EVALUATION OF CHICKPEA (Cicer arietinum) GERMPLASM FOR YIELD AND YIELD ATTRIBUTING TRAITS

Abstract 
The present study was conducted using different chickpea genotypes during the Rabi 2022–23 season at the Field Experimentation Centre, Department of Genetics and Plant Breeding, Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology and Sciences, Uttar Pradesh. The experiment was laid out in a randomised block design with three replications to estimate genetic variability parameters and conduct correlation and path analyses for thirteen quantitative traits. Analysis of variance indicated highly significant differences among the genotypes at the 1% probability level for all traits. Phenotypic coefficients of variation (PCV) were higher than genotypic coefficients of variation (GCV) for all traits, indicating environmental influence. Most traits exhibited high heritability, except days to 50% flowering. High heritability coupled with high genetic advance as a percentage of the mean was observed for the number of primary branches, number of secondary branches, number of pods per plant, pod length, number of seeds per pod, biological yield per plant, seed index and harvest index. Correlation and path coefficient analyses indicated that plant height, days to maturity, number of seeds per pod, biological yield per plant, seed index and harvest index had positive direct relationships with seed yield per plant. These findings indicate that effective selection based on these traits may improve chickpea seed yield.
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INTRODUCTION
Chickpea (Cicer arietinum L.) is a true diploid (2n = 2x = 16), self-pollinated species with a genome size of 738 Mb and belongs to the family Fabaceae (Varshney et al., 2013). It is an ancient food legume that was grown in the Middle East as early as 7500–6800 BC and was among the first crops cultivated by humans (Zohary & Hopf, 2000). India is a major producer of chickpea, an important Rabi crop that can be grown efficiently using residual soil moisture during the post-rainy season. India accounted for 23.62% of global pulse production in 2019–20 (Press Information Bureau, 2021). Global pulse production amounted to nearly 90 million metric tonnes in 2020 (Statista Research Department, 2026). During the 15-year period from 2005–06 to 2020–21, pulse production in India increased from 13.38 to 25.58 million tonnes, representing an increase of 91% and a compound annual growth rate of 4.42%. Chickpea accounted for approximately 49.3% of India’s total pulse production in 2020–21 (Gaur, 2021). India also leads the world in chickpea cultivation and production, contributing 65.2% of the cultivated area and 65.4% of total production. In 2016–17, the area, production and productivity of chickpea in India were 10.20 million ha, 9.38 million tonnes and 919 kg ha⁻¹, respectively. Madhya Pradesh, Rajasthan, Uttar Pradesh, Gujarat, Maharashtra, Andhra Pradesh and Karnataka were the major producing states, accounting for more than 95% of the total area. In Maharashtra, 1.929 million ha were under cultivation, 1.941 million tonnes were produced and productivity reached 1006 kg ha⁻¹ in 2016–17 (Directorate of Economics and Statistics, 2017).
Pulses are regarded as health-promoting foods and contribute to nutritional security among populations affected by protein malnutrition, particularly in South Asia and Africa. In India, pulses remain an integral component of agriculture because they are economical sources of dietary protein, minerals, vitamins and crude fibre, as well as feed and fodder for animals. Among pulses, chickpea is an important crop for human consumption (Kerem et al., 2007; Jukanti et al., 2012). Chickpea has considerable nutritional value because of its vitamin content (Gupta et al., 2021). Chickpea seed is a good source of carbohydrates and proteins, which collectively constitute approximately 80% of its total dry weight. On average, it contains 4.5% fat, 8% crude fibre, 22% protein, 63% carbohydrates and 2.7% ash (Wood & Grusak, 2007). It is also rich in minerals, including calcium, magnesium, zinc, potassium, iron and phosphorus, and in vitamins, particularly thiamine and niacin (Zia-Ul-Haq et al., 2007; Jukanti et al., 2012). Moreover, chickpea pod shells and seed coats are used as fodder. Chickpea may also contribute to diets intended to address major food-related health concerns (Jukanti et al., 2012).
Genetic variability is important for crop improvement. A broad genetic base in breeding material is a key requirement for producing desirable recombinant plant types. Genetic variability indices are useful for assessing the magnitude of variation present in germplasm for particular traits. In addition, trait heritability provides an indication of transmissibility and therefore supplies useful information to plant breeders. Chickpea genetic resources exhibit substantial variation in qualitative and quantitative traits, including grain colour and shape, flower colour, plant height, pod number, seed-coat colour and maturity duration, which may help breeders develop superior genotypes. For the maintenance and efficient utilisation of germplasm, it is important to investigate the extent and magnitude of genetic variability present in the available resources (Khan et al., 2011). Greater genetic diversity in working germplasm may facilitate the development of potentially heterotic combinations and the selection of superior recombinants in segregating populations. The incorporation of genetically diverse genotypes into hybridisation programmes is likely to produce heterotic combinations and superior segregants. Therefore, knowledge of genetic variability, heritability and genetic advance is essential for selecting and efficiently utilising superior genotypes in crop-improvement programmes. Correlation coefficients estimate the degree of association among yield components and between these components and yield. Studies of correlations between yield and its component traits provide a basis for further breeding programmes. Correlation coefficients describe relationships among traits and the degree of linear association between them; however, they are insufficient when causal relationships among traits must be assessed. Path coefficient analysis, developed by Wright (1921), is a standardised partial regression method that permits the partitioning of correlation coefficients into direct and indirect effects. It thereby clarifies the relationships between yield-contributing traits and yield. Phenotypic coefficients assess the combined influence of genotype and environment, whereas genotypic coefficients of variation estimate heritable variability. Heritability, selection intensity and genetic gain are therefore important elements of effective selection.
Recent evaluations of chickpea germplasm have shown that combined estimates of phenotypic and genotypic variability, heritability, genetic advance, and trait association can help identify characters with potential value for yield-oriented selection (Srija et al., 2022). In a related pulse crop, the joint assessment of variability, heritability, and genetic advance likewise provided a basis for identifying traits that may respond to selection (Rajni et al., 2023).
Genome-scale analyses have further shown that cultivated and wild chickpea collections contain allelic and structural variation associated with agronomic traits, while evaluation of interspecific derivatives has demonstrated the value of broadening the genetic base for selection (Varshney et al., 2021; Singh et al., 2022; Khan et al., 2024).
Genetic gain depends on the amount of genetic variability and the magnitude of environmental masking effects. Information on genetic variability, heritability and associations among traits provides plant breeders with a basis for developing chickpea genotypes with higher yield potential. Selection based solely on grain yield, a polygenic trait, is generally less efficient than selection based on its component traits (Johnson et al., 1955). Chickpea production is constrained by the limited availability of early-maturing, high-yielding and input-responsive varieties that are resistant or tolerant to biotic and abiotic stresses and suitable for prevailing crop rotations. Wilt and Ascochyta blight are among the most severe diseases of chickpea. Therefore, there is a need to develop high-yielding varieties with improved protein content, resistance to major biotic and abiotic stresses, and suitability for different agroclimatic conditions and cropping systems.
Research gap: Although genetic variability and trait-association studies are available for chickpea, combined information on variability, heritability, genetic advance, correlation, and direct and indirect effects for the specific germplasm set evaluated under the present experimental conditions remains limited. This gap restricts the identification of suitable genotypes and selection criteria within the material considered in this study.
Objective:
Therefore, this study aimed to estimate genetic variability parameters, including GCV, PCV and genetic advance, and to assess correlations and direct and indirect effects for identifying suitable genotypes.
Materials and methods:

