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Abstract
The present study involved 100 treatments (10 parents, 45 F1s, and 45 F2s) arranged in a Randomized Block Design during the 2024 Rabi season at Student Instructional Farm (CSAUAT, Kanpur). The experimental material consisted of 10 parental lines (K-0307, DBW-187, K-1711, DBW-252, DBW-316, DBW-173, HI-1653, HI-1654, SONALIKA and PBW-835). The significant positive correlation of phenotypic and genotypic performance as well as path correlation of crops helps in selection of the superior breeding lines. Observations were recorded on fourteen quantitative characters. In F1 generation, grain yield per plant showed positive and highly significant at the genotypic level with biological yield per plant, number of productive tillers per plant, spike length and harvest index. At phenotypic level, grain yield per plant had highly positive significant correlation with biological yield per plant, number of productive tillers per plant, grain weight per spike and spike length. In F2 generation, grain yield per plant showed highly positive and significant at the genotypic level with biological yield, number of productive tillers per plant, number of spikelets per spike and spike length. At phenotypic level, grain yield per plant had highly positive significant correlation with biological yield per plant, number of productive tillers per plant, spike length and number of spikelets per spike.
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Introduction
Wheat (Triticum aestivum L.) is a cereal that is widely farmed and one of the world's most significant food crops. The green revolution, symbolized by wheat cultivation, was a major contributor in the country's transition to a food surplus. Wheat is a self-pollinating crop that belongs to the Poaceae family. Wheat is a staple crop that is critical to India's food security, hence its market has increased tremendously. Wheat is the world's largest cereal crop in terms of land area and production volume. In 2023-24, global wheat output was estimated to be 789 million metric tons. Wheat demand is forecast to rise by 60% from its current level by 2050, but supply is expected to fall by 30% due to adverse weather conditions (Alam et al., 2022).  India's wheat output for the 2023-24 harvest season, which ended in June, is expected to be around 112.92 million tons from an acreage of about 31.78 million hectares, with a productivity of 36.15 q/ha. (ICAR–IIWBR, 2024). Wheat is a staple crop with complex yield-determining features, making it an excellent candidate for route coefficient analysis. This strategy allows breeders to discern between the direct and indirect effects of several characteristics on grain yield, which simple correlation cannot do (Dewey and Lu, 1959). To increase yield, selection strategies might priorities traits with substantial direct benefits, such as the number of grains per ear, productive tillers, and biological yield per plant (Gaur, 2025). "Further, path coefficient analysis helps in partitioning of correlation coefficients into direct and indirect effects and in the assessment of relative contribution of every elemental character to the yield" (Kumar et al., 2024). Keeping these considerations in mind, the current study was designed to gather data on correlation and path coefficient for yield in a set of wheat genotypes.
Materials and Methods
The presents study involved 100 treatments (10 parents, 45 F1s, and 45 F2s) arranged in a Randomized Block Design during the 2024 Rabi season at Student Instructional Farm (CSAUAT, Kanpur). The experimental material consisted of 10 parental lines (K-0307, DBW-187, K-1711, DBW-252, DBW-316, DBW-173, HI-1653, HI-1654, SONALIKA and PBW-835. Each parent and F1 were planted in single row while each F2 was planted in two rows of three-meter length with inter and intra-row spacing of 20х10 cm, respectively. Recommended cultural practices were applied to raise good crop. Observations were recorded on plot basis for days to 50% flowering, days to maturity, plant height (cm), number of productive tillers per plant, spike length (cm), number of spikelets per spike, number of grains per spike, grain weight per spike (g), 1000 grain weight (g), harvest index (%), grain yield per plant (g), protein content (%) and seed hardness (kg/seed) were recorded on 5 randomly selected plants for parents,45 F1and 45 F2’s plants. path   coefficient   was done using statistics given by Dewey and Lu, (1959) and correlation coefficient analysis by Robinson et al., (1951) were work out following INDOSTAT software, Hyderabad.
Result and Discussion
Correlation Coefficients Analysis
To evaluate the interrelationship between several features of the F₁ and F₂ generations, the genotypic and phenotypic correlation coefficients presented in Table 1&2.
