
Performance of different apple (Malus × Domestica Borkh) cultivars for fruit quality and its attributing traits in mid hill conditions of Uttarakhand



ABSTRACT
An experiment was conducted to evaluate the physico-chemical parameter of thirty apple cultivars belonging to delicious group, spur type and colour strains at ICAR- Central Institute of Temperate Horticulture, Regional Station, Mukteshwar, Nainital, Uttarakhand from 2023-25. The experiment was carried out in Randomized Block Design with three replications. Among all cultivars, the highest fruit weight (209.35 g), fruit volume (226.67 cc), fruit length (7.27 cm) and fruit diameter (8.37 cm) was recorded in cultivar Mollies Delicious while the lowest fruit weight (54.46 g), fruit volume (53.33 cc), fruit length (4.46 cm) and fruit diameter (5.48 cm) was recorded in Early Shanburry cultivar. The highest T.S.S. was recorded in Stark Spur (13.60 °B) while lowest in Vermont Spur (8.20 °B), whereas highest acidity was recorded in Lord Lambourne (1.07%) and lowest in Chaubattia Anupam (0.10%). The highest values for ascorbic acid (17.49 mg/100 g) were recorded in Red Chief, Rich-A-Red and Bright-N-Early while lowest in Red Spur (3.28 mg/100 g). The highest reducing sugar (7.58%) and total sugars (8.75%) was recorded in Tydeman Early Worcester. The highest carotene content (242.73 µg/100 g) was recorded in Lord Lambourne. The highest total anti-oxidant activity (45.11 mMTE/L) was recorded in Royal Delicious while lowest in Golden Delicious (34.44 mM TE/L). From the investigation it can be inferred that the cultivar Mollies Delicious, Chaubattia Princess, Oregon Spur, Golden Delicious performed better in the region under prevailing climatic conditions. 
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Introduction
	Apple (Malus domestica Borkh.) is a major temperate fruit crop of the north-western Himalayan region and belongs to the family Rosaceae. It is widely cultivated in regions with cold winters and moderate summers, requiring 1000–1600 chilling hours. India ranks fifth in global apple production, with major cultivation in Jammu & Kashmir, Himachal Pradesh, and Uttarakhand, contributing about 98% of total production (Raj, 2024). In Uttarakhand, apple is grown over approximately 25,980.55 ha with a production of 64,879.26 MT, mainly in districts like Uttarkashi, Almora, Nainital, and Pithoragarh (Sati, 2022). However, long-term monoculture of traditional cultivars, particularly of the Delicious group, has led to genetic degeneration, low productivity, poor colour development, and irregular bearing under mid-hill conditions (Kishor et.al., 2018). In warmer mid-hill regions, inadequate fruit colour is a major constraint affecting market value. To address these limitations, spur-type and high-colour strains have been introduced, which are characterized by dwarf growth, higher productivity, reduced pruning requirements, and improved fruit quality (Mallikarjuna, 2021). Fruit growth and quality in apple are governed by various physico-chemical changes during maturation, including size, firmness, soluble solids, acidity, and colour development (Hailu & Bekele, 2024; Ali et al., 2023). Since cultivar performance varies with location and climate, evaluation under specific agro-climatic conditions is essential. Therefore, the present study was undertaken to evaluate the performance of different apple cultivars for fruit quality and its attributing traits under mid-hill conditions of Uttarakhand. The objectives were to assess physico-chemical traits, compare cultivar performance, and identify superior cultivars suitable for commercial cultivation. The study is expected to identify cultivars having improved fruit quality and colour, thereby enhancing productivity and profitability in mid-hill regions.
Material and Methods
	An experiment was conducted at ICAR-Central institute of Temperate Horticulture, Regional Station, Mukteshwar, Nainital, Uttarakhand for evaluation physico-chemical characteristics among the thirty apple genotypes during 2023-205. The experimental site is lies between 29.47° North latitude and 79.64° longitude. It has an average elevation of 2,286 meters above from mean sea level (7,500 feet). The experiment was laid out in randomized block design (RBD) with three replications comprising four trees per replication. The physical character includes fruit weight (g), fruit volume (cc), fruit length (cm), fruit diameter (cm), specific gravity (g/cc), fruit firmness (lb/in2), pulp weight (g), seed