptic
	Absent
	Ellipsoid
	IInd week of July

	13
	Yellow
	Yellow light orange
	Abundant long
	Oblong
	Present (shallow)
	Reniform
	IInd week of July

	14
	Yellow
	Bright yellow
	Abundant long
	Oblong
	Present (shallow)
	Reniform
	IInd week of July

	15
	Greenish with red tinge
	Bright yellow
	Abundant long
	Roundish
	Absent
	Oblong
	IInd week of July

	16
	Green with red tinge
	Orange yellow
	Abundant short
	Elliptic
	Absent
	Ellipsoid
	IVth week of July

	17
	Greenish yellow
	Bright yellow
	Abundant short
	Obovate
	Absent
	Oblong
	IInd week of July

	18
	Yellow green
	yellow
	Scanty Short
	Roundish
	Absent
	Oblong
	IInd week of July

	19
	Greenish
	Light yellow
	Abundant short
	Obovate
	Absent
	Oblong
	IInd week of July

	20
	Greenish yellow
	Bright yellow
	Abundant long
	Roundish
	Absent
	Oblong
	IInd week of July

	21
	Greenish with red tinge
	Light yellow
	Scanty short
	Roundish
	Absent
	Oblong
	IInd week of July

	22
	Yellow
	Bright yellow
	Scanty short
	Roundish
	Absent
	Oblong
	IInd week of July

	23
	Yellow 
	Bright yellow
	Scanty
	Roundish
	Absent
	Oblong
	IInd week of July

	24
	Yellow
	Orange yellow
	Abundant short
	Roundish
	Absent
	Oblong
	IInd week of July

	25
	 Green yellow
	Light yellow
	Abundant long
	Oblong obovate
	Present (shallow)
	Ellipsoid
	IInd week of July

	26
	Green yellow
	Bright yellow
	Abundant long
	
	Absent
	
	IInd week of July

	27
	Yellow with slight green
	Light yellow
	Scanty short
	Roundish
	Absent
	Oblong
	IInd week of July

	28
	Yellow green
	Orange yellow
	Abundant short
	Oblong
	Absent
	Ellipsoid
	IInd week of July

	29
	Dark yellow
	Bright yellow
	Scanty
	Roundish
	Absent
	Oblong
	IInd week of July

	30
	Greenish yellow
	Light yellow
	Scanty short
	Round obovate
	Absent
	Oblong
	IInd week of July

	31
	Greenish yellow
	Yellow
	Abundant short
	Round oblong
	Absent
	Oblong
	IInd week of July

	CD
	-
	-
	-
	-
	-
	-
	



Table 3. Chemical quality attributes of different Mango genotypes
	Genotype No.
	TSS (̊Brix)
	TA (%)
	TSS/acid ratio
	Total sugar (%)
	Reducing Sugar (%)
	Non reducing sugar (%)

