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ABSTRACT:

Aims: To assess the genetic diversity and phenotypic variation among seventy-three Coorg mandarin accessions collected from diverse villages using Distinctness, Uniformity, and Stability (DUS) guidelines.
Study Design:  Statistical tools including one-way ANOVA were employed to evaluate variability among accessions. 
Place and Duration of Study: The survey to obtain different accessions of Coorg mandarin was conducted in Kodagu district of Karnataka. Survey of all the potential orchards were carried out during the fruiting periods from December 2022 to November 2023.
Methodology: During the survey general information about the orchard management was noted from the farmers. A total of seventy-three accessions were collected from different villages of the Kodagu district of Karnataka. One way ANOVA was used to analyze the morphological data obtained in the study. R version 4.3.0 used for the Analysis of variance for the fruit parameters and for estimation of genetic variability parameters.
Results: Out of the total 73 accessions, erect growth habit was predominant (79%), and a majority (75%) exhibited concave fruit base. Fruit apex shape was evenly split between truncate (52%) and depressed (48%). Greenish-yellow fruit color was observed in 70 per cent of accessions, and 85 per cent of fruits were easy to peel. Only seven accessions had fruit diameters more than 7 cm, and two accessions had long fruit lengths (>6.5 cm). Genetic variability analysis of Coorg mandarin accessions revealed that fruit weight exhibited the highest genotypic and phenotypic variance, heritability and genetic advance, indicating its strong genetic control and suitability for yield improvement through selection. Dendrogram showed two major clusters, highlighting considerable phenotypic diversity within the population. This indicates a strong potential for improvement through selection
Conclusion: Significant morphological diversity was observed, notably in tree habit, fruit size, rind color, and peelability, underscoring the rich genetic variation within the region. These findings provide a vital foundation for the conservation, breeding, and improvement of Coorg mandarin varieties and highlight the effectiveness of DUS characterization for cultivar identification and plant variety protection.
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1.INTRODUCTION
Citrus is widely recognized as one of the most significant annual fruit crops in tropical and subtropical regions worldwide (Kumar et al., 2023). India has the largest diversity in Citrus germplasm (Wu et al., 2018). Among the diverse species of citrus such as sweet oranges (Citrus sinensis (L.) Osb), mandarins (C reticulata Blanco), grapefruits (C. paradisi Macf.), pummelos (C. grandis (L.) Osb.), and lemons (C. limon L. Burm. f.), mandarins are mostly preferred specie of Citrus genus. There has been a continuous rise in consumption and global marketing of mandarins due to its easy-to-peel, attractive flavor, and fresh consumption advantages. Consumers demand a mandarin fruit that is both tasty and excellent in quality (Yazici et al., 2023, Maslov Bandić et al., 2023). In India, there are three different ecotypes of Mandarin: the Nagpur, Coorg, and Khasi mandarins, all these are GI (Geographical indication) tagged. The Coorg mandarin got it’s GI tag in the year 2006 (Annon. 2006) for its tender and juicy dark orange pulp, rich flavor and an excellent blend of sugar and acid. This mandarin has been cultivated for over two centuries in the Western Ghats and holds significant cultural and economic importance for local farmers. As the popularity increased, the Britishers boosted it’s cultivation and the area and production of Coorg mandarin was at peak in 1960. More than 50 per cent of India’s production of mandarin oranges were from this place. The increase in area and production posed problems in post- production and marketing (Tripathi, 2023).
Morphological characterization plays a critical role in assessing phenotypic diversity within crop germplasm, facilitating the identification of distinct varieties and guiding breeding programs (Abedinpour et al., 2015). For perennial fruit crops like mandarin, morphological traits related to tree habit, leaf shape, fruit size, and quality attributes are key indicators of genetic variation (Barbora et al., 2019). Accurate morphological data helps in the selection of superior clones, conservation of genetic resources, and enhancement of crop productivity and quality (Ahmed et al., 2017). Morphological characterization remains a fundamental approach for assessing diversity in Citrus germplasm, especially in regions where molecular tools may be limited (Abedinpour et al., 2015). Traits such as tree growth habit, leaf morphology, fruit size and shape, rind color, and seed characteristics have been widely used to distinguish Citrus varieties and evaluate variability (Gaikwad et al., 2018; Dubey et al., 2019). Coorg mandarin has been a subject of limited but important studies due to its unique flavor and economic value. Tripathi et al. (2016) evaluated Coorg mandarin clones and reported variability in fruit weight and quality parameters, emphasizing the need for further characterization. Singh et al. (2016) noted similarities in fruit apex and base shapes among Coorg, Darjeeling, and Nagpur mandarins, highlighting morphological traits as important discriminators. Globally, studies on mandarins such as Kinnow (Citrus reticulata), Clementine, and others have utilized morphological and biochemical markers to assess diversity and guide cultivar improvement (Ahmed et al., 2017).
The Distinctness, Uniformity, and Stability (DUS) test is a standardized procedure for the assessment of new plant varieties, ensuring their uniqueness, consistency, and genetic stability over generations (Annon, 2008). DUS characterization involves detailed evaluation of morphological and physiological traits and serves as a legal basis for plant variety registration and intellectual property protection (Annon, 2007). In citrus breeding, DUS tests enable breeders and regulatory authorities to certify new cultivars and prevent unauthorized propagation. In Citrus, DUS tests have been successfully applied to characterize various species and rootstocks (Altaf et al., 2014; Gaikwad et al., 2018). Similarly, in other horticultural crops like mango (Bhamini et al., 2018) and passion fruit (Cerqueira-Silva et al., 2015), DUS descriptors have facilitated varietal registration and breeding. This study aims to, collect and document morphological variation among Coorg mandarin accessions from Kodagu district using DUS guidelines.
2.MATERIALS AND METHODS
The study was conducted in Kodagu district, Karnataka, located in the Western Ghats of South India. A comprehensive field survey was conducted during the fruiting seasons from December 2022 to November 2023 to select potential orchards across different villages in Kodagu. Collaboration with local agricultural institutions and growers’ cooperatives facilitated the identification of representative orchards for sampling. A total of seventy-three accessions of Coorg mandarin were collected from diverse locations within the district, each accession named after its respective village of origin to maintain traceability (Supplementary Table 1). From each selected orchard, detailed information regarding orchard management, tree age, and cultivation practices was recorded through interactions with farmers. For each accession, five mature fruits and ten fully developed leaves were randomly sampled for laboratory analysis to ensure representative morphological data. Sampling followed standard protocols to minimize bias and maintain consistency across accessions.
Morphological characterization was performed based on the Distinctness, Uniformity, and Stability (DUS) guidelines as prescribed by the Protection of Plant Varieties and Farmers Rights Authority (PPV and FRA, 2008). Collected data on morphological traits were subjected to statistical analysis using one-way analysis of variance (ANOVA) to test for significant differences among accessions. Genetic variability parameters such as phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), heritability, and genetic advance were estimated to evaluate trait variability and potential for selection. R version 4.3.0 used for the Analysis of variance for the fruit parameters and for estimation of genetic variability parameters.

