Genetic Analysis of Yield Traits and Phenotypic Screening for Fusarium Wilt in Lentil at Kymore Plateau, Madhya Pradesh
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ABSTRACT 
To evaluate genetic variability and the correlation between yield-attributing traits and seed yield, 92 genotypes—including two checks—were analysed for respective traits and seed yield. The analysis of variance revealed significant differences between the genotypes for each attribute that was studied. High heritability and high genetic advance as a percentage of mean were demonstrated by traits like the number of effective nodes per plant, the number of pod clusters per plant, the number of seeds per pod, the number of primary branches per plant, the number of seeds per plant, the hundred seed weight, the biological yield per plant, the harvest index, and the seed yield per plant. Characters including the number of seeds per plant, the number of pods per plant, the number of seeds per pod, the biological yield of the plant, and the harvest index have shown a positive and statistically significant correlation with seed yield per plant. A path coefficient analysis revealed that seed yield per plant was favourably influenced by the number of seeds per plant, harvest index, and biological yield per plant.In addition to genetic analysis the genotypes were evaluated for Fusarium wilt response under natural field conditions to identify genotypes with potential disease tolerance. 
Keywords- Fusarium Wilt, Variability, Pod Clusters, Heritability, Harvest Index,  Association. 
1. Introduction
As the world's population increases, agricultural systems find it more difficult to meet the need for food, which calls for long-term solutions related to global problems. Because of the consequences of climate change, which are making agriculture more challenging and decreasing its output, the notion of guaranteeing food security for everyone is also being questioned.In these situations, legume crops are essential for resolving these issues because they fix nitrogen in the soil and provide food that is high in protein.The lentil, or Lens culinaris Medikus, is a significant legume crop that has the potential to support sustainable agriculture worldwide. Because of its high protein content (20.6%–31.4%), lentil is a significant winter legume crop that is utilized for both food and feed Mahanta et al., 2023. In India, lentils are the third most important pulse crop, behind pigeon peas and chickpeas as quoted by Mahanta et al. 2023. The Fabaceae family's annual diploid (2n=14) pulse crop is known for its lens-shaped seeds. The haploid genome of the self-pollinating crop is approximately 4063 Mbp in size (Akkati et al., 2024). Lentils are an appealing option among health-conscious beings owing to their high dietary fiber, potassium levels, slowly digesting starch, and low salt content (Khazaei et al., 2019; Dhull et al., 2022, Dashrath Naik et al., 2024). Traditionally, lentils are consumed as soup or “dal”, in parts of southeast Asian countries like Bangladesh, India, Sri Lanka and Nepal. The lentil seeds contain 60-67% carbohydrates, 20-36% protein and 4% fat. (Akkati et al., 2024). Due to subpar cultivar performance and yields, India produces fewer lentils than other countries (Dashrath Naik      et al. 2024). The adoption of native varieties, marginal terrain, inadequate management practices, and farmer knowledge are the primary reasons affecting lentil production, according to Noor et al.,2017. Additionally, morphological character analysis revealed that this crop's functional gene pool has minimal variety, which limits the germplasm (Chaturvedi et al., 2023). The effective use of germplasm collections for agricultural development requires an understanding of present genetic diversity (Tripathi et al., 2022). Accordingly, reliable phenotypic evaluation for desired traits and application of the results to breeding initiatives are essential stages in lentil evolution.The most crucial resources for the criteria of selection to increase seed production are data on genetic variability, heritability, and correlation. Therefore, it is necessary to identify the positive correlations between characteristics associated to growth and yield and to exclude any negative correlations that may result from associations that are likely produced by development (Tambal et al. 2000). Genetic parameters such as the genotypic and phenotypic coefficients of variation can be used to assess the level of diversity in the germplasm. The genotype with the finest heritability and genetic advancement for a range of attributes could be the perfect parent for any crop growth attempt. In states like Madhya Pradesh, Uttar Pradesh, West Bengal, Assam, Rajasthan, Haryana, and Punjab, the production of lentils is restricted due to the major disease Fusarium wilt, which is caused by Fusarium oxysporumf.sp. lentis (Agrawal et al., 1993; Chaudhary et al., 2009; Kharte et al., 2023). One of the most widely accepted methods of managing this disease is the use of resistant cultivars (Kharteet al., 2023).Therefore, the goal of the current study was to determine the best plant type to choose in order to increase seed output while taking into account the relationship between characteristics and heredity along with response to Fusarium wilt to identify resistant genotypes. 

