Genetic evaluation of yield-related traits in lentil (Lens culinarisMedik.)germplasm accessions

Abstract
The present investigation was undertaken to examine the genetic variability and association between morphological traits among the 53germplasmlines collection of diverse nature. The experiment conducted at Jawaharlal Nehru KrishiVishwaVidyalaya, Regional Agricultural Research station, Sagar, (M.P.) during Rabi season of 2015-16. The analysis of variance of indicated that the mean sums of squares due to genotype were highly significant for all the morphological traitsexceptnumber of pods per peduncle, suggesting presence of sufficient variation among genotypes for these characters. High PCV with High GCV estimates were observed for seed yield per plot, seed yield per plant number of pods per plant, 100 seed weight, height of lowest pod.High value of heritability coupled with high genetic advance as percentage of mean observed for seed yield per plot, 100 seed weight and number of pods per plant. This clearly brought out the role of additive gene effects with low environmental influence in the inheritance of these traits suggesting phenotypic selection may be effective for improving these traits. The correlation results indicated that genotypic correlation coefficients higher than the phenotypic correlation coefficients for most of the traits. Seed yield per plot showed positive genotypic correlations with plant height, number of seeds per pod, number of pods per plant, and seed yield per plant. The analysis showed stronger genetic than environmental influences on yield traits. Plants with greater height, seeds per pod, and pods per plant had higher genetic potential for yield. Interestingly, earlier flowering and maturity also correlated with better yield. These correlations guide breeders in selecting superior lentil lines.
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Introduction
Lentil (Lens culinarisMedik.)  is the fourth most important legume crop globally and Lentil is important Rabi pulse crop next to chickpea in India, being grown on 1.36 million hectares area with production of 1.22 million tons in India (Source: DES, Ministry of Agri& FW, DAC & FW, Govt. of India 2018-19). It is considered the healthiest foods because of it has rich source of nutrients viz., high quality protein, Iron and Zinc. These nutrient plays key roles in fighting against nutritional security of millions vegetarian and poor people of South East Asia (Raymond 2006). The leading countries in terms of production are Western Canada, Central India, Southern Turkey, West Asia, Northern USA, Bangladesh, South Europe and Australia (Parihar et al. 2017).  
Genetic variability is most important factor of success of any crop improvement programme as these provide wider scope for selection. The grain yield is quantitative in nature and complex trait which is dependent on a number of component traits. Therefore, selection for grain yield per se may not be much fruitful unless other yield associated traits are taken into consideration. 
The study of genetic variability present in different characters and their nature of heritability are the pre-requisites for an efficient crop improvement programme and knowledge of genetic parameters is essential for proper understanding and their manipulation in any crop improvement. The quantitative genetic parameters viz., GCV, PCV, Genetic advance, heritability and variance component are useful tools for assessing the genetic association studies. Therefore the present study was attempted to assess the genetic variability, heritability, genetic advance, GCV, PCV and correlation in morphological characters in53 Lentil genotypes.
Materials and methods
Plant Materials and Experimental Methods: 
The present investigation was carried out in the experimental fields of the Jawaharlal Nehru KrishiVishwaVidyalaya, Regional Agricultural Research station, Sagar, (M.P.) during Rabi season of 2015-16 with 53 Lentil improved line. Each plot comprised 2 rows of 3 meter length with 30 cm distance between rows and 10 cm between plants.The best agronomic practices for lentil management are applied. Fifty-three Lentilgermplasm including 3 checks viz., DPL-62, JL-1 and IPL-81 were used in the experiment obtained from Indian Agricultural Research Institute, New Delhi included released varieties advance lines, indigenous and exogenous germplasm. Released varieties advance lines are developed at different part of India. (Table 1).
Table: 1 Lentil genotype list
	P-13135
	P-2230
	P-2205
	P-3226
	L-4706
	DPL-15
	JL-7
	LH-84-8

	P-15217
	P-14222
	P-3108
	P-15120
	L-4147
	PL-97
	HM-1
	EC-1

	P-13122
	P-3204
	P-13123
	P-3131
	L-830
	PL-02
	IPL-81
	LL-1161

	P-2230
	P-14205
	P-13113
	P-14103
	VL-520
	PL-7
	VL-103
	FLIP-96-57

	P-15213
	P-2130
	P-3225
	P-16207
	BM-4
	JL-1
	E-153
	ILL-10832

	P-16206
	P-13128
	P-13119
	P-15104
	ML-6
	PL-6
	ILL-77663
	10-3-4-26

	P-2206
	P-13109-07
	P-16214
	P-3227
	DPL-62
	
	
	



