


Genetic Variability, Correlation and Path Analysis of Quantitative Traits in Bread Wheat (Triticum aestivum L.)

ABSTRACT: The research for this present study was conducted during the 2019-2020 cropping period at Mata Gujri College, Fatehgarh Sahib, Punjab, comprising analyses of genetic variability, heritability, genetic advance, correlation, and path coefficient in bread wheat. The study evaluated sixty genotypes under randomized block design (RBD). The ANOVA showed highly significant differences among genotypes for all the 15 quantitative traits; this, therefore, points to the presence of considerable genetic variability. Invariably, estimates of genetic advance at 1% and 5% selection intensity indicated differing extents of potential genetic gain, with greater improvement noted at the 1% selection intensity level. In all studied traits, the values of PCV were higher than respective GCV values, but either narrow or smaller differences between them suggest that environmental influence was less on trait expression. From the correlation analysis, grain yield per plant showed a positive and significant correlation with grains per plant, grains per spike, and test weight, suggesting that these traits are major contributors to yield improvement.
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INTRODUCTION
Wheat is believed to have originated under diverse environmental conditions and has since attained global significance as a staple food crop. Around the world, wheat is grown over an area of about 224.49 million hectares, producing 792.40 million tonnes of grain. Over the past few decades, wheat has been extremely crucial in stabilizing the nation's production of food grains. After China, India is the country that produces the most wheat. Its range is around 31.61 million hectares, and its production and efficiency are respectively 109.52 million tonnes and 3464 kg/ha (Mysterious 2021). “With a production of 176.2 lakh tonnes and an average yield of 50.04 quintals per hectare in Punjab, it is growing over an area of 35.20 lakh hectares between 2019 and 2020” (Mahal and Kuar 2021). Relationship thinking aims to improve knowledge of the abdicate component, which influences the decision of the plant breeder (Robinson et al., 1951; Johnson et al., 1955). The path coefficient, also known as the standardized partial regression coefficient, shows how much a predictor variable directly affects the outcome. In contrast, the indirect effect captures how the predictor influences the outcome through one or more other variables in between (Dewey & Lu, 1959). “An investigation of inconstancy among the characteristics and the affiliation of a particular character with other characteristics contributing to the abdication of an edit would be of extraordinary significance in arranging an effective breeding programme” (Mary and Gopalan, 2006). “For successful determination, information on the nature and greatness of variety in the populace, affiliation of character with abdicate and among themselves, and the degree of environmental impact on the expression of these characters are vital” (Yagdi and Sozen, 2009). Heritability, the degree to which the inconstancy of a character is transmitted to the offspring, serves as a direct indicator of the solid phenotypic inconstancy within the determination programme and subsequently decides its victory (Hamdi, 1992). “Path coefficient analysis measures the direct and indirect contribution of independent variables to dependent variables and thus helps breeders determine the yield components and understand the cause of the association between two variables. Correlation is useful in disclosing the magnitude and direction of the relationship between various yield-contributing traits and yield. While the path coefficient (or) standardized partial regression coefficient measures the direct effect of a predictor variable upon its response variable, with the second component being the indirect effect(s) of a predictor variable” (Dewey and Lu, 1959). In any event, Johnson et al. (1955) stated that “heritability gauges along with hereditary development are more important than heritability alone to anticipate the future influence of choosing the top individuals”. The importance of hereditary progression is also significant since it illustrates the magnitude of the anticipated hereditary pick-up from a single cycle of determination (Hamdi et al., 2003). Tall hereditary development along with tall heritability gauges provides the most persuasive basis for decision-making (Larik et al., 2000).
MATERIALS AND METHOD
This present study was conducted at the Research Farm, Department of Agriculture, Mata Gujri College, Fatehgarh Sahib, Punjab, during the Rabi season of 2019–20. The 60 genotypes of wheat were sown using three replications of a randomized block design (RBD), and the seeds were treated with fungicide before sowing. Experimentally, the site is located between 30-27' and 30-46' latitudes and 76-04' and 76-38'E longitudes, with a mean height of 247 m above mean sea level. The data gathered for all quantitative characters were subjected to analysis of variance using the techniques advocated by Panse and Sukhatme (1967), Burton and De Vane (1953), Hanson et al. (1956), Johnson et al. (1955) and Searle (1961). These techniques included estimation of heritability, genetic advance, correlation coefficient, and path coefficient analysis. Sixty genotypes of wheat has been a listed below:
Table 1: List of Bread Wheat (Triticum aestivum L.) Genotypes Used in the Study
	S.No.
	Genotypes
	Sources
	S. No.
	Genotypes
	Sources

