Genetic Relationships Among Yield and Component Traits in Chickpea Revealed Through Correlation and Path Coefficient Analysis
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Chickpea (Cicer arietinum L.) yield stability in semi-arid regions is severely affected by terminal drought stress, necessitating the identification of key yield-determining traits for efficient selection across environments. The present study examined the association and causal relationships among seed yield and its component traits in advanced backcross introgression lines of chickpea evaluated under irrigated and rainfed conditions using phenotypic and genotypic correlation and path coefficient analysis. Seed yield per plant showed significant and positive correlations with pod yield per plant, pods per plant, seeds per plant, biological yield and harvest index under both environments. Under rainfed conditions, additional positive associations with plant height and hundred-seed weight highlighted the importance of biomass production and seed size under moisture stress. Path coefficient analysis revealed that biological yield per plant exerted the highest positive direct effect on seed yield, followed by harvest index and pod yield per plant in both environments. Traits exhibiting negative direct effects contributed positively to seed yield through substantial indirect effects via biological yield and pod yield per plant. Low residual effects indicated that the selected traits accounted for most of the variation in seed yield. The results identify biological yield, harvest index, pod yield per plant and seeds per plant as reliable selection indices for improving seed yield and drought resilience in chickpea.
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Introduction
Chickpea (Cicer arietinum L.) is a major grain legume of global importance, providing a critical source of dietary protein, micronutrients and income to smallholder farmers in semi-arid and arid regions. Despite substantial genetic and agronomic advances, chickpea productivity remains highly unstable due to terminal drought stress, which frequently coincides with reproductive development and leads to severe reductions in pod set and seed filling (FAO, 2023; Jha et al., 2022). Given the increasing frequency and intensity of drought events under climate change, improving yield stability under moisture-limited environments has become a central objective of chickpea breeding programmes.
Seed yield in chickpea is a complex quantitative trait, controlled by multiple interrelated phenological, morphological and physiological components, each responding differently to environmental variation. Direct selection for yield alone is often inefficient because of its low heritability and strong genotype × environment interaction, particularly under rainfed conditions. Consequently, identification of reliable secondary traits that contribute directly or indirectly to yield is essential for enhancing selection efficiency (Falconer & Mackay, 1996; Bharadwaj et al., 2023).
Correlation analysis has been widely employed to quantify associations among yield and its component traits; however, correlation coefficients alone do not distinguish whether trait influences yield directly or through indirect effects mediated by other traits. In contrast, path coefficient analysis provides a robust framework for partitioning correlations into direct and indirect effects, thereby enabling a more accurate interpretation of cause–effect relationships among yield components (Wright, 1921; Dewey & Lu, 1959). This approach has proven particularly valuable in legumes, where compensatory relationships among traits frequently mask true genetic contributions to yield.
Recent studies in chickpea have consistently identified biological yield, pods per plant, seeds per plant and harvest index as key determinants of seed yield across environments. Under drought stress, traits associated with biomass accumulation and assimilate partitioning assume greater importance, as they buffer yield losses caused by reduced reproductive efficiency (Devi et al., 2021; Roorkiwal et al., 2021; Thudi et al., 2024). Nevertheless, the magnitude and direction of direct and indirect effects of these traits often vary between irrigated and rainfed conditions, underscoring the need for environment-specific evaluation.
The use of advanced backcross introgression lines (ILs) derived from distant or stress-adapted donors offers a powerful strategy to dissect complex trait relationships while maintaining an elite agronomic background. Such populations enable the identification of favourable alleles for drought adaptation and yield stability that are rarely present in cultivated gene pools (Varshney et al., 2021). Evaluating these ILs under contrasting moisture regimes provides critical insights into the physiological and genetic basis of yield formation under stress.
In this context, the present study aimed to quantify the association and causal relationships among seed yield and its component traits in advanced backcross introgression lines of chickpea evaluated under irrigated and rainfed environments. By integrating correlation and path coefficient analyses, this study seeks to identify key traits with stable and substantial direct effects on yield, thereby providing a scientific basis for trait-based selection strategies targeting yield improvement and drought resilience in chickpea.
Materials and method
Correlation Coefficient Analysis
Both phenotypic (rₚ) and genotypic (r𝗀) correlation coefficients were estimated to quantify the magnitude and direction of association among yield and nutritional quality traits. Correlations were computed from the corresponding variance and covariance components following the method proposed by Weber and Moorthy (1952).
Phenotypic and genotypic correlation coefficients between traits x and y were calculated using the following expressions:

where
and represent phenotypic and genotypic correlation coefficients, respectively;
and denote phenotypic and genotypic covariances between traits x and y;
and are phenotypic variances of traits x and y;
and are genotypic variances of traits x and y.
The statistical significance of correlation coefficients was tested using the t-test with (n − 2) degrees of freedom at 5% and 1% probability levels. Estimation of both phenotypic and genotypic correlations enabled discrimination between inherent genetic associations and environmentally influenced relationships among traits, which is essential for effective selection in breeding programmes (Falconer & Mackay, 1996; Bharadwaj et al., 2023).
Path Coefficient Analysis
To elucidate the cause–effect relationships among yield and its component traits, path coefficient analysis was performed using both phenotypic and genotypic correlation matrices, as originally proposed by Wright (1921) and subsequently adapted for plant breeding applications by Dewey and Lu (1959). This method partitions correlation coefficients into direct effects of independent traits on yield and indirect effects mediated through other traits.
Path coefficients were estimated by solving a set of simultaneous linear equations expressing the relationship between correlation coefficients and direct effects, as illustrated below:


Where,
= correlation coefficient between the ith independent trait and the dependent trait (seed yield);
= correlation coefficient among independent traits;
= direct effect of the ith trait on seed yield.
The residual effect (R), representing the proportion of variability in seed yield not explained by the selected traits, was calculated as:

The magnitude of path coefficients was interpreted according to the classification proposed by Lenka and Mishra (1973):
· 1.00  = Very high
· 0.30–0.99 = High
· 0.20–0.29 = Moderate
· 0.10–0.19 = Low
· 0.00–0.09 = Negligible
Path coefficient analysis enabled identification of traits exerting substantial direct effects on seed yield, as well as those contributing indirectly through other characters, thereby providing a robust basis for trait-based selection under contrasting environmental conditions (Devi et al., 2021; Thudi et al., 2024).
RESULT AND DISCUSION
Correlation analysis among yield and its component traits of advanced backcross introgression lines of chickpea under irrigated (E1) and rainfed (E2) conditions at ICRISAT during the post-rainy season (2018–19) revealed distinct and consistent association patterns (Table 1).
Days to flowering (DF) exhibited a strong and highly significant positive correlation with days to 50% flowering (DF50) under both environments (E1: r = 0.812**, E2: r = 0.807**), indicating synchrony in flowering behaviour. However, DF and DF50 showed weak and non-significant associations with seed yield per plant (SYP) in both environments, suggesting limited direct contribution of earliness traits to yield.
Plant height (PH) showed contrasting behaviour across environments. Under irrigated conditions, PH had a significant positive association with 100-seed weight (HSW; r = 0.262**) and a moderate positive relationship with SYP. Under rainfed conditions, PH exhibited strong and highly significant positive correlations with pods per plant (PPP; r = 0.262**), pod yield per plant (PYP; r = 0.405**), seeds per plant (SPP; r = 0.274**), biological yield (BM; r = 0.425**), 100-seed weight (HSW; r = 0.436**) and SYP (r = 0.417**), indicating the importance of plant stature under moisture stress.
Days to maturity (DM) showed non-significant and generally weak correlations with yield and its components in both environments, implying a limited role of maturity duration in yield determination in this material.
Among yield components, pods per plant (PPP) exhibited strong and highly significant positive correlations with PYP, SPP, BM and SYP under both environments (E1: r = 0.745** with SYP; E2: r = 0.803** with SYP). Pod yield per plant (PYP) showed the strongest positive association with SYP in both E1 (r = 0.931**) and E2 (r = 0.927**), highlighting it as the most influential trait governing seed yield. Similarly, seeds per plant (SPP) maintained a highly significant positive correlation with SYP under irrigated (r = 0.744**) and rainfed (r = 0.813**) conditions.
Biological yield (BM) was positively and significantly associated with SYP in both environments (E1: r = 0.714**, E2: r = 0.801**), whereas it showed a significant negative association with harvest index (HI), indicating a trade-off between total biomass and partitioning efficiency. Hundred seed weight (HSW) and harvest index (HI) both exhibited significant positive correlations with SYP under E1 and E2, though the magnitude was comparatively moderate.
Overall, the results indicate that PPP, PYP, SPP, BM, HSW and HI are the major yield-contributing traits under both irrigated and rainfed conditions, with stronger and more consistent associations under rainfed conditions. These traits can therefore be considered key selection criteria for improving seed yield in chickpea across contrasting moisture environments. Chickpea plant has complex mechanism for manifestation of seed yield per plant as this character is resultant of interactions between many of its components. Each yield component has a positive or negative contribution to overall expression on yield. Further, the influence of the yield components could be indirect or direct through other component characters (Solanki et. al., 2019).
Further, the influence of the yield components could be indirect or direct through other component characters. Path coefficient analysis was carried out to partition the correlation coefficients of seed yield per plant (SYP) into direct and indirect effects of its component traits under irrigated (E1) and rainfed (E2) conditions at ICRISAT during the post-rainy season of 2018–19 (Table 2).
Under irrigated conditions (E1), pod yield per plant (PYP) exerted the highest positive direct effect on seed yield per plant (0.1377), followed by biological mass (BM; 0.9415), pods per plant (PPP; −0.0715 with strong positive indirect effects), seeds per plant (SPP; −0.0693) and harvest index (HI; 0.6996). Although BM showed a very high direct effect, its overall contribution to seed yield was moderated by a strong negative indirect effect through HI (−0.3008). The high positive indirect effects of PPP and SPP via BM (0.5461 and 0.5555, respectively) and PYP via BM (0.6496) largely accounted for their strong positive correlations with seed yield. Hundred seed weight (HSW) showed a moderate positive direct effect (−0.0256) but contributed positively to yield mainly through indirect effects via BM and HI. Days to flowering (DF), days to 50% flowering (DF50) and days to maturity (DM) exhibited negligible direct effects and weak indirect influences on seed yield, indicating their limited importance in yield improvement under irrigated conditions.
Under rainfed conditions (E2), a similar trend was observed, though the magnitude of effects was generally higher for yield components. Pod yield per plant (PYP) again recorded the highest positive direct effect on seed yield (0.1422), followed by biological mass (0.8179) and harvest index (0.5235). Pods per plant (PPP) and seeds per plant (SPP) showed relatively lower negative direct effects; however, their substantial positive indirect effects through BM (0.6052 and 0.6216, respectively) and PYP (0.1195 and 0.1209, respectively) resulted in strong positive total associations with seed yield. Plant height (PH) also contributed positively to seed yield under rainfed conditions mainly through indirect effects via BM (0.3435) and PYP (0.0569), highlighting its adaptive importance under moisture stress. Hundred seed weight (HSW) exhibited a moderate positive direct effect (0.0191) and favorable indirect effects through HI and BM.
Overall, path analysis revealed that pod yield per plant and biological mass were the most important traits directly influencing seed yield under both irrigated and rainfed environments. The strong indirect contribution of pods per plant, seeds per plant and plant height through biological mass and pod yield per plant further emphasizes their role in yield determination. Hence, selection for higher pod yield per plant, biological mass and efficient partitioning (harvest index) would be effective strategies for improving seed yield in advanced backcross introgression lines of chickpea across contrasting moisture regimes.
CONCLUSION
The correlation and path coefficient analyses of advanced backcross introgression lines of chickpea evaluated at International Crops Research Institute for the Semi-Arid Tropics under irrigated (E1) and rainfed (E2) conditions revealed that seed yield per plant is a complex trait influenced by multiple interrelated components. Phenological traits such as days to flowering, days to 50% flowering and days to maturity showed weak or non-significant associations with yield, indicating their limited role in yield improvement. In contrast, yield component traits including pods per plant, pod yield per plant, seeds per plant, biological mass, 100-seed weight and harvest index exhibited strong positive associations with seed yield, particularly under rainfed conditions. Path analysis further indicated that pod yield per plant and biological mass had the highest direct effects on seed yield, while pods per plant, seeds per plant and plant height contributed mainly through indirect effects. Overall, selection for higher pod yield per plant, greater biological mass and improved harvest index, along with supportive traits such as pods per plant and seeds per plant, would be effective for improving seed yield in chickpea under both irrigated and rainfed environments.
APPLICATION OF RESEARCH: 
Research findings of present study suggested that selection of genotype having high biological yield, more secondary branches, a greater number of total and effective pods increase the yield potential of chickpea.
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Table 1. Correlation coefficient analysis for yield and its components traits of advanced backcross introgression lines of chickpea in E1 and E2 at ICRISAT during post rainy season 2018-19.
	Traits
	ENV
	DF
	DF50
	PH
	DM
	PPP
	PYP
	SPP
	BM
	HSW
	HI
	SYP