2. Material and Methods
The current study was conducted on 92 lentil genotypes, including two checks, IPL-316 and JL-3, during the rabi season of 2024-25. The genotypes were cultivated using a Randomized Complete Block Design (RCBD) with two replications, adhering to the suggested practices for lentil cultivation.The genotypes were planted in 2 m rows with a 25 cm row-to-row spacing and a 10 cm plant-to-plant spacing. Biological yield per plant (BYPP), Harvest Index (HI), seed yield per plant (SYPP), number of effective nodes per plant (NNPL), number of pod clusters per plant (NPCPL), number of seeds per pod (NSP), number of pods per plant (NPPL), number of branches per plant (NBPPL), number of seeds per plant (NSPP), plant height (PH), pod length (PL), days to flowering (DF), days to maturity (DM), and hundred seed weight (HSW) were among the characteristics that were observed. Five randomly chosen plants from each genotype were used to record these phenotypic data. Burton (1952) was used to assess the phenotypic and genotypic coefficients of variation. The Hanson et al. (1956) technique was used in this study to determine heritability in a broad sense. The method suggested by Johnson et al. (1955) was used to calculate the projected genetic advance. Using the formula suggested by Miller et al. (1958), the phenotypic and genotypic correlation coefficients between characteristics were computed using their respective components of variance and covariance. The path coefficient method was developed by Wright in 1921 and improved by Dewey and Lu in 1959. To study the response to Fusarium wilt infection, the genotypes were screened under natural field conditions during the rabi season 2024-25. The per cent wilt disease incidence was calculated following the method given by (Bayaa et al., 1997). The formula to calculate per cent of wilt disease incidence: 

Disease incidence (%)= × 100

The disease rating scale, ranging  from 1 to 9 using the modified version used by (Kharte      et al., 2023); (Arya & Kushwaha, 2019) was used to assess the degree of resistance present in each genotype as shown in Table 1. 

Table 1. Rating Scale for Fusarium wilt response in lentil
	Rating Scale
	Wilt incidence present
	Disease Reaction

	1
	Less than or equal to 1% plants 
	Resistant (R)

	3
	2-10% plants wilted 
	Moderately Resistant (R)

	5
	11 to 20% plants wilted 
	Moderately Susceptible  (MR)

	7
	21-50% plants
	Susceptible (S)

	9
	Above 50% plants wilted 
	Highly Susceptible (HS)






3. Results and Discussion

3.1 Analysis of Variance
The analysis of variance (ANOVA) results revealed highly significant (P < 0.01) differences among treatments for all the traits studied which is indicative of the genetic variability present among the genotypes. (Table 2).