	1
	DL-153-2
	IIWBR, Karnal
	31
	WH-291
	IIWBR, Karnal

	2
	DBW-71
	-do-
	32
	PBW-550
	-do-

	3
	PBW-154
	-do-
	33
	HD-2967
	-do-

	4
	RAJ-1972
	IIWBR, Karnal
	34
	WH-157
	-do-

	5
	PBW-590
	-do-
	35
	DWL-5023
	-do-

	6)
	WL-711
	-do-
	36
	PBW-343
	-do-

	7
	UP-2425
	-do-
	37
	HD-2329
	-do-

	8
	PBW-34
	-do-
	38
	WH-416
	-do-

	9
	PBW-396
	-do-
	39
	WH-542
	-do-

	10
	PBW-226
	-do-
	40
	PDW-215
	IIWBR, Karnal

	11
	WL-2265
	IIWBR, Karnal
	41
	KSML-3
	-do-

	12
	HD-2270
	-do-
	42
	WH-283
	-do-

	13
	PDW-314
	-do-
	43
	MLKS-11
	-do-

	14
	Kalayan Sona
	-do-
	44
	CPAN-1796
	-do-

	15
	PBW-65
	-do-
	45
	IWP-72
	-do-

	16
	HD2204
	-do-
	46
	PBW-502
	-do-

	17
	DBW-90
	-do-
	47
	RAJ-1482
	-do-

	18
	HD-2687
	-do-
	48
	HD-2177
	-do-

	19
	WH-1080
	-do-
	49
	PDW-291
	IIWBR, Karnal

	20
	HD-2285
	IIWBR, Karnal
	50
	PDW-233
	-do-

	21
	RAJ-3077
	-do-
	51
	WL-410
	-do-

	22
	WH-1105
	-do-
	52
	HD-1981
	-do-

	23
	GW-120
	-do-
	53
	UP-2338
	-do-

	24
	HD-3043
	-do-
	54
	LAL BHADUR
	-do-

	25
	PBW-175
	-do-
	55
	PBW-373
	-do-

	26
	HD-2281
	-do-
	56
	HD-2009
	-do-

	27
	RAJ-2184
	IIWBR, Karnal
	57
	DBW-17
	IIWBR, Karnal

	28
	DPW-621-50
	-do-
	58
	PBW-644
	-do-

	29
	HD-1941 (HIRA)
	-do-
	59
	CPAN-3004
	-do-

	30
	PBW-299
	-do-
	60
	WH-1021
	-do-



RESULT AND DISCUSSION
“The present investigations' analysis of variance revealed (table 2) that all of the analysed characters' mean sum squares of treatments were significant. This implied that the genotypes chosen were quite varied, which demonstrated that mean squares due to treatments were highly significant for all features that contributed to grain yield and for all parameters relating to seed quality for 60 genotypes, with a significant level of variability among them. The difference between the GCV and PCV is not as great as it is for the PCV, indicating that the environment has less of an impact on how these qualities are expressed. This significant heterogeneity offers an excellent opportunity to enhance desired features in wheat breeding operations”. (Singh et al.2022)
For fifteen traits, the results of the variability parameters, including GCV, PCV, heritability, and genetic advance as a percentage of the mean, were determined. The results are shown in Table 3. The highest genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV) were observed for the highest values for harvest index (16.78, 17.57), grain yield per plant (15.30, 16.20), and no. of grains per plant (13.92, 15.34). Similar kinds of findings were reported by Birhanu et al. (2017 and Reddy et al. (2020). Genetic advance is an important selection characteristic that aids breeders in their selection programs. The harvest index (%) had the largest genetic advance, followed by the number of grains per plant (26.00), the number of productive tillers (23.30), and the grain yield per plant (29.75). Similar findings were found in Birhanu et al. (2017).
The highest heritability was found for harvest index (%), with greater heritability estimates for such traits as harvest index (91.21), biological yield per plant (91.08%), grain yield per plant (89.12%), and number of grains per spike (85.04%). Bhushan et al. (2013) reported high genetic advances coupled with heritability as a percent of the mean for biological yield and grain yield. This was in consonance with the findings of Fikre et al. (2015), Hassan et al. (2013), Fellahi et al. (2013) and Saxena et al. (2017).
GENOTYPIC AND PHENOTYPIC CORRELATION COEFFICIENTS
The most popular technique for assessing the nature and strength of links between variables is correlation. Since crop production is a complicated quantitative feature that is polygenetically controlled, understanding correlations is crucial for any crop improvement effort. To determine the relationship between the phenotypic level of grain yield per plant and all the features, correlation coefficients were determined. Tables 4 and 5 exhibit the phenotypic correlation coefficients of several traits. The fact that the phenotypic correlation coefficients in some cases were larger than their genotypic correlations suggests that the environment can suppress the expression of some traits at the phenotypic level. The genotypic correlation coefficient analysis for several traits, where the number of grain yield per plant (0.923), harvest index (0.809), number of grain per plant (0.477), and number of spikelets per spike (0.444), shows a highly significant positive correlation with grain yield per plant, whereas days to maturity (-0.358), days to anthesis (-0.329), and days to booting (-0.223) showed a highly significant negative correlation with grain yield per plant. Similar outcomes were attained by Baye et al. (2020), and Cifci et al. (2012).