	DF
	E1
	1
	0.812**
	0.152
	-0.008
	0.121
	0.112
	0.142
	0.116
	-0.056
	-0.034
	0.096

	
	E2
	1
	0.807**
	0.075
	0.005
	0.122
	0.076
	0.116
	0.083
	-0.060
	-0.083
	0.049

	DF50
	E1
	
	1
	0.089
	0.051
	0.152
	0.035
	0.148
	-0.027
	-0.117
	0.054
	0.011

	
	E2
	
	1
	0.135
	0.087
	0.131
	0.095
	0.133
	0.044
	-0.025
	0.032
	0.081

	PH
	E1
	
	
	1
	-0.122
	0.076
	0.200
	0.069
	0.080
	0.262**
	0.111
	0.175

	
	E2
	
	
	1
	0.013
	0.262**
	0.405**
	0.274**
	0.425**
	0.436**
	-0.008
	0.417**

	DM
	E1
	
	
	
	1
	0.080
	-0.147
	0.087
	-0.034
	-0.146
	-0.086
	-0.110

	
	E2
	
	
	
	1
	0.066
	0.015
	0.080
	-0.053
	-0.125
	0.115
	0.025

	PPP
	E1
	
	
	
	
	1
	0.767**
	0.966**
	0.578**
	0.264**
	0.170
	0.745**

	
	E2
	
	
	
	
	1
	0.845**
	0.984**
	0.741**
	0.248**
	0.056
	0.803**

	PYP
	E1
	
	
	
	
	
	1
	0.781**
	0.695**
	0.540**
	0.252**
	0.931**

	
	E2
	
	
	
	
	
	1
	0.853**
	0.818**
	0.427**
	0.145
	0.927**

	SPP
	E1
	
	
	
	
	
	
	1
	0.591**
	0.259**
	0.151
	0.744**

	
	E2
	
	
	
	
	
	
	1
	0.762**
	0.246**
	0.039
	0.813**

	BM
	E1
	
	
	
	
	
	
	
	1
	0.398**
	-0.426**
	0.714**

	
	E2
	
	
	
	
	
	
	
	1
	0.318**
	-0.326**
	0.801**

	HSW
	E1
	
	
	
	
	
	
	
	
	1
	0.230
	0.583**

	
	E2
	
	
	
	
	
	
	
	
	1
	0.296**
	0.512**

	HI
	E1
	
	
	
	
	
	
	
	
	
	1
	0.317**

	
	E2
	
	
	
	
	
	
	
	
	
	1
	0.283**

	SYP
	E1
	
	
	
	
	
	
	
	
	
	
	1

	
	E2
	
	
	
	
	
	
	
	
	
	
	1


* - Significant at 5%,** - Significant at 1%, ENV- Environment, DF: Degree of freedom; DFF: Days to flowering; DF50: Days to 50% flowering; DM: Days to maturity; PH: Plant height; PPP: Pods per plant; SPP: Seeds per plant; HSW-:100-seed weight; PYP: Pod yield per plant; BM: Biological yield; HI: Harvest index; SYP: Seed yield per plant.
Table 2. Path coefficient analysis for yield and its component traits of advanced backcross introgression lines of chickpea in E1 and E2 at ICRISAT during post rainy season 2018-19.
	Traits 
	ENV
	DF
	DF50
	PH
	DM
	PPP
	PYP
	SPP
	BM
	HSW
	HI
	SYP

