



Phenotypic Characterization and Genetic Diversity of Sweet Corn Inbred Lines
                                                                 Abstract

An experiment was conducted to evaluate genetic diversity among 23 sweet corn (Zea mays L. saccharata) inbred lines during rabi 2024 at the Main Agriculture Research Station, University of Agricultural Sciences, Raichur, Karnataka. The sweet corn inbred lines were evaluated in a randomized complete block design with two replications. Observations were recorded on key traits and data were analyzed for variability, clustering and principal component analysis (PCA). Analysis of variance revealed significant differences among inbreds, indicating the presence of substantial genetic variability. High genotypic and phenotypic coefficients of variation were observed for kernels per row and kernel rows per cob, while seed weight showed narrow variability. High heritability coupled with high genetic advance for kernels per row and kernel rows per cob suggested the predominance of additive gene action, highlighting the effectiveness of direct selection. Cluster analysis grouped the sweet corn inbreds into three distinct clusters, with maximum inter-cluster divergence observed between Cluster I and Cluster III, providing greater scope for heterotic hybrid development. Cluster mean analysis revealed trait-specific superiority i.e. Cluster I for yield traits, Cluster II for sweetness and Cluster III for kernel compactness. PCA indicated that the first three components accounted for 79.77% of total variation, with cob yield traits contributing predominantly, followed by phenological and quality traits. Promising divergent sweet corn genotypes such as SC-22, SC-30, SC-14 and SC-20 were identified as potential parents. The identified heterotic groups provide a strong genetic basis for parental selection and heterosis exploitation in sweet corn breeding.
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Introduction


Maize is third most important crop and it is cultivated for human food, animal feed and fodder and also utilized as raw material for large number of industrial products (Arya et al., 2015).

Sweet corn is an important specialty type of maize valued for its tender kernels and high sugar content, contributing significantly to nutritional and economic security. Among various types of corn, sweet corn has the greatest potential for use as human food and consumed at immature state. It is being used as popular vegetable in the western countries and considered to be a source of fiber and vitamins. The quality of fresh or processed whole-kernels, canned or frozen, is determined by its unique combination of flavour, texture and aroma. Total sugar content in sweet corn at milky stage ranges from 25-30 per cent as compared to 2-5 per cent of normal corn. Sweetness is the most important factor in consumer satisfaction with sweet corn (Evensen and Boyer, 1986). “Sweet corn is originated through mutation and it is characterized by having at least one of the eight recessive mutant genes. The main genes are Shrunken-2 (sh2) on chromosome 3, Brittle (bt) and Amylose Extender (ae) on chromosome 5, Sugary Enhancer (se), Sugary (su) and Brittle-2 (bt2) on chromosome 4, Dull (du) on chromosome 10 and Waxy (wx) on chromosome 9” (Tracy et al., 2006). Genetic improvement of sweet corn relies heavily on the development of superior hybrids, which in turn requires identification of promising heterotic groups and parental combinations. 

“Among the various methods of characterization such as morphological, biochemical, cytological and molecular methods for the assessment; description and classification of germplasm collections, method of phenotypic characterization has been proven as the efficient method” Al-Naggar et al. (2020), Fuzatto et al. (2002) and Singh et al. (2020). Univariate and multivariate analyses can be used to estimate the extent of genetic diversity. Multivariate analyses have become popular in recent times to measure the amount of genetic diversity involving various characters.


In order to interpret the pattern and magnitude of variability (Bhandari et al., 2017), “multivariate statistics methods such as the Mahalanobis D2 statistics, Principal component analysis (PCA) and Hierarchical cluster analysis based on the Ward’s minimum variance have been reported to assess genetic divergence, to classify germplasm in to different groups and to select diverse parents for development of high yielding hybrids as well as inbreds”.