In the present study, the phenotypic correlation coefficient analysis for several traits, Whereas the number of grain yield per plant (0.848), harvest index (0.810), number of grain per spike (0.427), test weight (0.374), number of spikelets or spikes (0.366), and productive tillers per plant (0.323) show a highly significant positive correlation with grain yield per plant. Whereas days to maturity (-0.283), days to anthesis (-0.241), days to booting (-0.204), and days to heading (-0.113) showed highly significant negative correlations with grain yield per plant (shown in Table 5). Similar outcomes were attained by Kumar and Kumar et al.(2021), Gerema et al. (2020), Dagade et al. (2020) and Baye et al. (2020).
PATH COEFFICIENT ANALYSIS
To provide a clearer image of character association for creating an effective selection strategy, the path coefficient is a method used to divide the observed correlation coefficient into direct and indirect effects of yield components on grain yield. In the present study of several traits, direct effect at the genotypic level revealed that grain yield depends upon the positive effect of harvest index (1.0001), followed by biological yield per plant (0.6001), number of grains per plant (0.0777), days to anthesis (0.0411), test weight (0.0311), days of maturity (0.0270), peduncle length (cm) (0.0268), and number of grains per spike (0.0104). Thus, selecting these traits directly leads to an increase in grain yield. Similar kinds of findings were observed in Devesh et al. (2021). The remaining six characters show a direct negative effect on grain yield per plant, viz., days to booting spike length (-0.0026), days to booting (-0.0062), number of spikelets or spikes (-0.0067), number of productive tillers (-0.0097), plant height (-0.0150), and days of heading (-0..440), and show a significant negative effect on grain yield per plant (shown in table 6). Similar kinds of findings were observed in Devesh et al. (2021) and Rajput (2018).
The present study of several traits with direct effects at the phenotypic level revealed that harvest index (1.0343) had the most significant positive direct effect on seed yield per plant, followed by biological yield per plant (0.6142), number of grains per plant (0.0307), days of maturity (0.0157), peduncle length (cm) (0.0126), test weight (0.0125), number of grains per spike (0.0078), days to booting (-0.0066), and days to anthesis (0.0044). The remaining five characters, viz., plant height (-0.0010), spike length (-0.0076), days to heading (-0.0081), number of productive tillers (-0.0157), and number of spikelets (-0.0166), showed a significant negative effect on grain yield per plant (shown in table 7). Similar outcomes were attained by Kumar and Kumar et al. (2021), Dagade et al. (2020) and Dutamo et al. (2015).
CONCLUSION
The present investigation, comprising estimates of ANOVA, genetic parameters (variability-GCV and PCV), genetic advance, heritability, correlation, and path analysis, suggested that characters like the harvest index (%), biological yield per plant, grain yield per plant, number of grains per plant, and number of spikelets per spike were more reliable for improving yield in wheat and that the highest priority should be given to these characters during selection.
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Table 2. Analysis of variance for yield and yield traits in 60 genotypes of bread wheat.
	Source of variation
	DF
	Days to booting
	Days to heading
	Days to anthesis
	Days of maturity
	No. of productive tillers
	Plant height (cm)
	Peduncle length (cm)
	Spike length (cm)