3.RESULTS AND DISCUSSION
The accessions were analyzed based on the descriptors provided by Protection of Plant Varieties and Farmers Rights Authority (Annon, 2008). The parameters anlysed and the results obtained are presented in the Table 1 (Supplementary table 2). Growth habit refers to the form or shape that a tree takes. The tree growth habit was noted as erect or spreading based on the appearance of canopy. The trees with upright branches in the vertical form and branches closer to the stem were erect growing. The trees with wider and more horizontal branches were spreading type of growth habit. Studies on variation in the tree growing habit was also reported in the mandarin trees from Trongsa (Bhutan) which were spread in a dome shape and wide angled branches, an indication of spreading type growth habit (Dorji and Yapwattanaphun, 2011). The difference in the growth habit might be due to variation in tree age, genetic makeup of individual trees, varied growing conditions and space available for growth when grown as an intercrop under conditions of shade. 
The shape of the fruit base of Coorg mandarin was either truncate or concave in nature among all the accessions collected during the survey. The shape of fruit apex was dominated by truncate and depressed shape. A total of fifty-five accessions had concave fruit base shape and eighteen accessions had truncated shaped fruit base.  A total of thirty-eight accessions had truncate fruit apex shape and thirty five accessions had depressed shape of the fruit apex. In a report by Singh et al. (2016), concave fruit base shape and truncate fruit apex shape in Coorg mandarin, Darjeeling mandarin and Nagpur mandarin was observed. It was noted that in Coorg mandarin majorly the fruits were either greenish yellow or light orange in color. The color variations may be due to the genetic built of the plant, also may depend on the harvesting age and the temperature which influences the color. Most studies have observed the variations in color of the rind in various citrus fruits such as orange in Japansche citroen and greenish yellow in citrumelo (Yulianti et al., 2020). Variations were also seen in Citrus jambheri where the fruit rind color was either yellowish or orange (Rohini et al., 2020). Generally, the fruits of Coorg mandarin are easy to peel, but the accessions that were collected also had moderate and difficult to peel fruits. 
3.1 Leaf parameters
Among the accessions evaluated, 39 were categorized as having short leaf length, 23 as medium, and 11 as long (Table 1). Studies have documented variations in leaf lengths and width among different accessions, genotypes or varieties while using DUS guidelines for categorizing them. A study conducted by Selvan et al. (2019), involved the use of DUS guidelines for the characterization of Neolamarckia cadamba genetic resources among the 25 clones available and observed variations in the leaf length and leaf breadth. The maximum leaf length was recorded in Perur 3 (9.40 cm), followed by Nanjarayapatna 1 (8.88 cm), while Mayamudi 4 showed the minimum (4.94 cm). Perur 5 had the highest leaf width (4.52 cm), and Mayamudi 3 the lowest (2.20 cm). Accessions like Perur 1, Perur 3, Sulugod 4, and Nanjarayapatna 1 showed both high leaf length and width, indicating larger leaf size. Leaf shape variation is influenced by genetic and environmental factors. Genetic influences, including interactions between genes and hormonal regulation, play a significant role in leaf development and morphology (Chan and Achmad, 2022). This trait could be advantageous for physiological processes such as photosynthesis, as a larger leaf surface area may enhance light capture efficiency, provided other factors such as water availability remain favorable (Traband et al., 2023). Higher leaf area can also indicate higher utilization of sunlight in the orchard (Ladaniya et al., 2021). 
3.2 Fruit parameters
	Out of the total accessions evaluated, fifteen accessions were categorized as producing heavy fruits, twenty-five accessions were under medium weight category and thirty-three were light-weighted fruits (Table 1). The highest fruit weight was observed in the accession Kottageri 3 (171.57g) followed by Kanoor (169g), Devanoor (165g), Ponnapsanthe 7 (158.60g), Nittur 2 (157.20g), Sulugod 2 (156.67g),  Kottageri 4 (155.40g) and  Arecad 3 (155.27g) (Table 2). The variation in fruit weight among mandarin genotypes might be due to differential translocation of photosynthates from fully developed leaves to developing fruits (Singh et al., 2022). The study on the evaluation of Coorg mandarin clones conducted by Tripathi et al. (2016) also showed variations in fruit weight among the 20 clones.
	Among the seventy-three accessions evaluated, only seven accessions—Kottageri 3 (7.67cm), Kottageri 4 (7.07cm), Mayamudi 5 (7.20cm), Ponnapsante 6 (7.27cm), Ponnapsante 7 (7.10cm) , Arecad 1 (7.10cm) and Konankatte 5 (7.30cm) exhibited a fruit diameter greater than 7 cm. When fruit length was considered, Konankatte 2 (6.57cm) and Kottageri 4 (6.53cm) were the only two accessions in long fruit length category. Thirty accessions were in the medium fruit length category and the remaining accessions were under short fruit length category (Table 1). The fruit length in the study varied from 2.33 cm to 6.57 cm and the fruit diameter varied from 3.47 cm to 7.67 cm (Table 2). Variations in fruit length and diameter have been observed in several citrus species. For instance, in lemon (Citrus limon (L.) Burm.), fruit length ranges from 4.16 to 10.7 cm, while fruit diameter varies between 3.05 and 7.12 cm (Sekhar et al., 2022). Similarly, an evaluation of different citrus species revealed significant differences in fruit dimensions, with grapefruit exhibiting the highest fruit length (9.12 cm) and width (8.90 cm), whereas Kagzi lime recorded the lowest values for fruit length (4.53 cm) and width (3.98 cm) (Deb et al., 2024).
	Only one accession, Kuttandi 2 (0.17 cm), had rind thickness of less than 0.2 cm. A total of 43 accessions were under the moderately thick rind category and 29 accessions had a pericarp thickness exceeding 0.3 cm. (Table 1 and Table 2). The variation in rind thickness differs among citrus species. In pomelo (Citrus maxima), for instance, rind thickness ranges from 0.8 to 4.0 cm (Singh et al., 2015). Rind thickness of Faisalabad seeded and Sargodha seedless strains of Kinnow mandarin (Citrus reticulata Blanco) were (5.24mm) and (4.43mm) respectively (Altaf et al., 2014). This suggest that, rind thickness is primarily a genetic trait inherent to each species.
	Among the 73 accessions of Coorg mandarin analyzed, only eight accessions Kottageri 2 (31.68 %), Kuttandi 3 (34.21 %), Boikeri 1 (37.38 %), Ponnapsanthe 1 (34.82 %), Perur 2 (37.13 %), Perur 3 (39.66 %) and Perur 5 (29.67) had low juice percentage. The juice percentage varies with the genotypes evaluated, for example the juice percentage in lemon (Citrus limon (L.) Burm.) varied from 21.17-58.33 under West Bengal conditions in a study conducted by Sekhar et al. (2022). In an evaluation conducted on 20 Coorg mandarin clones by Tripathi et al. (2016), the highest juice percentage recorded was in clone 3 with a value of 50.15 per cent. Clone 1(48.62%), Clone-2 (47.35 %) and Clone 11(47.04%) also recorded higher juice percent in the evaluated Coorg mandarin clones.
Among the 73 accessions studied only 2 accessions, Kattemadu 1 (6.57 ᵒBrix) and Kattemadu 3 (6.03 ᵒBrix) had a very low TSS of less than 8 ᵒBrix (Table 1). Forty nine accessions fell in the medium TSS range (8 to 11 ᵒBrix ) and the remaining twenty two accessions had a very high TSS of greater than 11ᵒBrix. The variation in fruit TSS and acidity among mandarin genotypes might be due to the seasonal dynamics of carbohydrates and acids in the fruits due to starch hydrolysis during the maturation period (Singh et al., 2022 ). The TSS content in mandarin juice comprises mostly sugars, their nature and concentration largely that affects the taste characteristics and organoleptic quality (Goldenberg et al., 2018). Similar findings were noticed by Tripathi et al. (2016) in Coorg mandarin with total soluble solids were higher in Clone-17 (9.54 0 Brix), Clone-8 (9.13 0 Brix) and Clone-9 (8.88 0 Brix).
All the 73 accessions of Coorg mandarin were classified into low (<0.5 %), medium (0.5 to 0.7%) and high (0.7%) acidity groups. Only one accession (Perur 4 - 0.49 %) among the 73 had very low acidity of less than 0.5 per cent (Table 2). Seventeen accessions had medium acidity and the remaining fifty-five accessions had higher acidity of higher than 0.7 per cent.



[bookmark: _Hlk198718230]Seven accessions namely Perur 3 (0.72g), Sirangalli 2 (0.82 g), Kuttandi 2 (0.9 g), Perur 1 (0.9 g), Kuttandi 3 (1.0 g), Perur 2 (1.01g), and Kattemadu 3 (1.04g) (Table 2) fell in the lighter seeds category with less than 1.10 g weight and the remaining sixty-six accessions had a higher seed weight (>1.10g) and was placed in another category. It can be noticed that three accessions from Perur had low seed weight, it was because the seeds were thin and almost looked sterile without an embryo. This might be due to un fertilization of ovule and formation of seeds.



Table 1: DUS Guidelines as provided by Protection of Plant Varieties and Farmers Rights’ Authority and the results obtained in the study

	Sl.No
	Characteristics
	States
	Number of Accessions
	Percentage
(%)

	1
	Tree growth habit
	Erect
	67
	91.8

	
	
	Spreading 
	
6
	8.2

	2
	Leaf length [cm]
	Short (< 7)
	39
	53.42

	
	
	Medium (7-8)
	23
	31.51

	
	
	Long (>8)
	11
	15.07

	3
	Leaf width [cm]
	Narrow (<3)
	23
	31.51

	
	
	Medium (3-4)
	45
	61.64

	
	
	Broad (>4)
	5
	6.85

	4
	Fruit weight (g)
	Light (<110)
	33
	45.21

	
	
	Medium 
(110 – 140)
	25
	34.25

	
	
	Heavy (>140)
	15
	20.55

	5
	Fruit diameter
(cm)
	Small (<6)
	30
	41.10

	
	
	Medium (6 -7)
	36
	49.32

	
	
	Large (>7)
	7
	9.59

	6
	Fruit length (cm)
	Short (<5.5)
	41
	56.16

	
	
	Medium (5.5 – 6.5)
	30
	41.10

	
	
	Long (>6.5)
	2
	2.74

	7
	Shape of fruit base
	Truncate
	55
	75.34

	
	
	Concave
	18
	24.666

	8
	Shape of fruit apex
	Truncate 
	38
	52.05

	
	
	Depressed
	35
	47.95

	9
	Fruit rind (epicarp) color
	Greenish
Yellow
	51
	69.86

	
	
	Light Orange
	22
	30.14

	10
	Fruit rind -peel ability
	Easy
	62
	84.93

	
	
	Moderate
	7
	9.59

	
	
	Difficult
	4
	5.47

	11
	Fruit rind thickness
(cm)
	Thin (<0.2)
	1
	1.36

	
	
	Moderately thick (0.2-0.3)
	43
	58.90

	
	