Genotypic and phenotypic correlation of F1 and F2 generation
Days to 50% flowering: -
In F1 generation, Days to 50% flowering showed positive and highly significant at the genotypic level with days to maturity (0.957**) followed by plant height (0.450**), biological yield per plant (0.281*), number of productive tillers per plant (0.248**), grain yield per plant (0.222**), 1000 grain weight (0.220**), seed hardness (0.205**) and spike length (0.184*). At phenotypic level, days to 50% flowering had highly positive significant correlation with days to maturity (0.884**), plant height (0.356**), biological yield per plant (0.260**), number of productive per plant (0.206**) and grain yield per plant (0.193*). In F2 generation, Days to 50% flowering showed positive and highly significant at the genotypic level with days to maturity (0.840**) followed by seed hardness (0.406**), 1000 grain weight (0.303**), grain yield per plant (0.255**) and biological yield per plant (0.242**). At phenotypic level, days to 50% flowering had highly positive significant correlation with days to maturity (0.765**), plant height (0.356**), seed hardness (0.317**), grain yield per plant (0.237**), biological yield per plant (0.227**) and 1000 grain weight (0.186*). Similar types of findings for this trait were reported by Kour et al. (2025) for different crosses.
Days to Maturity: -
In F1 generation, Days to maturity showed positive and highly significant at the genotypic level with plant height (0.567**) followed by number of productive tillers per plant (0.399**), biological yield per plant (0.354**), spike length (0.310**), number of spikelets per spike (0.305**), grain yield per plant (0.299**), 1000 grain weight (0.286**), number of grains per spike (0.260**) and seed hardness (0.200*). At phenotypic level, days to maturity had highly positive significant correlation with plant height (0.463**), number of productive per plant (0.511**), biological yield per plant (0.325**), grain yield per plant (0.282**), number of spikelets per spike (0.260**) and 1000 grain weight (0.235**). In F2 generation, Days to maturity showed positive and highly significant at the genotypic level with 1000 grain weight (0.593**) followed by number of productive tillers per plant (0.500**), spike length (0.465**), grain yield per plant (0.436**), number of spikelets per spike (0.430**), number of grains per spike (0.414**), biological yield per plant (0.409**) and harvest index (0.308**). At phenotypic level, days to maturity had highly positive significant correlation with number of productive tillers per plant (0.482**),  grain yield per plant (0.413**), 1000 grain weight (0.395**), spike length (0.344**),  biological yield per plant (0.370**), number of grains per spike (0.312**), number of spikelets per spike (0.297**) and seed hardness (0.221**). Similar finding was reported by Ali et al., (2024) for this trait
Plant height 
In F1 generation, plant height showed positive and highly significant at the genotypic level with number of productive tillers per plant (0.646**), number of grains per spike (0.525**), grain weight per spike (0.503**, number of spikelets per spike (0.486**), biological yield per plant (0.480**), grain yield per plant (0.472****), 1000 grain weight (0.471**), spike length (0.441**) and seed hardness (0.355**). At phenotypic level, plant height had highly positive significant correlation with number of productive per plant (0.511**), biological yield per plant (0.401**), grain yield per plant (0.389**), grain weight per spike (0.385**), 1000 grain weight (0.341**), number of spikelets per spike (0.338**), number of grains per spike (0.275**), seed hardness (0.222**) and spike length (0.207**). In F2 generation, plant height showed positive and significant at the genotypic level with number of grains per spike (0.212*), 1000 grain weight (0.206*), number of productive tillers per plant (0.197**), number of spikelets per spike (0.171**) and grain yield per plant (-0.167) showed negative but non-significant correlation. At phenotypic level, plant height had positive but non-significant correlation with number of productive tillers per plant (0.102), number of spikelets per spike (0.090), 1000 grain weight (0.054), harvest index (0.053), number of grains per spike (0.044) and grain yield per plant (-0.068) showed negative but non-significant correlation. These findings were supported by Singh et al., (2021).
