


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


Abstract 
The present study was conducted in chickpea genotypes to estimate the genetic variability parameters, correlation and path analysis for thirteen quantitative traits in Rabi 2022-23 at Field Experimentation Centre, Department of Genetics and Plant Breeding, Naini Agricultural Institute, Sam Higginbottom University of Agriculture Technology and Sciences, Uttar Pradesh in Randomized Block Design replicated thrice. Analysis of variance for all characters showed that the differences among treatment were highly significant at 1% level of probability for all characters except number of Genotype CSJ-512 produced the highest yield in the environment during the experiment. The estimates of PCV were higher than GCV values for all the character indicating considerable influence of environment in expressing the characters. The high heritability was recorded for all the character except Days to 50% flowering. The characters high heritability together with high genetic advance as per cent of mean were observed for 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. The path coefficient and correlation analyses revealed that the characters like plant height, days to maturity, number of pods per plant, number of seeds per pod, biological yield per plant, seed index and harvest index had a strong and direct positive effect on seed yield per plant. Therefore, it is concluded that effective selection must be attempted for these traits, which would help in improvement of seed yield in chickpea genotypes.	Comment by admin: Check it	Comment by admin: Relace with genotypes	Comment by admin: Mention number of chickpea genotype
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INTRODUCTION
The Chickpea (Cicer arietinum L.) a member of Fabaceae, is a self-pollinated true diploid (2 n = 2 x = 16) with genome size of 738 Mb (Varshney et al., 2013). It is an ancient cool season food legume crop cultivated by man and has been found in Middle Eastern archaeological sites dated 7500-6800 BC (Zohary and Hopf 2000). Its cultivation is mainly concentrated in semiarid environment. The pulses are the most important group of crops after cereals. Pulses are considered as health food and offer nutritional security to millions of populations suffering with protein malnutrition especially in south Asia and Africa. The alleviatory effects of pulses on the yield of subsequent crops have long been realized and documented. Globally, the pulses are grown in three distinct seasons viz., winter or rabi season (November to April), rainy or kharif  season (June to October) and spring/summer or zaid season (March to June). Endowed with unique ability to fix atmospheric nitrogen (Na) in their root nodules in association with Rhizobium bacteria and thrive well under harsh and fragile eco-system. Pulses remained an integral component of subsistence farming system of the dry land region since dawn of agriculture being a rich source of protein, minerals, vitamins and crude fiber. Pulses are valuable sources of protein as well as very low in sodium, saturated fat and also cholesterol free. Pulses belong to family Leguminaceae which is dried edible seeds of certain plants having rich source of protein (20-40%), fibre and low-fat content. Pulses contained valuable sources of minerals such as zinc, iron, phosphorus: folate and vitamin B (Vaughan and Geissler, 2009). They are also good sources of fibre. complex carbohydrates (50-60%). vitamins and minerals including thiamine (Vitamin B1), riboflavin (Vitamin B2), niacin (Vitamin B3), folate, potassium, calcium. phosphorus and iron. Pulses consist of 20-35% protein by weight that is double in protein content of wheat and three times in rice protein (Reddy, 2004). In fact, lysine is the most limiting essential amino acid in cereals but is very well added by the protein of pulses. The nutritional abundance of pulses is beneficial for poor people who cannot grant the animal proteins. For these pulses are also known as "poor man's food" (Sharma, 1984: Bhalla et al., 2008). Pulses are important constituents of the Indian diet and supply a major part of the protein requirement. Among the pulses, chickpea is important rabi crop of India. It is well adapted to grow on residual soil moisture in the post rainy season because of its deep and prolific root system. Chickpea provides high quality protein, particularly for vegetarians. It is also used as a feed for livestock and has a significant role in farming systems as a substitute for fallow in cereal rotations, where it contributes to the sustainability of production and reduces the need for nitrogen fertilization through fixing atmospheric nitrogen.	Comment by admin: For journal publication it should be reduced to about 1.5–2 pages.