weight (g) and pulp stone ratio. The chemical characters include total soluble solid (ºB), acidity (%), ascorbic acid (mg/100 g), reducing sugar (%), total sugar (%), non-reducing sugar (%), carotene (µg/100) g) and total anti-oxidant activity (mMTE/L) were recorded during storage. The fruit firmness was measured with the help of a penetrometer were expressed as Ib/in2 and the total soluble solid was measured with the help of a refractometer were expressed as ͦ Brix. Total antioxidant activity was determined using the Trolox equivalent antioxidant capacity (TEAC) assay and expressed as mmol Trolox® equivalents per litre (mMTE). The chemical characteristics of the fruits, including ascorbic acid, reducing sugars, total sugars, non-reducing sugars, and total carotene, were analysed using standard methods such as the titrimetric method for ascorbic acid, Lane and Eynon method for sugars, and spectrophotometric method for total carotene (George et al. 2022; Ranganna, 1986; AOAC, 2005)
The colour attributes of different apple cultivars were measured in terms of L*, a*, b*, C* and h° values using a Lovibond RT series reflectance tintometer, following the CIE Lab colour space system* (Ropelewska et al., 2023). In this system, L* represents lightness (ranging from 0 = black to 100 = white), a* indicates the red–green axis (positive values for redness and negative for greenness), and b* represents the yellow–blue axis (positive values for yellowness and negative for blueness). Chroma (C*) denotes colour saturation or intensity, while hue angle (h°) describes the colour tone (e.g., red, yellow, green). The experimental data were analysed using analysis of variance (ANOVA) under standard statistical procedures
Results and Discussion
Physical Fruit Characteristics
Considerable variation in physical fruit characteristics was observed among the thirty apple genotypes (Table 1), indicating strong genetic influence. The highest fruit weight was recorded in Mollies Delicious (209.35 g), followed by Chaubattia Princess (194.39 g) and Oregon Spur (175.06 g), while the lowest was observed in Early Shanburry (54.46 g). A similar trend was noted for fruit volume, with Mollies Delicious (226.67 cc) and Chaubattia Princess (221.67 cc) being superior, whereas Early Shanburry recorded the minimum (53.33 cc). These variations may be attributed to differences in cell division, cell enlargement, and assimilate partitioning among genotypes (Ma et al., 2025). Fruit length and diameter were also highest in Mollies Delicious (7.27 cm and 8.37 cm, respectively) and lowest in Early Shanburry (4.46 cm and 5.48 cm), showing a positive association with fruit weight and volume. This indicates that fruit size traits are interrelated and governed by genetic potential and tissue development (Mauxion, 2021). Specific gravity ranged from 0.84 g/cc (Lord Lambourne) to 1.03 g/cc (Red Delicious), reflecting differences in soluble solids and dry matter accumulation. Higher specific gravity indicates greater metabolite accumulation, while lower values may be due to higher moisture content (Hasan, 2024). Fruit firmness varied significantly, with maximum firmness in Fanny (16.90 lb/in²) followed by Vermont Spur (15.70 lb/in²), and minimum in Early Shanburry (4.07 lb/in²). Higher firmness may be due to stronger cell wall structure and higher pectin content, whereas lower firmness is associated with increased activity of cell wall degrading enzymes during ripening (Liu et al., 2022; Su et al., 2022). Overall, the observed variability in physical traits is mainly governed by genetic differences influencing physiological processes such as cell expansion, assimilate distribution, and biochemical composition, in agreement with earlier findings (Jiang et al., 2024; Wang et al., 2024).
Chemical fruit characteristic
	The data presented in Table 2 shows chemical characteristic of apple fruit in thirty genotypes. Among the thirty genotypes the highest total soluble solid was recorded in Stark Spur (13.60 °B) followed by Golden Delicious (13.33 °B), Oregon Spur (13.00 °B), Ambri (12.80 °B), Red Spur (12.00 °B) and Rich-A-Red (11.80 °B) whereas the lowest recorded in Vermount Spur (8.20 °B) respectively. These results obtained in the present investigation are found to be close conformity with the studies of (Wen et at., 2024; Kassebi & Korzenszky, 2024; Mir at al., 2020). The highest acidity was recorded in Lord Lambourne (1.07 %) followed by Prima (0.80 %), Summer Red (0.77 %), Fanny (0.74 %), Oregon Spur (0.70 %) and