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ABSTRACT
In India, there is a great scope for cultivation of potato suitable for processing and it has opened a new dimension for development of agro-based industries in the country. For processing, certain morphological, bio-chemical and physico-chemical attributes are necessary in potato varieties to meet the industry requirements. The varieties recommended for one location and management conditions may not be the same for other locations for production and processing. However, the yield and processing characteristics of available potato genotypes are unidentified locally despite the increasing demand of processing varieties.. In the present study, K-means clustering is mainly used to assess the diversity and to identify accessions with suitable processing quality traits. Clustering analysis of thirty fivethirty-five genotypes based on twenty threetwenty-three different growth, yield and processing quality parameters classified entries into eight different clusters. The maximum inter cluster distance was observed between the clusters IV and VII (258.00) followed by cluster V and VI (254.92). The minimum inter cluster distance was recorded between the clusters II and VII (41.73). Over allAmong the genotypes, accessionsgenotypes grouped in cluster I (Sagitta, FC-1, FC-5 and Kufri Surya) and II (Tauras, MP/09-45, Atlantic, Kufri Chipsona-1, Kufri Girdhari, FC-3 and Kufri Chipsona-4) were found suitable for processing. except Kufri Frysona which is grouped under cluster VI. Genotypes in cluster I shad highest tuber shape scoring (4.63) where aswhereas, cluster V (2.88) was lowest. Dry matter was highest for genotypes in cluster II (22.50) and lowest in cluster V (18.14).  These results suggest that the genotypes grouped in these clusters may be used as potential parental lines for hybridization programmes to develop desirable genotype suitable for cultivation  undercultivation under rainfed conditions of southern transition zone of Karnataka for higher yield with processing quality grade tubers. 
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I. INTRODUCTION
Potatoes are considered as a non-fattening, nutritious and wholesome food, which supply important nutrients to the human diet. It provides high tuber yield even under variable soil types and weather situations. It is considered as an important crop for the densly populated areas of Asia, as it produces more dry matter food, well balanced protein and more calories from unit area of land and time than other major food crops. In India, the crop is mainly grown during winters and in indo-gangestic plains accounts nearly 90 per cent production of the country. In India, about 68 per cent of tubers are utilized for table purpose, 7.5 per cent for processing, 8.5 per cent for seed and remaining 16 per cent produce go as waste due to poor pre and post-harvest handling methods. Moreover, the cold stores can accommodate only about 65 per cent of produce, which leads to huge wastage of potatoes in our country (Luthra et al., 2015). Potatoes are processed to different products such as chips, french fry, flakes, flour and frozen products. For making chips making purpose, the potato should have certain ideal characteristics such as round to oval shape, shallow eyes, high dry matter and specific gravity and low reducing sugars. Further, genotypes and environment have major role on dry matter, glucose content and chips colour (Amoros et al., 2000). Thus, the varieties recommended for one location and management conditions may not be the same for other locations for production and processing. 
In India, following rapid shrinkage of arable land due to increasing population and urbanization, crops like potatoes which can produce more food, nutrients, and cash per unit area and time will always be on high demand. One of the important production aspects of potato for processing is tuber quality that includes biological (e.g. carbohydrates, proteins and minerals), sensorial traits (e.g. texture, flavour and colour) and industrial traits (e.g. tuber shape, cold sweetening and starch quality). Potatoes are also affordable and can be stored for relatively long periods after harvest without heavy loss of quality, traits that enhanced their relevance for food security (Muthoni et al., 2017; Navarre et al., 2019). Breeding of potato is a cumbersome task due to inherent genetic and biological factors such as defects of meiosis and mitosis, bud abscission, male and female sterility, pollination of immature buds, competition between reproductive structures and tubers for resources. The yield and processing characteristics of available potato genotypes are unidentified locally despite the increasing demand of processing varieties. Varieties recommended for table purpose may or may not be suitable for processing. Processing varieties differed with table varieties with respect to numbers of characters viz., shape and size of tubers, carbohydrate composition, dry matter, specific gravity, reducing sugars and shelf life. Hence, in this study, K-means clustering is used to assess the diversity among the different potato accessions genotypes for growth, yield  andyield and processing quality traits.
2. MATERIALS AND METHODS
Thirty five different genotypes of potato were collected from Central Potato Research Institute (CPRI), Shimla, Central Potato Research Station (CPRS), Patna and private hybrids for research this purposestudy. and Tthe field experiment was conducted at HREC, Hassan, Karnataka during Kharif and Rabi seasons of 2021-22. The experiment was laid out in Randomized Complete Block Design (RCBD) with two replications. Observations were recorded on different Potato genotypes were characterized for growth, yield and processing traits in different potato genotypes.
2.1 STATISTICAL ANALYSIS
The germplasm accessions were classified following ‘k-means clustering’ model as explained by Macqueen (1967) and Forgy (1965). K-means cluster analysis was performed in R software. 
3. RESULTS AND DISCUSSION
Initially, evaluation of different potato genotypes for thirty twotwenty three different parameters traits pertaining to growth, yield and processing quality traits was carried out. Highly significant differences were observed among the genotypes for all the vegetativegrowth, yield and processing quality parameters traits studied. The significant differences indicated the existence of variability for various traits in studied genotypes.
3.1 K-MEANS CLUSTERING  
Assessment of genetic diversity is must for any plant breeding programme to identify genetically diverse parents to be involved in hybridization programmes. K-means clustering is a very powerful technique to assess genetic diversity which creates genetically diverse clusters/ heterotic groups based on genetic distances between germplasm accessions. Once the heterotic groups are created, then it is easy to identify clusters which are genetically very distant and the germplasm accessions falling in this clusters are also genetically very diverse (Kanavi et al., 2020).