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India is the largest producer and consumer of pulses in the world, contributing nearly 24% to the global output. The country's pulses production has grown to 24 million tonne (240 lakh tonne) from 14 million tonne (140 lakh tonne) in the last five-six years. "In 2019- 20, India produced 23.15 million tonne of pulses, which is 23.62 per cent of the world output. In 2020, approximately 89.8 million metric tons of pulses were produced worldwide (https://www.statista.com/statistics 721945 pulses-production-volume-worldwide). India has made remarkable progress in enhancing production of pulses during the past 15 years. During 2005-06, the total production of pulses in India was 13.38 million MT. which increased to 25.58 million MT during 2020-21, this shows an impressive growth of 91% or a compound annual growth rate (CAGR) of 1.42%. During 2020-21, chickpea had a lion's share of 49.3% in the total pulses production. India is the largest producer of chickpea in the world sharing 65.2% of area and 65.4% of production. In India the area under chickpea was 10.20 million ha, production was 9.38 million tones and productivity was 919 kg/ha during (2016-17). Madhya Pradesh, Uttar Pradesh, Rajasthan, Maharashtra, Gujarat, Andhra Pradesh and Karnataka are the major chickpea producing states sharing over 95% area (Anonymous, 2017). In Maharashtra, the area under chickpea was 19.29 lakh ha, production was 19.41 lakh tones and productivity were 1006 kg/ha during the year 2016-17 (Anonymous, 2017). 
Pulses are considered as health food and offer nutritional security to millions of populations suffering with protein malnutrition, especially in south Asia and Africa. In India, pulses continue to be an integral part of Indian agriculture, as they are excellent and cheapest source of dietary proteins, minerals, vitamins and crude fiber and also a source of feed and fodder for animals (Nagaroje et al., 2016). Among pulses, chickpea is one of the most important crop for human consumption (Hulse, 1991; Huisman and Van der Poel, 1994: Kerem et al., 2007). The nutritional value of chickpea is very enriching because of their high content of vitamins. (Gupta et. al., 2021) Chickpea seed is a good source of carbohydrates and proteins, which collectively constitute 80% of the total dry seed weight (Talebi et al., 2008; Aggarwal et al., 2013). It contains on an average of 4.5% fat, 8% crude fiber, 22% protein. 63% carbohydrates and 2.7% ash (Wood and Grusak, 2007) and also rich in minerals, such as calcium magnesium, zinc, potassium, iron and phosphorus and vitamins, especially thiamine and niacin (Williams and Singh, 1987: Zia-Ul-Haqer et. al., 2007: Jukanti et al., 2012). Moreover, its pod shells and seed coats are used as fodder (Tahir and Karim, 2011). It is also an important food for people to use to improve major food-related health problems (Charles et al., 2002; Jukanti et al., 2012). It is one of the ancient domesticated popular pulse crops of India and has versatile uses in both food and feed. Its tender leaves are used as vegetables while its acid exudates (mainly oxalic and malic acid) as a popular refreshing drink and medicinally for blood purification. Soaked grains and husk are fed to animals as concentrate and roughage respectively. Further, it also accounts for efficient soil enrichment by symbiotic fixation; it has the ability to meet more than 70% of its nitrogen requirement from symbiotic nitrogen fixation, besides drought tolerant.
In Genetic variability is very important for the improvement of crop plants. Wider genetic base in breeding material is key factor to produce desired recombinant plant types. Genetic variability indices are useful in assessment of magnitude variability present in germplasm for particular characters. Additionally, heritability of the trait offers an index of the transmissibility and therefore gives useful information to the breeder. Chickpea crop genetic resource has high variation for various qualitative and quantitative traits i.e., Grain colour and shape, flower colour, plant height, pod number, seed coat colour, maturity duration, that can help breeders to generate superior genotypes. For maintenance and efficient utilization of germplasm is important to investigate the extent of genetic variability and its magnitude present in the germplasm resource (Khan and Farhatullah, 2011). The efficiency of selection depends on the identification of genetic variability from the phenotypic expression of the characters. The variability in crop genetic resources of a species is an important component for breeding to develop new cultivars with higher productivity along with defensive traits. It also decides success of result oriented commercial product development for cultivation. Therefore, assessment of genetic variability in the base population should have to be prior action in any breeding program. Information on the relative magnitude of different sources of variation among different genotypes for several traits helps in the measurement of their range of genetic diversity. Higher genetic diversity in the working of germplasm is useful generation of potential heterotic combinations and selection of better recombinants in the segregation population (Hallauer and Miranda, 1988). The incorporation of genetically