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Variability and correlation analysis of advanced clones of sugarcane for crop productivity and quality parameters



.

ABSTRACT 

	Seventeen advanced clones of sugarcane were analysed for variability in yield, yield related traits and quality parameters. There was significant difference in all characters indicating presence of substantial genetic variation except for stalk diameter, single cane weight and juice extraction per cent. Number of millable canes per hectare at 12 months ranged from 114.37 (CoN 18072) to 68.50 (Co 18002). Co 18024 recorded the highest sucrose per cent (20.07) and brix per cent (21.80), both at 12 months. The clone CoN 18072 recorded the highest cane yield (138.10) which was on par with CoTl 25112 (130.27) and CoTl 25111 (129.61). Number of millable canes per hectare at 12 months was highly correlated with number of shoots per hectare at 240 days (0.83). Commercial cane sugar per cent at 12 months was significantly correlated with sucrose per cent at 12 months (0.99) and brix per cent at 12 months (0.96). Commercial cane sugar per hectare showed positive correlation with extraction per cent at 12 months (0.51). Focus on number of millable canes per hectare , commercial cane sugar per cent and commercial cane sugar tonnes per hectare will improve yield and quality traits in sugarcane.
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1. INTRODUCTION 

Sugarcane (Saccharum spp.) is a tropical commercial crop characterized by rapid growth and high productivity, which is partly attributed to its efficient C₄ photosynthetic pathway. Extensively grown in tropical and subtropical regions, this crop represents a key source of sugar and bioethanol, contributing substantially to global production. Modern cultivated varieties of sugarcane are complex hybrids derived from Saccharum officinarum (noble cane) and Saccharum spontaneum, with additional genetic contributions from species such as S. robustum, S. sinense, and S. barberi, as well as related grasses including Miscanthus, Narenga and Erianthus (Babu et al., 2022). It is the main source of sugar in India and holds an important position as a cash crop in the sub-continent (Prabha, 2021). India’s sugar industry is a major agro-based sector, sustaining the livelihoods of nearly 50 million farmers and approximately 0.5 million workers associated with sugarcane processing and allied activities (Agrawal and Kumar, 2023). 
The increasing importance of sugarcane for food and bioenergy security has accelerated breeding initiatives for meeting growing demand and improving adaptation to changing environmental conditions. Improvement of sugarcane for its yield is an age-old process. Crop improvement aimed at enhancing yield and quality remains a primary goal of plant breeding programmes in sugarcane. The identification and selection of suitable varieties can significantly contribute to improved sugar recovery. Continuous efforts to enhance productivity, quality, and stress resilience are essential for maintaining the competitiveness and sustainability of sugar industry. The effectiveness of selection largely depends on the extent of genetic variability present in the crop. Greater variability among genotypes provides better opportunities for crop improvement. Therefore, the assessment and utilization of genetic diversity and variability serve as fundamental components of breeding strategies. Scientific improvement of any crop depends on analysis of variability available in the crop and an understanding of genetic mechanism underlying inheritance of traits of significance. Inter relationship among yield and related traits gives an insight into the strategy to be followed for efficient crop improvement (Momotaz et al., 2024) since yield is a complex quantitative character which is influenced by many other traits (Shitahu Alemu et al. 2018). This paper analyses variability in yield and related traits including quality parameters in sugarcane and the phenotypic correlation among the traits.
2. material and methods 

The experiment was conducted at research farm of Agricultural Research Station, Thiruvalla under Kerala Agricultural University, Kerala (76.56 E, 9.36N), India during the cropping season of 2024-25. The experiment was laid out in randomised  block design with three replications using 14 advanced clones and three standards viz. Co 86032, CoC 671 and Co 09004. The gross plot size was 6m x 8 rows x 1.2m. The seed rate followed was 12 buds per metre. Three bud seed setts were planted in furrows, horizontally with edges of setts overlapping with each other. Standard Agronomic operations like irrigation, weeding, fertilizer application and  pest /disease control were done as per recommendations of Kerala Agricultural University. Data was recorded for 14 different yield and quality characters ie. germination per cent at 30 Days After Planting (DAP) (GPTD), number of tillers (000/ha) at 120 DAP (NTPTH120D), number of shoots (000/ha) at 240 DAP (NSPTH240D), number of millable canes (000/ha) at 12 months after planting (MAP) (NMCPTH12M), stalk length (cm) 12 MAP (SL12M), stalk diameter (cm)12 MAP (SD12M), single cane weight (kg) 12 MAP, (SCW12MAP), extraction per cent of juice 12 MAP (EP12M), sucrose per cent 12 MAP (SP12M), brix per cent 12 MAP (BP12M), purity per cent 12 MAP (PU12M), commercial cane sugar per cent 12 MAP (CCSP12M), commercial cane sugar tonnes/hectare  12 MAP (CCSTPH) and cane yield tonnes/hectare (CYIELD). Analysis of variance (Fisher, 1925) and correlation analysis were performed (Singh and Chaudhary, 1979). Data were analysed using RAISINS (R & AI Solutions for inferential Statistics).
3. results and discussion