3.2 Estimation of genetic parameters of variability 
The estimates on coefficient of variation revealed that the PCV was higher than the corresponding GCV for all the traits suggesting a preponderance of heritable variation.  Out of all the traits studied seed yield per plant exhibited the highest PCV(40.1) and GCV(38.64) followed by number of seeds per plant (35.55 and 34.18 respectively), whereas lowest PCV (1.93) and GCV(1.79) was seen for Days to maturity. Similar results were reported for high GCV in seed yield per plant by Kumar., 2020. The low difference between GCV and PCV was observed for most of the traitsindicated very little influence of environment is on these characters of lentil. Gautam et al. (2014) also found low difference between GCV and PCV for days to 50% flowering and days to maturity.
The difference between PCV and GCV was found slightly higher in Number of pod clusters per plant followed by Harvest Index and Number of Effective nodes per plant which suggests the influence of environment is a bit more in these traits.These results were in correspondence with Crippa et al. (2009) and Chowdhury et al. (2018). The heritability estimates vary from 75.66% (No. of pod clusters per plant) to 95.28%(Hundred seed weight). The high heritability for economic traits leads a good indication for success in selection because of its heritable nature and result in anticipated gain inselection process. The genetic advance as per cent of mean was the highest for seed yield per plant (76.68%) followed by number of seeds/plant (67.69%), whereas least genetic advance as percentage of mean was found in days to maturity (3.42%) as in accordance with Jeberson et al.2015. High heritability coupled with high genetic advance as percentage of mean was found in traits like Number of effective nodes per plant, Number of Pod clusters per plant, Number of seeds per pod, Number of pods per plant, Number of primary branches per plant, Number of seeds per plant, Hundred seed weight, Biological Yield per plant, Harvest Index and Seed yield per plant. This suggests that these attributes were least affected by environmental interaction. Selecting for these traits can improve both seed production and associated plant traits. The similar results were also reported by Jeberson et al., 2015 for pods per plant, 100 seed weight, pod clusters per plant and branches per plant, Takele et al.2022,  Vanave et al., 2019 also reported similar results for major yield attributing traits and Hussain et al. 2022 for biological yield per plant. On the other hand, high heritability and low genetic advance indicates the prevalence of non-additive gene action because of strong environment influence as seen in traits like Days to flowering, Days to maturity, Plant height and Pod length, selection for these traits will not be much effective.Previous studies by Akkati et al., 2024 reported low genetic advance as percentage of mean for Days to maturity and Plant Height. The genetic parameters of variability is presented in Table 3.

3.3 Phenotypic and Genotypic  correlation coefficient 
[bookmark: _Hlk204639151]In the present investigation, phenotypic and genotypic correlation coefficients were computed among 14 lentil characters and are presented in Table 4. The phenotypic correlation study found that seed yield per plant, a complex trait affected by several factors, had strong and substantial positive relationships with several major yield-contributing traits. These include the number of seeds per plant (0.904), the number of pods per plant (0.826), the number of seeds per pod (0.759), the biological yield of the plant (0.815), and the harvest index. These findings demonstrate that indirect selection for these component traits can successfully boost lentil production.
Among these, the number of seeds per plant (0.904) had the strongest association with seed yield, showing a direct and significant impact to total production. Furthermore, hundred seed weight (0.498), number of branches per plant (0.401), and plant height (0.271) all exhibited moderate positive associations, indicating a supporting function in increasing production.
Days to flowering and days to maturity, on the other hand, showed negative and non-significant correlations with seed yield per plant, implying that earliness or lateness alone may not contribute significantly to yield under current environmental conditions (as also reported by Poudel et al., 2022).Biological yield per plant was significantly and positively correlated withdays to maturity (0.151), plant height (0.239)number of pod clusters per plant (0. 352), number of seeds per pod (0.553), number of pods per plant (0.666), number of branches per plant (0.42), number of seeds per plant (0.720), hundred seed weight (0.401) and harvest index (0.325) and negatively correlated with days to flowering (-0.091). 
The analysis suggests that number of seeds per plant, number of pods per plant, seeds per pod, biological yield, and harvest index are the most influential traits for improving seed yield in lentil. These can be targeted in selection and breeding programs for yield improvement. This technique will help produce high-yielding lentil genotypes through effective phenotypic selection. These results are similar to studies by Yadav et al., 2022 for number of branches per plant and pods per plant; Chowdhury et al., 2019 for hundred seed weight, seeds per plant, branches per plant; Roy et al., 2022 for harvest index andAl-Aysh, 2014 for biological yield per plant. 