The present investigation was conducted during the rabi season of 2022–2023 at the Field Experimentation Centre, Department of Genetics and Plant Breeding, Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology and Sciences, Prayagraj, Uttar Pradesh, India. The experimental site is located in the south-eastern part of Uttar Pradesh at 25.57° N latitude and 81.51° E longitude, at an elevation of approximately 98 m above mean sea level. 

The experimental material comprised 25 chickpea (Cicer arietinum L.) genotypes, including 24 germplasm accessions and Uday as the check genotype. The genotypes were evaluated to determine the extent of genetic variability and the relationships among seed yield and its contributing traits. The experiment was laid out in a randomised block design with three replications. The use of a replicated design enabled the separation of variation due to genotypes from that associated with replications and experimental error. 

Observations were recorded for 13 quantitative traits: days to 50% flowering, plant height (cm), number of primary branches per plant, number of secondary branches per plant, days to 50% pod setting, days to maturity, number of pods per plant, pod length (cm), number of seeds per pod, biological yield per plant (g), seed yield per plant (g), seed index or 100-seed weight (g), and harvest index (%). These traits represented important phenological, morphological, and yield-related characteristics of chickpea. 

The recorded data were subjected to analysis of variance to test the significance of differences among the genotypes for each quantitative trait. The analysis of variance was performed according to the procedure described by Panse and Sukhatme (1985). Genotypic and phenotypic coefficients of variation were estimated following Burton (1952) to assess the relative magnitude of genetic and environmental variation. Broad-sense heritability, genetic advance, and genetic advance as a percentage of the mean were also estimated to determine the potential effectiveness of selection for the studied traits. 

Phenotypic and genotypic correlation coefficients were calculated to determine the direction and magnitude of associations between seed yield per plant and the other quantitative traits. Path coefficient analysis was subsequently performed to partition the correlation coefficients into direct and indirect effects. Seed yield per plant was considered the dependent variable, while the remaining traits were treated as contributing variables. This analysis facilitated the identification of traits that directly or indirectly influenced seed yield. The statistical analyses, including analysis of variance and estimation of genetic parameters, were carried out using R software.