	Thick (>0.3) 
	29
	39.72

	12
	Fruit juiciness (%)
	Low (<40)
	8
	10.95

	
	
	Medium (40 to 45)
	26
	35.61

	
	
	High (>45)
	39
	53.42

	13
	Total Soluble Solids 
(0 Brix)
	Low (< 8)
	2
	2.73

	
	
	Medium (8 to 11)
	49
	67.12



	
	
	High (> 11)
	22
	30.13

	14
	Titratable acidity
(% citric acid)
	Low (< 0.5)
	1
	1.36

	
	
	Medium (0.5 to 0.7%)
	17
	23.28

	
	
	High (>0.7)
	55
	75.34

	15
	Number of seeds
per fruit
	< 5
	0
	0

	
	
	>5
	73
	100

	16
	Seed boldness
(Weight of 20
seeds in g)
	<1.10
	7
	9.58

	
	
	>1.10
	66
	90.41


Tree growth habit- Tree growth habit recorded on tree not less than 5 years of age in natural state. Spreading or erect growth habit was noted during the survey.
Shape of fruit base - The shapes of the fruits were classified into two categories i.e., truncate or concave. The fruit shapes were recorded as per the pictures provided in the Citrus descriptors.
Shape of fruit apex- The shapes of the fruits were classified into two categories i.e., truncate or depressed. The fruit shapes were recorded as per the pictures provided in the Citrus descriptors.
Fruit rind color (epicarp)- The color of the fruit rind was noted as per description provided in Table 2.
Fruit rind peelability- Depending on the ease of peeling, it was noted as easy, medium or hard
Fruit rind thickness- Peel of the fruit was first stripped from endocarp, and then the total thickness of the peel was measured with the help of a slide caliper and the data recorded in millimeter (mm)
Seed boldness (weight of 20 seeds in g)




Table 2: Variations observed in leaf and fruit parameters of Coorg mandarin accessions
	 Treatment
	Accessions
	Leaf length
	Leaf
Breadth
	Fruit weight
(g)
	Fruit diameter (cm)
	Fruit length
(cm)
	rind thickness
(cm)
	No of seeds
	Seed weight of 20 seeds (g)
	Juice %
	TSS
	Acidity

	T1
	Kottageri 1
	7.50
	3.40
	85.33
	5.77
	3.60
	0.33
	23.00
	2.267
	52.53
	11.23
	0.92

	T2
	Kottageri 2
	7.66
	3.80
	112.67
	4.73
	4.63
	0.30
	16.33
	1.57
	31.68
	11.50
	0.58

	T3
	Kottageri 3
	6.62
	2.94
	171.57
	7.67
	6.03
	0.47
	20.67
	2.13
	43.97
	12.17
	0.96

	T4
	Kottageri 4
	6.82
	3.10
	155.50
	7.07
	6.53
	0.37
	15.33
	1.82
	48.81
	12.07
	0.94

	T5
	Sulugod 1
	7.12
	3.24
	97.50
	4.60
	3.73
	0.23
	16.00
	2.649
	41.76
	11.83
	0.85

	T6
	Sulugod 2
	7.14
	3.54
	156.67
	5.70
	4.73
	0.37
	15.67
	2.428
	43.20
	10.00
	0.92

	T7
	Sulugod 3
	6.36
	2.80
	102.80
	6.37
	4.57
	0.23
	19.00
	1.6
	49.09
	11.27
	1.09

	T8
	Sulugod 4
	8.62
	4.18
	128.53
	6.77
	5.27
	0.37
	17.33
	2.1
	40.83
	11.60
	1.11

	T9
	Sulugod 5
	6.28
	2.88
	90.37
	6.03
	4.93
	0.30
	15.00
	1.6
	46.86
	10.87
	1.64

	T10
	Sulugod 6
	6.54
	3.06
	77.30
	5.57
	4.13
	0.27
	13.33
	1.7
	46.37
	12.20
	1.22

	T11
	Sulugod 7
	7.74
	3.42
	106.43
	6.93
	5.07
	0.27
	17.67
	1.72
	42.13
	11.80
	0.83

	T12
	Sulugod 8
	7.10
	3.42
	97.43
	5.83
	5.60
	0.27
	21.00
	1.92
	51.71
	10.17
	1.17

	T13
	Sulugod 9
	7.08
	3.26
	94.27
	5.53
	5.53
	0.30
	20.00
	1.7
	55.90
	9.00
	0.92

	T14
	Sulugod 10
	7.34
	3.44
	105.07
	6.00
	5.27
	0.20
	9.67
	1.59
	51.63
	8.37
	1.07

	T15
	Devanoor
	8.32
	3.60
	165.50
	5.17
	4.77
	0.40
	22.00
	2.49
	57.37
	10.00
	0.60

	T16
	Srimangala
	6.30
	2.94
	68.67
	3.83
	2.70
	0.23
	13.67
	2
	40.91
	11.20
	1.83

	T17
	Kanoor
	8.02
	3.90
	169.00
	5.57
	4.73
	0.37
	23.33
	2.136
	40.78
	10.87
	0.51

	T18
	Sirangalli 1
	6.76
	3.36
	70.33
	3.73
	3.17
	0.27
	14.33
	2.402
	45.01
	11.33
	0.81

	T19
	Sirangalli 2
	6.70
	2.94
	80.67
	4.27
	3.17
	0.33
	20.00
	0.826
	42.05
	11.03
	0.85

	T20
	Sirangalli 3
	7.66
	3.50
	58.17
	3.47
	2.63
	0.30
	9.67
	1.408
	53.11
	9.17
	0.94

	T21
	Sirangalli 4
	6.26
	2.76
	69.50
	3.57
	2.97
	0.33
	16.00
	1.1057
	50.36
	8.57
	0.77

	T22
	Mallur 1
	7.64
	3.46
	81.50
	3.87
	3.40
	0.27
	15.67
	1.2425
	45.23
	11.03
	0.68

	T23
	Mallur 2
	6.68
	3.44
	73.50
	3.73
	3.33
	0.37
	16.00
	2.2119
	46.94
	10.83
	0.64

	T24
	Mallur 3
	8.10
	3.56
	89.00
	4.17
	3.80
	0.37
	13.67
	1.565
	40.32
	11.33
	0.79

	T25
	Mallur 4
	7.10
	3.18
	95.17
	6.20
	4.70
	0.20
	21.67
	2.026
	46.42
	9.93
	0.64

	T26
	Kuttandi 1
	8.20
	3.64
	87.70
	5.17
	4.07
	0.27
	12.33
	2.1
	42.80
	11.33
	2.37

	T27
	Kuttandi 2
	6.90
	3.34
	37.30
	4.17
	3.13
	0.17
	10.33
	0.9
	42.81
	9.27
	1.94

	T28
	Kuttandi 3
	6.68
	2.96
	52.33
	4.37
	3.23
	0.20
	7.33
	1
	34.21
	9.20
	1.43

	T29
	Boikeri 1
	5.88
	2.90
	39.80
	4.57
	2.33
	0.33
	16.00
	1.2
	37.38
	8.00
	2.82

	T30
	Balaji
	7.12
	3.18
	91.74
	5.53
	4.33
	0.37
	18.00
	1.65
	44.74
	12.27
	1.41

	T31
	Mayamudi 1
	6.24
	2.60
	119.33
	6.23
	4.53
	0.30
	23.67
	1.74
	47.90
	12.00
	1.15

	T32
	Mayamudi 2
	7.66
	3.52
	136.37
	6.33
	5.87
	0.37
	21.00
	2.08
	50.13
	8.90
	0.87

	T33
	Mayamudi 3
	4.94
	2.20
	144.77
	6.27
	5.97
	0.27
	21.67
	1.79
	40.48
	9.20
	0.70

	T34
	Mayamudi 4
	6.54
	2.90
	114.17
	6.33
	5.83
	0.37
	23.33
	1.71
	48.98
	8.40
	0.77

	T35
	Maamudi 5
	6.60
	3.32
	120.90
	7.20
	6.33
	0.27
	23.67
	1.83
	54.14
	9.00
	0.73

	T36
	Ponnapsanthe 1
	5.78
	2.68
	124.10
	6.03
	4.83
	0.40
	18.33
	1.4
	34.82
	12.33
	0.86

	T37
	Ponnapsanthe 2
	6.38
	3.06
	113.87
	6.47
	4.80
	0.30
	18.33
	1.55
	46.17
	11.67
	1.19

	T38
	Ponnapsanthe 3
	6.70
	3.10
	127.13
	6.70
	5.17
	0.27
	25.33
	1.66
	40.90
	13.13
	1.37

	T39
	Ponnapsanthe 4
	6.80
	3.02
	95.43
	5.90
	4.50
	0.27
	17.33
	1.8
	49.97
	12.07
	0.90

	T40
	Ponnapsante 5
	5.86
	2.68
	141.50
	6.80
	5.67
	0.33
	21.33
	2.61
	46.89
	10.27
	0.53

	T41
	Ponnapsante 6
	5.70
	2.78
	143.20
	7.10
	6.30
	0.37
	16.33
	2.17
	46.98
	9.80
	1.13