3.1 Variability among the clones
There was significant difference in all the characters considered indicating presence of substantial genetic variation except for stalk diameter (12 months), single cane weight (12 months) and extraction per cent (12 months). The results of variability analysis is presented in Table 1. Germination per cent at 30 days varied from 77.82 to 45.23. The highest germination per cent at 30 days was recorded by Co 86032 (77.82) which was on par with Co18003 (74.03). 
Table1. Mean data of advanced clones of sugarcane for yield, yield related characters and quality parameters

	Clones
	GPTD
	NTPTH120D
	NSPTH240D
	NMCPTH12M
	SL12M
	SD12M
	SCW12M
	EP12M
	SP12M
	BP12M
	PU12M
	CCSP12M
	CCSTPH
	CYIELD

	Co18001
	64.63± 4.24bcd
	72.17± 1.46ef
	72.17±1.46h
	79.45±9.13de
	265.76± 26.94ab
	2.79±0.20
	1.74±0.18
	46.99±3.05de
	19.78±0.62ab
	21.17±1.16ab
	92.00±0.50ab
	13.94±0.40ab
	13.58±0.31cde
	97.50± 4.05ef

	Co18002
	50.60± 3.41gh
	91.97± 1.97cd
	85.30±4.75ef
	68.50±2.80f
	276.31± 40.97ab
	2.78±0.05
	1.48±0.06
	47.30±2.72cde
	17.70±0.25cd
	19.33±0.29cd
	91.53±0.06b
	12.45±0.17cd
	10.07±0.45g
	80.90± 4.61g

	Co18003
	74.03± 3.82ab
	101.17± 2.03b
	91.17±8.19de
	84.81±9.24d
	263.53± 27.28ab
	2.87±0.09
	1.61±0.03
	48.11±1.83cde
	19.86±0.44ab
	21.47±0.50a
	92.53±0.25a
	14.03±0.30ab
	14.20±0.27cd
	101.23± 2.10e

	Co18009
	66.48± 9.03bc
	92.57±15.73cd
	99.23±4.40abc
	110.50±4.33a
	273.98± 30.71ab
	2.90±0.31
	1.53±0.25
	48.86±0.48bcd
	19.34±0.14ab
	20.97±0.15ab
	92.23±0.25ab
	13.65±0.10ab
	17.68±0.63a
	129.53± 3.81ab

	Co18012
	52.55± 5.70fgh
	64.63± 4.02f
	94.63±4.02bcd
	97.60±3.08c
	251.87± 14.52ab
	2.92±0.10
	1.73±0.09
	50.10±2.67bcd
	19.57±0.67ab
	21.17±0.76ab
	92.47±0.15a
	13.82±0.46ab
	16.12±0.90b
	116.63± 5.62d

	Co18013
	61.81± 4.07cdef
	89.53± 0.76d
	92.87±5.06cd
	108.70±4.56ab
	240.53± 17.13ab
	2.98±0.18
	1.58±0.13
	51.23±3.80bc
	19.49±0.78ab
	21.10±0.85ab
	92.03±0.64ab
	13.75±0.55ab
	17.61±1.37ab
	127.93± 6.51bc

	Co18024
	60.19± 7.55cdefg
	72.13± 1.86ef
	72.13±1.86h
	71.40±3.44ef
	267.42± 29.36ab
	2.73±0.15
	1.59±0.05
	47.02±1.65de
	20.07±0.80a
	21.80±0.82a
	92.07±0.25ab
	14.08±0.50a
	11.81±1.83f
	83.30±10.62g

	CoVC18061
	66.53± 6.00bc
	99.67± 1.93bc
	99.67±1.93abc
	100.73±3.71bc
	267.09± 14.61ab
	2.78±0.29
	1.78±0.06
	47.70±1.77cde
	16.88±0.14d
	18.20±0.30d
	92.07±1.00ab
	11.66±0.23d
	14.16±0.90cd
	119.10± 8.36cd

	CoN18071
	56.02± 4.86defg
	69.90± 2.55ef
	69.90±2.55h
	83.90±4.06d
	210.20± 38.87b
	2.86±0.22
	1.58±0.12
	48.22±3.01cd
	19.12±1.41ab
	20.73±1.54ab
	92.20±0.46ab
	13.49±1.00ab
	13.61±1.71cde
	100.67± 5.73e