Golden Delicious (0.69 %) whereas the lowest recorded in Chaubattia Anupam (0.10 %) respectively. The result showed that from first to third harvest (7-10 days intervals), the acidity in Red Delicious decreased from 0.24-0.20 percent (Nikutsa & Bujoreanu, 2022). The ascorbic acid content varied significantly among the cultivars, with the highest value recorded in Red Chief, Rich-A-Red, and Bright-N-Early (17.49 mg/100 g), followed by Red Delicious and Hardi Spur (16.40 mg/100 g). Intermediate values were observed in Vermont Spur, Chaubattia Anupam, Stark Spur, Ambri, and Fanny (14.21 mg/100 g). The lowest value was recorded in Red Spur (3.28 mg/100 g); however, considering the critical difference (C.D. = 0.92), several cultivars were found to be statistically at par with Red Spur and thus cannot be distinctly categorized as significantly lower (Lemmens et al., 2020). The maximum reducing sugar was recorded in Tydeman Early Worcester (7.58 %) followed by Red Spur (7.35 %), Stark Spur (6.49 %), Oregon Spur (6.41 %), Starkrimson (6.12 %) and Buckinghum (6.10 %) whereas the minimum recorded in Fanny (2.25 %) respectively. The highest total sugar was recorded in Tydeman Early Worcester (8.75 %) followed by Red Spur (8.55 %), Gloster (8.20 %), Vance Delicious (7.91 %), Chaubattia Princess (7.75 %) and Lord Lambourne (7.67 %) whereas the lowest recorded in Mollies Delicious (5.90 %) respectively. The highest non-reducing sugar was recorded in Fanny (5.03 %) followed by Red Delicious (3.82 %), Rymer (3.36 %), Rich-A-Red (3.33 %), Gala Must (3.22 %) and Summer Red (2.97 %) whereas the lowest recorded in Starkrimson (0.35 %) respectively. Sugar is a vital constituent of fruits which is directly related with sweetness and is fundamental feature of fruit quality (aroma, flavour and texture) (Aslam et al., 2026). 	
The highest carotene content was recorded in Lord Lambourne (242.73 µg/100 g) followed by Gala Must (237.08 µg/100 g), Starkrimson (233.99 µg/100 g), Rymer (219.59 µg/100 g), Skyline Supreme (214.60 µg/100 g) and Prima (212.65 µg/100 g) whereas the lowest recorded in Red Chief (73.48 µg/100 g) respectively. (Vondráková et al., 2020). The highest total anti-oxidant content was recorded in Royal Delicious (45.11 mMTE/L) followed by Gloster (44.13 mMTE/L), Vance Delicious (43.76 mMTE/L), Vermont Spur (43.68 mMTE/L), Fanny (43.29 mMTE/L) and Chaubattia Princess (42.66 mMTE/L) whereas the lowest recorded in Golden Delicious (34.44 mMTE/L) respectively (Salari et al., 2024). In the present study, antioxidant activity was due to presence of high ascorbic acid and total carotene contents in fruits of the apple cultivars (Kishor et al., 2018). 	
Chlorophyll degradation and synthesis of carenoids takes place on the skin and flesh with maturity (Mir et al., 2020). The maximum organoleptic score was recorded in Skyline Supreme & Red Spur (9.00) followed by Oregon Spur & Red Delicious (8.00) whereas the minimum recorded in Hardi Spur & Vermont Spur (3.00) respectively. 
Fruit colour characteristic
There were significant differences in colour parameters (L*, a*, b*, C* and h°) among the different apple cultivars (Table 3). Among the thirty genotype, the genotype Lord Lambourne were found most luminous (L* = 73.13) followed by Golden Delicious (L* = 67.75), Buckinghum (L* = 66.51), Mollies Delicious (L* = 63.07) and Star Spur (L* = 62.61), while Bright-N-Early found least luminous (L* = 32.07) respectively. The lower luminosity value is observed in the ‘Bright-N-Early’ cultivar, which is distinguished by its dark red colour. The cultivar ‘Lord Lambourne’ showed a significant difference in ‘L*’ value and characterized as a greenish yellow colour therefore inducing higher luminosity from all than the other cultivars.  The ‘a*’ or red-green values showed a significant difference among the thirty-genotype studied. The cultivar ‘Early Shanburry’ showed the highest red colour (a* =47.14), followed by ‘Chaubattia Anupam’ (a* =46.28), Royal Delicious (a* =42.65), Gala Must (a* =40.96), Tydeman Early Worcester (a* =39.76) and Gloster (a* =38.98), while the lowest values were shown by ‘Golden Delicious’ (a* -2.94) followed by ‘Stark Spur’ (a* =3.92). Better red colour in ‘Early Shanburry’ may be due to its early maturity during which there is more sunshine and less effect of clouds and fog in the region (Kishor et al., 2018). The cultivar Stark Spur, Buckinghum, Lord Lamboune & Golden Delicious were found negative values distinguished by a greenness colour. The ‘b*’ or yellow-blue colour were found highest in ‘Lord Lambourne’ (b* =52.12) followed by ‘Golden Delicious’ (b* =45.75), Stark Spur (b* =44.08), Buckinghum (b* =43.79) and Mollies Delicious (b* =41.12), whereas the lowest values were shown by ‘Bright-N-Early’ (b* =3.39) followed by ‘Prima’ (b* =12.44). The cultivars ‘Golden Delicious’ and ‘Lord Lambourne’ are characterised by intense yellowish green shades in all the cultivars. 	