Results:
The mean squares for the 13 quantitative traits—days to 50% flowering, plant height (cm), number of primary branches, number of secondary branches, number of pods per plant, pod length, number of seeds per pod, days to 50% pod setting, days to maturity, harvest index, 100-seed weight (g), seed yield per plant (g) and biological yield per plant—are presented in Table 1. Genotypic variance was significant for all traits at the 1% probability level. This result indicated that the genotypes selected for the study exhibited substantial variability, thereby providing ample scope for the selection of quantitative traits in chickpea improvement.
Mean performance and range
The mean performance and extent of variability were assessed in 25 chickpea genotypes. Table 2 presents the mean performance of these genotypes for 13 yield-related traits, together with the grand mean, range and critical difference (CD) for each trait. Examination of the mean values for seed yield and yield-contributing traits indicated that CSJ-512 (13.60), RSG-888 (13.53), RVS-5949 (13.20), ICP17-308 (13.07) and IPC17-53 (12.53) were the best-performing genotypes for yield and yield-related traits.
Genetic variability parameters
The genetic variability parameters, including the mean, range, PCV, GCV, heritability, genetic advance and genetic advance as a percentage of the mean, are summarised in Table 3. For all 13 traits, the genotypic coefficient of variation (GCV) was lower than the phenotypic coefficient of variation (PCV).
The genotypic coefficient of variation was high for seed yield per plant, seed index and harvest index; moderate for the number of primary branches, number of secondary branches, number of pods per plant, pod length, number of seeds per pod and biological yield per plant; and low for days to 50% flowering, plant height, days to 50% pod setting and days to maturity. The phenotypic coefficient of variation was high for biological yield per plant, seed yield per plant, seed index and harvest index; moderate for the number of primary branches, number of secondary branches, number of pods per plant, pod length and number of seeds per pod; and low for days to 50% flowering, plant height, days to 50% pod setting and days to maturity.
Broad-sense heritability was high for the studied traits. In this study, broad-sense heritability represented the proportion of total phenotypic variance attributable to genetic variance, including both additive and non-additive components. A low magnitude of genetic advance (<10%), expressed as a percentage of the mean, was reported for days to 50% flowering, plant height, number of primary branches, number of secondary branches, pod length, number of seeds per pod, biological yield per plant, seed yield per plant and seed index. Days to 50% pod setting, number of pods per plant and days to maturity showed a moderate magnitude of genetic advance. A high magnitude of genetic advance (>20%), expressed as a percentage of the mean, was reported for harvest index (23.507%).
Correlation:
Genotypic correlation coefficients were generally higher than phenotypic correlation coefficients and were in the same direction, except for days to 50% pod setting, indicating an environmental masking effect on associations among traits. Seed yield per plant showed significant positive phenotypic and genotypic correlations with days to maturity, number of pods per plant, number of seeds per pod, biological yield per plant, seed index and harvest index (Tables 4 and 5).
Path coefficient analysis
At the genotypic level, path coefficient analysis showed positive direct effects on seed yield per plant for plant height, number of primary branches, days to 50% pod setting, days to maturity, number of seeds per pod, biological yield per plant, seed index and harvest index. Days to 50% flowering, number of secondary branches, number of pods per plant and pod length showed negative direct effects on seed yield per plant (Tables 6 and 7).
Discussion:
Based on mean seed-yield performance and associated traits, CSJ-512 was the best-performing genotype, followed by RSG-888, RVS-5949, ICP17-308 and IPC17-53. The genotypic coefficients of variation for seed yield per plant, seed index and harvest index were high, whereas biological yield per plant showed a moderate value. Low values were recorded for days to 50% flowering, plant height, days to 50% pod setting, days to maturity, and the numbers of primary and secondary branches per plant.
PCV values were in ranges similar to those of GCV, but PCV was consistently higher than GCV. Comparable results have been reported in chickpea germplasm evaluations (Srija et al., 2022; Kumar et al., 2020; Chopdar et al., 2017). High heritability coupled with high genetic advance as a percentage of the mean was observed for the number of primary branches, number of secondary branches, number of pods per plant, pod length, number of seeds per pod, biological yield per plant, seed index and harvest index. Similar patterns for yield and yield-related traits have been reported previously (Kumar et al., 2020; Chopdar et al., 2017).
High genetic gain for harvest index and the number of pods per plant, and moderate genetic gain for biological yield per plant and seed yield per plant, have been reported in previous chickpea studies (Kumar et al., 2020; Chopdar et al., 2017). Low to moderate genetic gain for days to 50% flowering and days to maturity has also been reported (Dehal et al., 2016). These comparisons support the observed variation in the expected response of individual traits to selection.
Genotypic correlation coefficients were generally higher than phenotypic correlation coefficients and were in the same direction, except for days to 50% pod setting, indicating environmental masking of associations among traits. Seed yield per plant showed significant positive phenotypic and genotypic correlations with days to maturity, number of pods per plant, number of seeds per pod, biological yield per plant, seed index and harvest index. The strongest positive association was observed with harvest index, followed by the number of pods per plant, seed index, biological yield per plant, days to maturity, number of seeds per pod and plant height. Similar associations and direct effects have been reported in chickpea (Chopdar et al., 2017; Dehal et al., 2016; Shafique et al., 2016). Correlation and path analyses indicated that days to maturity, number of seeds per pod, biological yield per plant, seed index and harvest index were useful selection considerations because they showed positive associations and direct effects on seed yield per plant. The number of pods per plant showed a positive correlation with seed yield but a negative direct effect at the genotypic level; therefore, its contribution should be interpreted together with its indirect effects. Effective selection based on the combined evidence from these traits may support the development of higher-yielding chickpea genotypes.
CONCLUSION:
The chickpea genotypes evaluated in this study exhibited substantial genetic variation in seed yield and its component traits, providing scope for improvement through selection. The variation observed among the studied traits indicated a sufficiently diverse gene pool for chickpea breeding. CSJ-512 was the best-performing genotype for seed yield, followed by RSG-888, RVS-5949, ICP17-308 and IPC17-53; these genotypes may be considered for varietal development and hybridisation programmes. PCV estimates were higher than GCV estimates for all studied traits, reflecting the influence of environmental factors. High heritability and genetic advance for the number of primary branches, number of secondary branches, number of pods per plant, pod length, number of seeds per pod, biological yield per plant, seed index and harvest index indicated the potential effectiveness of selection for these traits. Correlation and path coefficient analyses highlighted days to maturity, number of seeds per pod, biological yield per plant, seed index and harvest index as important traits because of their positive associations and direct effects on seed yield. The number of pods per plant was positively correlated with seed yield but showed a negative direct effect at the genotypic level. Therefore, selection and hybridisation decisions should consider both direct and indirect effects. The better-performing genotypes and yield-contributing traits identified in this study may support future chickpea improvement efforts.

