Genetic architecture and causal dynamics of yield and quality traits in sugarcane (Saccharum spp. Complex): a comprehensive character association and path coefficient analysis


Abstract
	The genetic improvement of sugarcane (Saccharum spp. complex) for cane and sugar yield relies heavily on understanding the intricate associations among yield-attributing traits and partitioning their causal direct and indirect effects. This study evaluated 30 diverse sugarcane genotypes (27 advanced generation clones and 3 commercial standards) using a Randomized Block Design with three replications to estimate phenotypic and genotypic correlations, alongside path coefficients, for seventeen morphological and biochemical quality traits. Correlation studies revealed that cane yield had significant and positive association with CCS (t/ha) followed by single cane weight, stalk length, number of millable canes at harvest and Brix % at 8th month. Direct selection of clones based on positively associated attributes will be more effective. Path analysis revealed that the characters viz., Pol % at 8th month, CCS % at 10th month, CCS (t/ha), CCS % at 8th month, Brix % at 10th month, single cane weight, number of millable canes at harvest, number of tillers at 120 DAP and stalk length recorded positive direct effects on dependent variable i.e. cane yield and the other traits also showed their indirect positive effects on cane yield through these characters, indicating that these characters are the major contributing traits to cane yield in sugarcane. Sugarcane clones viz., 15-1805, 16-266 and 16-123 were significantly or numerically superior over the best check Co-0238 for both cane yield and quality attributes. These clones require further testing in multi-locational trials to sustain sugarcane productivity.
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Introduction
	Sugarcane (Saccharum spp. complex) is a perennial, monocotyledonous C4 grass belonging to the tribe Andropogoneae within the family Poaceae. It stands as a critical pillar of the global agricultural economy, functioning as the primary source of sugar, ethanol, and a multitude of bioenergy byproducts (Singh et al., 2019). The global macroeconomic reliance on sugarcane is immense, driven by concurrent demands for food security and renewable energy. Forecasts for the 2025/26 season project global sugar production to reach a record 185.3 million metric tonnes, representing a robust 3.0 to 5.5 percent increase over the previous year (FAO, 2025). Brazil continues to dominate the global landscape, contributing approximately 24 percent of global production, followed closely by India at 16 percent (FAO, 2025). In the Indian context, sugarcane cultivation is inextricably linked to rural livelihoods and national energy security, with production surging from 405.39 million tonnes in the 2020-21 season to 454.61 million tonnes in 2024-25, and an average productivity hovering around 84.8 tonnes per hectare (Ministry of Agriculture & Farmers Welfare, 2025).
	The genetic improvement of sugarcane presents unique challenges unmatched by most other agricultural crops. Modern cultivated sugarcane varieties are highly heterozygous, interspecific polyploid hybrids (2n = 100 to 300) originating primarily from complex hybridization events between Saccharum officinarum and Saccharum spontaneum (Hewawansa et al., 2024). Because yield and quality traits in sugarcane are quantitatively inherited, highly influenced by environmental factors, and characterized by relatively low narrow-sense heritability, direct phenotypic selection for cane yield is notoriously inefficient (Patra et al., 2022).
	To navigate this genetic complexity, plant breeders rely on dissecting cane yield into its fundamental morphological and biochemical components (Tolera et al., 2024). However, simple correlation coefficients only quantify the mutual association between two variables, failing to elucidate true biological cause-and-effect relationships. To resolve this dimensional entanglement, path coefficient analysis is utilized to partition the total correlation coefficient into direct effects and indirect effects (Wright, 1921; Dewey and Lu, 1959). Therefore, the primary objective of this comprehensive study is to exhaustively evaluate the character associations of morphological and quality traits and their subsequent partitioning into direct and indirect effects on cane yield within advanced sugarcane clones.
Materials and Methods
	To investigate these intricate genetic interrelationships, a comprehensive field trial was executed at the Regional Research Station of Chaudhary Charan Singh Haryana Agricultural University in Kaul, Kaithal, India, during the 2022-23 cropping season (Hitesh et al., 2026). The experimental material comprised a highly diverse set of 30 sugarcane genotypes, consisting of 27 advanced generation clones generated through complex inter-varietal crosses and multi-stage selection, alongside three established commercial standard varieties (Co 0238, Co 05009 and CoJ 64) acting as checks (Hitesh et al., 2026). A detailed list of the utilized genotypes and their parentage is provided in Table 1.
Table 1: List of advanced generation clones/varieties of sugarcane
	Sr.
No.
	Entry no.
	Parentage
	Sr.
No.
	Entry no.
	Parentage