The chroma (C*) value the measures colour saturation or intensity of fruits. The cultivars ‘Early Shanburry’ (C* =61.68) followed by ‘Fanny’ (C* =54.62), Royal Delicious (C* =53.96), Chaubatta Anupam (C* =53.06) showed the highest ‘C*’ value among the thirty cultivars, whereas the cultivars ‘Bright-N-Early’ (C* =11.29) showed the lowest ‘C*’ values. A higher ‘C*’ value is indicative of brighter red colour. The hue angle (h°) that correlates with ‘a*’ and ‘b*’ values, was a good factor to access changes of the characteristic colour in these cultivars. Among the studied cultivars, ‘Buckinghum’ (h° = 103.97) recorded the highest hue angle, followed by ‘Lord Lambourne’ (99.49) and ‘Stark Spur’ (95.09), indicating comparatively less red coloration. In contrast, lower hue angle values, observed in ‘Prima’ (20.09) and ‘Red Chief’ (23.44), correspond to deeper red colour development. Fruit colour is a key indicator of maturity and quality in apple, primarily governed by the synthesis and accumulation of anthocyanins in the peel. This trait is further influenced by environmental factors such as light intensity, temperature, ethylene production, and orchard management practices (Mir et al., 2020; Kishor et al., 2018).
The integrated heatmap (Figure 1) revealed significant variability among apple cultivars for physical, chemical, and colour traits, indicating strong genotypic influence and genotype–environment interaction under mid-hill conditions. Cultivars such as Mollies Delicious, Chaubattia Princess, and Oregon Spur exhibited relatively higher normalized values for fruit size and quality traits, suggesting efficient assimilate partitioning and greater sink strength. Variation in chemical attributes was also evident, with higher total soluble solids and ascorbic acid observed in cultivars like Stark Spur, Red Chief, and Rich-A-Red, reflecting enhanced sugar accumulation and antioxidant potential. These differences may be attributed to genotypic variation in carbohydrate metabolism and enzymatic activity (Lemmens et al., 2020).
Firmness showed considerable variation, with cultivars such as Fanny and Vermont Spur exhibiting higher values, likely due to stronger cell wall structure and higher pectin content, whereas lower firmness may be associated with increased activity of cell wall degrading enzymes during ripening. Colour variation, represented by hue angle, indicated differential pigment accumulation, with higher values in Bukinghum and Lord Lambourne (yellowish tones) and lower values in Prima and Red Chief (redder fruits), primarily governed by anthocyanin synthesis and environmental factors such as light and temperature (Mir et al., 2020; Kishor et al., 2018). Overall, the heatmap highlights that no single cultivar was superior for all traits, emphasizing the importance of multi-trait evaluation for selecting suitable cultivars under mid-hill conditions.
Conclusion
The study revealed significant variability among apple cultivars in physico-chemical and quality traits under mid-hill conditions of Uttarakhand, indicating a strong genotype–environment interaction. No single cultivar was superior for all traits, highlighting the need for multi-trait selection based on specific production objectives such as quality, yield, or storage.
Cultivars with better organoleptic performance are more suitable for market preference, while those with superior physical traits are advantageous for handling and productivity. Overall, the findings provide a basis for selecting suitable, climate-resilient cultivars for the Himalayan region. Moreover, the results may serve as a useful reference for evaluating and comparing other promising apple cultivars for improved quality attributes under similar conditions.
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Figure 1 Integrated heatmap representing variation in selected physical, chemical, and colour of important traits among apple cultivars under mid-hill conditions of Uttarakhand.
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Table 1: Comparative data of fruit physical characteristics among different apple cultivars