	DF
	E1
	-0.0192
	0.0122
	0.0001
	0.0000
	-0.0086
	0.0151
	0.0068
	0.113
	0.0015
	-0.021
	0.1

	
	E2
	0.0007
	0.0107
	0.0003
	0.0000
	-0.0057
	0.0114
	0.0102
	0.0654
	-0.0011
	-0.0419
	0.05

	DF50
	E1
	-0.0155
	0.0150
	0.0000
	-0.0001
	-0.0107
	0.0041
	0.0073
	-0.0282
	0.0031
	0.035
	0.01

	
	E2
	0.0005
	0.0132
	0.0005
	-0.0001
	-0.0062
	0.0128
	0.0111
	0.0327
	-0.0004
	0.0157
	0.08

	PH
	E1
	-0.0029
	0.0014
	0.0005
	0.0002
	-0.0057
	0.0275
	0.0034
	0.0753
	-0.0067
	0.077
	0.17

	
	E2
	0.0000
	0.0017
	0.0039
	0.0000
	-0.0123
	0.0569
	0.0231
	0.3435
	0.0084
	-0.0052
	0.42

	DM
	E1
	0.0002
	0.0008
	-0.0001
	-0.0015
	-0.0057
	-0.0207
	0.0044
	-0.0282
	0.0038
	-0.063
	-0.11

	
	E2
	0.0000
	0.0012
	0.0000
	-0.0006
	-0.0033
	0.0014
	0.0068
	-0.0409
	-0.0023
	0.0576
	0.02

	PPP
	E1
	-0.0023
	0.0023
	0.0000
	-0.0001
	-0.0715
	0.106
	0.0473
	0.5461
	-0.0067
	0.1189
	0.74

	
	E2
	0.0001
	0.0017
	0.0010
	0.0000
	-0.0474
	0.1195
	0.0837
	0.6052
	0.0048
	0.0314
	0.8

	PYP
	E1
	-0.0021
	0.0005
	0.0001
	0.0002
	-0.055
	0.1377
	0.038
	0.6496
	-0.0138
	0.1749
	0.93

	
	E2
	0.0001
	0.0012
	0.0016
	0.0000
	-0.0398
	0.1422
	0.0726
	0.6707
	0.0082
	0.0733
	0.93

	SPP
	E1
	-0.0027
	0.0023
	0.0000
	-0.0001
	-0.0693
	0.1074
	0.0487
	0.5555
	-0.0067
	0.1049
	0.74

	
	E2
	0.0001
	0.0017
	0.0011
	0.0000
	-0.0464
	0.1209
	0.0854
	0.6216
	0.0048
	0.0209
	0.81

	BM
	E1
	-0.0023
	-0.0005
	0.0000
	0.0000
	-0.0414
	0.095
	0.0287
	0.9415
	-0.0103
	-0.3008
	0.71

	
	E2
	0.0001
	0.0005
	0.0017
	0.0000
	-0.035
	0.1166
	0.0649
	0.8179
	0.0061
	-0.1727
	0.8

	HSW
	E1
	0.0012
	-0.0018
	0.0001
	0.0002
	-0.0186
	0.0743
	0.0127
	0.3766
	-0.0256
	0.1609
	0.58

	
	E2
	0.0000
	-0.0003
	0.0017
	0.0001
	-0.0118
	0.0612
	0.0214
	0.2617
	0.0191
	0.157
	0.51

	HI
	E1
	0.0006
	0.0008
	0.0001
	0.0001
	-0.0121
	0.0344
	0.0073
	-0.4048
	-0.0059
	0.6996
	0.32

	
	E2
	-0.0001
	0.0004
	0.0000
	-0.0001
	-0.0028
	0.0199
	0.0034
	-0.2699
	0.0057
	0.5235
	0.28


DF: Degree of freedom; ENV-Envernment, DFF: Days to flowering; DF50: Days to 50% flowering; DM: Days to maturity; PH: Plant height; PPP: Pods per plant; SPP: Seeds per plant; HSW-:100-seed weight; PYP: Pod yield per plant; BM: Biological yield; HI: Harvest index; SYP: Seed yield per plant.


Fig.1 Path diagram showing direct and indirect effects of various traits on seed yield per plant in 112 Introgression lines of chickpea in E1 and E2 at ICRISAT during post rainy season 2018-19
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