	1.
	S10-31
	CoH 119 x Co 86011
	16.
	S15-98
	CoH 119 GC

	2.
	S12-38
	CoH 119 GC
	17.
	S16-123
	CoH 56 GC

	3.
	       S14-105
	Co 89003 x Co 775
	18.
	S16-168
	CoH 104 x Co 755

	4.
	S14-178
	Co 89003 x CoPant  97222
	19.
	S16-174
	CoH 104 x Co 755

	5.
	       S15-1743
	Co 86011 GC
	20.
	S16-246
	CoS 8436 x Co 89003

	6.
	       S15-1745
	Co 86011 GC
	21.
	S16-249
	CoS 8436 x Co 89003

	7.
	      S15-1765
	Co 86011 GC
	22.
	S16-77
	CoH 92 GC

	8.
	     S15-1805
	CoH 99 GC
	23.
	S15-1763
	Co 86011 GC

	9.
	   S15-197
	CoS 510 GC
	24.
	S15-2314
	CoJ 82315 GC

	10.
	     S15-2975
	CoH 92 GC
	25.
	S15-2387
	CoJ 82315 GC

	11.
	    S15-3017
	CoH 92 GC
	26.
	S16-266
	CoS 8436 x Co 89003 GC

	12.
	  S15-350
	Co 98010 x Co 1148
	27.
	S16-369
	CoVc 89101 PC

	13.
	  S15-352
	Co 98010 x Co 1148
	28.
	Standards
	Co 0238

	14.
	  S15-365
	Co 98010 x Co 1148
	29.
	
	Co 05009

	15.
	   S15-377
	Co 98010 x Co 1148
	30.
	
	CoJ 64


	The trial was laid out using a Randomized Block Design with three replications. The crop was sown in March 2022. Each genotype was planted in plots consisting of four rows, six meters in length, with an inter-row spacing of 90 cm to ensure adequate expression of tillering and canopy architecture (Hitesh et al., 2026).
	Stringent phenotypic profiling was conducted across seventeen distinct morphological, yield and biochemical traits. Early growth and morphological parameters included the number of tillers at 120 days after planting (DAP), number of shoots at 240 DAP, number of millable canes (NMC) at harvest, stalk length (cm), stalk diameter (cm), single cane weight (kg) and cane yield (t/ha) (Hitesh et al., 2026). Juice quality was assessed at two critical maturation phases: the 8th month (8M) and the 10th month (10M) post-planting, recording Brix %, Pol %, Purity %, Commercial Cane Sugar (CCS %), CCS (t/ha), and Extraction % (Hitesh et al., 2026).
	The pooled data from the three replications were subjected to Analysis of Variance (ANOVA). Genotypic and Phenotypic correlation coefficients were computed utilizing variance and covariance components (Fisher, 1925; Burton and De Vane, 1953). To decipher the causal structure of these associations, genotypic correlation coefficients were subsequently subjected to Path Coefficient Analysis, utilizing the simultaneous equation models developed by Dewey and Lu (1959). Matrix inversion techniques were applied to a 16x16 correlation matrix to isolate the independent path values, with residual effects calculated to measure the influence of unaccounted variables.
Results and Discussion
Genetic Variability and Heritability 
	The preliminary requirement for effective selection in any crop improvement program is the presence of substantive genetic variation. The ANOVA indicated highly significant differences among the 30 sugarcane genotypes for all 17 traits evaluated (Sharma et al., 2023). Consistent with quantitative genetic theory, the Phenotypic Coefficients of Variation (PCV) marginally exceeded the Genotypic Coefficients of Variation (GCV) across all traits.
	Recent assessments of genetic variability, heritability and genetic advance in this specific sugarcane population confirmed the preponderance of additive gene action for critical yield traits (Hitesh et al., 2026). Crucially, very high broad-sense heritability (h2 > 70%) coupled with a high genetic advance as a percentage of the mean (GAM) was recorded for CCS yield (t/ha) (h2 = 73.67%, GAM = 31.95%), Cane Yield (h2 = 71.36%, GAM = 27.63%), and Single Cane Weight (h2 = 77.31%, GAM = 20.84%) (Hitesh et al., 2026). High heritability associated with high genetic advance implies that these characters are governed predominantly by additive gene action, rendering them highly responsive to direct selection in early breeding cycles (Sharma et al., 2024).
Character Associations in Sugarcane Clones