	CoN18072
	66.85±10.08bc
	77.57± 1.89e
	98.57±3.01abc
	114.37±4.30a
	252.87± 4.26ab
	2.90±0.25
	1.48±0.13
	49.36±1.28bcd
	19.19±1.41ab
	20.87±1.43ab
	91.93±0.75ab
	13.52±1.02ab
	18.64±1.30a
	138.10± 6.86a

	CoVSI 18121
	45.23± 4.85h
	100.87± 2.73b
	75.87±4.74gh
	72.97±4.01ef
	263.87± 29.87ab
	3.02±0.25
	1.54±0.15
	52.75±4.51b
	19.42±0.60ab
	20.67±0.72ab
	92.47±0.21a
	13.71±0.43ab
	12.41±0.75ef
	90.53± 5.48fg

	CoTl 25111
	53.57± 0.76efgh
	117.40± 1.14a
	102.07±2.00a
	111.33±1.15a
	95.60±160.56c
	2.95±0.04
	1.66±0.04
	60.16±0.07a
	19.46±0.14ab
	21.51±0.11a
	90.50±0.36c
	13.61±0.11ab
	17.64±0.19ab
	129.61± 0.53ab

	CoTl 25112
	58.20± 1.23cdefg
	115.73± 4.43a
	101.10±0.53ab
	114.33±1.53a
	294.67± 2.08a
	2.81±0.18
	1.63±0.02
	60.60±0.46a
	19.31±0.12ab
	21.33±0.21ab
	90.53±0.40c
	13.51±0.06ab
	17.60±0.05ab
	130.27± 0.66ab

	Co86032
	77.82± 0.89a
	111.30± 0.98a
	74.67±3.11gh
	87.33±7.10d
	234.09± 18.84ab
	2.89±0.23
	1.36±0.20
	44.06±0.58e
	19.19±0.96ab
	20.83±1.02ab
	92.13±0.21ab
	13.53±0.68ab
	14.40±1.91c
	106.20±10.46e

	CoC671
	63.10± 7.40cde
	93.83± 5.21bcd
	80.50±0.89fg
	86.27±7.36d
	234.09± 16.45ab
	2.93±0.13
	1.63±0.12
	49.49±3.51bcd
	19.57±0.67ab
	21.20±0.72ab
	92.30±0.20a
	13.81±0.48ab
	13.95±0.52cde
	101.07± 4.17e

	Co09004
	58.15± 7.39cdefg
	93.40± 2.76bcd
	80.07±8.89fg
	78.57±7.17de
	241.31± 23.21ab
	2.82±0.04
	1.56±0.18
	48.36±2.55cd
	18.83±1.49bc
	20.17±0.99bc
	91.80±0.30ab
	13.26±1.06bc
	12.84±2.01def
	96.70±11.39ef

	F stat
	6.39**
	36.71**
	22.84**
	26.35**
	3.46**
	0.55NS
	1.93NS
	9.91**
	4.24**
	4.16**
	5.66**
	4.74**
	21.76**
	27.55**

	p value
	0
	0
	0
	0
	0
	0.89
	0.06
	0
	0
	0
	0
	0
	0
	0

	CD
	9.74
	7.83
	7.12
	9.13
	69.76
	-
	-
	4.12
	1.13
	1.27
	0.74
	0.82
	1.55
	9.98

	MSE
	34.15
	22.03
	18.24
	29.99
	1749.98
	0.04
	0.02
	6.1
	0.46
	0.58
	0.19
	0.24
	0.86
	35.85

	SE (m)
	3.37
	2.71
	2.47
	3.16
	24.15
	0.11
	0.08
	1.43
	0.39
	0.44
	0.25
	0.28
	0.54
	3.46

	SE (d)
	4.77
	3.83
	3.49
	4.47
	34.16
	0.16
	0.11
	2.02
	0.55
	0.62
	0.36
	0.4
	0.76
	4.89

	CV (per cent)
	9.58
	5.13
	4.92
	5.96
	17.02
	6.63
	8.33
	4.94
	3.55
	3.67
	0.48
	3.63
	6.29
	5.48

	Cohen’s F
	1.79
	4.28
	3.38
	3.63
	1.32
	0.52
	0.98
	2.23
	1.46
	1.44
	1.68
	1.54
	3.3
	3.71