The data on nine morphological characters viz., (A) Pre-harvest observations- Days to 50% flowering, Days to maturity(B) Post-harvest observations plant height (cm), No. of branches/plant, No. of pods/plant, clusters/plant, pods/clusters, seeds/pods and seed yield/plot were recorded. 
Statistical Analysis: 
Analysis of variance and correlation coefficients for the observations were calculated by web agri state package 2.0 online data analysis software developed by ICAR- Central Coastal Agricultural Research Institute. The estimation PCV and GCV were calculated according to the formula given by Barton and De Vane (1953) and Singh and Choudhary (1985)-
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Where,
σ2g = genotypic variance, σ2p =phenotypic variance, X =General mean of character. 
The genetic advance (GA) was estimated by following Robinson et al. 
 (1949) equation-GA= Kσph2
Where,
K = Constant, selection differential at 5% selection intensity i.e., 2.06, σp= Phenotypic standard deviation, h2= Heritability in broad sense in fraction.
Result and Discussion
Analysis of variance 
The analysis of variance revealed significant differences (p < 0.05) among the 53 lentil genotypes for most morphological traits. Seed yield, flowering time (50% flowering and maturity), pod number per plant, seed number per pod, and 100-seed weight displayed highly significant variation (p < 0.01). Additionally, height of the lowest pod showed significant variation (p < 0.05). Interestingly, the number of pods per peduncle lacked significant differences. This substantial genetic diversity across most traits offers breeders a valuable resource. They can leverage this variation to develop improved lentil cultivars with desired characteristics like high yield, early maturity, and increased seed number.
An insight into the nature and magnitude of genetic variability present in the gene pool is of immense value for starting any systematic breeding programme because of considerable genetic variability in the base material ensures better chances of evolving desirable plant type. Nathet al., (2014) also revealed significant differences for all the traits studied.
Genetic variability parameters
Selection methods for improving plant traits depend on estimates of genetic variability, including phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), heritability, and genetic advance. Interestingly, Table 3 demonstrates that high heritability doesn't always guarantee high genetic advance. Notably, PCV was consistently higher than GCV for all studied traits. This aligns with previous findings by Chowdhuriet al. (2019) and suggests a significant environmental influence on these morphological characteristics.
High PCV with High GCV estimates were observed for seed yield per plot,seed yield per plantnumber of pods per plant, 100 seed weight,height of lowest pod (cm) which are akin to the results of Mekonnenet al., (2014) for number of seeds per plant, 100 seed weight, above ground biomass and seed yield. The lowest PCV and GCV estimates have been recorded for days to 50% flowering, days to physiological maturity and number of pods per peduncle; such lowest estimates have been indicated by Bhartiya and Aditya(2016) for days to flowering and days to maturity. Heritability estimates varied across traits, ranging from 0.20 for plant height to 0.62 for days to maturity. While high heritability is generally desirable for breeding, these results suggest that heritability alone may not be the sole predictor of genetic advance.Genetic advance varied considerably between traits. Seed yield per plot showed the highest genetic advance (50.53% over the mean), followed by number of pods per plant (32.84%). This indicates substantial potential for improvement in these traits through selection. Interestingly, number of pods per peduncle displayed no genetic variation (GCV = 0%).Heritability and genetic advance serve as predictive function of genotypic performance in a succeeding generation but eventually guide the breeder in effective selection. High value of heritability coupled with high genetic advance as percentage of mean observed for seed yield per plot, 100 seed weightand number of pods per plant. This clearly brought out the role of additive gene effects with low environmental influence in the inheritance of these traits suggesting phenotypic selection may be effective for improving these traits. High heritability coupled with moderate genetic advance estimates observed for days to 50% flowering and days to physiological maturity. These findings are in agreement with Jebersonet al., (2015) for the traits like pods/plant, 100 seed weight, number of branches/plant and plant height.
The observed influence of the environment on most traits highlights the importance of conducting breeding trials across multiple locations and years. Breeders can employ selection methods that minimize environmental influence, such as selection based on heritability in combination with phenotypic performance under controlled environments.The high genetic advance for seed yield per plot and number of pods per plant suggests these traits are promising targets for breeding programs aiming to improve lentil yield. Conversely, the lack of genetic variation in number of pods per peduncle indicates this trait may not be a suitable target for improvement through selection in this particular lentil germplasm.