	T42
	Ponnapsante 7
	6.84
	2.80
	158.60
	7.27
	6.27
	0.37
	27.67
	2.07
	40.19
	9.50
	0.95

	T43
	Ponnapsante 8
	7.98
	3.44
	118.27
	6.30
	5.77
	0.30
	14.00
	1.75
	59.85
	8.30
	0.77

	T44
	Arecad 1
	7.56
	3.32
	136.33
	7.10
	5.53
	0.27
	21.67
	2.26
	41.75
	8.10
	0.63

	T45
	Arecad 2
	7.38
	3.68
	138.93
	6.50
	6.07
	0.30
	19.00
	1.90
	34.65
	9.80
	0.66

	T46
	Arecad 3
	6.68
	3.46
	155.27
	6.73
	5.60
	0.30
	18.67
	2.70
	50.92
	9.60
	0.55

	T47
	Arecad 4
	7.08
	3.24
	127.47
	6.73
	6.10
	0.27
	15.33
	2.00
	51.50
	9.30
	0.66

	T48
	Ammangala 1
	6.90
	3.28
	91.17
	5.67
	4.80
	0.20
	20.67
	1.80
	40.94
	9.50
	0.96

	T49
	Ammangala 2
	8.50
	3.74
	132.07
	6.13
	5.37
	0.23
	24.67
	2.09
	48.82
	9.70
	0.64

	T50
	Ammangala 3
	7.54
	3.18
	127.40
	6.50
	5.60
	0.30
	16.00
	2.71
	40.53
	8.40
	0.77

	T51
	Ammangala 4
	6.54
	3.22
	118.37
	6.53
	4.63
	0.30
	22.00
	2.26
	51.71
	9.10
	0.87

	T52
	Nanjarayapatna 1
	8.88
	4.18
	92.20
	5.60
	4.93
	0.20
	21.67
	1.70
	49.67
	10.07
	0.96

	T53
	Nanjarayapatna 2
	5.80
	2.46
	105.37
	5.77
	5.40
	0.30
	20.67
	1.80
	56.29
	10.00
	0.75

	T54
	Perur 1
	8.78
	4.14
	117.50
	6.30
	5.67
	0.37
	23.33
	0.90
	42.66
	9.30
	0.60

	T55
	Perur 2
	8.40
	3.78
	132.63
	6.37
	5.57
	0.30
	22.33
	1.01
	37.13
	9.20
	0.62

	T56
	Perur 3
	9.40
	4.36
	126.30
	6.43
	5.17
	0.37
	22.33
	0.72
	39.66
	8.73
	0.55

	T57
	Perur 4
	7.96
	3.50
	115.87
	6.60
	4.87
	0.30
	21.67
	1.12
	43.84
	10.07
	0.49

	T58
	Perur 5
	6.60
	4.52
	105.33
	5.67
	5.67
	0.40
	24.33
	1.26
	29.67
	8.97
	0.81

	T59
	Kattemadu 1
	5.24
	2.36
	85.10
	5.23
	5.40
	0.37
	25.00
	1.11
	47.46
	6.57
	0.83

	T60
	Kattemadu 2
	7.64
	3.62
	100.67
	5.70
	5.57
	0.33
	17.00
	1.54
	41.02
	10.20
	0.64

	T61
	Kattemadu 3
	6.10
	2.70
	66.33
	4.63
	5.23
	0.40
	19.00
	1.04
	43.92
	6.03
	0.87

	T62
	Konankatte 1
	7.64
	3.32
	124.77
	6.50
	6.30
	0.30
	22.00
	2.12
	50.04
	9.00
	0.92

	T63
	Konankatte 2
	5.58
	2.62
	138.63
	6.87
	6.57
	0.27
	11.00
	2.08
	50.70
	8.57
	1.28

	T64
	Konankatte3
	7.52
	3.38
	119.17
	6.57
	6.07
	0.30
	21.67
	2.08
	51.45
	9.27
	0.64

	T65
	Konankatte4
	6.66
	3.10
	114.97
	6.33
	6.13
	0.33
	18.33
	1.86
	50.11
	9.00
	1.00

	T66
	Konankatte5
	6.64
	3.28
	154.67
	7.30
	6.23
	0.37
	23.00
	2.12
	49.07
	8.57
	0.79

	T67
	Rajapura 1
	8.54
	3.66
	144.50
	6.70
	5.93
	0.30
	24.00
	1.83
	50.45
	9.17
	0.92

	T68
	Rajapura 2
	6.16
	2.80
	145.43
	6.87
	5.93
	0.33
	20.67
	2.00
	51.61
	10.17
	1.17

	T69
	Rajapura 3
	6.40
	3.12
	131.97
	6.60
	6.00
	0.30
	22.33
	1.98
	49.47
	11.17
	0.98

	T70
	Rajapura 4
	7.10
	3.06
	132.33
	6.63
	6.00
	1.23
	24.33
	1.83
	41.81
	9.50
	1.15

	T71
	Rajapura 5
	6.70
	2.88
	147.43
	6.63
	6.03
	0.30
	25.67
	2.25
	42.50
	9.53
	0.94

	T72
	Nittur 1
	6.38
	2.62
	107.30
	6.07
	5.43
	0.30
	25.00
	1.59
	52.99
	10.00
	1.34

	T73
	Nittur 2
	6.24
	2.94
	157.20
	7.00
	6.40
	0.30
	16.67
	1.79
	52.89
	9.90
	1.22

	
	Range
	4.94-9.40
	2.20-4.52
	37.30-171.57
	3.47-7.67
	2.33-6.57
	NS
	7.33-26.67
	0.72-2.71
	29.67-59.85
	6.03-13.13
	0.49-2.82

	
	Mean
	7.02
	3.24
	113.17
	5.91
	5.04
	NS
	13.63
	1.79
	10.01
	10.01
	0.96

	
	SE (m) ±
	0.10
	0.05
	3.63
	0.12
	0.13
	NS
	0.51
	0.0
	0.72
	0.16
	0.05

	
	CD at 5%
	0.71
	0.54
	20.64
	0.45
	0.50
	NS
	5.95
	0.72
	10.14
	0.79
	0.32

	
	CV
	12.76
	14.11
	27.37
	17.46
	21.20
	NS
	22.96
	25.83
	13.32
	13.92
	41.89



3.3 Genetic variability parameters
[bookmark: _Hlk198718849][bookmark: _Hlk198718954]The   data on   different   genetic   variability   parameters   viz., Genotypic Variance (GV), Phenotypic Variance (PV), Environmental Variance (EV), phenotypic   coefficient   of   variation (PCV), genotypic   coefficient   of   variation (GCV), environmental coefficient of variation (ECV), heritability broad sense (h2) and expected genetic advance   across the Coorg mandarin accession, that were collected for the study are presented in the Table 3. Among these, fruit weight exhibited the highest genotypic variance (905.69), indicating substantial genetic influence on this trait. This suggests that, fruit weight is highly heritable and may serve as a key selection criterion in breeding programs aimed at yield improvement. The highest phenotypic variance was recorded for fruit weight (1067.44).  Among the evaluated traits, acidity demonstrated the lowest phenotypic variance (0.19), which indicates minimal variation in this parameter across the studied accessions. The low phenotypic variance for acidity suggests that, this trait is relatively stable and less affected by genetic and environmental factors, making it less responsive to selection. Similar studies conducted by Singh et al. (2021) on genotypic variance (GV) and Phenotypic variance of morphological characters in mandarin (Citrus reticulata Balanco), where the values were maximum for fruit weight. Environmental variance was also observed to be highest for fruit weight (161.74), followed by juice percentage (38.59). 
[bookmark: _Hlk198719038][bookmark: _Hlk198719075][bookmark: _Hlk198719107]The data analyzed showed that, the highest PCV was seen in characters such as acidity (45.02), fruit weight (28.87) and number of seeds per fruit (27.89). The high PCV is    an indication   of   the   existence for   wide   scope   and selection   for   the   improvement of the traits from a considerable amount of variability present. Whereas the higher coefficient of variance was noticed in acidity (40.22), followed fruit weight (26.59). Lowest genetic coefficient of variance was noticed in the characters such leaf length (12.39), TSS (13.62) and leaf breadth (13.38). Similarly, Baswal et al. (2017) noted that, in sweet orange the highest GCV and PCV was observed for Titrable acidity (27.88) followed by fruit weight (21.52). The present study revealed a high environmental coefficient of variance in acidity (20.22) and the lowest ECV was observed in fruit diameter (4.57) and TSS (4.97). The overall findings indicates that, in most traits, the magnitude of GCV was approximately equal to that of PCV, both of which were notably higher than the environmental coefficient of variation (ECV).
[bookmark: _Hlk198719171][bookmark: _Hlk198719209]Heritability is high when its value is greater than 50 per cent. In the present study heritability estimates revealed that, fruit length (0.92) exhibited highest heritability values, which indicates a strong genetic influence on these traits with minimal environmental interference. The data on fruit diameter and fruit length, and the values of total soluble solids (TSS) (0.88), fruit weight (0.85), leaf length (0.80), acidity (0.79) and leaf breadth (0.77) also displayed high heritability values (Table 3). In a genetic diversity analysis of 46 prominent mandarins grown in different countries on fruit traits by Kaur et al. (2022), showed higher heritability (h2) in fruit weight. Genetic advance was highest for fruit weight (57.10). This suggests that, these traits exhibit a strong genetic component and have high potential for improvement through selection. Similarly in grapefruit and pumello, Elkhlifi et al. (2024) noticed Genetic advance (GA) to be highest for vitamin C (169.64), followed by fruit weight (168.50) and the number of seeds per fruit (59.02).
Table 3: Genetic parameters for nine quantitative traits in Coorg mandarin accessions
	Character
	GV
	PV
	EV
	GCV
	PCV
	ECV
	Heritability
	Genetic advance