Number of tillers per hectare ranged from 117.4 to 64. The highest number of tillers per hectare at 120 days was recorded by CoTl 25111 (117.40) followed by CoTl 25112 (115.73) and Co 86032 (77.82). CoTl 25111 recorded the highest number of shoots per hectares at 240 days (102.07) which was on par with CoVc 18061 (99.67), CoN 18072 (98.57) and Co 18009 (99.23). The least was recorded by CoN 18071(69.9). Number of millable canes per hectare at 12 months, which is an important economic trait in sugarcane, ranged from 114.37 to 68.50. It was maximum for CoN 18072 (114.37) followed by CoTl 25112 (114.33), CoTl 25111 (111.33) and Co 18009 (110.50) while Co 18013 was found to be on par (108.70) with the above clones. The highest stalk length at 12 months was observed in CoTl 25112 (294.67) which was on par with all the other clones except with CoN 18071 (210.20) and CoTl 25111 (95.60).

Extraction per cent at 12 months ranged from 44.06 for Co 86032 to 60.60 for CoTl 25112. Similar variation for extraction per cent in sugarcane clones was observed by Prabha, 2021. The highest extraction percent for CoTl 25112 was closely followed by CoTl 25111(60.16). Co 18024 recorded the highest sucrose per cent (20.07) and brix per cent (21.80), both at 12 months and the lowest values were recorded for CoVc 18061 (16.88 and 18.20 respectively). Co 18001, Co 18003, Co 18009, Co 18012, CoN 18071, CoN 18072, CoVSI 18121, CoTl 25111, CoTl 25112, Co 86032 and CoC 671 were on par with Co 18024 for sucrose per cent. High brix per cent at 12 months was also recorded in CoTl 25111 (21.51) and Co 18003 (21.47). Co 18003 recorded the highest purity at 12 months (92.53) followed by Co 18012 and CoVSI 18121 (92.47 for both). Co 18001,Co 18009, Co 18013, Co 18024, CoVc 18061,CoN 18071, CoN18072, Co 86032 and Co 09004 were on par with Co 18003 for purity per cent. 
Commercial cane sugar per cent at 12 months was maximum for Co 18024 (14.08) and the least for CoVC 18061 (11.66). Co 18001, Co 18003, Co 18009, Co 18012, Co 18013, CoN 18071, CoN 18072, CoVSI 18121,CoTl 25111, CoTl25112, Co 86032 and CoC 671 were on par with Co18024 for commercial cane sugar percent at 12 months. The highest commercial cane sugar tonnes per hectare was maximum for CoN 18072 (18.64) followed by Co 18009 (17.68) which were on par with Co 18013 (17.61). The least value was recorded by Co 18024 (11.81). CoN 18072 recorded the highest cane yield (138.10) which was on par with CoTl 25112 (130.27), CoTl 25111 (129.61) and Co18009 (129.53).
3.2 Correlation between different characters

Phenotypic correlation among different characters is presented in Table 2 and correlation plot in Fig.1.

Table 2.
Phenotypic Correlation Coefficients of Yield and Quality Parameters of Advanced Clones of Sugarcane
	
	GPTD
	NTPTH120D
	NSPTH240D
	NMCPTH12M
	SL12M
	SD12M
	SCW12M
	EP12M
	SP12M
	BP12M
	PU12M
	CCSP12M
	CCSTPH
	CYIELD

	GPTD
	1
	
	
	
	
	
	
	
	
	
	
	
	
	

	NTPTH120D
	0.14
	1
	
	
	
	
	
	
	
	
	
	
	
	

	NSPTH240D
	0.06
	0.37
	1
	
	
	
	
	
	
	
	
	
	
	

	NMCPTH12M
	0.22
	0.27
	0.83 ***
	1
	
	
	
	
	
	
	
	
	
	

	SL12M
	0.15
	-0.24
	-0.1
	-0.22
	1
	
	
	
	
	
	
	
	
	

	SD12M
	-0.18
	0.21
	0.18
	0.32
	-0.39
	1
	
	
	
	
	
	
	
	

	SCW12M
	-0.19
	-0.21
	0.24
	0.15
	-0.06
	-0.18
	1
	
	
	
	
	
	
	

	EP12M
	-0.46
	0.49
	0.55 *
	0.54 *
	-0.38
	0.32
	0.27
	1
	
	
	
	
	
	

	SP12M
	0.07
	-0.19
	-0.24
	0.01
	-0.14
	0.33
	-0.07
	0.17
	1
	
	
	
	
	

	BP12M
	0.06
	-0.1
	-0.12
	0.13
	-0.22
	0.29
	-0.09
	0.3
	0.97 ***
	1
	
	
	
	

	PU12M
	0.25
	-0.53 *
	-0.43
	-0.41
	0.39
	0.17
	-0.07
	-0.75 ***
	0.12
	-0.07
	1
	
	
	