Limitation 

The study was conducted during a single rabi season at one location; therefore, the stability of genotype performance across seasons and environments was not assessed. The evaluation was limited to 25 genotypes and 13 quantitative traits. Correlation and path-coefficient estimates describe associations within this experimental population and do not independently establish causal relationships. Multi-location and multi-season testing is required before the identified genotypes and selection criteria are recommended for wider breeding application.
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Table 1: Analysis of variance (ANOVA) among 25 chickpea genotypes for 13 quantitative traits

	Sr. Number
	Characters
	Mean sum of squares
	

	
	
	Replication
	Treatment
	Error
	

	
	
	DF= 2
	DF= 24
	DF= 48
	

	1
	DAYS TO 50% FLOWERING
	17.902
	39.077**
	6.311
	

	2
	PLANT HEIGHT (CM)
	78.335**
	70.773**
	8.637
	

	3
	NUMBER OF PRIMARY BRANCHES
	0.173**
	0.548**
	0.023
	

	4
	NUMBER OF SECONDARY BRANCHES
	3.680**
	5.030**
	0.129
	

	5
	DAYS TO 50% POD SETTING
	0.318
	121.032**
	2.951
	

	6
	DAYS TO MATURITY
	0.031
	133.672**
	2.031
	

	7
	NUMBER OF PODS PER PLANT
	75.640**
	199.969**
	4.401
	

	8
	POD LENGTH (CM)
	0.117**
	0.097**
	0.007
	

	9
	NUMBER OF SEEDS PER POD
	0.111**
	0.098**
	0.003
	

	10
	BIOLOGICAL YIELD PER PLANT (gm)
	27.625**
	73.211**
	1.342
	

	11
	SEED YIELD PER PLANT(gm)
	4.639**
	18.642**
	0.287
	

	12
	SEED INDEX (100 SEED WEIGHT)
	7.019**
	42.980**
	0.754
	

	13
	HARVEST INDEX
	113.430**
	403.787**
	3.343
	

	**= Significance at 1% level of significance and *= Significance at 5% level of significance.
	









TABLE 2- Mean performance of 25 chickpea genotypes for 13 quantitative traits during Rabi 2022-23
	S.N
	Genotypes/ Traits
	DFF
	PH
	NPB
	NSB
	DPS
	DM
	NPP
	PL
	NSP
	BYP
	SI
	HI
	SYP