Number of productive tillers per plant 
In F1 generation, number of productive tillers per plant showed positive and highly significant at the genotypic level with grain yield per plant (0.837**), spike length (0.816**), number of spikelet’s per spike (0.802**), number of grains per spike (0.799**), biological yield per plant (0.777**), 1000 grain weight (0.757**), harvest index (0.708**) and grain weight per spike (0.612**). At phenotypic level, number of productive tillers per plant had highly positive significant correlation with grain yield per plant (0.787**), biological yield per plant (0.705**), number of spikelets per spike (0.679**), spike length (0.626**), number of grains per spike (0.622**), grain weight per spike (0.585**), 1000 grain weight (0.582**), harvest index (0.530**). In F2 generation, number of productive tillers per plant showed highly positive and significant at the genotypic level with spike length (0.950**), grain yield per plant (0.871**), number of spikelets per spike (0.838**), 1000 grain weight (0.824**), biological yield per plant (0.803**), number of grain per spike (0.761**), harvest index (0.613**), grain weight per spike (0.548**). At phenotypic level, number of productive tillers per plant had highly positive significant correlation with grain yield per plant (0.796**), biological yield peer plant (0.716**), spike length (0.655**), number of spikelets per spike (0.591**), 1000 grain weight (0.540**), number of grains per spike (0.530**), harvest index (0.479**) and grain weight per spike (0.428**). Sewore et al., (2024) also reported similar result for this trait.
Spike length 
In F1 generation, spike length showed positive and highly significant at the genotypic level with number of spikelets per spike (0.992**), number of grains per spike (0.892**), harvest index (0.801**), grain yield per plant (0.782**), biological yield per plant (0.695**), 1000 grain weight (0.679**), and grain weight per spike (0.476**). At phenotypic level, spike length had highly positive significant correlation with number of grains per spike (0.649**), number of spikelets per spike (0.616**), grain yield per plant (0.578**), biological yield per plant (0.480**), 1000 grain weight (0.428**), grain weight per spike (0.400**) and harvest index (0.397**). In F2 generation, spike length showed highly positive and significant at the genotypic level with number of spikelets per spike (0.950**), 1000 grain weight (0.897**), number of grains per spike (0.784**), grain yield per plant (0.783**), biological yield per plant (0.757**), harvest index (0.672**), grain weight per spike (0.537**). At phenotypic level, spike length had highly positive significant correlation with grain yield per plant (0.652**), number of grains per spike (0.591**), biological yield peer plant (0.577**), number of spikelets per spike (0.366**), 1000 grain weight (0.336**) and grain weight per spike (0.309*). These findings were supported by Das. (1972).
Number of spikelets per spike 
In F1 generation, number of spikelets per spike showed positive and highly significant at the genotypic level with number of grains per spike (0.982**), harvest index (0.806**), grain yield per plant (0.703**), 1000 grain weight (0.689**), biological yield per plant (0.569**), and grain weight per spike (0.417**). At phenotypic level, number of spikelets per spike had highly positive significant correlation with number of grains per spike (0.834**), grain yield per plant (0.558**), 1000 grain weight (0.490**), harvest index (0.467**), biological yield per plant (0.458**) and grain weight per spike (0.368**). In F2 generation, number of spikelets per spike showed highly positive and significant at the genotypic level with number of grains per spike (0.997**), grain yield per plant (0.844**), biological yield per plant (0.712**), harvest index (0.701**) and 1000 grain weight (0.695**). At phenotypic level, number of spikelets per spike had highly positive significant correlation with grain yield per plant (0.475**), number of grains per spike (0.443**), biological yield peer plant (0.423**), harvest index (0.371**) and 1000 grain weight (0.349**). Saini et al., (2024) observed correlation and path analysis on wheat crop.
Number of grains per spike 
In F1 generation, number of grains per spike showed positive and highly significant at the genotypic level with harvest index (0.840**), 1000 grain weight (0.751**), grain yield per plant (0.708**), biological yield per plant (0.573**) and grain weight per spike (0.426**). At phenotypic level, number of grains per spike had highly positive significant correlation with grain yield per plant (0.520**), 1000 grain weight (0.469**), harvest index (0.467**), biological yield per plant (0.407**) and grain weight per spike (0.369**). In F2 generation, number of grains per spike showed highly positive and significant at the genotypic level with harvest index (0.756**), 1000 grain weight (0.677**), grain yield per plant (0.623**) and biological yield per plant (0.493**). At phenotypic level, number of grains per spike had highly positive significant correlation with grain yield per plant (0.470**), biological yield per plant (0.377**), harvest index (0.359**) and 1000 grain weight (0.346**). Tarkeshwar et al., (2020) observed correlation and path analysis on wheat crop.