3.2 CLUSTERING ANALYSIS
Clustering analysis of thirty five genotypes based on twenty three different growth, yield and processing quality parameters traits classified entries into eight different clusters (Table 1 and Fig 1). In cluster IV (PS/11-47, CP-4406, MS/14-505, MP/12-126, Kufri Sukhyati, PS/16-17 and PS/15-12) and  cluster-II  (Tauras, MP/09-45, Atlantic, Kufri Chipsona-1, Kufri Girdhari, FC-3 and Kufri Chipsona-4) each had highest number of seven  genotypes. Other clusters, Cluster I (Sagitta, FC-1, FC-5 and Kufri Surya) and VII (Kufri Frysona, Kufri Lalit, PS/16-02 and  Kufri Pukhraj) had four genotypes each, cluster VIII (Kufri Sangam, Kufri Mohan and PS/16-22), cluster-III (MS/10-1529, MS/13-527 and FL) and cluster-V (MP/11-30, Kufri Sindhuri, MSP/16-375) with three genotypes each and cluster VI (Kufri Jyoti and Kufri Himalini) had two genotypes.  
3.3 INTRA AND INTER CLUSTER DISTANCES BETWEEN CLUSTERS
The intra and inter cluster distances of K-means clustering were presented in Table 2. The inter cluster distance was ranged from 41.73 to 258.00. The maximum inter cluster distance was observed between the clusters IV and VII (258.00) followed by cluster V and VI (254.92). The minimum inter cluster distance was recorded between the clusters II and VII (41.73) followed by cluster I and VII (44.66). The range of inter cluster distance was 41.73 to 258.00. The maximum intra cluster distance was recorded for the cluster IV (258.00) followed by cluster V (254.92). The minimum intra cluster distance was recorded for the cluster II (41.73) followed by cluster I (44.66). The range of intra cluster distance was 44.66 to 196.46.
Results showed that genotypes in cluster VI exhibited highest plant spread (63.14) and cluster IV (43.96) exhibited lowest.  Genotypes in cluster IV were late flowering (43.68 days), . Wwhere as, genotypes in cluster I were of early flowering (34.94). The genotypes in cluster I were also found early maturing (80.69 days) and genotypes of cluster VII late maturing (100.00 days). Weight of tubers per plant was highest in cluster VI (355.68) and lowest in cluster V (100.06).  Genotypes in cluster I shad highest tuber shape scoring (4.63) where as, cluster V (2.88) was lowest. Dry matter was highest for genotypes in cluster II (22.50) and lowest in V (18.14).  Tuber firmness was highest in cluster I (53.38) and lowest in cluster VI (42.00).  Mean values of cluster analysis were presented in table 3. 
All the genotypes grouped in cluster I and II were found suitable for the processing except Kufri Frysona which is grouped under cluster VI.  From the data it was concluded that considerable variation exists for all the traits studied. Further, these results suggested that the genotypes grouped in different clusters may be used as potential parental lines for hybridization programmes to develop desirable genotypes.	Comment by Arid: Please give reason for suitability of processing
Existence of genetic diversity and clustering of potato genotypes in diverse groups were reported by different researcher for different traits (Panigrahi et al., 2014 Seid et al., 2021  Rashid et al., 2024 and Pritam et al., 2025).
4. CONCLUSION
K-means cluster analysis grouped 35 potato genotypes into 8 clusters. Among them, genotypes grouped in  cluster I (Sagitta, FC-1, FC-5 and Kufri Surya) and II (Tauras, MP/09-45, Atlantic, Kufri Chipsona-1, Kufri Girdhari, FC-3 and Kufri Chipsona-4) were found suitable for the processing (on what basis?). These results suggest that the genotypes grouped in these clusters may be used as potential parental lines for hybridization programmes for improving processing and quality aspects of tubers.     
Furthermore, developing genetic markers, either in the close proximity of the gene or directly based on the gene sequence may indirectly assist in  selectionin selection of  genotype with superior  processing quality traits.



