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Deciphering Yield Architecture in Sugarcane Germplasm through Correlation and Path Coefficient Approaches


Abstract
The present study was conducted using 100 sugarcane genotypes in 2023-2024 in an Augmented Block Design-II at the Research farm, Main Sugarcane Research Centre, NAU, Navsari. As yield is a dependent trait and complex in inheritance due to its polygenic nature, knowledge on the extent of correlation between different characters contributing to yield is useful in isolating the most desirable individuals. Phenotypic correlation analysis revealed that cane yield had a highly significant positive correlation with germination per cent at 45 DAS, number of tillers at 120 DAS, number of shoots at 240 DAS, number of millable canes, single cane weight, and CCS (t/ha), indicating that improvement in these traits would enhance cane yield. CCS (t/ha) showed highly significant positive correlation with all traits except stalk length and cane diameter. Path analysis showed that CCS (t/ha) had the highest positive direct effect on cane yield, followed by number of millable canes, single cane weight, brix per cent, and purity per cent. Thus, CCS (t/ha), number of millable canes, and single cane weight were the most influential traits for cane yield through strong direct and indirect effects and significant positive correlations.
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1. Introduction
[bookmark: _GoBack]“Sugarcane is one of the important cash crops which is cultivated in tropical and sub-tropical regions of the world. It is valuable because it stores high concentration of sucrose in the stem and more recently for the production of an important renewable bio-fuel, ethanol given by Sharma and Tamta” [1]. “Globally, sugarcane is an important source of commercial sugar, accounting for almost two-thirds of worlds sugar production according to Menossi et al.,”[2]. Among all the regions worldwide, India stands out as a significant player in the sugarcane and sugar industry with an area of 5.88 million hectares, producing 494.2 million tonnes of cane, at a productivity rate of 84.48 tonnes per hectare. (Directorate of Economics and Statistics, 2022-2023), Anonymous [3].
Sugarcane yield is one of the most important and complex quantitative character. The improvement of cane yield remains the top priority for sugarcane breeders in most of their breeding programmes. Selection of high yielding sugarcane genotypes depends upon the direct and indirect contribution of different traits and the magnitude of its interrelationship towards cane yield as well as sugar yield. Therefore, it is necessary to assess the direct as well as indirect contribution of different traits towards cane yield in addition to their magnitude and directions of correlation with cane yield and among each other. Pavani et al., [4] emphasized that correlation coefficients play a significant role in understanding the relationship between the characters by providing a quantitative measure of the strength and direction of the relationships between the characters, allowing researchers to gain valuable insights into the selection criteria to be followed. 
 In this investigation, cane yield was considered as the reliant variable and the remaining twelve yield contributing characters were taken as independent (causal) variables. The path analysis revealed the association of these independent variables on a dependent variable (cane yield) due to their direct effect on cane yield or as consequence of their indirect effect via other component characters. So, this experiment was conducted to identify key traits which are responsible for increasing cane yield and it also gives trait-based insights which enable breeders to prioritize key components in selection strategies in further breeding programs by guiding the development of ideotypes and accelerating genetic gains for sustainable cane productivity. This can result in sugarcane varieties that are more productive, profitable, and resistant to disease. The effective use of result of this study can ultimately help in development of sugarcane varieties that are not only more productive and profitable but also possess better resilience against diseases.