Grain weight per spike 
In F1 generation, grain weight per spike showed positive and highly significant at the genotypic level with biological yield per plant (0.658**), grain yield per plant (0.617**), 1000 grain weight (0.411**) and harvest index (0.275**). At phenotypic level, grain weight per spike had highly positive significant correlation with biological yield per plant (0.595**), grain yield per plant (0.583**), 1000 grain weight (0.334**), harvest index (0.213**).  In F2 generation, grain weight per spike showed highly positive and significant at the genotypic level with biological yield per plant (0.623**), grain yield per plant (0.588**) and 1000 grain weight (0.250**). At phenotypic level, grain weight per spike had highly positive significant correlation with biological yield per plant (0.485**) and grain yield per plant (0.445**). These findings were supported by Ullah et al., (2021).
Seed hardness 
In F1 generation, seed hardness showed positive and highly significant at the genotypic level with 1000 grain weight (0.228**), biological yield per plant (0.214**) and grain yield per plant (0.162*). At phenotypic level, seed hardness had positive but non-significant correlation with 1000 grain weight (0.163) and grain yield per plant (0.133) showed positive but non-significant.  In F2 generation, seed hardness showed positive but non-significant at the genotypic level with grain yield per plant (0.127), biological yield per plant (0.122), harvest index (0.106) and 1000 grain weight (0.077). At phenotypic level, seed hardness had positive non-significant correlation with 1000 grain weight (0.161), grain yield per plant (0.107) and harvest index (0.91) and biological yield per plant (0.066). These findings were supported by Hrušková et al., (2009), Yadav et al. (2025).
Protein content
In F1 generation, protein content showed negative but non-significant at the genotypic level with grain yield per plant (-0.131), 1000 grain weight (-0.114), biological yield per plant (-0.111) and harvest index (-0.104). At phenotypic level, protein content had highly negative significant correlation with 1000 grain weight (-0.200**) and harvest index (-0.136, grain yield per plant (-0.095) showed negative but non-significant.  In F2 generation, protein content showed high significantly negative at the genotypic level with harvest index (-0.346**), grain yield per plant (-0.339**), biological yield per plant (-0.289**). At phenotypic level, protein content had positive non-significant correlation with 1000 grain weight (-0.351**) and grain yield per plant (-0.148) showed negative but non-significant correlation. These findings were supported by Kumar et al., (2025).
1000 grain weight 
In F1 generation, 1000 grain weight showed positive and highly significant at the genotypic level with harvest index (0.851**), grain yield per plant (0.707**) and biological yield per plant (0.584**). At phenotypic level, 1000 grain weight had highly negative significant correlation with harvest index (0.552**), grain yield per plant (0.517**) and biological yield per plant (0.369**). showed negative but non-significant.  In F2 generation, 1000 grain weight showed high significantly positive at the genotypic level with harvest index (0.649**), grain yield per plant (0.619**), biological yield per plant (0.543**). At phenotypic level, 1000 grain weight had highly positive significant correlation with grain yield per plant (0.395**), harvest index (0.342**) and biological yield per plant (0.252**). These findings were supported by Chauhan et al., (2025).
Biological yield per plant 
In F1 generation, biological yield per plant showed positive and highly significant at the genotypic level with grain yield per plant (0.982**) and harvest index (0.513**). At phenotypic level, biological yield per plant had highly negative significant correlation with grain yield per plant (0.915**) and harvest index (0.292**). In F2 generation, biological yield per plant showed high significantly positive at the genotypic level with grain yield per plant (0.978**) and harvest index (0.339**). At phenotypic level, biological yield per plant had highly positive significant correlation with grain yield per plant (0.905**). These findings were supported by Singh et al., (2025).