  



Table 1: Mean values of K-cluster analysis 
	Clusters
	Plant
Emergence 
(%)
	Plant 
height 
(cm)
	Plant 
width 
N-S (cm)
	Plant 
width 
E-W (cm)
	No. of 
branches
	No. of 
leaves
	Leaf 
area
(cm2)
	Days tak 
flower 
initiation
	Physiolo 
maturity
days)
	Senscence 
(%)
	No. of 
tubers 
per plant
	Weight of 
tuber per 
plant (g)

	I
	87.38
	63.44
	60.08
	55.74
	2.05
	38.38
	420.81
	34.94
	80.69
	80.88
	8.31
	293.58

	II
	85.15
	75.59
	57.60
	55.21
	2.27
	40.59
	382.06
	39.03
	91.03
	90.03
	7.97
	314.62

	III
	85.87
	78.18
	45.67
	49.21
	2.13
	35.50
	396.75
	38.83
	82.58
	83.83
	7.33
	183.12

	IV
	79.36
	71.39
	43.96
	42.55
	2.23
	38.21
	375.61
	43.68
	97.61
	92.61
	6.07
	106.18

	V
	82.93
	73.82
	45.26
	43.88
	1.86
	40.88
	421.69
	41.94
	93.88
	93.75
	6.69
	100.06

	VI
	86.21
	86.66
	63.14
	62.15
	3.09
	42.25
	429.75
	42.13
	93.88
	87.88
	9.38
	355.68

	VII
	83.43
	63.93
	54.75
	52.68
	2.41
	41.94
	407.63
	42.31
	99.19
	101.75
	7.75
	295.90

	VIII
	83.66
	62.76
	57.69
	50.17
	1.63
	43.49
	396.00
	42.25
	93.00
	102.75
	7.00
	225.11



	Clusters
	Total 
tuber yield 
(t/ ha)
	Marketable 
yield (t/ ha)
	Haulm 
fr weight 
(ha)
	Haulm 
dry weight 
(kg/ ha)
	Tuber 
length 
(cm)
	Tuber 
width 
(cm
	Tuber 
shape 
(1-scale)
	Tuber 
firmness 
(kg/ cm2)
	Dry 
matter 
(%)
	Specific 
gravit 
(g/ cm3)
	Sprouting 
(%)
	Rottage 
(%)

	I
	17.63
	15.48
	7.80
	0.92
	7.09
	5.01
	4.63
	51.36
	21.32
	1.24
	73.82
	14.28

	II
	18.70
	17.01
	8.27
	0.90
	6.80
	5.41
	4.31
	53.38
	22.50
	1.14
	62.21
	14.37

	III
	13.32
	10.98
	7.96
	0.78
	6.16
	4.48
	4.17
	50.05
	20.74
	1.09
	74.61
	13.17

	IV
	13.28
	10.80
	8.16
	0.85
	5.83
	4.69
	3.96
	43.30
	19.29
	1.36
	57.95
	13.54

	V
	14.66
	12.36
	8.67
	0.70
	5.74
	4.52
	2.88
	47.56
	18.41
	1.23
	60.52
	13.63

	VI
	21.08
	19.08
	9.13
	1.05
	6.17
	5.01
	4.00
	42.00
	22.11
	1.43
	51.63
	13.50

	VII
	17.61
	16.08
	7.95
	0.91
	6.79
	4.91
	4.75
	52.47
	19.83
	1.22
	43.69
	14.31

	VIII
	15.16
	13.54
	8.22
	0.98
	5.96
	4.62
	4.50
	44.03
	19.19
	1.22
	61.58
	14.33





Fig. 1: K-means clustering analysis of potato genotypes for growth, yield and processing quality traits
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Table 2: K means clustering analysis of different potato genotypes 
	Sl. No.
	Clusters
	Genotypes

	1
	I
	Sagitta, FC-1, FC-5 and Kufri Surya

	2
	II
	Tauras, MP/09-45, Atlantic, Kufri Chipsona-1, Kufri Girdhari, FC-3 and Kufri Chipsona-4

	3
	III
	MS/10-1529, MS/13-527 and FL

	4
	IV
	PS/11-47, CP-4406, MS/14-505, MP/12-126, Kufri Sukhyati,  PS/16-17 and PS/15-12

	5
	V
	MP/11-30, Kufri Sindhuri, MSP/16-375 and Kufri Neelkanth

	6
	VI
	Kufri Jyoti and Kufri Himalini

	7
	VII
	Kufri Frysona, Kufri Lalit, PS/16-02 and  Kufri Pukhraj

	8
	VIII
	Kufri Sangam, Kufri Mohan and PS/16-22



Table 3: Intra and Inter cluster distances between clusters in K-means clustering 
	Clusters 
	1
	2
	3
	4
	5
	6
	7
	8

	1
	0.00
	49.63
	115.48
	196.46
	196.38
	73.25
	44.66
	79.32

	2
	49.63
	0.00
	134.38
	210.00
	219.07
	65.88
	41.73
	93.01

	3
	115.48
	134.38
	0.00
	84.63
	89.75
	179.77
	121.67
	53.99

	4
	196.46
	[bookmark: _GoBack]210.00
	84.63
	0.00
	47.32
	258.00
	194.30
	122.80

	5
	196.38
	219.07
	89.75
	47.32
	0.00
	254.92
	198.11
	129.30

	6
	73.25
	65.88
	179.77
	258.00
	254.92
	0.00
	71.43
	139.35

	7
	44.66
	41.73
	121.67
	194.30
	198.11
	71.43
	0.00
	74.91

	8
	79.32
	93.01
	53.99
	122.80
	129.30
	139.35
	74.91
	0.00
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