	Replication
	2
	1.20
	0.40
	0.68
	1.77
	0.76
	4.30
	0.60
	0.18

	Treatment
	59
	11.12**
	9.34**
	10.05**
	18.09**
	4.42**
	8.56**
	7.51**
	1.59**

	Error
	118
	1.29
	1.55
	2.27
	2.16
	0.55
	1.94
	1.38
	0.28

	Total
	179
	  13.61
	11.29
	13
	  22.02
	5.73
	14.8
	9.49
	2.05


                                                                                                                                                                                                                           Conti…
	Source of variation
	DF
	No. of spikelet/spike
	No. of grain/ spike
	No. of grain /plant
	Test weight 
(g)
	Biological yield/ plant (g)
	Harvest index (%)
	Grain yield/ plant (g)

	Replication
	2
	0.41
	2.11
	116.57
	1.50
	0.25
	1.42
	0.45

	Treatment
	59
	   3.84**
	    23.54**
	    11049.49**
	    14.89**
	    89.63**
	    96.99**
	    23.48**

	Error
	118
	0.51
	1.30
	740.08
	1.33
	2.83
	3.02
	0.92

	Total
	179
	4.76
	26.95
	11905.57
	17.72
	92.71
	101.43
	24.85


*, ** significant at 5% and 1% level, respectively
Table 3. Estimation of genetic variability parameters for quantitative traits of bread wheat.
	S. No
	Genotypes
	Mean
	Min
	Max
	GCV (%)
	PCV (%)
	Heritability (%)
	GA% mean