	Correlation coefficient is a statistical measure used to determine the degree of correlation between two or more variables. In plant breeding, the correlation coefficient defines the mutual relationship between numerous plant attributes and the component attributes on which selection can be based to increase the dependent variable. The complete matrix of the genotypic and phenotypic correlation coefficients is detailed comprehensively in Table 2 and Table 3. Furthermore, genotypic and phenotypic correlations among morphological and quality traits are visually represented through correlograms (Figure 1 and Figure 2, respectively).
The presence of genotypic correlation coefficients that were higher than phenotypic ones indicated that the association was mostly due to genetic factors, suggesting that selection can be done based on phenotype (Alam et al., 2017). However, in a few cases, phenotypic coefficients were greater than genotypic coefficients, indicating that the environment is suppressing the expression of the attribute at the phenotypic level.
	The present investigation showed that CCS (t/ha) and single cane weight had a very strong significant and positive association with cane yield at both the genotypic and phenotypic levels. Selection on the basis of these two traits will be rewarding. Moderate significant and positive genotypic and phenotypic correlation with cane yield was expressed by stalk length and number of millable canes at harvest and Brix % at the 8th month, while weak association was exhibited by purity at the 8th month and purity at the 10th month. Positive and significant association with these traits implied that selection on the basis of these traits would be rewarding. Hardeep et al. (2023) studied that cane yield showed strong significant and positive association with CCS (t/ha) and single cane weight at both the genotypic and phenotypic levels. Rakesh et al. (2023) detected that CCS (t/ha), number of millable canes and single cane weight exhibited positive and significant correlation with cane yield. Tabassum et al. (2023) recorded that CCS yield, single cane weight, number of millable canes, stalk diameter, and stalk length exhibited positive and significant association with cane yield at both genotypic and phenotypic levels. Singh et al. (2022) observed that sugar yield had a highly significant and positive correlation with cane yield at harvest followed by single cane weight at harvest and number of millable canes at harvest. Contrary to these findings in the present study, Reddy et al. (2020) reported that cane yield was positively correlated with number of millable canes, cane length, cane girth, single cane weight and CCS yield, whereas Brix %, Sucrose %, Purity %, and CCS % showed negative correlation with cane yield.
Genotypic correlations generally exceeded phenotypic correlations, confirming that the observed associations are deeply embedded in the genetic architecture rather than being mere artifacts of shared environmental micro-climates (Dash and Kumar, 2026). The complete matrix of the genotypic and phenotypic correlation coefficients is detailed comprehensively in Table 2 and Table 3. Furthermore, genotypic and phenotypic correlations among morphological and quality traits are visually represented through correlograms (Figure 1 and Figure 2, respectively), highlighting the associative intensity of key breeding indices.
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Fig. 1 Correlogram Showing Genotypic Correlations
(A graphical representation emphasizing positive/negative genotypic associations based on colour intensity)
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Fig. 2. Correlogram Showing Phenotypic Correlations
(A graphical representation emphasizing positive/negative phenotypic associations based on colour intensity)
	Cane yield demonstrated a highly significant, near-perfect positive genotypic association with CCS yield (t/ha) (ɤg = 0.967, ɤp = 0.968). Single cane weight (SCW) emerged as the most potent morphological correlate of cane yield (ɤg = 0.724, ɤp = 0.692), followed by stalk length (ɤg = 0.616, ɤp = 0.469), and the number of millable canes (NMC) at harvest (ɤg = 0.573, ɤp = 0.608) (Hitesh et al., 2026).