The divergence analysis by means of principal component analysis and hierarchical cluster analysis have been shown to be useful in selecting genetically distant parents for hybridization. Principal component analysis is used to confirm the diversity pattern brought about by cluster analysis (Chaudhary et al., 2015). The aim of this investigation was envisaged to estimate diversity by variability, principal component analysis, hierarchical cluster analysis. This information is very vital for sweet corn improvement programme.
Materials and Methods


The study pertaining to evaluation of 23 sweet corn inbred lines (Table 1) was conducted during rabi 2024 at the Main Agriculture Research Station, University of Agricultural ciences, Raichur, Karnataka. The research station is geographically situated in the Northeastern Dry Zone (Zone 2) of Karnataka at 16o12" N latitude and 77o21" E longitude with an altitude of 389.37 meters above mean sea level. A total of 23 sweet corn inbred lines (Table 1) were evaluated in a Randomized Complete Block Design (RCBD) with two replications. Each sweet corn inbred line was sown in two row plots of 4m length with a spacing of 60 cm × 20 cm. All recommended agronomic practices were followed to ensure uniform crop growth.

Table 1: List of 23 sweet corn inbred lines used in the present study

	Sl. No.
	Genotypes
	Pedigree

	1
	SC-2
	48-2 (4027-40223-2)

	2
	SC-5
	48-5 (40224)

	3
	SC-6
	48-6 (4845)

	4
	SC-7
	48-7 (286)

	5
	SC-9
	48-9 (40223-1)

	6
	SC-10
	48-10 9(A00224-1)

	7
	SC-11
	48-11 (4845-84178)

	8
	SC-12
	48-12 (4022)

	9
	SC-13
	48-13 (2123229)

	10
	SC-14
	48-14 (2123233)

	11
	SC-15
	48-15 (2123238)

	12
	SC-16
	48-16 (2123239)

	13
	SC-19
	48-19 (2123210)

	14
	SC-20
	48-20 (2123221)

	15
	SC-22
	48-22 (2123226)

	16
	SC-23
	48-23 (2123137)

	17
	SC-25
	48-25 (2123143)

	18
	SC-27
	48-27 (2123149)

	19
	SC-30
	48-30 (IM106513)

	20
	SC-32
	48-32 (2123159)

	21
	SC-34
	48-34 (2123203)

	22
	SC-36
	48-36 (2123112)

	23
	SC-40
	48-40 (2123136)



The data was collected on five randomly selected plants from each inbred lines for key traits namely days to 50% taseling (DFT), days to 50% silking (DFS), plant height (PH), ear width (EW), ear length (EL), kernel rows per cob (KRPC), kernels per row (KPR), seed weight (SW) and sweetness (SS). Sweetness was measured in degrees brix (°Brix) by using portable digital brix refractometer. Principal component analysis (PCA), cluster analysis and variability were performed to assess genetic diversity among sweet corn lines.

“R” software version 4.5.1 (2025) was used to perform the statistical analysis of data. Mean values were taken for analysis of variance as described by Panse and Sukhatme (1978). PCA was performed using the GRAPES i.e. General R based Analysis Platform for Experimental Statistics (Husson et al., 2020) and cluster analysis by using the Euclidean distance Ward’s D2 method of hierarchical clustering technique (Ward, 1963).

Results and Discussion
Cluster Analysis 

Hierarchical and K-means clustering technique using Euclidean distance Ward’s D2 method grouped 23 sweet corn inbred lines into three clusters (Fig 4). Among the three clusters formed in the analysis, Cluster I was the largest, comprising 13 sweet corn lines, followed by Cluster II with seven inbred lines, while Cluster III included only three inbred lines (Table 2). The presence of lines from different backgrounds within the same cluster indicates that genetic divergence is determined more by phenotypic performance than by geographic origin. The result was reinforced by Yuvaraja et al. (2017), Stansluos et al. (2019) and Hemavathy (2020) by constructing dendrograms and reported “the formation of three, four and eight clusters respectively in their studies on sweet corn”. Whereas, Patel et al. (2020) and Inyang et al. (2021) reported “formation of seven and three clusters in their studies on maize”.
Table 2: Hierachical Clustering of 23 sweet corn inbred lines 