3.4 Genotypic and Phenotypic Path Coefficient Analysis 
[bookmark: _Hlk204725978]With seed yield per plant (SYPP) as the dependent variable, path coefficient analysis was performed to determine the key variables influencing Seed Yield Per Plant.  Thirteen yield-related variables were evaluated for their direct and indirect effects, and the findings showed significant variance in each trait's contribution to seed yield as presented in Table 5.The traits that had the greatest positive direct influence on seed yield per plant were number of seeds per plant (NSPP), harvest index (HI), and biological yield per plant (BYPP).  According to these results, these characteristics are the most significant and trustworthy selection indices for enhancing genotypic-level seed production.  It is anticipated that direct selection for any one of these three traits would significantly increase the potential yield. Although number of pods per plant (NPPL) and number of seeds per pod (NSP) had strong positive correlations with seed yield, their direct effects were negative. This indicates that their influence on seed yield is mainly indirect, exerted through traits such as NSPP, BYPP, and HI. This phenomenon is indicative of suppressed or masked direct effects, where indirect pathways play a dominant role in determining the final yield. Similarly, number of pod clusters per plant (NPCPL) and number of branches per plant (NBPPL) showed low but positive direct effects, and their contributions to seed yield were primarily indirect via traits like number of seeds per plant(NSPP) and Biological yield per plant (BYPP). In contrast, traits such as days to  flowering (DF), days to maturity (DM), plant height (PH), pod length (PL), and hundred seed weight (HSW) exerted negligible to low negative direct effects on seed yield per plant. Their low direct contributions suggest that they are not primary determinants of yield under the studied conditions and may be considered secondary traits, with potential importance only when considered in combination with other more influential characters. Study by Pilania et al., 2024 also reported similar results for traits biological yield per plant and harvest index having positive direct influence on seed yield;Singh & Srivastava, 2013 also reportedthat the number of pods per plant had a high and positive indirect effect on yield via the number of seeds per plant, Pandey et al., 2015 also reported number of seed per plant having a positive direct effect on seed yield. 

3.5. Field Screening of Genotypes for Fusarium wilt resistance
The infected plants began to display yellowing of the leaves, which spread upward from the lower leaves and caused the entire plant to dry up.Based on the disease rating scale described above (Table 1), among the ninety two genotypes studied thirtythree genotypes showed Resistant reaction and thirty eight of them gave a Moderately Resistant reaction. (Table 6).Howevereleven genotypes showed Moderately Susceptible disease reaction, ten of them were susceptible and fortunately none of the genotypes were highly susceptible for Fusarium wilt infection in 2024-25 as shown in Table 6. These results were in accordance with (Chandra et al., 2019) where they tested 150 genotypes of lentil under field conditions for Fusarium wilt infection and categorized them into resistant, moderately resistant, moderately susceptible, susceptible and highly susceptible. In the present study thirty three genotypes viz. PL-8,  VL-1, PL-7, PL-24, IPL-316, JL3, WBL-77, L-4076,	 DPL-15, IPL 315, IC 310826, IC 384474, JBPL-152, LH 84-8, ASHA, PL 406, SSI-5, LL-1255, IC 268233, L 1719, MPL-4, PL-4, PANT L-7, LL-56, MPL-61, IC 384469, IC 321535, PL-7712, IPL-220,	IPL-81, NARENDRA M2, RLG-192, IC- 268329 are found resistant these findings are in close agreement with results of (Pandey et al., 2024); (Kumar Meena et al., 2017).Kharte et al., 2023studied 90 germplasm in Madhya Pradesh and found out MPL-4 as one of the resistant germplasm,similar to the results of the present study. 

4. Conclusion
This study showed that there was enough variation between the 92 genotypes of lentils for every characteristic examined. The attributes under investigation showed greater phenotypic variance than genotypic variance, suggesting that environmental influences have a greater influence on these traits. The results of the correlation analysis showed that the number of seeds per plant, the number of pods per plant, the number of seeds per pod, the biological yield of the plant, and the harvest index were all significantly and favourably associated with the seed yield per plant. According to a path analysis, the harvest index, biological yield per plant, and number of seeds per plant had the most significant positive direct effects on the yield of seeds per plant. These traits had a major impact on yield, which can be focused upon to enhance the success of lentil breeding experiments. Disease scoring of genotypes helped us to identify thirty three resistant genotypes that exhibited very little symptoms of Fusarium wilt. These results will help us to use this genotypes in further research in Lentil Breeding. 
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6. 