	Cane yield was also positively correlated with early vegetative vigor, specifically the number of tillers at 120 DAP (ɤg = 0.439, ɤp = 0.487). However, stalk diameter exhibited a highly significant negative genotypic correlation with the number of tillers at 120 DAP (ɤg = -0.518) and shoots at 240 DAP (ɤg = -0.425) (Hitesh et al., 2026). This inverse relationship elucidates a classical biological trade-off: a genotype that commits early developmental resources to hyper-tillering will inevitably produce thinner individual stalks due to the partitioning of finite localized resources across a disproportionately high number of meristematic sinks (Ahmed et al., 2019).
Causal Architecture: Path Coefficient Analysis 
The information provided through simple correlation analysis remains incomplete in the sense that it does not throw light on the underlying causes that are operative for various interrelationships (Prakash et al., 2010). The expression of a complex character such as cane yield depends upon the interplay of a number of component attributes. A better picture of the contribution of each component building up the total genetic architecture of a complex character may be obtained through the analysis of causal schemes. Hence, in such a situation, path coefficient analysis devised by Wright (1921) and Dewey and Lu (1959) has been useful in partitioning direct and indirect causes of association, which allow a detailed examination of specific forces acting to produce a given correlation and measures the relative importance of each causal character. The full path matrix detailing direct and indirect effects is presented in Table 4.
From the path coefficient analysis, it was inferred that Pol % at the 8th month exhibited a high positive direct effect on cane yield followed by CCS % at the 10th month, CCS (t/ha), CCS % at the 8th month, Brix % at the 10th month, single cane weight, number of millable canes at harvest, number of tillers at 120 DAP, and stalk length. Selection on the basis of these characters will lead to higher cane yield and juice quality. These results were in accordance with Ahmed et al. (2019) who reported that sucrose % showed highest positive direct effect followed by Brix, number of millable canes, cane height, single cane weight, and cane girth. Viradiya et al. (2015) recorded the highest positive direct effect on cane yield was exerted by sucrose % followed by CCS (t/ha). Singh et al. (2020) detected that number of millable canes at harvest, single cane weight, Brix at the 10th month, CCS % at the 10th month, and Pol % at harvest had a positive direct effect on sugar yield. Hiremath et al. (2015) observed positive direct effects of number of millable canes, single cane weight, CCS (t/ha), and cane length on cane yield, and Tena et al. (2016) noted that number of millable canes, single cane weight, and Pol % showed the highest positive direct effect on cane yield. Ali et al. (2018) evaluated that Brix % and sugar recovery % exerted a positive direct effect on cane yield. Anbanandan et al. (2020) found that CCS %, Brix %, and sucrose % had a positive direct effect on cane yield per plot. Tabassum et al. (2023) revealed that three characters namely CCS yield, sucrose %, and number of millable canes exerted a positive direct effect on cane yield at both levels. Rakesh et al. (2023) observed a positive and direct effect for CCS yield, CCS % at the 10th month, Sucrose % at the 10th month, number of millable canes, single cane weight, and cane length.
The residual value of 0.01328 indicates that nearly all the traits contributing towards the cane yield had been incorporated in this study.
The superior genotypes identified on the basis of mean performance on cane yield and sugar yield showed that sugarcane clones viz., 15-1805, 16-266, and 16-123 were significantly or numerically superior over the best check Co 0238 in terms of cane yield (t/ha), commercial cane sugar (t/ha), Pol % at the 8th month, and CCS % at the 10th month. These sugarcane clones need to be rigorously tested in multi-locational trials to identify suitable genotypes to sustain sugarcane productivity
	