High heritability coupled with low genetic advance estimates for number of seeds per pod and 100 seed weight observed in the present study explains preponderance of the non-additive gene action. The high heritability observed due to be the favorable influence of environment. The presence of non-additive gene action can be exploited better through recombination breeding. These findings are also in agreement with Tabtiet al., (2018) for the trait number of seeds per pod. Low heritability coupled with low genetic advance recorded for Plant height (cm), number of pods per peduncle and height of lowest pod (cm) suggested that the trait is highly affected by environment and phenotypic selection would be ineffective. 
Analysis of Genotypic and Phenotypic Correlations in Lentil Genotypes
Correlation is essential for making efficient selection strategies by the geneticists and breeders. Correlation coefficient estimates are extensively used to measure the degree and direction of associations between various attributes including grain yield, consequently correlation coefficient analysis was done to understand the relative importance of the component traits and start an effective selection or breeding programme (Pandeyet al., 2021).Table 4 provides valuable insights into the relationships between various morphological traits in the studied 53 lentil genotypes. It presents both genotypic (above diagonal) and phenotypic (below diagonal) correlation coefficients.
· Seed Yield: Seed yield per plot showed positive genotypic correlations with plant height, number of seeds per pod, number of pods per plant, and seed yield per plant. This indicates that genotypes with higher plant height, seed number per pod, and pod number tend to have higher seed yield potential. Interestingly, days to flowering and maturity displayed negative genotypic correlations with seed yield, suggesting earlier flowering and maturity might be beneficial for yield.
· Flowering and Maturity: Days to 50% flowering and days to physiological maturity exhibited positive phenotypic correlations with each other, indicating they are often influenced by similar factors. However, they showed negative correlations with seed yield, suggesting earlier flowering and maturity might be linked to higher yield potential.
· Plant Height: Plant height displayed a positive genotypic correlation with number of pods per plant but a negative correlation with 100-seed weight. This suggests taller plants may have more pods but potentially smaller seeds.
· Number of Seeds per Pod: This trait showed a positive genotypic correlation with number of pods per plant and seed yield per plant, indicating genotypes with higher seed number per pod tend to have more pods and higher yield.
· Days to Physiological Maturity: Days to maturity displayed a negative phenotypic correlation with seed yield; suggesting earlier maturity might be associated with higher yield in this germplasm.
· 100-Seed Weight: Seed weight showed a negative genotypic correlation with number of seeds per pod, indicating a potential trade-off between larger seeds and more seeds per pod.
· No. of Pods per Peduncle and Height of Lowest Pod: These traits displayed no significant phenotypic correlations with any other traits, suggesting they may be less influenced by the other measured characteristics.
The observed positive correlations between seed yield and plant height, number of seeds per pod, and number of pods per plant highlight the importance of selecting for these traits in breeding programs aiming to improve lentil yield. However, the negative correlations between seed yield and days to flowering/maturity suggest further investigation is needed to understand the underlying mechanisms and potentially identify genotypes that combine high yield with earlier maturity.These findings are also in agreement withBaxevanoset al., (2024).The negative correlation between seed weight and number of seeds per pod indicates a potential challenge for breeders. Strategies like selecting for genotypes with larger pods that can accommodate more seeds might be explored.
The lack of significant correlations between number of pods per peduncle and height of lowest pod with other traits suggests these traits might be less influenced by the overall plant architecture or seed production. Breeders may consider these traits independently depending on the desired breeding goals.
Conclusion
This lentil breeding study examined how well certain physical traits (morphological traits) are passed down from parent plants to offspring.  Seed yield per plot, 100 seed weight, and number of pods per plant showed high heritability. This means these traits are largely determined by genetics and less by environmental factors, making them easier for breeders to improve through selective breeding. Because genes have a strong influence on these highly heritable traits, traditional breeding methods like choosing plants with desired characteristics (simple selection) can be effective. Breeders can focus on these key points to improve lentil yields: Increased plant height, number of seeds per pod, and number of pods per plant: These traits are positively correlated with high seed yield. Days to flowering and maturity were negatively correlated with yield, suggesting earlier plants might be more productive. By understanding these relationships between traits, lentil breeders can design efficient breeding programs to develop new lentil varieties with the following characteristics:High yield, Early maturity and optimal plant architecture (e.g., taller plants with more pods). These advancements can ultimately lead to the creation of improved lentil cultivars.
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Table: 2 Analysis of variance for different morphological characters of 53 Lentil genotype
	Source of variation
	Degree of freedom
	Mean sum of squares
	