2. Materials and Methods
This study has used 100 sugarcane genotypes in 2023-2024 in an Augmented Block Design-II at the Research farm, Main Sugarcane Research Centre, NAU, Navsari. The genotypes were of 2020 N series and from 2021 N series. The observations were recorded for 13 traits. Out of which six are agro-morphological viz., germination per cent at 45 DAS, number of tillers at 120 DAS, number of shoots at 240 DAS, single cane weight (kg), stalk length (cm), and cane diameter (cm). This study also included brix per cent, sucrose per cent and purity per cent which are quality parameters. Number of Millable Canes (N.M.C), C.C.S (Commercial Cane Sugar) per cent, cane yield (t/ha) and CCS (t/ha) are the traits associated with yield. Ten plants from each plot were randomly selected for all the morphological observations except for character such as germination per cent at 45 DAS which were recorded from net area of the standing crop in all the accessions. All the remaining observations were recorded from plants in the field at an appropriate time. 
Correlation and Path coefficient analysis was carried out for all the 13 traits in the study. Correlation was worked out using the formulae suggested by De Wey and Lu [5]. For path coefficient analysis, partitioning of the correlation coefficients into direct and indirect effects was carried out using the procedure suggested by Wright [6] using R studio (version 3.5.2). The characterization of path coefficients was carried out as suggested by Lenka and Mishra [7].
3. Results and Discussion
3.1 Correlation Coefficient Analysis
In this study, simple correlation coefficients were computed at the phenotypic level to assess the interrelationships among various growth, yield, and quality parameters. This analysis is especially important for complex traits like cane yield and CCS (t/ha), which are governed by multiple contributing factors and are often influenced by both genetic and environmental variability. Plot of correlation coefficients between yield and yield component traits in Sugarcane germplasm is presented in Fig.1
Germination per cent at 45 DAS showed significant positive correlations with several key traits including number of tillers at 120 DAS (r = 0.510**), number of shoots at 240 DAS (r = 0.583**), number of millable canes (r = 0.624**), commercial cane sugar (t/ha) (r = 0.433**), and cane yield (r = 0.577**). These significant relationships indicate that higher germination rates are associated with improved vegetative growth, more productive stalks, and ultimately higher yield. Number of tillers at 120DAS was highly and significantly correlated with number of shoots at 240 DAS (r = 0.877**), number of millable canes (r = 0.837**), CCS (t/ha) (r = 0.625**), and cane yield (r = 0.704**), underscoring its importance in determining the number of productive stalks and influencing final cane yield. Number of shoots also exhibited strong, significant positive correlations with number of millable canes (r = 0.936**), number of tillers at 120 DAS (r = 0.837**), cane yield (r = 0.752**), and CCS (t/ha) (r = 0.650**). These associations highlight number of shoots as a valuable selection trait, as it contributes to overall plant vigor and productivity. Number of millable canes stood out as one of the most strongly correlated traits, showing highly significant positive relationships with number of tillers (r = 0.837**), number of shoots (r = 0.936**), CCS (t/ha) (r = 0.681**), and cane yield (r = 0.779**). This confirms number of millable canes’s critical role in determining cane productivity. The single cane weight had significant positive correlations with CCS (t/ha) (r = 0.573**) and cane yield (r = 0.692**), confirming that heavier individual canes contribute meaningfully to overall yield. Stalk length showed significant positive correlations with cane diameter (r = 0.201**) and negative significant with purity per cent (r = -0.212**). Cane diameter was significantly and positively correlated with, stalk length (r=0.201*). 