	Clusters
	No of genotypes
	                                   Genotypes

	Cluster I
	13
	SC-2, SC-6, SC-10, SC-11, SC-12, SC-15, SC-16, SC-19, SC-20, SC-22, SC-25, SC-30, SC-32

	Cluster II
	7
	SC-5, SC-9, SC-13, SC-14, SC-23, SC-27, SC-34

	Cluster III
	3
	SC-7, SC-36, SC-40



Inter-cluster distances were higher than intra-cluster distances (Table 7), demonstrating substantial diversity among clusters. The maximum inter-cluster distance of 3.14 was observed between Cluster I and Cluster III, followed by 1.78 between Cluster I and Cluster II, whereas Cluster II and Cluster III were relatively closer (1.70). This suggests that crosses involving parents from Cluster I and Cluster III are likely to generate greater heterotic effects due to wider genetic divergence. Similar result was reported by Seshu et al. (2018) with Inter-cluster distances exceeded intra-cluster distances.
Table 3: Cluster Mean performance of sweet corn for different traits

	Clusters
	DFT
	DFS
	PH
	EL
	EW
	KPR
	KRPC
	SW
	SS

	Cluster 1
	62.21
	66.28
	114.78
	11.38
	11.07
	12.77
	8.82
	16.54
	23.34

	Cluster 2
	61.50
	66.48
	90.47
	10.50
	10.03
	11.00
	8.45
	16.09
	23.74

	Cluster 3
	64.08
	65.65
	72.31
	10.56
	9.85
	14.67
	7.27
	15.40
	23.29


DFT = Days to 50% tasseling, DFS = Days to 50% silking, PH = Plant height, EL = Ear length, EW = Ear width, KPR = Kernels per row, KPRC = Kernels rows per cob, SW = Seed weight, SS = Sweetness

Cluster mean analysis (Table 3) revealed distinct trait advantages. Cluster I recorded the highest means for plant height, ear length, ear width, kernels per cob and seed weight write the symbol, making it suitable for yield improvement. Cluster II excelled in sweetness (23.74 °Brix) and earliness in tasseling, whereas Cluster III was superior for kernels per row, indicating its potential for improving cob compactness. These results emphasize the utility of selecting parents from divergent clusters to combine yield and quality attributes in hybrid development. Similar findings were reported by Yuvaraja et al. (2017), Gopi et al. (2018) and Kukade (2024), who observed distinct cluster trait advantages guiding parent selection.
Table 4: Mean and Genetic variability parameters for quantitative traits 

	Trait
	Grand Mean
	Range
	GCV (%)
	PCV (%)
	Heritability (%)
	GA
	GA (%)

	
	
	Min
	Max
	
	
	
	
	

	DFT
	62.24
	56.16
	71.32
	6.54
	6.89
	90.14
	7.96
	12.79

	DFS
	66.61
	59.14
	79.71
	6.81
	7.48
	83.06
	8.52
	12.79

	PH
	101.85
	62.68
	131.44
	16.42
	17.52
	87.84
	32.3
	31.71

	EL
	11.02
	7.48
	15.75
	13.32
	15.82
	70.96
	2.55
	23.12

	EW
	10.6
	7.1
	13.82
	16.25
	17.58
	85.45
	3.28
	30.95

	KPR
	12.49
	4.66
	25.66
	52.73
	53.41
	97.46
	13.39
	107.24

	KRPC
	8.51
	3.52
	16.66
	41.27
	42.14
	95.93
	7.09
	83.27

	SW
	16.26
	14.57
	18.09
	3.62
	5.02
	52.05
	0.88
	5.38

	SS
	23.46
	17.52
	28.76
	11.22
	11.99
	87.6
	5.08
	21.64


DFT = Days to 50% tasseling, DFS = Days to 50% silking, PH = Plant height, EL = Ear length, EW = Ear width, KPR = Kernels per row, KPRC = Kernels rows per cob, SW = Seed weight, SS = Sweetness

Table 5: Eigen value, Percentage of variance and cumulative percentage of variance for all the nine principal components
	Principal component
	Eigen value
	Percentage of Variance
	Cumulative Percentage of Variance

	PC1
	4.373
	48.591
	48.591

	PC2
	1.679
	18.653
	67.245

	PC3
	1.127
	12.521
	79.766

	PC4
	0.904
	10.047
	89.813

	PC5
	0.293
	3.258
	93.071

	PC6
	0.248
	2.759
	95.829

	PC7
	0.198
	2.204
	98.033

	PC8
	0.116
	1.291
	99.324

	PC9
	0.061
	0.676
	100


Table 6: Percent contributions of different traits by inbred lines
	Traits
	Percent contributions