	1
	GG-2
	74.3
	61.13
	2.47
	7.53
	113.49
	144.26
	35.47
	1.58
	1
	25.6
	8.27
	22
	32.67

	2
	GNG-1958
	75.67
	62.2
	2.6
	7.93
	96.72
	140.35
	36.87
	1.46
	1.13
	26.07
	8.8
	20
	34.03

	3
	RBG-203
	81.33
	60.87
	3.6
	9.2
	103.33
	135.75
	42.8
	1.47
	1.2
	25.33
	9.33
	17.33
	37.57

	4
	C-207
	71.05
	52.47
	2.27
	9.8
	107
	125.99
	42
	1.72
	1.73
	21.6
	9
	17.33
	43.23

	5
	ICC-244263
	83.44
	70.2
	2.2
	7.6
	107.97
	131.85
	48.8
	1.63
	1.4
	21.87
	12.87
	22.67
	58.7

	6
	RVS-5949
	77.19
	64.33
	2.73
	8.4
	95.21
	155.09
	50.6
	1.76
	1.6
	26.27
	13.2
	18.33
	50.43

	7
	JG-16
	74.89
	58.6
	2.87
	10.07
	98.73
	136.74
	49.67
	1.24
	1.33
	29.13
	9.47
	19.67
	32.37

	8
	ICP17-308
	68.6
	66.33
	2.87
	9.27
	96.17
	141.7
	58.77
	1.4
	1.27
	27.6
	13.07
	14.67
	47.1

	9
	RSG-888
	71.11
	59.67
	2.33
	7.4
	103.73
	133.05
	57.5
	1.48
	1.13
	30.73
	13.53
	22.67
	43.77

	10
	IPC-21170
	76.65
	64.87
	3.2
	8.53
	102.08
	130.28
	44.53
	1.7
	1.13
	33
	7.67
	16.33
	23.23

	11
	DCP-92-3
	71.98
	58.93
	2.27
	6.47
	93.98
	138.95
	38
	1.63
	1.27
	30.27
	9.13
	12
	30.6

	12
	BGD-72
	78.3
	59.47
	3
	6.93
	102.79
	133.63
	41.27
	1.67
	1.53
	29
	11.07
	19
	38.17

	13
	IPC17-53
	70.6
	67.27
	2.67
	7.53
	98.44
	132.09
	44.6
	1.53
	1.27
	32.93
	12.93
	25.33
	39.4

	14
	NBEG-49
	78.66
	71.47
	1.73
	7.13
	97.1
	142.7
	56.33
	1.55
	1.27
	31.3
	12.53
	20
	40.17

	15
	C-1027
	75.04
	62.4
	2.13
	8.07
	111.88
	136.93
	51.67
	1.65
	1.2
	29.13
	10.8
	21
	37.8

	16
	IPC-97-29
	69.4
	65.13
	2.27
	8.67
	101.67
	133.51
	35.67
	1.85
	1.27
	24.27
	7.33
	19.67
	30.97

	17
	JG-74
	79.46
	60.4
	1.8
	7.67
	96.23
	131.34
	44.67
	1.3
	1.27
	18.27
	7.13
	16.67
	39.57

	18
	IPC-2K- 2000-25
	76.85
	66.27
	2.2
	9.07
	105.48
	128.75
	49.67
	1.47
	1.33
	19.93
	8.13
	14.67
	40.6

	19
	C-1044
	74.47
	61.8
	2.27
	9.13
	107.42
	129.11
	54.53
	1.43
	1.33
	25.13
	9
	12.33
	36.8

	20
	IPC-94-94
	76.62
	68.4
	1.93
	8.8
	98.23
	137.59
	48.53
	1.77
	1.27
	17.8
	10.8
	17
	60.53

	21
	PUSA-209
	76.33
	63.47
	2.73
	9.53
	101.33
	135.39
	44.33
	1.25
	1.47
	17.07
	5.8
	12
	33.9

	22
	IPC-05-62
	76.67
	71.53
	2.53
	10.27
	114.74
	141.34
	43.13
	1.67
	1.33
	24.67
	7.4
	11.33
	30.13

	23
	CSJ-512
	76
	64.27
	2.67
	9.6
	93.83
	149.48
	43.2
	1.49
	1.47
	19
	13.6
	15.33
	71.57

	24
	GNG-22296
	75
	67.67
	2.67
	9
	101.96
	134.02
	30.33
	1.87
	1.2
	23.07
	5.27
	13
	23.13

	25
	Uday (check)
	72.33
	53.93
	2.47
	4.53
	90.23
	132.64
	26.4
	1.85
	1.73
	17.87
	10
	19.33
	55.53

	
	Mean
	75.28
	63.32
	2.5
	8.33
	101.59
	136.5
	44.77
	1.58
	1.33
	25.08
	9.85
	17.59
	40.48

	
	C.V.
	3.34
	4.64
	6.05
	4.31
	1.69
	1.04
	4.69
	5.21
	4.44
	4.62
	5.44
	4.94
	4.52

	
	F ratio
	6.19
	8.19
	23.99
	39.07
	41.01
	65.82
	45.44
	14.35
	28.3
	54.54
	64.93
	57.04
	120.78

	
	S.E.
	1.45
	1.7
	0.09
	0.21
	0.99
	0.82
	1.21
	0.05
	0.03
	0.67
	0.31
	0.5
	1.06

	
	C.D. 5%
	4.12
	4.82
	0.25
	0.59
	2.82
	2.34
	3.44
	0.13
	0.1
	1.9
	0.88
	1.43
	3

	
	C.D. 1%
	5.5
	6.44
	0.33
	0.79
	3.76
	3.12
	4.59
	0.18
	0.13
	2.54
	1.17
	1.9
	4

	
	Range Lowest
	68.6
	52.47
	1.73
	4.53
	90.23
	125.99
	26.4
	1.24
	1
	17.07
	5.27
	11.33
	23.13

	
	Range Highest
	83.44
	71.53
	3.6
	10.27
	114.74
	155.09
	58.77
	1.87
	1.73
	33
	13.6
	25.33
	71.57


Abbreviations: Days to 50% Flowering (DFF), Plant Height (PH), Number of Primary Branches (NPB), Number of Secondary Branches (NSB), Days to 50% Pod Setting (DPS), Days to Maturity (DM), Number of Pods per Plant (NPP), Pod Length (PL), Number of Seeds per Pod (NSP), Biological Yield per Plant (BYP), Seed Index or 100 Seed Weight (SI), Harvest Index (HI), and Seed Yield per Plant (SYP).