	
	
	Seed yield per plot
	Days to 50% flowering
	Plant height (cm)
	No of seeds per pod
	Days to physiological maturity
	100 seed weight
	No. of pods per peduncle
	Height of lowest pod (cm)
	Number of pods per plant
	Seed yield per plant

	Replication
	1
	105.00
	0.604
	21.91
	0.02
	2.72
	0.04
	0.02
	0.02
	0.27
	0.47

	Entries 
	52
	240.53**
	15.61**
	16.20
	0.11**
	21.13**
	0.47**
	0.08
	16.16**
	515.27**
	0.27

	Checks
	2
	476.37
	15.17
	3.53
	0.15
	6.17
	0.37
	0.01
	47.42
	695.17
	0.38

	Genotypes
	49
	16.62
	8.17
	42.12
	0.13
	4.67
	0.12
	0.01
	23.72
	575.82
	0.83

	Error
	52
	70.17
	1.67
	10.92
	0.05
	4.87
	0.14
	0.08
	8.26
	205.97
	0.22

	Sem±
	
	5.9
	0.9
	2.3
	0.2
	1.6
	0.3
	0.2
	2.1
	10.2
	0.3

	CD (P=0.05%)
	
	16.7
	2.6
	6.5
	0.5
	4.4
	0.8
	0.6
	5.8
	29.0
	0.9

	CV
	
	29.7
	2.1
	10.8
	13.8
	2.3
	17.3
	13.3
	21.4
	28.8
	39.2

	
**Highly significant at1% and 5 % level of significance

	






Table: 3 Estimates of parameters of genetic variability for 9 characters in 53 Lentil genotype
	Character
	Mean
	Range
	PV
	GV
	EV
	PCV
%
	GCV %
	Heritability
%
	Genetic Advance
	GA % over mean

	
	
	Min.
	Max.
	
	
	
	
	
	
	
	

	Seed yield per plot
	28
	5.5
	63
	155.02
	85.51
	69.51
	44.47
	33.03
	0.55
	14.15
	50.53

	Days to 50% flowering
	61.8
	55.5
	67
	8.66
	6.96
	1.70
	4.76
	4.27
	0.80
	4.87
	7.88

	Plant height (cm)
	30.2
	23.8
	35.4
	13.46
	2.74
	10.72
	12.15
	5.48
	0.20
	1.54
	5.10

	No of seeds per pod
	1.7
	1.15
	2.05
	0.08
	0.03
	0.05
	17.05
	10.19
	0.36
	0.21
	12.54

	Days to physiological maturity
	94.4
	84
	99.5
	13.02
	8.10
	4.92
	3.82
	3.02
	0.62
	4.63
	4.90

	100 seed weight
	2.2
	1.25
	3.75
	0.31
	0.16
	0.15
	25.23
	18.18
	0.52
	0.59
	27.00

	No. of pods per peduncle
	2.2
	1.5
	2.6
	0.08
	0.00
	0.08
	13.06
	0.00
	-0.01
	0.00
	0.00

	Height of lowest pod (cm)
	13.6
	8
	20.3
	12.29
	3.87
	8.42
	25.78
	14.46
	0.31
	2.27
	16.70

	Number of pods per plant
	50.3
	17.5
	83
	360.60
	154.67
	205.93
	37.86
	24.56
	0.42
	16.52
	32.84

	Seed yield per plant
	1.2
	0,5
	2.3
	0.20
	0.07
	0.12
	36.99
	22.67
	0.10
	0.10
	8.29



Table: 4 Estimate of Genotypic (above diagonal) and Phenotypic (below diagonal) correlation coefficients for morphological traits in 53 Lentil genotype
	Character
	Seed yield per plot
	Days to 50% flowering
	Plant height (cm)
	No of seeds per pod
	Days to physiological maturity
	100 seed weight
	No. of pods per peduncle
	Height of lowest pod (cm)
	Number of pods per plant
	Seed yield per plant

	Seed yield per plot
	1
	0.383
	-0.225
	0.644
	-0.308
	0.151
	-1
	0.013
	0.591
	1.674

	Days to 50% flowering
	0.238
	1
	0.136
	0.594
	-0.480
	0.326
	-1
	0.545
	-0.099
	0.898

	Plant height (cm)
	-0.190
	0.033
	1
	0.227
	0.456
	-0.447
	-1
	0.500
	-0.296
	-0.460

	No of seeds per pod
	0.333
	0.052
	0.082
	1
	0.354
	-0.534
	-1
	0.333
	0.923
	1.255

	Days to physiological maturity
	-0.104
	-0.106
	0.367
	-0.022
	1
	-0.451
	-1
	0.143
	-0.072
	-0.805

	100 seed weight
	0.103
	0.163
	-0.328
	-0.148
	-0.221
	1
	-1
	-0.538
	-0.381
	0.247

	No. of pods per peduncle
	0.282
	0.299
	0.052
	0.191
	-0.051
	-0.053
	1
	-1
	-1
	-1

	Height of lowest pod (cm)
	-0.013
	0.334
	0.325
	0.162
	0.065
	-0.104
	0.1461
	1
	-0.233
	0.369

	Number of pods per plant
	0.364
	0.271
	-0.175
	0.250
	0.029
	-0.048
	0.3357
	0.055
	1
	0.711

	Seed yield per plant
	0.346
	0.293
	-0.177
	0.260
	-0.201
	0.218
	0.2274
	0.287
	0.518
	1


**Highly significant at 1% and 5 % level of significance
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