Table 2. ANOVA Table for Genetic Variability of yield attributing traits
	S.No
	Source of Variation
	df
	DF
	DM
	PH
	PL
	NNPL
	NPCPL
	NSP
	NPPL
	NBPPL
	NSPP
	HSW
	BYPP
	HI
	SYPP

	1
	Replication
	1
	4.92
	0.02
	6.91
	0.01
	2.10
	8.98
	0.00
	39.86
	0.23
	53.91
	0.02
	0.36
	0.00
	0.11

	2
	Genotypes
	91
	42.01**
	7.03**
	34.14**
	0.024**
	7.43**
	16.51**
	0.11**
	132.02**
	0.59**
	707.81**
	0.86**
	2.67**
	0.017**
	1.17**

	3
	Error
	183
	1.33
	0.53
	3.52
	0.00
	1.02
	2.29
	0.01
	5.20
	0.05
	27.88
	0.02
	0.15
	0.00
	0.04





 (
DF
-Days to flowering; 
DM
-Days to maturity; 
PH
- Plant Height; 
PL
-Pod length ; 
NNPL
-Number of effective nodes per plant ; 
NPCL
- Number of pod clusters per plant; 
NSP
-Number of seeds per pod; 
NPPL
- Number of pods per plant; 
NBPPL
-, Number of branches per plant; 
NSPP
- Number of seeds per plant; 
HSW
- Hundred seed weight; 
BYPP
- Biological yield per plant; 
HI
-  Harvest Index; 
SYPP
-Seed yield per plant. 
)





Table 3. Estimation of Genetic Parameters of 14 Yield attributing traits 
	S. No
	Characters
	Mean
	PCV
	GCV
	Heritability (%)
	Genetic Advance
	GA(as % Mean)

	1
	Days to Flowering
	56.8
	8.19
	7.93
	93.86
	9
	15.84

	2
	Days to Maturity
	100.5
	1.93
	1.79
	85.93
	3.44
	3.42

	3
	Plant Height(cm)
	45.72
	9.49
	8.55
	81.29
	7.26
	15.89

	4
	Pod Length(cm)
	1.19
	9.5
	8.88
	87.24
	0.2
	17.08

	5
	No. of Effective Nodes per Plant
	13.36
	15.38
	13.39
	75.79
	3.21
	24.01

	6
	No. of Pod Clusters per Plant
	15.02
	20.39
	17.74
	75.66
	4.77
	31.79

	7
	No. of seeds per pod
	1.56
	15.67
	14.46
	85.16
	0.43
	27.5

	8
	No. of pods per plant
	33.67
	24.59
	23.64
	92.42
	15.77
	46.82

	9
	No. of Primary Branches per plant
	3.6
	15.82
	14.44
	83.37
	0.98
	27.17

	10
	No. of seeds per plant
	53.94
	35.55
	34.18
	92.42
	36.51
	67.69

	11
	100 seed weight(g)
	3.58
	18.53
	18.09
	95.28
	1.3
	36.37

	12
	Biological Yield per plant(g)
	5.25
	22.61
	21.35
	89.16
	2.18
	41.54

	13
	Harvest Index
	36.41
	26.3
	24.31
	85.47
	0.16
	46.3

	14
	Seed Yield Per Plant (g)
	1.94
	40.1
	38.64
	92.81
	1.49
	76.68





















Table 4. Genotypic (above the diagonal) and Phenotypic (below the diagonal) correlation coefficients for different traits 
	Variables
	DF
	DM
	PH
	PL
	NNPL
	NPCPL
	NSP
	NPPL
	NBPPL
	NSPP
	HSW
	BYPP
	HI
	SYPP