	Leaf length (cm)
	0.76
	0.96
	0.19
	12.39
	13.87
	6.23
	0.80
	1.60

	Leaf breadth (cm)
	0.1869
	0.2418
	0.0549
	13.38
	15.22
	7.25
	0.77
	0.78

	Fruit weight (g)
	905.69
	1067.44
	161.74
	26.59
	28.87
	11.24
	0.85
	57.10

	Fruit diameter (cm)
	1.03
	1.11
	0.072
	17.26
	17.85
	4.57
	0.93
	2.03

	Fruit length (cm)
	1.11
	1.20
	0.09
	20.91
	21.74
	5.95
	0.92
	2.08

	Number of seeds per fruit
	14.60
	28.28
	13.67
	20.04
	27.89
	19.39
	0.52
	5.66

	Juice percentage (%)
	24.39
	63.29
	38.59
	10.76
	17.33
	13.59
	0.38
	6.31

	TSS (Brix)
	1.85
	2.10
	0.24
	13.62
	14.50
	4.97
	0.88
	2.63

	Acidity
	0.15
	0.19
	0.03
	40.22
	45.02
	20.22
	0.79
	0.71


GV: Genotypic Variance, PV: Phenotypic Variance, EV: Environmental Variance, 
GCV: Genotypic Coefficient of Variance, PCV:  Phenotypic Coefficient of Variance
ECV: Environmental Coefficient of Variance
3.4 Genetic Relationship Among Coorg Mandarin Accessions
The dendrogram (Fig. 1) illustrates the clustering of 73 Coorg mandarin (Citrus reticulata Blanco) accessions based on morphological descriptors, using the UPGMA method. Two major clusters were identified, highlighting considerable phenotypic diversity within the population.
Cluster I (Red) comprise accessions that share close similarity in morphological traits. These accessions are primarily from localities such as Perur, Ponnapsanthe, Konanakatte, and Ammangala, suggesting a degree of morphological uniformity within these regions.
Cluster II (Green) includes a more diverse set of accessions from areas like Sulugodu, Kottageri, Mallur, and Kuttandi. This cluster exhibits considerable internal branching, indicating higher intra-cluster variability. Accessions from Sulugodu in particular are widely dispersed within this cluster, signifying notable morphological heterogeneity within that locality.
Sub-Cluster IA comprises of accessions Rajapura 1, Arecad 2, Ponnapsanthe 8, Ammangala 2, all accessions of Perur (1 to 5) and Kattemadu 2.  These accessions are likely uniform in most morphological characters and may have derived from genetically related seedling trees.
Sub-cluster IB comprises of Rajapura 4 and 3, Mayamudi 5 and 2, Ponnapsanthe 7, Arecad (1,3 and 4), Konankatte (1,3 and 5), Ammangala 4 and 5, these accessions represent interrelated accessions with moderate divergence.
Sub-cluster IC indicate wider morphological spread and intra-regional diversity. This cluster comprises of Nittur 1 and 2, Rajapura 5 and 2, Ponnapsanthe 1, 3, 5 and 6, Mayamudi 1,3 and 4, and Nanjarayapatna 2.
Sub-cluster IIA consists of accessions Kattemadu 1 and 3, Sirangalli 1, 2, 3 and 4, Srimangala, Mallur 1, 2 and 3. These are structured which suggests a regional morphotype and internal diversity implies subtle differences.
Sub-cluster IIB comprises of accessions from the Sulugod region, Nanjarayapatna and other places, whereas the Sulugod accessions show a high resemblance.  This is a compact and internally diverse group, indicating a potentially unique morphotype prevalent in Sulugodu with minor internal differences. The homogeneity may result from geographical isolation or farmer selection practices.
Sub-cluster IIC consists of accessions from Kottageri, Devanoor and Kanoor. The accessions collected from Kottageri seem to have high resemblance may be due to farmers selection or a same source of collection.
This clustering analysis underscores the value of morphological characterization in capturing phenotypic diversity and provides a foundational understanding for further genetic studies, varietal selection, and improvement of Coorg mandarin. The distinct clustering reflects natural variation shaped by geography, environment, and traditional propagation, offering valuable insights for genetic conservation, varietal selection, and breeding programs. Cluster analysis based on 17 morphological traits divided 28 genotypes of newly developed orangelo (Citrus spp.) hybrids into two main groups (Kumar et al., 2024).
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Fig 1. Dendrogram illustrating genetic relationship among 73 accessions based on Morphological data generated by UPGMA tree analysis
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4.Conclusion
The present study successfully assessed the morphological diversity of 73 accessions of Coorg mandarin using standardized DUS (Distinctness, Uniformity, and Stability) descriptors. Substantial variation was observed across several qualitative and quantitative traits such as tree growth habit, leaf dimensions, fruit size and weight, rind color and peelability, juice content, TSS, acidity, and seed characteristics.
The predominance of erect tree habit, combined with significant variation in fruit quality traits like TSS and juice percentage, highlights the potential of specific accessions for both fresh consumption and processing industries. Traits such as fruit apex and base shape, peelability, and seed size proved especially useful in distinguishing accessions, validating the effectiveness of DUS-based morphological characterization in varietal identification.
The findings are particularly significant in the context of plant variety protection, germplasm conservation, and commercial propagation, especially after the GI tagging of Coorg mandarin. The use of DUS characters not only ensures legal protection but also facilitates the identification of elite accessions for targeted breeding and crop improvement programs. Molecular characterization (e.g., SSR, SNP markers) should be conducted to complement morphological data and confirm genetic distinctness. Multi-location trials are needed to evaluate the stability of key traits under different agro-climatic conditions. Efforts should be made to conserve elite accessions in germplasm repositories and promote them through certified nurseries for commercial cultivation.
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Supplementary table 1: List of accessions collected during the survey in Kodagu district
	Sl No
	Name of the Village
	Date of Collection
	Accession name