The analysis of the 16 primary independent traits against the dependent variable (Cane Yield) produced an exceptionally low residual effect of 0.01328, successfully encapsulating over 98.6 percent of the total genetic and physiological variability dictating cane yield in this population (Hitesh et al., 2026). The full path matrix is presented in Table 4.
	The path matrix distinctly reveals the supremacy of specific morphological traits in directly dictating cane yield. Single Cane Weight (SCW) exerted a highly significant positive direct effect of 0.246 on yield (Hitesh et al., 2026)1. The apparent positive correlation of stalk diameter with yield was technically generated by massive positive indirect pathways flowing through SCW (0.153) and CCS yield (0.294) rather than a direct effect (-0.001) (Hitesh et al., 2026)1. This corroborates that selecting solely for cane girth is genetically redundant unless SCW is explicitly included in the multi-trait selection index.
	The most profound physiological deductions lie in the precise dissection of the biochemical parameters. The highest absolute positive direct effect was generated by Pol% at the 8-month stage (1.047), closely followed by CCS% at 10 months (0.798) and CCS (t/ha) (0.754) (Hitesh et al., 2026)1. However, this stands in stark biological contrast to Pol% at 10 months, which exerted the highest negative direct effect (-1.052) (Hitesh et al., 2026)1. Similarly, Brix% at 8 months recorded a massive negative direct effect (-1.531) (Hitesh et al., 2026)1. A high Brix value uncoupled from high Pol indicates poor biochemical conversion efficiency, creating osmotic stress that suppresses overall stalk weight (Olaoye and Fatunla, 1987).
	The path analysis conclusively proves that Extraction percentage exerts a negative direct effect (-0.014) on total cane yield (Hitesh et al., 2026)1. Selecting for juice extraction without simultaneously anchoring selection pressure on SCW will inevitably degrade crop architecture and field resilience (Sharma et al., 2023). Breeding programs must transition toward comprehensive multi-trait selection indices, optimizing traits such as SCW, NMC, and Pol% at 8 months as the primary independent variables (De Morais et al., 2015).
Conclusion
	Correlation studies revealed that cane yield had significant and positive association with CCS (t/ha) followed by single cane weight, stalk length, number of millable canes at harvest and Brix % at 8th month. These results indicated that to improve cane yield and sucrose content, direct selection of clones based on positively associated attributes will be more effective when leading any sugarcane breeding programme.
Path analysis revealed that the characters viz., Pol % at 8th month, CCS % at 10th month, CCS (t/ha), CCS % at 8th month, Brix % at 10th month, single cane weight, number of millable canes at harvest, number of tillers at 120 DAP and stalk length recorded positive direct effects on dependent variable i.e. cane yield and the other traits also showed their indirect positive effects on cane yield through these characters, indicating that these characters are the major contributing traits to cane yield in sugarcane.
Sugarcane clones viz., 15-1805, 16-266 and 16-123 were significantly or numerically superior over the standards Co 0238 for both cane yield and quality attributes. These clones require further testing in multi-locational trials to sustain sugarcane productivity.
	The genetic architecture of sugarcane yield is a highly coordinated network of compensatory morphological and biochemical pathways. While total cane yield exhibits broad phenotypic correlations with a multitude of traits, path analysis reveals a highly streamlined biological reality. Single Cane Weight (SCW) and the Number of Millable Canes (NMC) are the undisputed morphological architects of yield, while early sucrose partitioning (Pol% at the 8-month stage) acts as the primary biochemical engine driving plant efficiency. In stark contrast, reliance on generalized parameters such as isolated stalk diameter, extraction percentage and early-season Brix % is genetically misleading due to intrinsic negative direct effects on massive biomass accumulation. The implementation of selection indices rigorously weighted toward early Pol accumulation and individual stalk mass will accelerate the introgression of additive gene actions, enabling the rapid development of robust, early-maturing cultivars.
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Table 2: Genotypic correlation matrix of morphological and quality traits.
	Characters
	Cane Yield (t/ha)
	CCS (t/ha)
	CCS% (10M)
	Pol% (10M)
	Brix% (10M)
	Purity% (10M)
	Extraction (%)
	NMC at Harvest (‘000/ha)
	Stalk Length (cm)
	Stalk Diameter (cm)
	Single Cane Weight (Kg)
	CCS% (8M)
	Pol% (8M)
	Brix% (8M)
	Purity% (8M)
	Number of Shoots 240 DAP (‘000/ha)
	Number of Tillers 120 DAP (‘000/ha)