Brix per cent demonstrated strong and significant positive relationships with sucrose per cent (r = 0.904**), CCS per cent (r = 0.795**), and CCS (t/ha) (r = 0.428**), highlighting its close association with sugar recovery. The sucrose per cent followed a similar trend, showing highly significant correlations with brix per cent (r = 0.904**), CCS per cent (r = 0.964**), CCS (t/ha) (r = 0.563**), and purity per cent (r = 0.390**). Purity per cent showed significant positive correlations with number of millable canes (r=0.207*), CCS per cent (r = 0.535**) and CCS (t/ha) (r = 0.403**), confirming its role in improving juice quality and contributing indirectly to sugar tonnage. CCS per cent was significantly and positively correlated with brix per cent (r = 0.795**), sucrose per cent (r = 0.964**), purity per cent (r = 0.535**), and CCS (t/ha) (r = 0.620**), underlining its central role in juice quality and sugar content. CCS (t/ha) has emerged as a comprehensive trait, significantly correlated with nearly all important variables including germination at 45 DAS (r=0.433**), number of tillers at 120 DAS (r=0.625**), number of shoots at 240 DAS (r=0.650**), number of millable canes (r=0.681**), single cane weight (r=0.573**), brix per cent (r=0.428**), sucrose per cent (r=0.563**), purity per cent (r=0.403**), CCS per cent (r=0.620**), and cane yield (r=0.847**). 
[bookmark: _Hlk203755433]The experimental findings of the present study revealed that cane yield exhibited highly significant positive correlation with six characters namely germination per cent at 45 DAS, number of tillers at 120 DAS, number of shoots at 240 DAS, number of millable canes, single cane weight, and CCS (t/ha). It suggests that improvement of these component characters ultimately improve cane yield. These findings are in agreement with earlier results obtained by Kumar and Kumar (2014) by estimating correlation among cane yield and its attributing characters using 339 sugarcane genotypes. CCS (t/ha) exhibited highly significant positive with all the characters under study except stalk length and cane diameter which showed non-significant correlation with CCS (t/ha). It revealed that indirect improvement of CCS (t/ha) could be possible if the characters like germination per cent, number of tillers at 120 DAS, number of millable canes, single cane weight and juice quality parameters increased significantly. Highly significant positive correlation of germination per cent with number of tillers at 120 DAS, number of millable cane and CCS (t/ha) and cane yield indicated that higher germination leads to more tillers as well as millable canes. These results were found similar to the earlier reports of Pavani et al., [3], Agrawal and Kumar[8], Rakesh et al ., [9], Tabassum et al ., [10], and Gowda et al .,[11] from correlation studies. All juice quality characters exhibited highly significant positive association among each other and with CCS (t/ha). These results revealed that all the juice quality characters exerted positive and significant effect on the other remaining quality characters thus aid in the performance of those characters. These results were in agreement with the earlier reports of Ahmed et al. [12] and Tahir et al. [13] for brix per cent, sucrose per cent and purity per cent among each other.