	Cultivar
	Fruit weight (g)
	Fruit volume (cc)
	Fruit length (cm)
	Fruit diameter (cm)
	Specific gravity (g/cc)
	Fruit firmness (lb/in2)

	1. Early Shanburry
	54.46
	53.33
	4.46
	5.48
	1.02
	4.07

	2. Summer Red
	135.37
	158.33
	5.87
	7.06
	0.85
	5.20

	3. Tydeman Early Worcester
	137.09
	148.33
	5.95
	7.36
	0.92
	4.40

	4. CITH Lodh Apple 1
	161.83
	166.67
	6.30
	7.44
	0.97
	7.60

	5. Vermont spur
	118.16
	125.00
	6.08
	6.42
	0.94
	15.70

	6. Mollies delicious
	209.35
	226.67
	7.27
	8.37
	0.92
	14.00

	7. Royal Delicious
	130.19
	141.67
	5.57
	6.93
	0.92
	13.20

	8. Chaubattia Anupam
	118.13
	133.33
	5.27
	7.42
	0.89
	7.60

	9. Chaubattia Princess
	194.39
	221.67
	6.66
	7.93
	0.88
	8.70

	10. Fanny
	111.01
	121.67
	5.18
	6.91
	0.91
	16.90

	11. Gloster
	128.37
	145.00
	5.87
	7.36
	0.89
	6.90

	12. Hardi Spur
	136.38
	145.00
	6.10
	7.05
	0.94
	10.80

	13. Vance delicious
	120.48
	130.00
	5.84
	6.79
	0.93
	11.50

	14. Prima
	166.20
	175.00
	6.07
	7.33
	0.95
	11.40

	15. Gala Must
	117.23
	128.33
	5.44
	6.74
	0.91
	9.73

	16. Red Gold
	77.82
	81.67
	4.69
	5.89
	0.96
	11.60

	17. Oregon Spur
	175.06
	193.33
	6.78
	7.47
	0.91
	8.80

	18. Skyline Supreme
	123.20
	140.00
	5.43
	6.88
	0.89
	9.00

	19. Red Spur
	147.82
	161.67
	6.16
	7.05
	0.92
	10.80

	20. Red chief
	121.22
	124.67
	6.22
	6.74
	0.97
	9.00

	21. Stark Spur
	126.99
	140.00
	5.89
	7.08
	0.91
	9.90

	22. Ambri
	117.76
	125.00
	6.19
	6.65
	0.94
	9.30

	23. Rich-A-Red
	100.56
	105.00
	5.74
	6.23
	0.96
	8.80

	24. Red Delicious
	138.18
	135.00
	6.36
	6.94
	1.03
	9.80

	25. Bright-N-Early
	150.49
	165.00
	6.54
	7.24
	0.91
	7.90

	26. Starkrimson
	136.87
	148.33
	6.24
	6.63
	0.92
	9.20

	27. Golden Delicious
	134.21
	142.67
	5.88
	6.92
	0.94
	10.73

	28. Rymer
	105.06
	113.33
	5.21
	6.59
	0.93
	11.10

	29. Lord Lambourne
	122.62
	146.67
	5.64
	6.95
	0.84
	10.40

	30. Bukinghum
	155.42
	171.67
	6.25
	7.16
	0.91
	11.50

	              CD at 5%
	28.06
	31.17
	0.70
	0.58
	0.06
	0.62




Table 2: Comparative data of fruit chemical characteristics among different apple cultivars
	Cultivar
	T.S.S. (°B)
	Acidity (%)
	Ascorbic acid (mg/100 g)
	Reducing
sugars (%)
	Total sugars (%)
	Non-Reducing sugars (%)
	Carotene (µg/100 g)
	Total anti-oxidant
activity(mMTE/L)
	Organoleptic score