	DF
	1.000
	0.375**
	0.288 **
	0.157
	-0.097
	-0.013
	-0.120
	-0.121
	-0.114
	-0.144
	0.021
	-0.081
	-0.100
	-0.129

	DM
	0.3335**
	1.000
	0.028
	0.247 *
	-0.023
	0.066
	-0.015
	0.000
	0.021
	-0.010
	0.048
	0.173
	-0.146
	-0.008

	PH
	0.265 **
	0.024
	1.000
	0.147
	-0.022
	0.2929 **
	0.145
	0.297**
	0.155
	0.264*
	0.180
	0.292**
	0.24 *
	0.311**

	PL
	0.134
	0.230**
	0.107
	1.000
	-0.265*
	0.034
	0.034
	-0.076
	0.132
	-0.038
	-0.009
	-0.058
	0.002
	-0.062

	NNPL
	-0.089
	-0.014
	0.017
	-0.243**
	1.000
	0.199
	0.002
	0.239 *
	-0.008
	0.153
	-0.087
	-0.024
	0.168
	0.098

	NPCPL
	-0.026
	0.046
	0.260 **
	0.057
	0.253**
	1.000
	0.210*
	0.554**
	0.2864 **
	0.468**
	0.077
	0.360**
	0.3606**
	0.437**

	NSP
	-0.096
	-0.004
	0.132
	0.036
	0.038
	0.2028 **
	1.000
	0.579**
	0.3007 **
	0.808**
	0.241*
	0.597**
	0.742**
	0.771**

	NPPL
	-0.117
	-0.003
	0.267 **
	-0.059
	0.261 **
	0.5654 **
	0.535 **
	1.000
	0.5165 **
	0.940**
	0.080
	0.704**
	0.685 **
	0.837**

	NBPPL
	-0.096
	0.023
	0.097
	0.077
	-0.009
	0.1966 **
	0.242**
	0.428**
	1.000
	0.464**
	0.197
	0.461**
	0.3631 **
	0.476**

	NSPP
	-0.134
	-0.005
	0.2398**
	-0.023
	0.183*
	0.472 **
	0.794**
	0.929**
	0.383 **
	1.000
	0.124
	0.756**
	0.7549 **
	0.904**

	HSW
	0.018
	0.038
	0.148 *
	-0.013
	-0.081
	0.051
	0.226 **
	0.065
	0.1845 *
	0.112
	1.000
	0.417**
	0.481 **
	0.509**

	BYPP
	-0.091
	0.151 *
	0.239**
	-0.044
	0.000
	0.352 **
	0.553 **
	0.666**
	0.42 **
	0.720**
	0.401**
	1.000
	0.4136 **
	0.850**

	HI
	-0.074
	-0.123
	0.219 **
	0.000
	0.198 **
	0.344 **
	0.721 **
	0.659**
	0.2561 **
	0.740**
	0.455**
	0.325**
	1.000
	0.819 **

	SYPP
	-0.122
	-0.005
	0.2716**
	-0.045
	0.132
	0.434 **
	0.759 **
	0.826**
	0.4013 **
	0.904**
	0.498**
	0.815**
	0.8018 **
	1.000








	Trait
	
	DF
	DM
	PH
	PL
	NNPL
	NPCPL
	NSP
	NPPL
	NBPPL
	NSPP
	HSW
	BYPP
	HI
	SYPP

	DF
	P
	-0.00347
	-0.00286
	-0.00422
	-0.00183
	-0.00042
	-0.00025
	0.04494
	0.07609
	-0.00041
	-0.07997
	-0.00332
	-0.07733
	-0.06896
	-0.12200

	
	G
	-0.00568
	-0.00504
	-0.00129
	-0.00298
	-0.00105
	-0.00011
	0.04278
	0.06263
	-0.00003
	-0.10029
	-0.00066
	-0.05208
	-0.06548
	-0.12930

	DM
	P
	-0.00116
	-0.00856
	-0.00037
	-0.00315
	-0.00006
	0.00043
	0.00197
	0.00170
	0.00010
	-0.00281
	-0.00695
	0.12857
	-0.11499
	-0.00530