	1
	Kottageri
	27-12-2022
	Kottageri 1

	2
	
	27-12-2022
	Kottageri 2

	3
	
	21-06-2023
	Kottageri 3

	4
	
	21-06-2023
	Kottageri 4

	5
	Sulugod
	27-12-2022
	Sulugud 1

	6
	
	12-02-2023
	Sulugud 2

	7
	
	21-06-2023
	Sulugod 3

	8
	
	21-06-2023
	Sulugod 4

	9
	
	21-06-2023
	Sulugod 5

	10
	
	21-06-2023
	Sulugod 6

	11
	
	7-11-2023
	Sulugod 7

	12
	
	7-11-2023
	Sulugod 8

	13
	
	7-11-2023
	Sulugod 9

	14
	
	7-11-2023
	Sulugod 10

	15
	Devanoor
	27-12-2022
	Devanoor

	16
	Srimangala
	28-12-2022
	Srimangala

	17
	Kanoor
	27-12-2022
	Kanoor

	18
	Sirangalli
	03-01-2023
	Sirangalli 1

	19
	
	03-01-2023
	Sirangalli 2

	20
	
	03-01-2023
	Sirangalli 3

	21
	
	03-01-2023
	Sirangalli 4

	22
	Mallur
	21-06-2023
	Mallur 1

	23
	
	21-06-2023
	Mallur 2

	24
	
	12-02-2023
	Mallur 3

	25
	
	12-02-2023
	Mallur 4

	26
	Kuttandi
	20-06-2023
	Kuttandi 1

	27
	
	20-06-2023
	Kuttandi 2

	28
	
	20-06-2023
	Kuttandi 3

	29
	Boikeri
	21-06-2023
	Boikeri 1

	30
	Balaji
	21-06-2023
	Balaji

	31
	Mayamudi
	21-06-2023
	Mayamudi 1

	32
	
	06-11-2023
	Mayamudi 2

	33
	
	06-11-2023
	Mayamudi 3

	34
	
	06-11-2023
	Mayamudi 4

	35
	
	06-11-2023
	Maamudi 5

	36
	Ponnapsanthe
	21-06-2023
	Ponnapsanthe 1

	37
	
	21-06-2023
	Ponnapsanthe 2

	38
	
	21-06-2023
	Ponnapsanthe 3

	39
	
	21-06-2023
	Ponnapsanthe 4

	40
	
	07-11-2023
	Ponnapsante 5

	41
	
	07-11-2023
	Ponnapsante 6

	42
	
	07-11-2023
	Ponnapsante 7

	43
	
	07-11-2023
	Ponnapsante 8

	44
	Arecad
	19-10-2023
	Arecad 1

	45
	
	19-10-2023
	Arecad 2

	46
	
	19-10-2023
	Arecad 3

	47
	
	19-10-2023
	Arecad 4

	48
	Ammangala
	19-10-2023
	Ammangala 1

	49
	
	19-10-2023
	Ammangala 2

	50
	
	19-10-2023
	Ammangala 3

	51
	
	19-10-2023
	Ammangala 4

	52
	Nanjarayapatna
	19-10-2023
	Nanjarayapatna 1

	53
	
	19-10-2023
	Nanjarayapatna 2

	54
	Perur
	01-11-2023
	Perur 1

	55
	
	01-11-2023
	Perur 2

	56
	
	01-11-2023
	Perur 3

	57
	
	01-11-2023
	Perur 4

	58
	
	01-11-2023
	Perur 5

	59
	Kattemadu
	01-11-2023
	Kattemadu 1

	60
	
	01-11-2023
	Kattemadu 2

	61
	
	01-11-2023
	Kattemadu 3

	62
	Konankatte
	06-11-2023
	Konankatte 1

	63
	
	06-11-2023
	Konankatte 2

	64
	
	06-11-2023
	Konankatte3

	65
	
	06-11-2023
	Konankatte4

	66
	
	06-11-2023
	Konankatte5

	67
	Rajapura
	07-11-2023
	Rajapura 1

	68
	
	07-11-2023
	Rajapura 2

	69
	
	07-11-2023
	Rajapura 3

	70
	
	07-11-2023
	Rajapura 4

	71
	
	07-11-2023
	Rajapura 5

	72
	Nittur
	06-11-2023
	Nittur 1

	73
	
	06-11-2023
	Nittur 2



Supplementary Table 2: DUS Guidelines as provided by Protection of Plant Varieties and Farmers Rights’ Authority

	

	Characteristics
	States
	Accessions
	Number of Accessions
	Percentage
(%)

	1
	Tree growth habit
	Erect
	Kottageri 1, Kottageri 2, Sulugud 1, Sulugud 2, Sulugod 3, Sulugod 4, Sulugod 5, Sulugod 6, Sulugod 7, Sulugod 8, Sulugod 9, Sulugod 10, Srimangala, Kanoor, Sirangalli 1, Sirangalli 2, Sirangalli 3, Sirangalli 4, Mallur 1, Mallur 2, Mallur 3, Mallur 4, Kuttandi 1, Kuttandi 2, Kuttandi 3, Boikeri 1, Balaji, Mayamudi 1, Mayamudi 4, Mayamudi 5, Ponnapsanthe 1, Ponnapsanthe 2, Ponnapsanthe 3, Ponnapsanthe 4, Arecad 3, Arecad 4, Ammangala 1, Ammangala 2, Ammangala 3, Ammangala 4, Perur 1, Perur 3, Perur 4, Perur 5, Kattemadu 1, Kattemadu 2, Kattemadu 3, Konankatte 1, Konankatte 2, Konankatte3, Konankatte4, Konankatte5, Rajapura 1, Rajapura 2, Rajapura 3, Rajapura 4, Nittur 1, Nittur 2   
	67
	91.8

	
	
	Spreading 
	Kottageri 3, Kottageri 4, Devanoor, Mayamudi 2, Mayamudi 3, Ponnapsante 5, Ponnapsante 6, Ponnapsante 7, Ponnapsante 8, Arecad 1, Arecad 2, Nanjarayapatna 1, Nanjarayapatna 2, Perur 2, Rajapura 5
	
6
	8.2

	2
	Leaf length [cm]
	Short (< 7)
	Kottageri 3, Kottageri 4, Sulugod 3, Sulugod 5, Sulugod 6, Srimangala, Sirangalli 1, Sirangalli 2, Sirangalli 4, Mallur 2, Kuttandi 2, Kuttandi 3, Boikeri 1, Mayamudi 1, Mayamudi 3, Mayamudi 4, Maamudi 5, Ponnapsanthe 1, Ponnapsanthe 2, Ponnapsanthe 3, Ponnapsanthe 4, Ponnapsante 5, Ponnapsante 6, Ponnapsante 7, Arecad 3, Ammangala 1, Ammangala 4, Nanjarayapatna 2, Perur 5, Kattemadu 1, Kattemadu 3, Konankatte 2, Konankatte4, Konankatte5, Rajapura 2, Rajapura 3, Rajapura 5, Nittur 1, Nittur 2
	39
	53.42

	
	
	Medium (7-8)
	Kottageri 1, Kottageri 2, Sulugud 1, Sulugud 2, Sulugod 7, Sulugod 8, Sulugod 9, Sulugod 10, Sirangalli 3, Mallur 1, Mallur 4, Balaji, Mayamudi 2, Ponnapsante 8, Arecad 1, Arecad 2, Arecad 4, Ammangala 3, Perur 4, Kattemadu 2, Konankatte 1, Konankatte3, Rajapura 4
	23
	31.51

	
	
	Long (>8)
	Sulugod 4, Devanoor, Kanoor, Mallur 3, Kuttandi 1, Ammangala 2, Nanjarayapatna 1, Perur 1, Perur 2, Perur 3, Rajapura 1
	11
	15.07

	3
	Leaf width [cm]
	Narrow (<3)
	Kottageri 3, Sulugod 3, Sulugod 5, Srimangala, Sirangalli 2, Sirangalli 4, Kuttandi 3, Boikeri 1, Mayamudi 1, Mayamudi 3, Mayamudi 4, Ponnapsanthe 1, Ponnapsante 5, Ponnapsante 6, Ponnapsante 7, Nanjarayapatna 2, Kattemadu 1, Kattemadu 3, Konankatte 2, Rajapura 2, Rajapura 5, Nittur 1, Nittur 2
	23
	31.51

	
	
	Medium (3-4)
	Kottageri 1, Kottageri 2, Kottageri 4, Sulugud 1, Sulugud 2, Sulugod 6, Sulugod 7, Sulugod 8, Sulugod 9, Sulugod 10, Devanoor, Kanoor, Sirangalli 1, Sirangalli 3, Mallur 1, Mallur 2, Mallur 3, Mallur 4, Kuttandi 1, Kuttandi 2, Balaji, Mayamudi 2, Maamudi 5, Ponnapsanthe 2, Ponnapsanthe 3, Ponnapsanthe 4, Ponnapsante 8, Arecad 1, Arecad 2, Arecad 3, Arecad 4, Ammangala 1, Ammangala 2, Ammangala 3, Ammangala 4, Perur 2, Perur 4, Kattemadu 2, Konankatte 1, Konankatte3, Konankatte4, Konankatte5, Rajapura 1, Rajapura 3, Rajapura 4
	45
	61.64

	
	
	Broad (>4)
	Sulugod 4, Nanjarayapatna 1, Perur 1, Perur 3, Perur 5
	5
	6.85

	4
	Fruit weight (g)
	Light (<110)
	Kottageri 1, Sulugud 1, Sulugod 3, Sulugod 5, Sulugod 6, Sulugod 7, Sulugod 8, Sulugod 9, Sulugod 10, Srimangala, Sirangalli 1, Sirangalli 2, Sirangalli 3, Sirangalli 4, Mallur 1, Mallur 2, Mallur 3, Mallur 4, Kuttandi 1, Kuttandi 2, Kuttandi 3, Boikeri 1, Balaji, Ponnapsanthe 4, Ammangala 1, Nanjarayapatna 1, Nanjarayapatna 2, Perur 5, Kattemadu 1, Kattemadu 2, Kattemadu 3, Nittur 1
	33
	45.21

	
	
	Medium 
(110 – 140)
	Kottageri 2, Sulugod 4, Mayamudi 1, Mayamudi 2, Mayamudi 4, Maamudi 5, Ponnapsanthe 1, Ponnapsanthe 2, Ponnapsanthe 3, Ponnapsante 8, Arecad 1, Arecad 2, Arecad 4, Ammangala 2, Ammangala 3, Ammangala 4, Perur 1, Perur 2, Perur 3, Perur 4, Konankatte 1, Konankatte 2, Konankatte3, Konankatte4, Rajapura 3, Rajapura 4
	25
	34.25

	
	
	Heavy (>140)
	Kottageri 3, Kottageri 4, Sulugud 2, Devanoor, Kanoor, Mayamudi 3, Ponnapsante 5, Ponnapsante 6, Ponnapsante 7, Arecad 3, Konankatte5, Rajapura 1, Rajapura 2, Rajapura 5, Nittur 2
	15
	20.55