	1. Early Shanburry
	10.40
	0.57
	10.93
	4.15
	6.33
	2.08
	91.28
	40.78
	4.50

	2. Summer Red
	10.00
	0.77
	13.12
	4.43
	7.55
	2.97
	141.94
	41.35
	5.00

	3. Tydeman Early Worcester
	10.50
	0.50
	7.65
	7.58
	8.75
	1.11
	148.11
	41.84
	5.00

	4. CITH Lodh Apple 1
	9.30
	0.57
	13.12
	4.50
	7.09
	2.46
	149.14
	41.76
	6.00

	5. Vermont spur
	8.20
	0.34
	14.21
	3.91
	5.95
	1.94
	69.12
	43.68
	3.00

	6. Mollies delicious
	9.80
	0.54
	9.83
	4.31
	5.90
	1.51
	149.14
	42.39
	6.00

	7. Royal Delicious
	11.20
	0.64
	12.02
	3.36
	7.38
	3.82
	158.91
	45.11
	4.50

	8. Chaubattia Anupam
	10.80
	0.10
	14.21
	4.63
	7.44
	2.66
	157.11
	38.81
	6.00

	9. Chaubattia Princess
	10.80
	0.47
	9.84
	5.68
	7.75
	1.97
	165.08
	42.66
	5.00

	10. Fanny
	11.40
	0.74
	14.21
	2.25
	7.55
	5.03
	146.57
	43.29
	4.00

	11. Gloster
	11.50
	0.20
	9.84
	5.21
	8.20
	2.84
	213.42
	44.13
	6.00

	12. Hardi Spur
	8.50
	0.40
	16.40
	5.82
	7.09
	1.21
	120.85
	42.09
	3.00

	13. Vance delicious
	11.50
	0.50
	9.84
	5.88
	7.91
	1.92
	134.86
	43.76
	4.00

	14. Prima
	11.00
	0.80
	4.38
	5.68
	6.78
	1.04
	212.65
	39.30
	6.67

	15. Gala Must
	9.20
	0.62
	12.57
	3.65
	7.04
	3.22
	237.08
	37.71
	5.50

	16. Red Gold
	10.40
	0.37
	9.84
	5.49
	6.85
	1.29
	91.54
	38.32
	6.00

	17. Oregon Spur
	13.00
	0.70
	6.56
	6.41
	7.41
	0.95
	84.85
	39.75
	8.00

	18. Skyline Supreme
	11.60
	0.50
	4.37
	5.81
	6.87
	1.01
	214.60
	40.86
	9.00

	19. Red Spur
	12.00
	0.13
	3.28
	7.35
	8.55
	1.14
	112.85
	41.55
	9.00

	20. Red chief
	11.20
	0.30
	17.49
	5.21
	6.05
	0.79
	73.48
	39.67
	4.00

	21. Stark Spur
	13.60
	0.47
	14.21
	6.49
	7.09
	0.57
	74.76
	37.42
	5.00

	22. Ambri
	12.80
	0.27
	14.21
	5.38
	6.86
	1.40
	79.71
	37.34
	6.00

	23. Rich-A-Red
	11.80
	0.23
	17.49
	4.13
	7.64
	3.33
	95.14
	38.41
	5.00

	24. Red Delicious
	11.20
	0.27
	16.40
	5.21
	6.72
	1.43
	115.71
	37.67
	8.00

	25. Bright-N-Early
	10.40
	0.37
	17.49
	4.72
	6.52
	1.71
	85.40
	38.01
	4.00

	26. Starkrimson
	11.13
	0.37
	14.94
	6.12
	6.48
	0.35
	233.99
	37.14
	6.00

	27. Golden Delicious
	13.33
	0.69
	6.92
	4.68
	6.35
	1.58
	169.71