	CCSP12M
	0.06
	-0.22
	-0.27
	-0.03
	-0.12
	0.35
	-0.12
	0.12
	0.99 ***
	0.96 ***
	0.17
	1
	
	

	CCSTPH
	0.24
	0.18
	0.72 **
	0.96 ***
	-0.25
	0.44
	0.08
	0.51 *
	0.25
	0.34
	-0.3
	0.23
	1
	

	CYIELD
	0.24
	0.23
	0.81 ***
	0.99 ***
	-0.22
	0.36
	0.12
	0.49
	0.01
	0.11
	-0.35
	-0.02
	0.97 ***
	1


Fig.1 Correlation plot for yield, yield related traits and quality parameters in sugarcane
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( GPTD : Germination per cent at 30 Days After Planting (DAP), NTPTH120D:  Number of tillers (000/ha) at 120 DAP ,NSPTH240D : Number of shoots (000/ha) at 240 DAP, NMCPTH12M : Number of millable canes (000/ha) at 12 months after planting (MAP) ,SL12M : Stalk length (cm) 12 MAP, SD12M : Stalk diameter (cm) 12 MAP , SCW12M: Single cane weight (kg) 12 MAP, EP12M : Extraction per cent of juice 12 MAP , SP12M : Sucrose per cent 12 MAP, BP12M :  Brix per cent 12 MAP , PU12M:  Purity per cent 12 MAP , CCSP12M :  Commercial cane sugar per cent 12 MAP , CCSTPH : Commercial cane sugar tonnes/hectare  12 MAP, CYIELD:  Cane yield tonnes/hectare )

Number of millable canes per hectare at 12 months showed highly significant correlation with number of shoots per hectare at 240 days (0.83), cane yield (0.81), commercial cane sugar tonnes per hectare (0.72) and extraction per cent at 12 months (0.55) while this important commercial trait showed  negative and non significant correlation with sucrose per cent ( -0.24). Significant positive correlation between number of millable canes per hectare and number of shoots per hectare was reported by Rakesh et al. 2023 and Sudhir Sharma et al. 2024. Significant positive correlation of number of millable canes with number of shoots per hectare, cane yield and commercial cane sugar was reported by Kumar et al. 2022.  Negative correlation of number of millable canes with sucrose per cent is in accordance with Tadesse and Dilnesaw (2014).
Stalk length at 12 months was negatively correlated with most of the traits including number of tillers per hectare at 120 days (-0.24) which is supported by Shitahun Alemu et al. 2018.
Extraction per cent was significantly and positively correlated with number of shoots per hectare at 240 days (0.55) and number of millable canes per hectare at 12 months (0.54). Brix per cent at 12 months was significantly correlated with commercial cane sugar per cent at 12 months (0.96) and sucrose per cent at 12 months (0.97). This is in accordance with Tabassum et al. 2023 and Rakesh et al. 2023 for sucrose per cent. Purity at 12 months was negatively and significantly correlated with extraction per cent (-0.75) and number of tillers per hectare at 120 days (-0.53). Similar results were reported by Kumar et al. 2022.

Commercial cane sugar per cent at 12 months was significantly correlated with sucrose per cent at 12 months (0.99) and brix per cent at 12 months (0.96). This is in accordance with Rakesh et al. 2023.Repale et al.2024 reported significant positive correlation of commercial cane sugar per cent with sucrose per cent.  Om Narayan Verma et al. 2021 had reported positive correlation of commercial cane sugar per cent with purity per cent which was also  observed in this study. Commercial cane sugar per hectare showed significant positive correlation with number of millable canes at 12 months (0.96) and number of shoots at 240 days (0.72) which are in accordance with Rakesh et al. 2023.  Commercial cane sugar per hectare also showed positive correlation with extraction per cent at 12 months (0.51).

Cane yield tonnes per hectare displayed significant positive correlation with number of millable canes at 12 months (0.99), commercial cane sugar tonnes per hectare (0.97) and number of shoots at 240 days (0.81). A similar trend in correlation of cane yield was reported by Rakesh et al. 2023, Vennela et al. 2024 and Boddu et al. 2025. Kumar et al. 2023 also reported strong positive correlation of cane yield with number of millable canes as observed in this study.
4. Conclusion
There was high variability among the sugarcane clones for most of the characters considered which can be of great use in further improvement of the clones. Correlations among various characters gives a preliminary idea about the association between them and the possibility of improving the desired traits in crop improvement programmes of sugarcane. Number of millable canes per hectare, commercial cane sugar per cent and commercial cane sugar tonnes per hectare maybe given more focus to improve yield and quality traits.
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