	DFT
	3.30 

	DFS
	8.40

	PH
	9.96

	EL
	16.71

	EW
	14.96

	KPR
	10.92

	KRPC
	12.45

	SW
	12.76

	SS
	10.49


DFT = Days to 50% tasseling, DFS = Days to 50% silking, PH = Plant height, EL = Ear length, EW = Ear width, KPR = Kernels per row, KPRC = Kernels rows per cob, SW = Seed weight, SS = Sweetness

Table 7: Inter and Intra cluster distance of morphological traits
	
	Cluster 1
	Cluster 2
	Cluster 3

	Cluster 1
	2.79
	1.77
	3.13

	Cluster 2
	
	2.53
	1.70

	Cluster 3
	
	
	3.73


Table 8: Principal Component Analysis for nine yield and its attributing traits
	Variables
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8

	DFT
	-0.43
	0.789
	0.221
	0.044
	0.351
	-0.097
	-0.029
	-0.087

	DFS
	-0.326
	0.861
	0.129
	-0.073
	-0.259
	0.234
	-0.044
	0.078

	   PH
	0.419
	0.383
	-0.638
	0.478
	0.04
	-0.081
	0.129
	0.128

	     EL
	0.889
	-0.038
	-0.097
	-0.137
	0.18
	0.346
	0.145
	-0.055

	    EW
	0.922
	-0.029
	0.075
	0.043
	0.096
	0.009
	-0.332
	0.134

	  KPR
	0.856
	0.132
	0.368
	-0.233
	0.089
	-0.061
	0.104
	0.098

	   KRPC
	0.846
	0.255
	0.239
	-0.209
	-0.182
	-0.222
	0.131
	-0.017

	  SW
	0.867
	0.258
	-0.286
	0.076
	-0.124
	-0.027
	-0.132
	-0.232

	     SS
	0.252
	-0.128
	0.604
	0.738
	-0.055
	0.066
	0.044
	-0.038


DFT = Days to 50% tasseling, DFS = Days to 50% silking, PH = Plant height, EL = Ear length, EW = Ear width, KPR = Kernels per row, KPRC = Kernels rows per cob, SW = Seed weight, SS = Sweetness

The percent contribution of traits (Table 6) to total genetic divergence indicated that ear length (16.71%) and ear width (14.97%) were the major contributors, followed by seed weight (12.76%) and kernel rows per cob (12.45%). Phenological traits such as tasseling and silking contributed less (3.31% and 8.41%, respectively), suggesting relative uniformity for flowering time among genotypes. The dominance of cob-related traits in driving divergence highlights their importance in differentiating heterotic groups. Similar findings were reported by Seshu et al. (2018) and Patel et al. (2020), who observed cob-related traits contributing maximum divergence, while phenological traits contributed minimally.
Principal Component Analysis (PCA)


“PCA was performed to reduce the dimensionality of multivariate data by lowering the number of yield traits responsible to the maximum percentage of total variation into new variables (components) so as to maximize the information in first few components” (Abdi and Williams, 2010; Stauffer et al., 1985) among the sweet corn inbred lines.


Principal component analysis was carried out on nine traits of 23 sweet corn inbred lines to assess the extent of variability and identify traits contributing most to genetic divergence (Table 8). Out of the nine principal components extracted, only the first three exhibited eigen values greater than one and together explained 79.77% of the total variation. The first principal component (PC1) alone contributed 48.59% of the variability and was mainly associated with yield-related traits such as ear length, ear width, number of kernel rows, number of kernels per cob, seed weight and plant height, indicating that these traits were the primary determinants of divergence among the inbreds. The second principal component (PC2) explained 18.65% of the variability and was strongly influenced by days to 50% tasseling and silking, representing variation due to phenological traits. The third principal component (PC3) accounted for 12.52% of the total variation, with major contributions from sweetness (total soluble sugars) and plant height, thereby highlighting the importance of quality and growth-related traits.
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Fig 1: Scree plot of 9 principal compoents (PCs) against its eigen values
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Fig 2: Biplot dispersion graph of 23 sweet corn inbred lines
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Fig 3:
Two dimensional biplot of 9 yield and its attributing traits contribution on   principal component axes
DFT = Days to 50% tasseling, DFS = Days to 50% silking, NOKR = No of Kernels per row, NOKRC = No of Kernels rows per cob
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Fig 4: Dendrogram based on Hierarchial Clustering method for 23 sweet corn inbred lines 