diverse genotypes in hybridization program are likely to produce a heterotic combinations and superior segregations. The importance of genetic diversity for selecting parents in the combination- breeding program of different crops to recover transgressive segregates has been emphasized (Singh and Ramanujam, 1981; Cox and Murphy, 1990). Thus, knowledge on genetic variability, heritability, and genetic advance is essential for a breeder to choose and for efficient utilization of better genotypes for crop improvement programs (Jakhar, 2014). Correlation coefficient estimates degree of association of different component characters of yield among themselves and with the yield. The correlation studies between various yields attribute with yield provides a basis for further breeding programme. Correlation coefficients generally show relationships among independent characteristics and the degree of linear relation between these characteristics. It is not sufficient to describe this relationship when the causal relationship among characteristics is needed (Korkut et al., 1993). Path coefficient analysis developed by Wright (1921) is a standardized partial regression analysis which further permits the partitioning of correlation coefficient into the components of direct and indirect effects. It reveals the true nature of cause and effect relationship of the yield contributing characters with yield. By using path coefficient analysis, the direct and indirect of one variable on another variable can be estimated. Phenotypic coefficient assesses the influence of the environment on the genotype whereas the genotypic coefficient of variation estimates the heritable variability. Hence, heritability selection intensity and genetic gain are all elements of effective selection. (Choudhary et. al., 2021; Yadav et. al., 2022).
Chickpea breeders should consider heritability estimates along with genetic advance because heritability alone is not good indicator of the amount of genetic variability. The concept of heritability explains whether the differences observed among individuals wrote environmental forces Genetic Advance gives an idea of possible improvement of new population through selection, when compared to the original population. The genetic gain depends upon the mount of genetic variability and magnitude of the masking effect of the environment. Information of the genetic variability, heritability and association of various characters provides a basis to the plant breeders to breed the chickpea genotypes possessing higher yield potential Selection on the basis of grain yield, a polygenic character is usually not very efficient, but selection based on is component characters could be more efficient. (Johnson et al., 1955). 
The production of chickpea has been on a decline due to non-availability of early maturity, high yielding, input-responsive varieties, resistant/tolerant to various biotic and abiotic stresses and their suitability in prevailing crop rotation. Wilt and Ascochyta blight are most severe disease of chickpea. There is an urgent need to evolve high yielding varieties having high yielding protein content and resistant to major biotic and abiotic stresses with suitability for different agro-climatic conditions and cropping systems. Therefore, in this research an attempt was made to study the genetic variability parameters such as GCV, PCV, genetic advance and also correlation and direct and indirect effects for identifying the suitable genotypes.
Material And methods:
The present investigation was carried out at the Field Experimentation Centre of Department of Genetics and Plant Breeding, Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology and Sciences, Prayagraj, U.P. during Rabi 2022-2023. Prayagraj is located in the South-East part of Uttar Pradesh, India. The site of experiment is located at 25.57° N latitude, 81.51° E longitude and 98 meter above the sea level. A germplasm collection of 24 varieties/strains of chickpea (Cicer arietinum L.) comprising indigenous genotypes constituted the experimental materials for this study. Genotypes were grown under Randomized Block Design (RBD) with the replications.	Comment by admin: Needs more details.
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Result:
The mean sum of squares due to various sources of variation for 13 quantitative character Days to 50% flowering, plant height (cm), number of primary branches, number of secondary branches, number of pods per plant, pod length, number of seed per pod, days to 50% pod setting, days to maturity, harvest index, 100 seed weight (g), seed yield per plant (g), biological yield per plant are ted in Table 1. The variance due to genotypes was significant for all the characters under 1% level of significance. This suggested that the genotypes selected for research were quite variable and constant se of variability are present among them. Thus, indicating amply scope for selection of different qualitative characters in chickpea improvement, reported high genetic variability for different characters in chickpea.