	1
	Days to booting
	85.23
	81.30
	89.47
	2.12
	2.51
	71.69
	3.70

	2
	Days to heading
	96.43
	92.97
	101.40
	1.67
	2.11
	62.70
	2.73

	3
	Days to anthesis
	101.13
	97.00
	105.53
	1.59
	2.18
	53.29
	2.39

	4
	Days of maturity
	127.46
	116.57
	130.10
	1.81
	2.14
	71.11
	3.14

	5
	No. of productive tillers
	8.41
	4.67
	10.67
	13.50
	16.12
	70.14
	23.30

	6
	Plant height (cm)
	103.19
	98.40
	107.00
	1.44
	1.97
	53.25
	2.16

	7
	Peduncle length (cm)
	36.74
	31.53
	39.20
	3.89
	5.04
	59.67
	6.19

	8
	Spike length (cm)
	11.03
	9.40
	12.13
	5.99
	7.67
	60.86
	9.62

	9
	No. of spikelet/spike
	20.38
	17.80
	23.23
	5.17
	6.24
	68.71
	8.84

	10
	No. of grain/ spike
	46.87
	41.27
	51.27
	5.81
	6.30
	85.04
	11.03

	11
	No. of grain /plant
	421.24
	180.20
	512.60
	13.92
	15.34
	82.28
	26.00

	12
	Test weight (g)
	42.38
	37.53
	47.01
	5.02
	5.71
	77.28
	9.09

	13
	Biological yield/ plant (g)
	54.11
	45.07
	67.19
	9.94
	10.42
	91.08
	19.54

	14
	Harvest index (%)
	33.36
	19.11
	49.16
	16.78
	17.57
	91.21
	33.01

	15
	Grain yield/ plant
	17.93
	9.15
	23.20
	15.30
	16.20
	89.12
	29.75














Table 4. Genotypic Correlation analysis showing effect of fifteen characters on yield component in bread wheat (Triticum aestivum L.)
	Characters
	Days to booting
	Days to heading
	Days to anthesis
	Days of maturity
	No.of productive tillers
	Plant height (cm)
	Peduncle length (cm)
	Spike length (cm)
	No.of spikelet/spike
	No.of grain/ spike
	No. of grain /plant
	Test weight (g)
	Biological yield/ plant (g)
	Harvest index (%)
	Grain yield/ plant

	Days to booting
	1.000
	0.105
	0.284**
	0.349**
	-0.090
	-0.075
	0.052
	-0.132
	0.080
	-0.205**
	-0.227**
	-0.119
	0.229**
	-0.350**
	-0.223**

	Days to heading
	
	
	0.763**
	0.248**
	 0.189*
	  -0.040
	0.063
	0.038
	-0.064
	-0.046
	-0.109
	-0.150*
	-0.095
	-0.053
	-0.129

	Days to anthesis
	
	
	
	0.297**
	-0.007
	 -0.161*
	0.080
	-0.114
	-0.175*
	-0.189*
	-0.285**
	-0.373**
	-0.097
	-0.255**
	-0.329**

	Days of maturity
	
	
	
	
	0.045
	-0.204**
	-0.010
	-0.211**
	-0.205**
	-0.251**
	-0.336**
	-0.162*
	-0.023
	-0.340**
	-0.358**

	No.of productive tillers
	
	
	
	
	
	  0.164*
	-0.055
	0.222**
	-0.040
	0.090
	0.312**
	-0.014
	0.009
	0.339**
	0.348**

	Plant height (cm)
	
	
	
	
	
	
	-0.094
	0.239**
	0.410**
	0.172*
	0.319**
	0.239**
	0.426**
	0.057
	0.314**

	Peduncle length (cm)
	
	
	
	
	
	
	
	-0.156*
	0.062
	-0.173*
	-0.159*
	-0.061
	-0.340**
	0.015
	-0.176*

	Spike length (cm)
	
	
	
	
	
	
	
	
	0.056
	0.580**
	0.229**
	-0.016
	0.211**
	0.080
	0.206**

	No.of spikelet/spike
	
	
	
	
	
	
	
	
	
	0.110
	0.291**
	0.332**
	0.092
	0.376**
	0.444**

	No.of grain/ spike
	
	
	
	
	
	
	
	
	
	
	0.510**
	0.057
	0.137
	0.365**
	0.477**

	No. of grain /plant
	
	
	
	
	
	
	
	
	
	
	
	0.196**
	0.243**
	0.717**
	0.923**

	Test weight (g)
	
	
	
	
	
	
	
	
	
	
	
	
	0.218**
	0.264**
	0.422**

	Biological yield/ plant (g)
	
	
	
	
	
	
	
	
	
	
	
	
	