The biplot of PC1 and PC2, together explaining 67.24% of the total variation, revealed substantial diversity among the inbred lines (Fig 2). Sweet corn inbred lines Viz., SC-22 and SC-30, located farthest from the origin, were identified as highly divergent, while SC-14 and SC-20 also displayed distinctness from the rest. Conversely, lines like SC-16, SC-32 and SC-34 clustered near the origin, suggesting limited divergence and average performance. The angle between trait vectors revealed trait associations i.e. yield-related traits (ear length, ear width, number of kernel rows, kernels per cob, seed weight, and plant height) were closely clustered with acute angles, suggesting strong positive correlations, whereas phenological traits (days to 50% tasseling and silking) were oriented away from yield traits, reflecting weak or negative associations (Fig 3).


Overall, PCA revealed that yield-related traits and sweetness were the major contributors to variability in sweet corn. Divergent sweet corn inbred lines Viz., SC-22, SC-30, SC-14 and SC-20 may serve as potential parents for heterotic grouping and hybridization programmes. These findings are in accordance with earlier studies in sweet corn. as reported by Yuvaraja et al. (2017), Stansluos et al. (2019) and Hemavathy (2020) with “73.80%, 86.76% and 83.63% of cumulative variation explained by the first three, four and six Principal components (PC)”, respectively. Thus, traits with high values in PCA become key indicators of diversity and provide valuable information for parental selection in breeding programmes.

Genetic Variability

The analysis of variance revealed significant differences among the 23 sweet corn inbred lines for all traits studied, indicating the presence of considerable genetic variability. The range of mean values demonstrated wide variation for flowering traits, plant height, cob morphology and sweetness, providing scope for effective selection. High GCV and PCV were recorded for number of kernels per row (52.73% and 53.41%) and number of kernel rows per cob (41.27% and 42.14%), suggesting broad genetic diversity for these yield components (Table 4). In contrast, seed weight showed low GCV (3.62%) and PCV (5.02%), indicating limited variability. Similar findings were reported by Antony et al. (2024), who observed high GCV and PCV for yield components.
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Fig 5: Genetic and Phenotypic Coefficient of Variability for morphological traits in sweet corn inbred lines
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Fig 6: Heritability and Genetic Advance percentage of means for different traits in sweet corn inbred lines
DFT = Days to 50% tasseling, DFS = Days to 50% silking, NOKR = No. of Kernels row, NOKRC = No. of Kernels rows per cob

Heritability estimates were generally high for most traits, ranging from 70.96% for ear length to 97.46% for kernels per row, confirming the predominance of genetic factors in trait expression. Traits such as kernels per row and kernel rows per cob also exhibited high genetic advance as percent of mean (107.24% and 83.27%, respectively), implying the role of additive gene action and the effectiveness of direct selection. Conversely, seed weight showed low genetic advance (5.38%), suggesting greater environmental influence. Similar findings were reported by Lal et al. (2024), showing high heritability and genetic advance for kernels per row and kernel rows per cob.

Conclusion

The present investigation demonstrated substantial genetic variability among sweet corn inbred lines, with high heritability and genetic advance for yield-contributing traits such as kernels per row and kernel rows per cob, indicating the predominance of additive gene action and scope for effective selection. Cluster analysis grouped the genotypes into three major clusters and the high inter-cluster divergence, particularly between Cluster I and Cluster III, highlighted their potential for generating superior heterotic combinations. Crossing of inbred lines from different clusters with desired traits would ensure the greater chances of obtaining hybrids with high heterosis pertaining to different yield and its attributing traits. Principal component analysis revealed that yield-related and cob traits were the primary contributors to total variability, followed by phenological traits and sweetness, thereby confirming their importance in parental selection. Divergent lines such as SC-22, SC-30, SC-14 and SC-20 emerged as promising candidates for hybridization. Overall, the integration of PCA and cluster analysis proved valuable in identifying genetically distant parents, providing a strong foundation for the development of high-yielding and quality-oriented sweet corn hybrids.
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