Table 3- Genetic variability parameters of 25 chickpea genotypes for 13 quantitative traits
	S. N.
	Traits
	GCV
	PCV
	h²
(Broad Sense)
	Genetic Advancement
	Gen. Adv as
% of Mean 5%

	1
	DFF
	4.39
	5.515
	63.4
	5.42
	7.2

	2
	PH
	7.187
	8.555
	70.6
	7.876
	12.438

	3
	NPB
	16.743
	17.802
	88.5
	0.811
	32.44

	4
	NSB
	15.354
	15.947
	92.7
	2.535
	30.451

	5
	DPS
	6.176
	6.403
	93
	12.465
	12.27

	6
	DM
	4.853
	4.964
	95.6
	13.341
	9.773

	7
	NPP
	18.033
	18.632
	93.7
	16.098
	35.954

	8
	PL
	10.991
	12.163
	81.7
	0.322
	20.459

	9
	NSP
	13.403
	14.12
	90.1
	0.347
	26.209

	10
	BYP
	19.519
	20.058
	94.7
	9.812
	39.127

	11
	SI
	25.124
	25.706
	95.5
	4.98
	50.582

	12
	HI
	21.333
	21.896
	94.9
	7.53
	42.815

	13
	SYP
	28.542
	28.897
	97.6
	23.507
	58.074


Abbreviations: Days to 50% Flowering (DFF), Plant Height (PH), Number of Primary Branches (NPB), Number of Secondary Branches (NSB), Days to 50% Pod Setting (DPS), Days to Maturity (DM), Number of Pods per Plant (NPP), Pod Length (PL), Number of Seeds per Pod (NSP), Biological Yield per Plant (BYP), Seed Index or 100 Seed Weight (SI), Harvest Index (HI), and Seed Yield per Plant (SYP).
Table 4: Phenotypic correlation coefficients among yield and yield components of chickpea.
	Traits
	DFF
	PH
	NPB
	NSB
	DPS
	DM
	NPP
	PL
	NSP
	BYP
	SI
	HI
	SYP

	DFF
	1
	
	
	
	
	
	
	
	
	
	
	
	

	PH
	0.2550*
	1
	
	
	
	
	
	
	
	
	
	
	

	NPB
	0.0384
	-0.160
	1
	
	
	
	
	
	
	
	
	
	

	NSB
	0.0210
	0.2248
	0.2361*
	1
	
	
	
	
	
	
	
	
	

	DPS
	0.1166
	0.1533
	-0.0440
	0.3460**
	1
	
	
	
	
	
	
	
	

	DM
	0.0690
	0.2426*
	0.1047
	0.061
	-0.2443*
	1
	
	
	
	
	
	
	

	NPP
	0.0735
	0.2633*
	-0.1659
	0.2899*
	0.1193
	0.0782
	1
	
	
	
	
	
	

	PL
	-0.1307
	0.0561
	-0.0832
	-0.2579*
	0.0545
	0.0178
	- 0.4301**
	1
	
	
	
	
	

	NSP
	-0.0432
	- 0.3070**
	-0.0021
	-0.051
	-0.2489*
	-0.0413
	-0.1426
	0.2087
	1
	
	
	
	

	BYP
	
-0.2017
	
0.0686
	
0.2548*
	
-0.134
	
0.0890
	
0.0781
	
0.2824*
	
-0.0171
	- 0.3990**
	
1
	
	
	

	SI
	-0.0279
	-0.0561
	-0.0874
	-0.415**
	0.0254
	-0.0191
	0.0564
	0.0954
	-0.1186
	0.3437**
	1
	
	

	HI
	0.1188
	0.0178
	-0.2098
	-0.129
	- 0.3331**
	0.2733*
	0.2028
	0.0367
	
0.4367**
	-0.4403**
	0.1950
	1
	

	SYP
	-0.0197
	0.0793
	-0.0415
	-0.2343
	-0.2546
	0.3643
	0.5241
	-0.0172
	0.1527
	0.2968
	0.4871
	0.6714
	1


Abbreviations: Days to 50% Flowering (DFF), Plant Height (PH), Number of Primary Branches (NPB), Number of Secondary Branches (NSB), Days to 50% Pod Setting (DPS), Days to Maturity (DM), Number of Pods per Plant (NPP), Pod Length (PL), Number of Seeds per Pod (NSP), Biological Yield per Plant (BYP), Seed Index or 100 Seed Weight (SI), Harvest Index (HI), and Seed Yield per Plant (SYP).