	-0.395**
	  0.213**

	Harvest index (%)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 0.809**

	Grain yield/ plant
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.000


*, ** significant at 5% and 1% level, respectively

Table 5. Phenotypic Correlation analysis showing effect of fifteen characters on yield component in bread wheat (Triticum aestivum L.).
	Characters
	Days to booting
	Days to heading
	Days to anthesis
	Days of maturity
	No.of productive tillers
	Plant height (cm)
	Peduncle length (cm)
	Spike length (cm)
	No.of spikelet/spike
	No.of grain/ spike
	No. of grain /plant
	Test weight (g)
	Biological yield/ plant (g)
	Harvest index (%)
	Grain yield/ plant

	Days to booting
	1.000
	0.114
	0.205**
	0.250**
	-0.098
	0.007
	0.013
	-0.090
	0.038
	-0.164*
	-0.202**
	-0.084
	0.176*
	-0.306**
	-0.204**

	Days to heading
	
	
	0.612**
	0.150*
	0.092
	-0.010
	0.082
	0.032
	-0.029
	-0.039
	-0.130
	-0.117
	-0.074
	-0.057
	-0.113

	Days to anthesis
	
	
	
	0.194**
	-0.008
	-0.099
	0.093
	-0.068
	-0.123
	-0.148*
	-0.217**
	-0.264**
	-0.079
	-0.183*
	-0.241**

	Days of maturity
	
	
	
	
	0.029
	-0.148*
	0.004
	-0.095
	-0.108
	-0.201**
	-0.272**
	-0.097
	-0.001
	-0.281**
	-0.283**

	No.of productive tillers
	
	
	
	
	
	0.093
	-0.060
	0.129
	-0.002
	0.037
	0.317**
	-0.039
	0.036
	0.299**
	0.323**

	Plant height (cm)
	
	
	
	
	
	
	-0.065
	0.165*
	0.236**
	0.125
	0.185*
	0.127
	0.272**
	0.049
	0.215**

	Peduncle length (cm)
	
	
	
	
	
	
	
	-0.033
	0.048
	-0.123
	-0.116
	-0.078
	-0.261**
	0.003
	-0.150*

	Spike length (cm)
	
	
	
	
	
	
	
	
	0.088
	0.470**
	0.185*
	-0.052
	0.145
	0.079
	0.165*

	No.of spikelet/spike
	
	
	
	
	
	
	
	
	
	0.117
	0.214**
	0.251**
	0.082
	0.313**
	0.366**

	No.of grain/ spike
	
	
	
	
	
	
	
	
	
	
	0.419**
	0.050
	0.109
	0.339**
	0.427**

	No. of grain /plant
	
	
	
	
	
	
	
	
	
	
	
	0.153*
	0.246**
	0.656**
	0.848**

	Test weight (g)
	
	
	
	
	
	
	
	
	
	
	
	
	0.197**
	0.233**
	0.374**

	Biological yield/plant (g)
	
	
	
	
	
	
	
	
	
	
	
	
	
	-0.379**
	0.227**

	Harvest index (%)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.810**

	Grain yield/ plant
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.000


*, ** significant at 5% and 1% level, respectively



Table 6. Path coefficient analysis showing the direct and indirect effect of fifteen characters at genotypic level in Bread wheat (Triticum aestivum L.).
	Characters
	Days to booting
	Days to heading
	Days to anthesis
	Days of maturity
	No.of productive tillers
	Plant height (cm)
	Peduncle length (cm)
	Spike length (cm)
	No.of spikelet/spike
	No.of grain/ spike
	No. of grain /plant
	Test weight (g)
	Biological yield/ plant (g)
	Harvest index (%)
	R with Grain yield/plant (g)

	Days to booting
	-0.0062
	-0.0046
	0.0117
	0.0094
	0.0009
	0.0011
	0.0014
	0.0003
	-0.0005
	-0.0021
	-0.0177
	-0.0037
	0.1375
	-0.3501
	-0.223**

	Days to heading
	-0.0007
	-0.0440
	0.0314
	0.0067
	-0.0018
	0.0006
	0.0017
	-0.0001
	0.0004
	-0.0005
	-0.0085
	-0.0047
	-0.0569
	-0.0529
	-0.129