[image: ]
Fig 1: Correloplot of correlation coefficients between yield and yield component traits in Sugarcane germplasm
** - Significant at 1% level of probability, * - Significant at 5.0 % level of probability
GRM: Germination per cent at 45 DAS, TILL: Number of tillers at 120 DAS, SHT: Number of shoots at 240 DAS, NMC: No. of millable canes, SCW: Single cane weight (Kg), STL: Stalk length (cm), CD: Cane diameter (cm), BR: Brix per cent , SCR: Sucrose per cent, PRT: Purity per cent, C.C.S: CCS per cent, CCST: CCS (t/ha), CNY: Cane yield (t/ha)

3.2 PATH ANALYSIS
In the selection program, when a smaller number of variables are considered, correlation study alone can serve the purpose. However, when variables increase, the situation becomes complex. For overcoming this complexity, path analysis method is adopted to partition the correlation coefficient into direct and indirect effects.
[bookmark: _Hlk203755471]In this investigation, cane yield was considered as the reliant variable and the remaining twelve yield contributing characters were taken as independent (causal) variables. The residual effect was calculated to be as low as 0.0043, indicating that the twelve independent variables included in the study collectively explains over 99 per cent of the variation observed in cane yield[14-16]. The high explanatory power of this study reinforces the reliability of the identified direct and indirect effects and validates the subsequent interpretations drawn from the analysis. The path analysis of these independent variables on cane yield are presented in Table 1 and in Fig.2
[bookmark: _Hlk203755542]Generally, selection is practiced simultaneously based on several component characters and not just on one character to improve economic value of a character like cane yield, which is a complex and polygenic characters depends on a number of independent characters. In the present study, it was observed that six characters namely germination per cent at 45 DAS, number of tillers at 120 DAS, number of shoots at 240 DAS, number of millable canes, single cane weight, and CCS (t/ha) exhibited highly significant positive correlation with cane yield. Path analysis revealed that CCS (t/ha) exerted higher positive direct effect on cane yield, revealing the main cause of the positive association between them. Number of millable canes, single cane weight, number of tillers at 120 DAS, brix per cent, and purity per cent were also exerted positive direct effect on cane yield but it was very low in case of number of tillers. Indirect effect study revealed that CCS (t/ha) exerted highest indirect effect on cane yield via number of millable canes, single cane weigh, number of tillers at 120 DAS and number of shoots at 40 DAS on cane yield. Further, number of millable canes also exerted considerable indirect effect on cane yield via number of tillers and number of shoots. These indirect effects reported as the major cause of concern for the positive correlation of these characters with cane yield thus should be considered at the time of selection. This implied that selection of sugarcane genotypes on the basis of number of tillers, number of shoots, number of millable canes, single cane weight and CCS (t/ha) would be beneficial for increasing sugarcane yield. 
Tyagi and Lal[17] reported that when the correlation coefficient between characters is nearly equal to the direct effect, it reflects a true relationship and direct selection through that trait would be effective. However, if the correlation is positive but the direct effect is negative or negligible, the association arises mainly from indirect effects. Conversely, when the correlation is negative but the direct effect is positive and high, restrictions must be imposed to counteract the undesirable indirect influences in order to utilize the beneficial direct effect. 
Brix per cent, sucrose per cent, purity per cent, and CCS per cent were exhibited significant association among each other but these characters were found to be negatively or non-significantly correlated with cane yield. Krishna and Kamat[18] and Tolera et al., [19] also observed highly significant positive association among purity per cent, brix per cent, and CCS per cent. Results also indicated that most of the juice quality characters were found to be positively correlated with CCS (t/ha) and some of them also showed positive direct effect with cane yield
[bookmark: _Hlk203755646]Brix per cent also demonstrated a significant positive direct effect, reinforcing its role as a dual contributor to both quality and yield. Interestingly, quality traits such as sucrose per cent and CCS per cent exhibited negative direct effects on cane yield. Such a negative association may be attributed that high yielding genotypes produce larger biomass at the cost of lower sugar concentration. Among all traits studied, CCS (t/ha), number of millable canes, and single cane weight emerged as the strongest and most consistent contributors to cane yield through high direct and indirect effects and also positive significant correlations with cane yield. These traits should be prioritized in selection programs. 









Figure 2: Phenotypic path diagram for cane yield (t/ha) in sugarcane
GRM: Germination per cent at 45 DAS, TILL: Number of tillers at 120 DAS, SHT: Number of shoots at 240 DAS, NMC: No. of millable canes, SCW: Single cane weight (Kg), STL: Stalk length (cm), CD: Cane diameter (cm), BR: Brix per cent, SCR: Sucrose per cent, PRT: Purity per cent, CCS: CCS per cent, CCST: CCS (t/ha), CNY: Cane yield (t/ha)
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Table 1: Phenotypic path coefficient analysis of component characters towards cane yield of sugarcane
	Traits

	GRM
	TILL
	SHT
	NMC
	SCW
	STL
	CD
	BR
	SCR
	PRT
	CCS
	CCST
	Correlation with cane yield 

	GRM
	0.02051
	0.00594
	-0.0363
	0.22968
	0.05806
	0.00021
	0.00115
	-0.0579
	0.04938
	0.00994
	0.01774
	0.29052
	0.6002**

	TILL
	0.01045
	0.01166
	-0.0545
	0.30814
	0.0529
	0.00009
	0.00094
	0.00976
	-0.0425
	0.03612
	-0.0411
	0.40775
	0.6915**

	SHT
	0.01196
	0.01022
	-0.0622
	0.34461
	0.04396
	0.00006
	0.00124
	-0.0008
	-0.0258
	0.0304
	-0.028
	0.42174
	0.7398**

	NMC
	0.0128
	0.00976
	-0.0582
	0.36804
	0.02595
	0.00017
	0.00131
	-0.0355
	-0.0001
	0.04032
	-0.022
	0.43364
	0.825**

	SCW
	0.00406
	0.0021
	-0.0093
	0.03255
	0.29342
	0.00001
	0.00045
	0.03647
	-0.0304
	-0.0053
	-0.02
	0.38145
	0.4761**

	STL
	-0.003
	-0.0007
	0.00244
	-0.0445
	-0.0021
	-0.0014
	-0.0019
	0.01917
	0.02033
	-0.0424
	0.03594
	-0.0996
	0.0006 NS