Mean performance and Range
Through this study, an attempt was made to assess the mean performance and extent of variability in 24+1(CHECK) chickpea genotypes. The data presented in Table 2 shows mean performance of 24+1(CHECK) genotypes for 13 yield related characters. The mean values, grand mean, range and critical difference (CD) for all the traits are also depicted in Table 2.
A review of mean values of yield and yield contributing character revealed that among the twenty-four genotypes viz., CSJ-512 (13.60), RSG-888 (13.53), RVS-5949 (13.20), ICP17-308 (13.07) and ICP17-53 (12.53) were identified as the best performers for yield and yield related traits.

Genetic variability parameters 
In the investigation, genetic variability parameters such as mean, range, PCV, GCV, heritability, genetic advance, and genetic advance as a percentage of the mean are summarized in Table 3. For all 13 Characters studied, 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, harvest index. While it is moderate for number of primary branches, number of secondary branches, number of pods per plant, pod length, number of seeds per pod, biological yield per plant. And it is low for days to 50% flowering, plant height, days to 50% pod setting, days to maturity. Phenotypic coefficient of variation was high for biological yield per plant, seed yield per plant, seed index, harvest index. While it is moderate for number of primary branches, number of secondary branches, number of pods per plant, pod length, number of seeds per pod. And it was low for days to 50% flowering, plant height, days to 50% pod setting, days to maturity.
Heritability of all characters studied were higher for all the characters. In this study, estimates of broad sense heritability is the proportion of total genetic variance involving both additive and non-additive types to total phenotypic variance. A low magnitude of genetic advance (<10%) expressed as percent of mean was observed in 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. The traits such as days to 50% pod setting, number of pods per plant, days to maturity showed moderate magnitude of genetic advance. High magnitude of genetic advance (>20%) expressed as percent of mean in harvest index (23.507%).
Correlation:  
Genotypic correlation coefficients are higher than phenotypic correlation coefficients and in same direction indicating the masking effect of environment on the association of characters except for Days to 50% pod setting. Seed yield per plant showed phenotypically and genotypically significant positive correlation with days to maturity, number of pods per plant, number of seeds per pod, biological yield per plant, seed index and harvest index. (Table 4 and 5)

path coefficient analysis
The path coefficient analysis revealed that highest positive direct effect on grain yield per plant at genotypic level was exhibited by Plant height, number of primary branches, number of secondary 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 exhibited negative direct effect on seed yield per plant. (Table 6 and 7)