	Days to anthesis
	-0.0018
	-0.0336
	0.0411
	0.0080
	0.0001
	0.0024
	0.0021
	0.0003
	0.0012
	-0.0020
	-0.0222
	-0.0116
	-0.0583
	-0.2550
	-0.329**

	Days of maturity
	-0.0022
	-0.0109
	0.0122
	0.0270
	-0.0004
	0.0031
	-0.0003
	0.0006
	0.0014
	-0.0026
	-0.0261
	-0.0050
	-0.0141
	-0.3401
	-0.358**

	No.of productive tillers
	0.0006
	-0.0083
	-0.0003
	0.0012
	-0.0097
	-0.0025
	-0.0015
	-0.0006
	0.0003
	0.0009
	0.0243
	-0.0005
	0.0053
	0.3387
	0.348**

	Plant height (cm)
	0.0005
	0.0017
	-0.0066
	-0.0055
	-0.0016
	-0.0150
	-0.0025
	-0.0006
	-0.0028
	0.0018
	0.0248
	0.0074
	0.2556
	0.0569
	0.314**

	Peduncle length (cm)
	-0.0003
	-0.0028
	0.0033
	-0.0003
	0.0005
	0.0014
	0.0268
	0.0004
	-0.0004
	-0.0018
	-0.0123
	-0.0019
	-0.2038
	0.0151
	-0.176*

	Spike length (cm)
	0.0008
	-0.0017
	-0.0047
	-0.0057
	-0.0022
	-0.0036
	-0.0042
	-0.0026
	-0.0004
	0.0060
	0.0178
	-0.0005
	0.1266
	0.0800
	0.206**

	No.of spikelet/spike
	-0.0005
	0.0028
	-0.0072
	-0.0055
	0.0004
	-0.0062
	0.0017
	-0.0002
	-0.0067
	0.0012
	0.0226
	0.0103
	0.0549
	0.3761
	0.444**

	No.of grain/ spike
	0.0013
	0.0020
	-0.0078
	-0.0068
	-0.0009
	-0.0026
	-0.0046
	-0.0015
	-0.0007
	0.0104
	0.0397
	0.0018
	0.0820
	0.3651
	0.477**

	No. of grain /plant
	0.0014
	0.0048
	-0.0117
	-0.0091
	-0.0030
	-0.0048
	-0.0043
	-0.0006
	-0.0020
	0.0053
	0.0777
	0.0061
	0.1459
	0.7171
	0.923**

	Test weight (g)
	0.0007
	0.0066
	-0.0153
	-0.0044
	0.0001
	-0.0036
	-0.0016
	0.0000
	-0.0022
	0.0006
	0.0152
	0.0311
	0.1308
	0.2644
	0.422**

	Biological yield/ plant (g)
	-0.0014
	0.0042
	-0.0040
	-0.0006
	-0.0001
	-0.0064
	-0.0091
	-0.0006
	-0.0006
	0.0014
	0.0189
	0.0068
	0.6001
	-0.3955
	0.213**

	Harvest index (%)
	0.0022
	0.0023
	-0.0105
	-0.0092
	-0.0033
	-0.0009
	0.0004
	-0.0002
	-0.0025
	0.0038
	0.0557
	0.0082
	-0.2373
	1.0001
	0.809**


Residual effect = 0.00573

*, ** significant at 5% and 1% level, respectively

Table 7. Path coefficient analysis showing the direct and indirect effect of fifteen characters at phenotypic level in bread wheat (Triticum aestivum L.).
	Characters
	Days to booting
	Days to heading
	Days to anthesis
	Days of maturity
	No.of productive tillers
	Plant height (cm)
	Peduncle length (cm)
	Spike length (cm)
	No.of spikelet/spike
	No.of grain/ spike
	No. of grain /plant
	Test weight (g)
	Biological yield/ plant (g)
	Harvest index (%)
	R with Grain yield/plant (g)