	CD
	-0.0026
	-0.0012
	0.00844
	-0.0527
	-0.0145
	-0.0003
	-0.0091
	0.03231
	0.00875
	-0.044
	0.02692
	-0.1059
	-0.0112 NS

	BR
	-0.0025
	0.00024
	0.0001
	-0.0279
	0.02288
	-0.0001
	-0.0006
	0.46772
	-0.4491
	-0.0149
	-0.2869
	0.2624
	-0.0185 NS

	SCR
	-0.002
	0.001
	-0.0032
	0.00002
	0.01793
	0.00006
	0.00016
	0.42222
	-0.4975
	0.08128
	-0.3492
	0.35094
	-0.0226 NS

	PRT
	0.00092
	0.0019
	-0.0085
	0.06684
	-0.0071
	0.00027
	0.00181
	-0.0315
	-0.1821
	0.22199
	-0.1873
	0.25207
	-0.0080 NS

	CCS
	-0.001
	0.00132
	-0.0048
	0.02235
	0.01613
	0.00014
	0.00068
	0.36974
	-0.4786
	0.11459
	-0.3629
	0.39043
	-0.0243 NS

	CCST
	0.00904
	0.00721
	-0.0398
	0.24222
	0.16987
	0.00021
	0.00147
	0.18627
	-0.265
	0.08492
	-0.2151
	0.6589
	0.7716**



** : Significant at 1.0 % level of probability, * : significant at 5.0 % level of probability, NS: Non-Significant
Residual = 0.00412, Diagonal values - Direct effects, off-diagonal values - indirect effects
GRM: Germination per cent at 45 DAS, TILL: Number of tillers at 120 DAS, SHT: Number of shoots at 240 DAS, NMC: No. of millable canes, SCW: Single cane weight (Kg), STL: Stalk length (cm), CD: Cane diameter (cm), BR: Brix per cent , SCR: Sucrose per cent, PRT: Purity per cent, CCS: CCS per cent, CCST: CCS (t/ha), CNY: Cane yield (t/ha).
4. CONCLUSION
Correlation coefficients of all the 13 characters revealed that cane yield exhibited highly significant positive correlation with six characters namely germination per cent at 45 DAS, number of tillers at 120 DAS, number of shoots at 240 DAS, number of millable canes, single cane weight, and CCS (t/ha). It suggests that improvement of these component characters ultimately improve cane yield. CCS (t/ha) exhibited highly significant positive with all the characters under study except stalk length and cane diameter which showed non-significant correlation with CCS (t/ha). It revealed that indirect improvement of CCS (t/ha) could be possible if the characters like germination per cent at 45 DAS, number of tillers at 120 DAS, number of millable canes, single cane weight and juice quality parameters increased significantly. Path analysis showed that residual effect was calculated to be as low as 0.0043, indicating that the twelve independent variables included in the study collectively explains over 99 per cent of the variation observed in cane yield. It also revealed that CCS (t/ha) exerted higher positive direct effect on cane yield, revealing the main cause of the positive association between them. Number of millable canes, single cane weight, brix per cent, and purity per cent were also exerted positive direct effect on cane yield. 
The findings of this study provides clear trait-based targets for selection and hybridization. Focusing on CCS (t/ha), number of millable canes, and single cane weight allows breeders to design more efficient selection strategies, integrate molecular breeding tools, and accelerate the development of high-yielding sugarcane varieties. Moreover, the identification of these traits ensures that breeding efforts not only enhance yield potential but also maintain commercial viability, thereby supporting sustainable improvements in cane productivity across diverse environments. Overall, the work provides practical guidance for researchers and breeders aiming to enhance cane productivity.
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