	1
	12.50
	0.89
	13.95
	8.53
	3.12
	5.04

	2
	16.00
	0.48
	33.33
	13.09
	3.88
	8.23

	3
	13.00
	0.80
	16.25
	9.84
	2.56
	6.17

	4
	14.00
	0.28
	48.61
	10.04
	3.45
	5.73

	5
	10.00
	0.19
	51.75
	9.53
	2.48
	5.96

	6
	16.00
	0.76
	20.83
	13.96
	4.12
	7.89

	7
	18.00
	0.25
	70.31
	16.02
	4.58
	10.32

	8
	17.00
	0.25
	66.46
	14.75
	4.12
	9.89

	9
	12.00
	0.28
	41.66
	9.16
	2.23
	6.41

	10
	15.00
	1.02
	14.64
	11.84
	3.58
	7.46

	11
	11.00
	0.38
	28.64
	9.78
	2.01
	7.12

	12
	18.00
	0.48
	36.88
	15.47
	3.75
	10.66

	13
	15.00
	0.89
	16.85
	10.93
	2.84
	6.53

	14
	18.00
	0.25
	70.31
	16.17
	4.68
	11.20

	15
	13.00
	1.02
	12.69
	9.23
	2.52
	6.33

	16
	12.00
	0.44
	26.78
	9.05
	3.04
	5.88

	17
	15.00
	0.89
	16.74
	12.38
	3.17
	9.12

	18
	11.00
	0.89
	12.27
	8.67
	2.39
	5.64

	19
	16.00
	1.02
	15.68
	13.82
	4.02
	8.87

	20
	15.00
	0.51
	29.29
	11.27
	2.13
	6.48

	21
	12.00
	0.25
	46.87
	10.26
	2.57
	6.62

	22
	13.50
	0.74
	18.19
	11.12
	3.55
	7.27

	23
	15.00
	0.21
	69.76
	11.95
	3.72
	8.03

	24
	17.50
	0.26
	66.28
	14.48
	3.95
	9.54

	25
	15.00
	0.35
	42.61
	11.81
	3.65
	7.64

	26
	13.00
	0.43
	30.02
	10.79
	3.22
	6.72

	27
	13.50
	0.94
	14.33
	11.54
	3.47
	7.55

	28
	16.00
	0.47
	33.40
	13.17
	3.95
	8.36

	29
	12.00
	0.26
	46.15
	10.68
	2.68
	7.12

	30
	14.00
	0.98
	14.33
	11.82
	3.21
	7.23

	31
	16.00
	0.84
	19.57
	13.29
	3.29
	9.12

	CD
	0.689
	0.031
	2.021
	0.536
	0.136
	0.334

	SE (m)
	0.243
	0.011
	0.713
	0.189
	0.048
	0.118

	SE (d)
	0.344
	0.015
	1.008
	0.268
	0.068
	0.166

	C.V.
	2.932
	3.249
	3.660
	2.787
	2.520
	2.674



Table 4: Correlation studies among different quality attributes in mango
	
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	0.80**
	0.69**
	0.31NS
	0.67**
	0.42*
	0.68**
	0.29NS
	-0.34NS
	0.41*
	0.40*
	0.24NS
	0.37*

	2
	1.00
	0.82**
	0.19NS
	0.64**
	0.37*
	0.75**
	0.16NS
	-0.38*
	0.36*
	0.23NS
	0.07NS
	0.24NS

	3
	
	1.00
	0.30NS
	0.61**
	0.14NS
	0.61**
	0.27NS
	-0.15NS
	0.14NS
	0.27NS
	0.18NS
	0.24NS

	4
	
	
	1.00
	0.40*
	0.01NS
	0.18NS
	0.14NS
	-0.02NS
	0.01NS
	0.12NS
	0.10NS
	0.06NS

	5
	
	
	
	1.00
	0.42*
	0.87**
	0.43*
	-0.39*
	0.43*
	0.47**
	0.36*
	0.46**

	6
	
	
	
	
	1.00
	0.48**
	0.28NS
	-0.90**
	0.99**
	0.39*
	0.34NS
	0.40*

	7
	
	
	
	
	
	1.00
	0.24NS
	-0.48**
	0.49**
	0.37*
	0.24NS
	0.41*

	8
	
	
	
	
	
	
	1.00
	-0.04NS
	0.34NS
	0.92**
	0.81**
	0.85**

	9
	
	
	
	
	
	
	
	1.00
	-0.88**
	-0.17NS
	-0.11NS
	-0.20NS

	10
	
	
	
	
	
	
	
	
	1.00
	0.45*
	0.40*
	0.46**

	11
	
	
	
	
	
	
	
	
	
	1.00
	0.83**
	0.95**

	12
	
	
	
	
	
	
	
	
	
	
	1.00
	0.74**

	13
	
	
	
	
	
	
	
	
	
	
	
	1.00


**Correlation is significant at 0.01, *Correlation is significant at 0.05; 1: Fruit weight, 2: Fruit length, 3: Fruit breadth, 4: Peel thickness, 5: Peel weight, 6: Pulp weight, 7: Stone weight, 8: TSS (̊Brix), 9: Acidity (%), 10: TSS/acid ratio, 11: Total sugar (%), 12: Reducing sugar (%), 13: Non-reducing sugar (%)

Table 5: Percent of explained and cumulative variances and eigen vectors on the first two principal components for physical attributes in mango genotypes
	Variables
	Eigen values

	
	PC1
	PC2

	Fruit weight
	0.428
	0.013

	Fruit length
	0.437
	-0.039

	Fruit breadth
	0.398
	0.242

	Peel thickness
	0.186
	0.716

	Peel weight
	0.428
	0.038

	Pulp weight
	0.248
	-0.626

	Stone weight
	0.434
	-0.182

	Eigen value
	4.217
	1.059

	Proportion (%)
	60.2
	15.1

	Cumulative (%)
	60.2
	75.4



             [image: ]
     Fig 1: Principal component analysis biplot (PC1 vs. PC2)
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Fig 2: Fruits of different mango genotypes collected during the study.
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