Table 5: Genotypic correlation coefficients among yield and yield components of chickpea.
	
Traits
	DFF
	PH
	NPB
	NSB
	DPS
	DM
	NPP
	PL
	NSP
	BYP
	SI
	HI
	SYP

	DFF
	
1
	
	
	
	
	
	
	
	
	
	
	
	

	PH
	0.3517**
	1
	
	
	
	
	
	
	
	
	
	
	

	NPB
	0.0487
	-0.1416
	1
	
	
	
	
	
	
	
	
	
	

	NSB
	
0.0603
	
0.292**
	
0.248**
	
1
	
	
	
	
	
	
	
	
	

	DPS
	0.1913
	0.1776
	-0.0357
	0.3653**
	1
	
	
	
	
	
	
	
	

	DM
	0.0851
	0.2938**
	0.1139
	0.0584
	-0.2424**
	1
	
	
	
	
	
	
	

	NPP
	0.1004
	0.3441**
	-0.1808
	0.3201**
	0.1326
	0.0973
	1
	
	
	
	
	
	

	PL
	-0.1401
	0.0766
	-0.0853
	-0.3257**
	0.0554
	0.0105
	-0.4999**
	1
	
	
	
	
	

	NSP
	0.0145
	-0.4048**
	-0.0121
	-0.0837
	-0.296**
	-0.0467
	-0.1415
	0.2162
	1
	
	
	
	

	BYP
	
-0.2331**
	
0.0954
	
0.2531**
	
-0.1526
	
0.0871
	
0.0815
	
0.3193**
	
-0.0051
	
-0.4396**
	
1
	
	
	

	SI
	-0.0251
	-0.0902
	-0.0887
	-0.4444**
	0.0159
	-0.0216
	0.0668
	0.0776
	-0.152
	0.3547**
	1
	
	

	HI
	0.1521
	0.0184
	-0.2249**
	-0.1285
	-0.343**
	0.2895**
	0.2134
	0.0444
	0.4739**
	-0.4582**
	0.2033
	1
	

	SYP
	-0.0487
	0.1265
	-0.0542
	-0.2478**
	-0.268**
	0.3862**
	0.5356**
	-0.0292
	0.1655
	0.3209**
	0.5268**
	0.6956**
	1


Abbreviations: Days to 50% Flowering (DFF), Plant Height (PH), Number of Primary Branches (NPB), Number of Secondary Branches (NSB), Days to 50% Pod Setting (DPS), Days to Maturity (DM), Number of Pods per Plant (NPP), Pod Length (PL), Number of Seeds per Pod (NSP), Biological Yield per Plant (BYP), Seed Index or 100 Seed Weight (SI), Harvest Index (HI), and Seed Yield per Plant (SYP).

Table 6: Direct and indirect effects of component traits attributing to seed yield of chickpea at phenotypic level.
	