	Cane Yield (t/ha)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CCS (t/ha)
	0.967**
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CCS% (10M)
	0.466**
	0.604**
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Pol% (10M)
	0.473**
	0.600**
	0.997**
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Brix% (10M)
	0.476**
	0.571**
	0.963**
	0.980**
	
	
	
	
	
	
	
	
	
	
	
	
	

	Purity% (10M)
	0.264*
	0.466**
	0.754**
	0.703**
	0.547**
	
	
	
	
	
	
	
	
	
	
	
	

	Extraction (%)
	0.505**
	0.570**
	0.206
	0.182
	0.116
	0.326**
	
	
	
	
	
	
	
	
	
	
	

	NMC at Harvest (‘000/ha)
	0.573**
	0.544**
	0.319**
	0.329**
	0.343**
	0.226*
	0.036
	
	
	
	
	
	
	
	
	
	

	Stalk Length (cm)
	0.616**
	0.550**
	-0.022
	-0.012
	0.014
	-0.152
	0.458**
	0.265*
	
	
	
	
	
	
	
	
	

	Stalk Diameter (cm)
	0.502**
	0.501**
	0.088
	0.084
	0.065
	0.067
	0.528**
	-0.224*
	0.667**
	
	
	
	
	
	
	
	

	Single Cane Weight (kg)
	0.724**
	0.713**
	0.374**
	0.373**
	0.361**
	0.204
	0.588**
	-0.169
	0.548**
	0.812**
	
	
	
	
	
	
	

	CCS% (8M)
	0.483**
	0.614**
	0.999**
	0.998**
	0.968**
	0.793**
	0.240*
	0.340**
	0.048
	0.063
	0.367**
	
	
	
	
	
	

	Pol% (8M)
	0.500**
	0.613**
	0.996**
	0.997**
	0.985**
	0.726**
	0.189
	0.365**
	0.065
	0.050
	0.368**
	0.994**
	
	
	
	
	

	Brix% (8M)
	0.516**
	0.578**
	0.924**
	0.945**
	0.977**
	0.518**
	0.046
	0.418**
	0.103
	0.009
	0.350**
	0.929**
	0.963**
	
	
	
	

	Purity% (8M)
	0.196
	0.405**
	0.703**
	0.654**
	0.504**
	0.981**
	0.507**
	0.021
	-0.085
	0.149
	0.235*
	0.682**
	0.600**
	0.363**
	
	
	

	Number of Shoots 240 DAP (‘000/ha)
	0.437**
	0.381**
	0.239*
	0.248*
	0.266*
	0.182
	-0.254*
	0.960**
	0.113
	-0.425**
	-0.286**
	0.261*
	0.292**
	0.362**
	-0.067
	
	

	Number of Tillers 120 DAP (‘000/ha)
	0.439**
	0.376**
	0.265*
	0.281**
	0.318**
	0.142
	-0.287**
	0.918**
	-0.007
	-0.518**
	-0.246*
	0.295**
	0.330**
	0.409**
	-0.071
	0.995**
	


** = Significant at 1% level
*   = Significant at 5% level
(NMC = Number of Millable Canes, CCS (t/ha) = Commercial Cane Sugar (tonnes per hectare), CCS % = Commercial Cane Sugar per cent, 8M and 10M = 8th month and 10th month)

Table 3: Phenotypic correlation matrix of morphological and quality traits.
	Characters
	Cane Yield (t/ha)
	CCS (t/ha)
	CCS% (10M)
	Pol% (10M)
	Brix% (10M)
	Purity% (10M)
	Extraction (%)
	NMC at Harvest (‘000/ha)
	Stalk Length (cm)
	Stalk Diameter (cm)
	Single Cane Weight (kg)
	CCS% (8M)
	Pol% (8M)
	Brix% (8M)
	Purity% (8M)
	Number of Shoots 240 DAP (‘000/ha)
	Number of Tillers 120 DAP (‘000/ha)