Harvest index
In F1 generation, harvest index showed positive and highly significant at the genotypic level with grain yield per plant (0.779**) At phenotypic level, harvest index had highly negative significant correlation with grain yield per plant (0.488**). In F2 generation, harvest index showed high significantly positive at the genotypic level with grain yield per plant (0.660**). At phenotypic level, harvest index had highly positive significant correlation with grain yield per plant (0.377**). These findings were supported by Devesh et al., (2021).
Grain yield per plant 
In F1 generation, grain yield per plant showed positive and highly significant at the genotypic level with biological yield per plant (0.982**), number of productive tillers per plant (0.837**), spike length (0.782**), harvest index (0.779**), number of grains per spike (0.708**), 1000 grain weight (0.707**), number of spikelets per spike (0.703**), grain weight per spike (0.617**), plant height (0.472**), days to maturity (0.299**), days to 50% flowering (0.222**) and seed hardness (0.162*). At phenotypic level, grain yield per plant had highly positive significant correlation with biological yield per plant (0.915**), number of productive tillers per plant (0.787**), grain weight per spike (0.583**), spike length (0.578**), number of spikelets per spike (0.558**), number of grains per spike (0.520**), 1000 grain weight (0.517**), harvest index (0.488**), plant height (0.389**), days to maturity (0.282**) and days to 50 % flowering (0.193*). In F2 generation, grain yield per plant showed highly positive and significant at the genotypic level with biological yield (0.978**), number of productive tillers per plant (0.871**), number of spikelets per spike (0.844**), spike length (0.783**), harvest index (0.660**), number of grains per spike (0.623**), 1000 grain weight (0.619**), grain weight per spike (0.588**), days to maturity (0.436**) and days to 50%% flowering (0.255**). At phenotypic level, grain yield per plant had highly positive significant correlation with biological yield per plant (0.905**), number of productive tillers per plant (0.796**), spike length (0.652**), number of spikelets per spike (0.775**), number of grains per spike (0.470**), grain weight per spike (0.445**), days to maturity (0.413**), 1000 grain weight (0.395**) and days to 50% flowering (0.237**).These findings were supported by Choudhary et al., (2025), Kumar et al., (2025).
Path coefficient analysis
Path coefficient study combining genotypic and phenotypic correlation coefficient estimates of F1 and F2 were used to assess the direct and indirect effects of twenty-three features on grain yield per plant presented in Table 3&4.
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Days to 50% flowering: -
In F1 generation, A positive and significant genotypic correlation was exhibited for days to 50% heading (0.222**) with grain yield per plant. Positive direct effect (0.3883) was observed for days to 50% heading on grain yield per plant while positive indirect effect were observed with biological yield per plant (0.1502), spike length (0.1236), plant height (0.0564), number of productive tillers per plant (0.0349) and protein content (0.0247). A conversely negative indirect effect was exhibited via days to maturity (-0.1891), 1000 grain weight (-0.1015), number of spikelets per spike (-0.0879) and harvest index (-0.0687) on grain yield per plant. A positive and significant phenotypic correlation was exhibited for days to 50% heading (0.193*) with grain yield per plant. Positive direct effect (0.0128) was observed for days to 50% heading on grain yield per plant while positive indirect effect were observed with biological yield per plant (0.1951), number of productive tillers per plant (0.0301), 1000 grain weight (0.0105) and spike length (0.0075). A conversely negative indirect effect was exhibited via days to maturity (-0.294), plant height (-0.0078), and harvest index (-0.0054) on grain yield per plant. 