	
	G
	-0.00213
	-0.01345
	-0.00012
	-0.00469
	-0.00025
	0.00056
	0.00519
	-0.00015
	0.00001
	-0.00696
	-0.00153
	0.11123
	-0.09579
	-0.00810

	PH
	P
	-0.00092
	-0.00020
	-0.01589
	-0.00147
	0.00008
	0.00245
	-0.06180
	-0.17461
	0.00042
	0.14312
	-0.02717
	0.20352
	0.20407
	0.2716 **

	
	G
	-0.00164
	-0.00037
	-0.00449
	-0.00278
	-0.00024
	0.00250
	-0.05165
	-0.15423
	0.00004
	0.18369
	-0.00579
	0.18843
	0.15752
	0.311 **

	PL
	P
	-0.00046
	-0.00197
	-0.00170
	-0.01370
	-0.00115
	0.00054
	-0.01671
	0.03873
	0.00033
	-0.01367
	0.00242
	-0.03764
	0.00000
	-0.04500

	
	G
	-0.00089
	-0.00332
	-0.00066
	-0.01895
	-0.00287
	0.00029
	-0.01208
	0.03911
	0.00003
	-0.02671
	0.00028
	-0.03739
	0.00112
	-0.06210

	NNPL
	P
	0.00031
	0.00012
	-0.00026
	0.00334
	0.00472
	0.00239
	-0.01756
	-0.17024
	-0.00004
	0.10952
	0.01477
	0.00034
	0.18451
	0.13190

	
	G
	0.00055
	0.00031
	0.00010
	0.00504
	0.01081
	0.00170
	-0.00053
	-0.12422
	0.00000
	0.10648
	0.00278
	-0.01537
	0.11001
	0.09770

	NPCPL
	P
	0.00009
	-0.00039
	-0.00413
	-0.00079
	0.00120
	0.00941
	-0.09495
	-0.36865
	0.00084
	0.28170
	-0.00928
	0.29929
	0.32055
	0.4349 **

	
	G
	0.00007
	-0.00088
	-0.00131
	-0.00064
	0.00216
	0.00854
	-0.07481
	-0.28740
	0.00007
	0.32541
	-0.00248
	0.23204
	0.23666
	0.4374 **

	NSP
	P
	0.00033
	0.00004
	-0.00210
	-0.00049
	0.00018
	0.00191
	-0.46817
	-0.34902
	0.00103
	0.47424
	-0.04149
	0.47052
	0.67223
	0.7592 **

	
	G
	0.00068
	0.00020
	-0.00065
	-0.00064
	0.00002
	0.00180
	-0.35547
	-0.30036
	0.00007
	0.56179
	-0.00775
	0.38473
	0.48731
	0.7717 **

	NPPL
	P
	0.00040
	0.00002
	-0.00425
	0.00081
	0.00123
	0.00532
	-0.25061
	-0.65201
	0.00183
	0.55487
	-0.01200
	0.56663
	0.61446
	0.8267 **

	
	G
	0.00069
	0.00000
	-0.00133
	0.00143
	0.00259
	0.00474
	-0.20603
	-0.51823
	0.00013
	0.65350
	-0.00255
	0.45340
	0.44959
	0.8379 **

	NBPPL
	P
	0.00033
	-0.00019
	-0.00155
	-0.00105
	-0.00004
	0.00185
	-0.11335
	-0.27926
	0.00427
	0.22858
	-0.03384
	0.35690
	0.23865
	0.4013 **

	
	G
	0.00065
	-0.00029
	-0.00070
	-0.00250
	-0.00009
	0.00245
	-0.10690
	-0.26764
	0.00024
	0.32277
	-0.00634
	0.29668
	0.23832
	0.4767 **

	NSPP
	P
	0.00046
	0.00004
	-0.00381
	0.00031
	0.00087
	0.00444
	-0.37201
	-0.60618
	0.00163
	0.59682
	-0.02053
	0.61200
	0.69003
	0.9041 **