	Cane Yield (t/ha)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CCS (t/ha)
	0.968**
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CCS% (10M)
	0.356**
	0.488**
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Pol% (10M)
	0.353**
	0.479**
	0.995**
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Brix% (10M)
	0.329**
	0.430**
	0.931**
	0.963**
	
	
	
	
	
	
	
	
	
	
	
	
	

	Purity% (10M)
	0.231*
	0.375**
	0.710**
	0.642**
	0.424**
	
	
	
	
	
	
	
	
	
	
	
	

	Extraction (%)
	0.264*
	0.304**
	0.114
	0.114
	0.107
	0.113
	
	
	
	
	
	
	
	
	
	
	

	NMC at Harvest (‘000/ha)
	0.608**
	0.577**
	0.192
	0.197
	0.199
	0.113
	0.038
	
	
	
	
	
	
	
	
	
	

	Stalk Length (cm)
	0.469**
	0.422**
	-0.009
	0.004
	0.035
	-0.121
	0.191
	0.200
	
	
	
	
	
	
	
	
	

	Stalk Diameter (cm)
	0.400**
	0.390**
	0.041
	0.030
	-0.005
	0.078
	0.264*
	-0.106
	0.419**
	
	
	
	
	
	
	
	

	Single Cane Weight (kg)
	0.692**
	0.680**
	0.291**
	0.290**
	0.273**
	0.159
	0.279**
	-0.082
	0.444**
	0.624**
	
	
	
	
	
	
	

	CCS% (8M)
	0.355**
	0.505**
	0.874**
	0.875**
	0.833**
	0.594**
	0.072
	0.249*
	0.028
	0.045
	0.270**
	
	
	
	
	
	

	Pol% (8M)
	0.361**
	0.497**
	0.875**
	0.883**
	0.857**
	0.550**
	0.051
	0.255*
	0.044
	0.039
	0.268*
	0.992**
	
	
	
	
	

	Brix% (8M)
	0.346**
	0.436**
	0.810**
	0.833**
	0.854**
	0.394**
	-0.009
	0.251*
	0.078
	0.020
	0.235*
	0.895**
	0.945**
	
	
	
	

	Purity% (8M)
	0.176
	0.346**
	0.496**
	0.457**
	0.327**
	0.616**
	0.172
	0.103
	-0.076
	0.065
	0.188
	0.620**
	0.514**
	0.205
	
	
	

	Number of Shoots 240 DAP (‘000/ha)
	0.467**
	0.429**
	0.121
	0.128
	0.140
	0.074
	-0.099
	0.919**
	0.080
	-0.241*
	-0.194
	0.229*
	0.240*
	0.252*
	0.058
	
	

	Number of Tillers 120 DAP (‘000/ha)
	0.487**
	0.438**
	0.141
	0.145
	0.148
	0.081
	-0.143
	0.822**
	-0.018
	-0.249*
	-0.119
	0.235*
	0.258*
	0.297**
	-0.007
	0.911**
	


** = Significant at 1% level
*   = Significant at 5% level
(NMC = Number of Millable Canes, CCS (t/ha) = Commercial Cane Sugar (tonnes per hectare), CCS % = Commercial Cane Sugar per cent, 8M and 10M = 8th month and 10th month)

Table 4: Path coefficient analysis of morphological and quality traits.
	Characters
	CCS (t/ha)
	CCS% (10M)
	Pol% (10M)
	Brix% (10M)
	Purity% (10M)
	Extraction (%)
	NMC at Harvest (‘000/ha)
	Stalk Length (cm)
	Stalk Diameter (cm)
	Single Cane Weight (Kg)
	CCS% (8M)
	Pol% (8M)
	Brix% (8M)
	Purity% (8M)
	Number of Shoots at 240 DAP (‘000/ha)
	Number of Tillers at 120 DAP (‘000/ha)
	Cane Yield (t/ha)

	CCS (t/ha)
	0.754
	0.390
	-0.504
	0.125
	-0.003
	-0.004
	0.097
	0.004
	-0.001
	0.167
	0.329
	0.521
	-0.667
	-0.268
	-0.005
	0.035
	0.968