In F2 generation, A positive and significant genotypic correlation was exhibited for days to 50% heading (0.255**) with grain yield per plant. Negative direct effect (-0.2310) was observed for days to 50% heading on grain yield per plant while positive indirect effect were observed with biological yield per plant (0.3165), days to maturity (0.2516), harvest index (0.1002) and plant height (0.0061). A conversely negative indirect effect was exhibited via  number of productive tillers per plant (-0.0774), protein content (-0.0365), spike length (-0.0228) and seed hardness (-0.0225) on grain yield per plant. A positive and significant phenotypic correlation was exhibited for days to 50% heading (0.237**) with grain yield per plant. Positive direct effect (0.0440) was observed for days to 50% heading on grain yield per plant while positive indirect effect were observed with biological yield per plant (0.1726), harvest index (0.0151), spike length (0.0137), 1000 grain weight (0.0132) and seed hardness (0.0069). A conversely negative indirect effect was exhibited via days to maturity (-0.0398) and number of spikelets per spike (-0.0003) on grain yield per plant. These findings were supported by Asish et al., (2020)
Days to Maturity: -
In F1 generation, A positive and significant genotypic correlation was exhibited for days to maturity (0.299**) with grain yield per plant. Negative direct effect (-0.1976) was observed for days to maturity on grain yield per plant while positive indirect effect were observed with days to 50% flowering (0.3332), spike length (0.2156), biological yield per plant (0.1896), plant height (0.0709), number of productive tillers per plant (0.0561) and harvest index (0.0385). A conversely negative indirect effect was exhibited via number of spikelets per spike (-0.1662), 1000 grain weight (-0.1317), number of grains per spike (-0.1282) and seed hardness (0.0088) on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for days to maturity (0.282**) with grain yield per plant. Negative direct effect (-0.0333) was observed for days to maturity on grain yield per plant while positive indirect effect were observed with biological yield per plant (0.2442), number of productive tillers per plant (0.0563), 1000 grain weight (0.0163), spike length (0.0144) and number of grains per spike (0.0040). A conversely negative indirect effect was exhibited via days to 50% flowering (-0.0113), plant height (-0.0102) and grain weight per spike (-0.0012) on grain yield per plant. 
In F2 generation, A positive and high significant genotypic correlation was exhibited for days to maturity (0.436**) with grain yield per plant. Positive direct effect (0.2995) was observed for days to maturity on grain yield per plant while positive indirect effect were observed with biological yield per plant (0.5355), harvest index (0.2022), number of grains per spike (0.0529), plant height (0.0366) and grain weight per spike (0.0056). A conversely negative indirect effect was exhibited via number of productive tillers per plant (-0.2391), days to 50% flowering (-0.1941), spike length (-0.0947), number of spikelets per spike (-0.0728), protein content (-0.0407) and 1000 grain weight (-0.0381) on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for days to maturity (0.413**) with grain yield per plant. Negative direct effect (-0.0520) was observed for days to maturity on grain yield per plant while positive indirect effect were observed with biological yield per plant (0.2812), spike length (0.0493), harvest index (0.0434), 1000 grain weight (0.0281), number of productive tillers per plant (0.0352) and day to 50% flowering (0.0336). A conversely negative indirect effect was exhibited via number of spikelets per spike (-0.0069), number of grains per spike (-0.0042) and grain weight per spike (-0.0012) on grain yield per plant. These findings were supported by Ahmad et al., (2018).
Plant height: -
In F1 generation, A positive and high significant genotypic correlation was exhibited for plant height (0.472**) with grain yield per plant. Positive direct effect (0.1251) was observed for plant height on grain yield per plant while positive indirect effect were observed harvest index (0.3262), spike length (0.3061), biological yield per plant (0.2570), days to 50 % flowering (0.1569) and number of productive tillers per plant (0.0909). A conversely negative indirect effect was exhibited via number of spikelets per spike (-0.2646), number of grains per spike (-0.2591), 1000 grain weight (-0.2172), days to maturity (-0.1120) and seed harness (-0.0157) on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for plant height (0.389**) with grain yield per plant. Negative direct effect (-0.0220) was observed for plant height on grain yield per plant while positive indirect effect were observed with biological yield (0.3014), number of productive tillers per plant (0.0746), 1000 grain weight (0.0236), harvest index (0.0228) and spike length (0.0130). A conversely negative indirect effect was exhibited via days to maturity (-0.0154), grain weight per spike (-0.0088) and days to 50% flowering (-0.0046) on grain yield per plant.