Traits
	DFF
	PH
	NPB
	NSB
	DPS
	DM
	NPP
	PL
	NSP
	BYP
	SI
	HI

	DFF
	-0.0324
	-0.0083
	-0.0012
	-0.0007
	-0.0038
	-0.0022
	-0.0024
	0.0042
	0.0014
	0.0065
	0.0009
	-0.0038

	PH
	0.0004
	0.0017
	-0.0003
	0.0004
	0.0003
	0.0004
	0.0005
	0.0001
	-0.0005
	0.0001
	-0.0001
	0

	NPB
	0.003
	-0.0125
	0.0778
	0.0184
	-0.0034
	0.0081
	-0.0129
	-0.0065
	-0.0002
	0.0198
	-0.0068
	-0.0163

	NSB
	-0.0026
	-0.0277
	-0.0291
	-0.1231
	-0.0426
	-0.0076
	-0.0357
	0.0318
	0.0063
	0.0166
	0.0511
	0.016

	DPS
	-0.0001
	-0.0001
	0
	-0.0002
	-0.0005
	0.0001
	-0.0001
	0
	0.0001
	0
	0
	0.0002

	DM
	0.0076
	0.0266
	0.0115
	0.0067
	-0.0267
	0.1095
	0.0086
	0.0019
	-0.0045
	0.0086
	-0.0021
	0.0299

	NPP
	0.0224
	0.0801
	-0.0505
	0.0882
	0.0363
	0.0238
	0.3042
	-0.1308
	-0.0434
	0.0859
	0.0172
	0.0617

	PL
	-0.0048
	0.0021
	-0.0031
	-0.0096
	0.002
	0.0007
	-0.0159
	0.0371
	0.0077
	-0.0006
	0.0035
	0.0014

	NSP
	-0.0029
	-0.0204
	-0.0001
	-0.0034
	-0.0165
	-0.0027
	-0.0095
	0.0139
	0.0664
	-0.0265
	-0.0079
	0.029

	BYP
	-0.0938
	0.0319
	0.1185
	-0.0627
	0.0414
	0.0363
	0.1313
	-0.008
	-0.1856
	0.4651
	0.1598
	-0.2048

	SI
	-0.0036
	-0.0072
	-0.0112
	-0.0533
	0.0033
	-0.0025
	0.0072
	0.0122
	-0.0152
	0.0441
	0.1284
	0.025

	HI
	0.0871
	0.013
	-0.1538
	-0.0951
	-0.2443
	0.2004
	0.1487
	0.0269
	0.3202
	-0.3228
	0.143
	0.7332

	SYP
	-0.0197
	0.0793
	-0.0415
	-0.2343
	-0.2546
	0.3643
	0.5241
	-0.0172
	0.1527
	0.2968
	0.4871
	0.6714

	Partial R²
	0.0006
	0.0001
	-0.0032
	0.0289
	0.0001
	0.0399
	0.1594
	-0.0006
	0.0101
	0.138
	0.0626
	0.4923

	R SQUARE =  0.9283 RESIDUAL EFFECT =  0.2678


Abbreviations: Days to 50% Flowering (DFF), Plant Height (PH), Number of Primary Branches (NPB), Number of Secondary Branches (NSB), Days to 50% Pod Setting (DPS), Days to Maturity (DM), Number of Pods per Plant (NPP), Pod Length (PL), Number of Seeds per Pod (NSP), Biological Yield per Plant (BYP), Seed Index or 100 Seed Weight (SI), Harvest Index (HI), and Seed Yield per Plant (SYP).



Table 7 –Direct and indirect effects of component traits attributing to seed yield of chickpea at genotypic level.

	
Traits
	DFF
	PH
	NPB
	NSB
	DPS
	DM
	NPP
	PL
	NSP
	BYP
	SI
	HI

	DFF
	-0.1488
	-0.0523
	-0.0072
	-0.009
	-0.0285
	-0.0127
	-0.0149
	0.0208
	-0.0022
	0.0347
	0.0037
	-0.023

	PH
	0.0728
	0.2069
	-0.0293
	0.0604
	0.0368
	0.0608
	0.0712
	0.0158
	-0.0838
	0.0197
	-0.0187
	0.0038

	NPB
	0.0017
	-0.005
	0.035
	0.0087
	-0.0012
	0.004
	-0.0063
	-0.003
	-0.0004
	0.0089
	-0.0031
	-0.008

	NSB
	-0.008
	-0.0385
	-0.0327
	-0.1319
	-0.0482
	-0.0077
	-0.0422
	0.043
	0.011
	0.0201
	0.0586
	0.0169

	DPS
	0.0244
	0.0227
	-0.0046
	0.0466
	0.1277
	-0.0309
	0.0169
	0.0071
	-0.0378
	0.0111
	0.002
	-0.044

	DM
	0.0036
	0.0123
	0.0048
	0.0025
	-0.0102
	0.0419
	0.0041
	0.0004
	-0.002
	0.0034
	-0.0009
	0.0121

	NPP
	-0.0024
	-0.0082
	0.0043
	-0.0076
	-0.0032
	-0.0023
	-0.0238
	0.0119
	0.0034
	-0.0076
	-0.0016
	-0.005

	PL
	0.0297
	-0.0162
	0.0181
	0.0691
	-0.0118
	-0.0022
	0.1061
	-0.2122
	-0.0459
	0.0011
	-0.0165
	-0.009

	NSP
	0.0028
	-0.0778
	-0.0023
	-0.0161
	-0.0569
	-0.009
	-0.0272
	0.0416
	0.1922
	-0.0845
	-0.0292
	0.0911

	BYP
	-0.1728
	0.0707
	0.1876
	-0.1131
	0.0646
	0.0604
	0.2367
	-0.0037
	-0.3259
	0.7412
	0.2629
	-0.34

	SI
	-0.0017
	-0.0062
	-0.0061
	-0.0307
	0.0011
	-0.0015
	0.0046
	0.0054
	-0.0105
	0.0245
	0.069
	0.014

	HI
	0.15
	0.0182
	-0.2218
	-0.1267
	-0.3382
	0.2854
	0.2104
	0.0437
	0.4673
	-0.4518
	0.2005
	0.986

	SYP
	-0.0487
	0.1265
	-0.0542
	-0.2478
	-0.268
	0.3862
	0.5356
	-0.0292
	0.1655
	0.3209
	0.5268
	0.6956

	Partial R²
	0.0073
	0.0262
	-0.0019
	0.0327
	-0.0342
	0.0162
	-0.0127
	0.0062
	0.0318
	0.2378
	0.0364
	0.6858

	R SQUARE = 0.9421 RESIDUAL EFFECT = 0.2406


Abbreviations: Days to 50% Flowering (DFF), Plant Height (PH), Number of Primary Branches (NPB), Number of Secondary Branches (NSB), Days to 50% Pod Setting (DPS), Days to Maturity (DM), Number of Pods per Plant (NPP), Pod Length (PL), Number of Seeds per Pod (NSP), Biological Yield per Plant (BYP), Seed Index or 100 Seed Weight (SI), Harvest Index (HI), and Seed Yield per Plant (SYP).
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