Discussion: 
It is concluded that based on mean performance for seed yield and taken into characters on account, the genotype CSJ-512 followed by RSG-888, RVS-5949, ICP17-308, IPC13-53 were found best as they shown highest seed yield.
The Genotypic coefficient of variation was high for seed yield per plant, seed index, harvest index. While it is moderate for number of primary branches, number of secondary branches, number of pods per plant, pod length, number of seeds per pod, biological yield per plant. And it is low for days to 50% flowering, plant height, days to 50% pod setting, days to maturity while PCV was also found in the similar ranges as of GCV and PCV was higher for the traits then GCV. The similar finding was also reported by Biswas et. al., (2022), Singh et. al., (2021), T. Anusha et. al., (2020), Sandhu and Singh (2008) and Mallu et. al., (2014). 
The high heritability coupled with high genetic advance as per cent of mean was observed for plant 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 findings of heritability for Seed yield per plant, Seed index, biological yield per plants and other characters were also reported by Gohil, and Patel, (2010), Kandwal et. al., (2022), Anusha et. al., (2020), Sandhu and Singh (2008), Singh et. al., (2018), Kumar et. al., (2014).
The highest genetic gain values for Harvest index, number of pod per plant was also reported by Singh et. al., (2021), Ramanappa (2013) and Parmeshwarrapa et. al., (2012). Moderate values of genetic advance for trait biological yield per plant, seed yield per plant was also reported by Kumar (2019) The lower values of primary branches per plant and number of seeds per pod was also reported by Mallu et. al., (2014) and Arshad et. al., (2001). The high genetic advance expressed as percent of mean was observed for seed yield per plant was also reported by Ramanappa (2013) and Parmeshwarrapa et. al. (2012). Low to moderate genetic advance expressed as percent of mean was recorded for days to 50% flowering and days to maturity was also reported by Ningwal et. al. (2023), Singh et. al., (2021), Ramanappa (2013) and Parmeshwarrapa et. al. (2012) and Muhammad et. al. (2003).
The genotypic correlation coefficients are higher than phenotypic correlation coefficients and in same direction indicating the masking effect of environment on the association of characters except for Days to 50% pod setting. Seed yield per plant showed phenotypically and genotypically significant positive correlation with days to maturity, number of pods per plant, number of seeds per pod, biological yield per plant, seed index and harvest index. In the present study seed yield per plant was found to be highly significant and positive correlation with harvest index followed by number of pods per plant, seed index, biological yield per plant, days to maturity, number of seeds per pod and plant height. Similar findings were also reported by Gohil, and Patel, (2010), Kandwal et. al., (2022), Singh et. al., (2021), Dehal et. al. (2016) and Tiwari et. al. (2016).
Path coefficient analysis revealed that selection based on characters days to maturity, Plant height, number of primary branches, number of secondary branches, number of pods per plant, number of seeds per pod, biological yield per plant, seed index and harvest index may bring out desired improvement towards high yielding genotypes suitable for multitude environment stresses. Therefore, it is suggested that effective selection must be attempted based on the set traits which would help in improvement of seed yield in chickpea genotypes. The correlation and path coefficient studies suggest that selection based on characters Days to maturity, Number of pods per plant, Biological yield per plant, Seed index, Harvest index had positive correlation and direct effects with seed yield per plant and would bring out desired improvement in yield and hybridization programme based on these traits in chickpea and the traits showing the direct negative effect in path studies should be essentially be improved before the reselection for high seed yield. Similar findings were also reported by Kandwal et. al., (2022), Singh et. al., (2021), Chopdar et al. (2017), Dehal et al. (2016) and Shafique et al. (2016)
CONCLUSION: 
[bookmark: _GoBack]Significant variability was observed among the 25 chickpea genotypes for all 13 quantitative traits. Seed yield per plant displayed the highest genotypic and phenotypic coefficients of variation and the highest broad-sense heritability. High heritability together with high genetic advance as a percentage of the mean for several yield-associated traits indicates potential responsiveness to selection within the evaluated material. Seed yield was positively associated with days to maturity, pods per plant, biological yield, seed index and harvest index. Path analysis identified harvest index and biological yield as important direct contributors to seed yield. CSJ-512 produced the highest seed yield per plant under the conditions of the experiment. Therefore, these traits and the better-performing genotypes may be considered in subsequent selection and validation programmes. Their performance should, however, be confirmed across additional seasons and environments before recommendations are made for wider cultivation or breeding use.	Comment by admin: Add implications for breeders.
Limitations
The experiment was conducted during a single season at one location; consequently, genotype-by-environment interactions and the stability of genotype performance could not be determined. The study was based on morphological and yield-related traits and did not include molecular characterization. Broad-sense heritability estimates may include both additive and non-additive genetic effects and should therefore be interpreted cautiously for selection. Multilocation and multiyear evaluations with larger germplasm sets are required to validate the identified trait associations and genotype performance.
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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
	-0.1604
	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
	0.0614
	-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
	-0.0512
	-0.2489*
	-0.0413
	-0.1426
	0.2087
	1
	
	
	
	

	BYP
	
-0.2017
	
0.0686
	
0.2548*
	
-0.1348
	
0.0890
	
0.0781
	
0.2824*
	
-0.0171
	- 0.3990**
	
1
	
	
	

	SI
	-0.0279
	-0.0561
	-0.0874
	-0.4152**
	0.0254
	-0.0191
	0.0564
	0.0954
	-0.1186
	0.3437**
	1
	
	

	HI
	0.1188
	0.0178
	-0.2098
	-0.1297
	- 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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