	CCS% 10M
	0.368
	0.798
	-1.046
	0.270
	-0.007
	-0.002
	0.032
	0.000
	0.000
	0.072
	0.569
	0.916
	-1.240
	-0.385
	-0.001
	0.011
	0.356

	Pol% 10M
	0.361
	0.794
	-1.052
	0.279
	-0.006
	-0.002
	0.033
	0.000
	0.000
	0.071
	0.570
	0.924
	-1.276
	-0.355
	-0.001
	0.012
	0.353

	Brix% 10M
	0.324
	0.743
	-1.012
	0.290
	-0.004
	-0.001
	0.034
	0.000
	0.000
	0.067
	0.542
	0.898
	-1.307
	-0.253
	-0.002
	0.012
	0.329

	Purity% 10M
	0.282
	0.567
	-0.675
	0.123
	-0.009
	-0.002
	0.019
	-0.001
	0.000
	0.039
	0.387
	0.576
	-0.603
	-0.478
	-0.001
	0.007
	0.231

	Extraction %
	0.229
	0.091
	-0.120
	0.031
	-0.001
	-0.014
	0.006
	0.002
	0.000
	0.069
	0.047
	0.053
	0.015
	-0.134
	0.001
	-0.011
	0.264

	NMC at Harvest (‘000/ha)
	0.435
	0.153
	-0.207
	0.058
	-0.001
	-0.001
	0.168
	0.002
	0.000
	-0.020
	0.162
	0.267
	-0.384
	-0.080
	-0.010
	0.066
	0.608

	Stalk Length (cm)
	0.318
	-0.007
	-0.004
	0.010
	0.001
	-0.003
	0.034
	0.009
	-0.001
	0.109
	0.018
	0.046
	-0.119
	0.059
	-0.001
	-0.001
	0.469

	Stalk Diameter (cm)
	0.294
	0.033
	-0.031
	-0.002
	-0.001
	-0.004
	-0.018
	0.004
	-0.001
	0.153
	0.029
	0.041
	-0.030
	-0.050
	0.003
	-0.020
	0.400

	Single Cane Weight (Kg)
	0.513
	0.232
	-0.305
	0.079
	-0.001
	-0.004
	-0.014
	0.004
	-0.001
	0.246
	0.176
	0.280
	-0.360
	-0.146
	0.002
	-0.009
	0.692

	CCS% 8M
	0.381
	0.697
	-0.920
	0.241
	-0.005
	-0.001
	0.042
	0.000
	0.000
	0.067
	0.651
	1.039
	-1.370
	-0.481
	-0.003
	0.019
	0.355

	Pol % 8M
	0.375
	0.698
	-0.928
	0.249
	-0.005
	-0.001
	0.043
	0.000
	0.000
	0.066
	0.645
	1.047
	-1.447
	-0.399
	-0.003
	0.021
	0.361

	Brix% 8M
	0.329
	0.646
	-0.876
	0.248
	-0.004
	0.000
	0.042
	0.001
	0.000
	0.058
	0.582
	0.990
	-1.531
	-0.159
	-0.003
	0.024
	0.346

	Purity% 8M
	0.261
	0.396
	-0.481
	0.095
	-0.006
	-0.002
	0.017
	-0.001
	0.000
	0.046
	0.403
	0.539
	-0.314
	-0.776
	-0.001
	-0.001
	0.176

	Number of Shoots at 240 DAP (‘000/ha)
	0.324
	0.097
	-0.135
	0.040
	-0.001
	0.001
	0.155
	0.001
	0.000
	-0.048
	0.149
	0.252
	-0.386
	-0.045
	-0.011
	0.073
	0.467

	Number of Tillers at 120 DAP (‘000/ha)
	0.330
	0.112
	-0.152
	0.043
	-0.001
	0.002
	0.138
	0.000
	0.000
	-0.029
	0.153
	0.270
	-0.455
	0.005
	-0.010
	0.080
	0.487


Residual = 0.01328 
(NMC = Number of Millable Canes, CCS (t/ha) = Commercial Cane Sugar (tonnes per hectare), CCS % = Commercial Cane Sugar per cent, 8M and 10M = 8th month and 10th month).
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