	Days to booting
	0.0066
	-0.0009
	0.0009
	0.0039
	0.0015
	0.0000
	0.0002
	0.0007
	-0.0006
	-0.0013
	-0.0062
	-0.0011
	0.1080
	-0.3161
	-0.204**

	Days to heading
	0.0008
	-0.0081
	0.0027
	0.0024
	-0.0014
	0.0000
	0.0010
	-0.0002
	0.0005
	-0.0003
	-0.0040
	-0.0015
	-0.0458
	-0.0589
	-0.113

	Days to anthesis
	0.0014
	-0.0050
	0.0044
	0.0031
	0.0001
	0.0001
	0.0012
	0.0005
	0.0021
	-0.0012
	-0.0067
	-0.0033
	-0.0483
	-0.1896
	-0.241**

	Days of maturity
	0.0017
	-0.0012
	0.0009
	0.0157
	-0.0005
	0.0001
	0.0001
	0.0007
	0.0018
	-0.0016
	-0.0084
	-0.0012
	-0.0005
	-0.2907
	-0.283**

	No.of productive tillers
	-0.0007
	-0.0008
	0.0000
	0.0005
	-0.0157
	-0.0001
	-0.0008
	-0.0010
	0.0000
	0.0003
	0.0097
	-0.0005
	0.0224
	0.3091
	0.323**

	Plant height (cm)
	0.0001
	0.0001
	-0.0004
	-0.0023
	-0.0015
	-0.0010
	-0.0008
	-0.0013
	-0.0039
	0.0010
	0.0057
	0.0016
	0.1669
	0.0508
	0.215**

	Peduncle length (cm)
	0.0001
	-0.0007
	0.0004
	0.0001
	0.0009
	0.0001
	0.0126
	0.0003
	-0.0008
	-0.0010
	-0.0036
	-0.0010
	-0.1605
	0.0030
	-0.150*

	Spike length (cm)
	-0.0006
	-0.0003
	-0.0003
	-0.0015
	-0.0020
	-0.0002
	-0.0004
	-0.0076
	-0.0015
	0.0037
	0.0057
	-0.0007
	0.0893
	0.0812
	0.165*

	No.of spikelet/spike
	0.0003
	0.0002
	-0.0005
	-0.0017
	0.0000
	-0.0002
	0.0006
	-0.0007
	-0.0166
	0.0009
	0.0066
	0.0031
	0.0503
	0.3242
	0.366**

	No.of grain/ spike
	-0.0011
	0.0003
	-0.0007
	-0.0032
	-0.0006
	-0.0001
	-0.0015
	-0.0036
	-0.0019
	0.0078
	0.0129
	0.0006
	0.0672
	0.3505
	0.427**

	No. of grain /plant
	-0.0013
	0.0011
	-0.0010
	-0.0043
	-0.0050
	-0.0002
	-0.0015
	-0.0014
	-0.0036
	0.0033
	0.0307
	0.0019
	0.1509
	0.6786
	0.848**

	Test weight (g)
	-0.0006
	0.0010
	-0.0012
	-0.0015
	0.0006
	-0.0001
	-0.0010
	0.0004
	-0.0042
	0.0004
	0.0047
	0.0125
	0.1213
	0.2415
	0.374**

	Biological yield/ plant (g)
	0.0012
	0.0006
	-0.0003
	0.0000
	-0.0006
	-0.0003
	-0.0033
	-0.0011
	-0.0014
	0.0009
	0.0075
	0.0025
	0.6142
	-0.3924
	0.227**

	Harvest index (%)
	-0.0020
	0.0005
	-0.0008
	-0.0044
	-0.0047
	-0.0001
	0.0000
	-0.0006
	-0.0052
	0.0026
	0.0201
	0.0029
	-0.2330
	1.0343
	0.810**


Residual effect = 0.0929
*, ** significant at 5% and 1% level, respectively