	34.44
	5.00

	28. Rymer
	10.20
	0.54
	5.47
	3.91
	7.44
	3.36
	219.59
	39.84
	6.00

	29. Lord Lambourne
	11.40
	1.07
	4.38
	4.72
	7.67
	2.80
	242.73
	36.82
	5.67

	30. Bukinghum
	10.80
	0.60
	5.47
	6.10
	7.36
	1.19
	141.42
	38.16
	6.33

	CD at 5%
	0.62
	0.12
	0.92
	0.35
	0.42
	0.64
	73.22
	3.68
	0.96



Table 3: Comparative data of fruit colour characteristics among different apple cultivars

	Cultivar
	Skin ground colour

	
	L* 
	a*
	b*
	Chroma (C*)
	Hue angle (h°)

	Early Shanburry
	58.03
	47.14
	39.45
	61.68
	39.92

	Summer Red
	37.73
	34.34
	25.03
	42.61
	36.23

	Tydeman Early Worcester
	39.86
	39.76
	24.92
	46.93
	33.08

	CITH Lodh Apple 1
	45.85
	36.18
	22.94
	43.27
	34.90

	Vermont spur
	48.99
	28.95
	25.49
	38.72
	41.54

	Mollies delicious
	63.07
	11.09
	41.12
	46.63
	70.39

	Royal Delicious
	45.80
	42.65
	29.46
	53.96
	33.47

	Chaubattia Anupam
	44.18
	46.28
	25.84
	53.06
	29.20

	Chaubattia Princess
	52.99
	27.89
	31.80
	42.46
	48.76

	Fanny
	56.60
	33.59
	40.20
	54.62
	53.12

	Gloster
	40.48
	38.98
	20.48
	43.76
	27.53

	Hardi Spur
	43.14
	28.64
	21.46
	36.55
	36.95

	Vance delicious
	44.29
	28.85
	20.42
	36.10
	35.56

	Prima
	32.98
	33.49
	12.44
	35.77
	20.09

	Gala Must
	49.83
	40.96
	23.61
	47.28
	29.92

	Red Gold
	36.98
	31.98
	15.43
	35.51
	25.82

	Oregon Spur
	36.14
	26.00
	14.55
	29.86
	29.47

	Skyline Supreme
	48.99
	23.68
	23.06
	33.01
	43.86

	Red Spur
	34.29
	22.88
	13.61
	26.26
	30.58

	Red chief
	39.38
	26.29
	11.40
	28.66
	23.44

	Stark Spur
	62.61
	-3.92
	44.08
	44.25
	95.09

	Ambri
	53.82
	22.74
	29.17
	36.99
	52.06

	Rich-A-Red
	39.07
	20.37
	15.98
	25.89
	38.12

	Red Delicious
	44.12
	29.38
	24.07
	37.98
	39.33

	Bright-N-Early
	32.07
	10.77
	3.39
	11.29
	78.45

	Starkrimson
	43.52
	23.64
	14.74
	27.89
	32.06

	Golden Delicious
	67.75
	-2.94
	45.75
	45.85
	93.61

	Rymer
	49.11
	12.49
	30.04
	33.88
	64.98

	Lord Lambourne
	73.13
	-8.96
	52.12
	52.89
	99.49

	Bukinghum
	66.51
	-10.86
	43.79
	45.13
	103.97

	CD at 5%
	10.31
	11.11
	8.34
	8.24
	15.29
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