	5
	Fruit diameter
(cm)
	Small (<6)
	Kottageri 1, Kottageri 2, Sulugud 1, Sulugud 2, Sulugod 6, Sulugod 8, Sulugod 9, Devanoor, Srimangala, Kanoor, Sirangalli 1, Sirangalli 2, Sirangalli 3, Sirangalli 4, Mallur 1, Mallur 2, Mallur 3, Kuttandi 1, Kuttandi 2, Kuttandi 3, Boikeri 1, Balaji, Ponnapsanthe 4, Ammangala 1, Nanjarayapatna 1, Nanjarayapatna 2, Perur 5, Kattemadu 1, Kattemadu 2, Kattemadu 3
	30
	41.10

	
	
	Medium(6 -7)
	Sulugod 3, Sulugod 4, Sulugod 5, Sulugod 7, Sulugod 10, Mallur 4, Mayamudi 1, Mayamudi 2, Mayamudi 3, Mayamudi 4, Ponnapsanthe 1, Ponnapsanthe 2, Ponnapsanthe 3, Ponnapsante 5, Ponnapsante 8, Arecad 2, Arecad 3, Arecad 4, Ammangala 2, Ammangala 3, Ammangala 4, Perur 1, Perur 2, Perur 3, Perur 4, Konankatte 1, Konankatte 2, Konankatte3, Konankatte 4, Rajapura 1, Rajapura 2, Rajapura 3, Rajapura 4, Rajapura 5, Nittur 1, Nittur 2
	36
	49.32

	
	
	Large(>7)
	Kottageri 3,Kottageri 4, Maamudi 5, Ponnapsante 6, Ponnapsante 7, Arecad 1, Konankatte5
	7
	9.59

	6
	Fruit length (cm)
	Short (<5.5)
	Kottageri 1, Kottageri 2, Sulugud 1, Sulugud 2, Sulugod 3, Sulugod 4, Sulugod 5, Sulugod 6, Sulugod 7, Sulugod 10, Devanoor, Srimangala, Kanoor, Sirangalli 1, Sirangalli 2, Sirangalli 3, Sirangalli 4, Mallur 1, Mallur 2, Mallur 3, Mallur 4, Kuttandi 1, Kuttandi 2, Kuttandi 3, Boikeri 1, Balaji, Mayamudi 1, Ponnapsanthe 1, Ponnapsanthe 2, Ponnapsanthe 3, Ponnapsanthe 4, Ammangala 1, Ammangala 2, Ammangala 4, Nanjarayapatna 1, Nanjarayapatna 2, Perur 3, Perur 4, Kattemadu 1, Kattemadu 3, Nittur 1
	41
	56.16

	
	
	Medium(5.5 – 6.5)
	Kottageri 3, Sulugod 8, Sulugod 9, Mayamudi 2, Mayamudi 3, Mayamudi 4, Maamudi 5, Ponnapsante 5, Ponnapsante 6, Ponnapsante 7, Ponnapsante 8, Arecad 1, Arecad 2, Arecad 3, Arecad 4, Ammangala 3, Perur 1, Perur 2, Perur 5, Kattemadu 2, Konankatte 1, Konankatte3, Konankatte4, Konankatte5, Rajapura 1, Rajapura 2, Rajapura 3, Rajapura 4, Rajapura 5, Nittur 2
	30
	41.10

	
	
	Long(>6.5)
	Kottageri 4, Konankatte 2
	2
	2.74

	7
	Shape of fruit base
	Truncate
	Sulugud 2, Sulugod 3, Sulugod 4, Sulugod 5, Kanoor, Sirangalli 2, Sirangalli 3, Sirangalli 4, Mallur 1, Kuttandi 1, Kuttandi 2, Kuttandi 3, Boikeri 1, Mayamudi 1, Mayamudi 2, Ponnapsanthe 1, Ponnapsanthe 4, Ponnapsante 5, 
	55
	75.34

	
	
	Concave
	Kottageri 1, Kottageri 2, Kottageri 3, Kottageri 4, Sulugud 1, Sulugod 6, Sulugod 7, Sulugod 8, Sulugod 9, Sulugod 10, Devanoor, Srimangala, Sirangalli 1, Mallur 2, Mallur 3, Mallur 4, Balaji, Mayamudi 3, Mayamudi 4, Maamudi 5, Ponnapsanthe 2, Ponnapsanthe 3, Ponnapsante 6, Ponnapsante 7, Ponnapsante 8, Arecad 1, Arecad 2, Arecad 3, Arecad 4, Ammangala 1, Ammangala 2, Ammangala 3, Ammangala 4, Nanjarayapatna 1, Nanjarayapatna 2, Perur 1, Perur 2, Perur 3, Perur 4, Perur 5, Kattemadu 1, Kattemadu 2, Kattemadu 3, Konankatte 1, Konankatte 2, Konankatte3, Konankatte4, Konankatte5, Rajapura 1, Rajapura 2, Rajapura 3, Rajapura 4, Rajapura 5, Nittur 1, Nittur 2
	18
	24.666

	8
	Shape of fruit apex
	Truncate 
	Kottageri 2, Sulugud 1, Sulugod 3, Sulugod 5, Sulugod 6, Sulugod 8, Sulugod 9, Sulugod 10, Kanoor, Sirangalli 3, Sirangalli 4,  Mallur 4, Kuttandi 1, Kuttandi 2, Kuttandi 3, Boikeri 1, Balaji, Mayamudi 1, Mayamudi 2, Mayamudi 3, Mayamudi 4, Maamudi 5, Ponnapsanthe 2, Ponnapsanthe 4, Ponnapsante 5, Ponnapsante 8, Arecad 2, Nanjarayapatna 1, Nanjarayapatna 2, Kattemadu 1, Kattemadu 2, Kattemadu 3, 
Konankatte 2, Konankatte4, Konankatte5, Rajapura 1, Rajapura 3, Nittur 1
	38
	52.05

	
	
	Depressed
	Kottageri 1, Kottageri 3, Kottageri 4, Sulugud 2, Sulugod 4, Sulugod 7, Devanoor, Srimangala, Sirangalli 1, Sirangalli 2, Mallur 1, Mallur 2, Mallur 3, Ponnapsanthe 1, Ponnapsanthe 3, Ponnapsante 6, Ponnapsante 7, Arecad 1, Arecad 3, Arecad 4, Ammangala 1, Ammangala 2, Ammangala 3, Ammangala 4, Perur 1, Perur 2, Perur 3, Perur 4, Perur 5, Konankatte 1, Konankatte3, Rajapura 2, Rajapura 4, Rajapura 5, Nittur 2
	35
	47.95

	9
	Fruit rind (epicarp) colour
	Greenish
Yellow
	Kottageri 3, Kottageri 4, Sulugud 1, Sulugud 2, Sulugod 4, Sulugod 5, Sulugod 6, Sulugod 7, Sulugod 8, Sulugod 9, Sulugod 10, Devanoor, Sirangalli 1, Sirangalli 4, Mallur 1, Mallur 3, Kuttandi 2, Boikeri 1, Mayamudi 2, Mayamudi 3, Mayamudi 5, Ponnapsanthe 2, Ponnapsanthe 3, Ponnapsanthe 5, Ponnapsanthe 6, Ponnapsante 8, Arecad 1, Arecad 3, Ammangala 3, Nanjarayapatna 1, Nanjarayapatna 2, Perur 1, Perur 2, Perur 3, Perur 4, Perur 5, Kattemadu 1, Kattemadu 2, Kattemadu 3, Konankatte 1, Konankatte 2, Konankatte3, Konankatte4, Konankatte5, Rajapura 1, Rajapura 2, Rajapura 3, Rajapura 4, Rajapura 5, Nittur 1, Nittur 2
	51
	69.86

	
	
	Light Orange
	Kottageri 1, Kottageri 2, Sulugod 3, Srimangala, Kanoor, Sirangalli 2, Sirangalli 3, Mallur 2, Mallur 4, Kuttandi 1, Kuttandi 3, Balaji, Mayamudi 1, Mayamudi 4, Ponnapsanthe 1, Ponnapsanthe 4, Ponnapsante 7, Arecad 2, Arecad 4, Ammangala 1, Ammangala 2, Ammangala 4
	22
	30.14

	10
	Fruit rind -peelability
	Easy
	Kottageri 1, Kottageri 2, Kottageri 3, Kottageri 4, Sulugud 1, Sulugud 2, Sulugod 3, Sulugod 4, Sulugod 5, Sulugod 6, Sulugod 7, Sulugod 8 Sulugod 9, Sulugod 10, Devanoor, Srimangala, Kanoor, Sirangalli 2, Sirangalli 4, Mallur 1, Mallur 2, Mallur 3, Mallur 4, Balaji, Mayamudi 1, Mayamudi 2, Mayamudi 3, Mayamudi 4, Maamudi 5, Ponnapsanthe 1, Ponnapsanthe 2, Ponnapsanthe 3, Ponnapsanthe 4, Ponnapsante 5, Ponnapsante 6, Ponnapsante 7, Ponnapsante 8, Arecad 1, Arecad 2, Arecad 3, Arecad 4, Ammangala 2, Ammangala 3, Ammangala 4, Nanjarayapatna 1, Perur 1, Perur 2, Perur 3, Perur 4, Perur 5, Konankatte 1, Konankatte 2, Konankatte3, Konankatte4, Konankatte5, Rajapura 1, Rajapura 2, Rajapura 3, Rajapura 4, Rajapura 5, Nittur 1, Nittur 2
	62
	84.93