	
	G
	0.00082
	0.00013
	-0.00119
	0.00073
	0.00166
	0.00400
	-0.28739
	-0.48736
	0.00011
	0.69488
	-0.00398
	0.48678
	0.49543
	0.9046 **

	HSW
	P
	-0.00006
	-0.00032
	-0.00235
	0.00018
	-0.00038
	0.00048
	-0.10590
	-0.04264
	0.00079
	0.06678
	-0.18344
	0.34093
	0.42464
	0.4987 **

	
	G
	-0.00012
	-0.00064
	-0.00081
	0.00016
	-0.00094
	0.00066
	-0.08581
	-0.04119
	0.00005
	0.08606
	-0.03212
	0.26886
	0.31569
	0.5099 **

	BYPP
	P
	0.00032
	-0.00130
	-0.00380
	0.00061
	0.00000
	0.00332
	-0.25923
	-0.43476
	0.00179
	0.42983
	-0.07359
	0.84977
	0.30285
	0.8158 **

	
	G
	0.00046
	-0.00232
	-0.00131
	0.00110
	-0.00026
	0.00308
	-0.21253
	-0.36515
	0.00011
	0.52566
	-0.01342
	0.64348
	0.27143
	0.8503 **

	HI
	P
	0.00026
	0.00106
	-0.00348
	0.00000
	0.00094
	0.00324
	-0.33774
	-0.42994
	0.00109
	0.44195
	-0.08359
	0.27618
	0.93185
	0.8018 **

	
	G
	0.00057
	0.00196
	-0.00108
	-0.00003
	0.00181
	0.00308
	-0.26394
	-0.35501
	0.00009
	0.52456
	-0.01545
	0.26613
	0.65630
	0.819 **


Table 5. Phenotypic(P) and Genotypic(G) path coefficient of yield attributing traits on seed yield 



Table 6.  Response of lentil genotypes to Fusarium wilt infection in field conditions
	Disease Reaction
	No. of Genotypes
	Name of Genotypes

	Resistant (less than or equal to 1%)
	33
	[bookmark: _Hlk205299602]PL-8,  VL-1, PL-7, PL-24, IPL-316, JL3, WBL-77, L-4076,	DPL-15, IPL 315, IC 310826, IC 384474, JBPL-152, LH 84-8, ASHA, PL 406, SSI-5, LL-1255, IC 268233, L 1719, MPL-4, PL-4, PANT L-7, LL-56, MPL-61, IC 384469, IC 321535, PL-7712, IPL-220,	IPL-81, NARENDRA M2, RLG-192, IC- 268329

	Moderately Resistant (2 to 10%)
	38
	VL-507, JL-1, 	LH 82-6, MPL-92, RANJAN, DPL-62, MPL-101, IC 331545, IC 268245, IC 283384, MPL-33, BARAHIA, IC 385825, IC 328451, IC 396043, RLG-5, IPL-406, 
IC 311161, MPL-94, PL-32, IC 267665, MPL-80, RVL-13-5, IPL-534, IC 334281, 
PL-532, IC 315944, IC 355621, SUBRITA, PL-5, IC 267662, IC 331541, VL-103, 
LH 89-48, MPL-65, JBPL-148, MPL-17, VL-156

	Moderately Susceptible (11 to 20%)
	11
	IC 282288,	MPL-68,	MPL-35,	JBPL-146,	MPL- 47,	KOTA M1,	PL-63,	MPL- 105,	IC 331597,	IC 296884,	IC 406706

	Susceptible (21-50%)
	10
	NDL-1	, IC 341355,	MPL-15,	RKL 603-1,	MPL-13,	IC 267659, MPL-91	IC 296883,	K 75,	MPL-83

	Highly Susceptible (Above 50%)
	0
	-


[bookmark: _Hlk204782108] (
The diagonal values represent the direct effects of traits on seed yield and the last column depicts the 
correlation coefficient of s
e
ed yield with yield 
attributing
 traits
.
)