	
	
	Moderate
	Sirangalli 1, Sirangalli 3, Kuttandi 1, Kuttandi 3, Boikeri 1, Ammangala 1, Nanjarayapatna 2
	7
	9.59

	
	
	Difficult
	Kuttandi 2, Kattemadu 1, Kattemadu 2, Kattemadu 3
	4
	5.47

	11
	Fruit rind thickness
(cm)
	Thin (<0.2)
	Kuttandi 2
	1
	1.36

	
	
	Moderately thick(0.2-0.3)
	Kottageri 2, Sulugud 1, Sulugod 3, Sulugod 5, Sulugod 6, Sulugod 7, Sulugod 8, Sulugod 9, Sulugod 10, Srimangala, Sirangalli 1, Sirangalli 3, Mallur 1, Mallur 4, Kuttandi 1, Kuttandi 3, Mayamudi 1, Mayamudi 3, Maamudi 5, Ponnapsanthe 2, Ponnapsanthe 3, Ponnapsanthe 4, Ponnapsante 8, Arecad 1, Arecad 2, Arecad 3, Arecad 4, Ammangala 1, Ammangala 2, Ammangala 3, Ammangala 4, Nanjarayapatna 1, Nanjarayapatna 2, Perur 2, Perur 4, Konankatte 1, Konankatte 2, Konankatte3, Rajapura 1, Rajapura 3, Rajapura 5, Nittur 1, Nittur 2
	43
	58.90

	
	
	Thick (>0.3) 
	Kottageri 1, Kottageri 3, Kottageri 4, Sulugud 2, Sulugod 4, Devanoor, Kanoor, Sirangalli 2, Sirangalli 4, Mallur 2, Mallur 3, Boikeri 1, Balaji, Mayamudi 2, Mayamudi 4, Ponnapsanthe 1, Ponnapsante 5, Ponnapsante 6, Ponnapsante 7, Perur 1, Perur 3, Perur 5, Kattemadu 1, Kattemadu 2, Kattemadu 3, Konankatte4, Konankatte5, Rajapura 2, Rajapura 4
	29
	39.72

	12
	Fruit juiciness (%)
	Low (<40)
	Kottageri 2, Kuttandi 3, Boikeri 1, Ponnapsanthe 1, Arecad 2, Perur 2, Perur 3, Perur 5
	8
	10.95

	
	
	Medium (40 to 45)
	Kottageri 3, Sulugud 1, Sulugud 2, Sulugod 4, Sulugod 7, Srimangala, Kanoor, Sirangalli 1, Sirangalli 2, Mallur 1, Mallur 3, Kuttandi 1, Kuttandi 2, Balaji, Mayamudi 3, Ponnapsanthe 3, Ponnapsante 7, Arecad 1, Ammangala 1, Ammangala 3, Perur 1, Perur 4, Kattemadu 2, Kattemadu 3, Rajapura 4, Rajapura 5
	26
	35.61

	
	
	High (>45)
	Kottageri 1, Kottageri 4, Sulugod 3, Sulugod 5, Sulugod 6, Sulugod 8, Sulugod 9, Sulugod 10, Devanoor, Sirangalli 3, Sirangalli 4, Mallur 2, Mallur 4, Mayamudi 1, Mayamudi 2, Mayamudi 4, Maamudi 5, Ponnapsanthe 2, Ponnapsanthe 4, Ponnapsante 5, Ponnapsante 6, Ponnapsante 8, Arecad 3, Arecad 4, Ammangala 2, Ammangala 4, Nanjarayapatna 1, Nanjarayapatna 2, Kattemadu 1, Konankatte 1, Konankatte 2, Konankatte3, Konankatte4, Konankatte5, Rajapura 1, Rajapura 2, Rajapura 3, Nittur 1, Nittur 2
	39
	53.42

	13
	Total Soluble Solids 
( 0 Brix)
	Low (< 8)
	Kattemadu 1, Kattemadu 3
	2
	2.73

	
	
	Medium (8 to 11)
	Sulugod 2, Sulugod 5, Sulugod 8, Sulugod 9, Sulugod 10, Devanoor, Kanoor, Sirangalli 3, Sirangalli 4,Mallur 2, Mallur 4, Kuttandi 2, Kuttandi 3, Boikeri 1, Mayamudi 2, Mayamudi 3, Mayamudi 4, Mayamudi 5, Ponnapsante 5, Ponnapsante 6, Ponnapsante 7, Ponnapsante 8, Arecad 1, Arecad 2, Arecad 3, Arecad 4, Ammangala 1, Ammangala 2, Ammangala 3, Ammangala 4, Nanjarayapatna 1, Nanjarayapatna 2, Perur 1, Perur 2, Perur 3, Perur 4, Perur 5, Kattemadu 2, Konankatte 1, Konankatte 2, Konankatte3, Konankatte4, Konankatte5, Rajapura 1, Rajapura 2, Rajapura 4, Rajapura 5, Nittur 1, Nittur 2
	49
	67.12



	
	
	High(> 11)
	Kottageri 1, Kottageri 2, Kottageri 3, Kottageri 4, Sulugod 1, Sulugod 3, Sulugod 4, Sulugod 6, Sulugod 7, Srimangala, Sirangalli 1, Sirangalli 2, Mallur 1, Mallur 3, Kuttandi 1, Balaji, Mayamudi 1, Ponnapsanthe 1, Ponnapsanthe 2, Ponnapsanthe 3, Ponnapsanthe 4, Rajapura 3
	22
	30.13

	14
	Titratable acidity
(% citric acid)
	Low (< 0.5)
	Perur 4
	1
	1.36

	
	
	Medium ( 0.5 to 0.7%)
	Kottageri 2, Devanoor, Kanoor, Mallur 1, Mallur 2, Mallur 4, Ponnapsante 5, Arecad 1, Arecad 2, Arecad 3, Arecad 4, Ammangala 2, Perur 1, Perur 2, Perur 3, Kattemadu 2, Konankatte3
	17
	23.28

	
	
	High (>0.7)
	Kottageri 1, Kottageri 3, Kottageri 4, Sulugod 1, Sulugod 2, Sulugod 3, Sulugod 4, Sulugod 5, Sulugod 6, Sulugod 7, Sulugod 8, Sulugod 9, Sulugod 10, Srimangala, Sirangalli 1, Sirangalli 2, Sirangalli 3, Sirangalli 4, Mallur 3, Kuttandi 1, Kuttandi 2, Kuttandi 3, Boikeri 1, Balaji, Mayamudi 1, Mayamudi 2, Mayamudi 3, Mayamudi 4, Mayamudi 5, Ponnapsanthe 1, Ponnapsanthe 2, Ponnapsanthe 3, Ponnapsanthe 4, Ponnapsante 6, Ponnapsante 7, Ponnapsante 8, Ammangala 1, Ammangala 3, Ammangala 4, Nanjarayapatna 1, Nanjarayapatna 2, Perur 5, Kattemadu 1, Kattemadu 3, Konankatte 1, Konankatte 2, Konankatte4, Konankatte5, Rajapura 1, Rajapura 2, Rajapura 3, Rajapura 4, Rajapura 5, Nittur 1, Nittur 2
	55
	75.34

	15
	Number of seeds
per fruit
	< 5
	-
	0
	0

	
	
	>5
	All the accessions
	73
	100

	16
	Seed boldness
(weight of 20
seeds in g)
	<1.10
	Sirangalli 2, Kuttandi 2, Kuttandi 3, Perur 1, Perur 2, Perur 3, Kattemadu 3
	7
	9.58

	
	
	>1.10
	Kottageri 1, Kottageri 2, Kottageri 3, Kottageri 4, Sulugud 1, Sulugud 2, Sulugod 3, Sulugod 4, Sulugod 5, Sulugod 6, Sulugod 7, Sulugod 8, Sulugod 9, Sulugod 10, Devanoor, Srimangala, Kanoor, Sirangalli 1, Sirangalli 3, Sirangalli 4, Mallur 1, Mallur 2, Mallur 3, Mallur 4, Kuttandi 1, Boikeri 1, Balaji, Mayamudi 1, Mayamudi 2, Mayamudi 3, Mayamudi 4, Mayamudi 5, Ponnapsanthe 1, Ponnapsanthe 2, Ponnapsanthe 3, Ponnapsanthe 4, Ponnapsante 5, Ponnapsante 6, Ponnapsante 7, Ponnapsante 8, Arecad 1, Arecad 2, Arecad 3, Arecad 4, Ammangala 1, Ammangala 2, Ammangala 3, Ammangala 4, Nanjarayapatna 1, Nanjarayapatna 2, Perur 4, Perur 5, Kattemadu 1, Kattemadu 2, Konankatte 1, Konankatte 2, Konankatte3, Konankatte4, Konankatte5, Rajapura 1, Rajapura 2, Rajapura 3, Rajapura 4, Rajapura 5, Nittur 1, Nittur 2
	66
	90.41
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