In F2 generation, A negative but non-significant genotypic correlation was exhibited for plant height (-0.167) with grain yield per plant. Positive direct effect (0.1551) was observed for plant height on grain yield per plant while positive indirect effect were observed days to maturity (0.0706), harvest index (0.382), number of grains per spike (0.0271) and seed hardness (0.0042). A conversely negative indirect effect was exhibited via biological yield per plant (-0.2685), number of productive tillers plant (-0.0945), grain weight per spike (-0.0305), number of spikelets per spike (-0.0290), 1000 grain weight (-0.0132) and spike length (-0.0105) on grain yield per plant. A negative but non-significant phenotypic correlation was exhibited for plant height (-0.068) with grain yield per plant. Negative direct effect (-0.0014) was observed for plant height on grain yield per plant while positive indirect effect were observed with harvest index (0.0109), number of productive tillers per plant (0.0074), 1000 grain weight (0.0038), days to 50% flowering (0.0012), protein content (0.0007). A conversely negative indirect effect was exhibited via biological yield per plant (-0.0798), days to maturity (-0.0063), number of spikelets per spike (-0.0021), spike length (-0.0020) on grain yield per plant. Meena et al., (2014) observed correlation and path analysis on wheat crops.
Number of productive tillers per plant: -
In F1 generation, A positive and high significant genotypic correlation was exhibited for number of productive tillers per plant (0.837**) with grain yield per plant. Positive direct effect (0.1407) was observed for number of productive tillers per plant on grain yield per plant while positive indirect effect were observed with harvest index (0.7312), spike length (0.5669), days to 50% flowering (0.0863) and grain weight per spike (0.0824). A conversely negative indirect effect was exhibited via number of spikelets per spike (-0.4367), number of grains per spike (-0.3945) and days to maturity (-0.0788), on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for number of productive tillers per plant (0.787**) with grain yield per plant. Positive direct effect (0.1459) was observed for number of productive tillers per plant on grain yield per plant while positive indirect effect were observed with biological yield (0.5300), harvest index (0.0670), 1000 grain weight (0.0402), spike length (0.0395), number of grains per spike (0.0120) and seed hardness (0.0002). A conversely negative indirect effect was exhibited via grain weight per spike (-0.0133), plant height (-0.0112) and days to maturity (-0.0026) on grain yield per plant.
In F2 generation, A positive and high significant genotypic correlation was exhibited for number of productive tillers per plant (0.871**) with grain yield per plant. Negative direct effect (-0.4787) was observed for number of productive tillers per plant on grain yield per plant while positive indirect effect were observed with biological yield per plant (1.0507), harvest index (0.4028), days to maturity (0.1496), number of grains per spike (0.972), grain weight per spike (0.0600) and plant height (0.0306). A conversely negative indirect effect was exhibited via spike length (-0.1936), number of spikelets per spike (-0.1421), 1000 grain weight (-0.0529) and days to 50% flowering (-0.0374) on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for number of productive tillers per plant (0.796**) with grain yield per plant. Positive direct effect (0.0729) was observed for number of productive tillers per plant on grain yield per plant while positive indirect effect were observed with biological yield (0.5444), harvest index (0.0978), spike length (0.0938), 1000 grain weight (0.0383) and days to 50% flowering (0.0061). A conversely negative indirect effect was exhibited via days to maturity (-0.0251), number of spikelets per spike (-0.0137), grain weight per spike (0.0130) and number of grains per spike (-0.0071) on grain yield per plant. Saini et al., (2024) observed correlation and path analysis on wheat crop.
Spike length: -
In F1 generation, A positive and high significant genotypic correlation was exhibited for spike length (0.782**) with grain yield per plant. Positive direct effect (0.6949) was observed for spike length on grain yield per plant while positive indirect effect were observed harvest index (0.8282), biological yield per plant (0.3723), number of productive tollers per plant (0.1148), grain weight per spike (0.0641) and days to 50 % flowering (0.0640). A conversely negative indirect effect was exhibited via number of spikelets per spike (-0.5595), number of grains per spike (-0.4954), 1000 grain weight (-0.3131) and days to maturity (-0.0613) on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for spike length (0.578**) with grain yield per plant. Positive direct effect (0.0631) was observed for spike length on grain yield per plant while positive indirect effect were observed with biological yield (0.3609), number of productive tillers per plant (0.0914), harvest index (0.0502), 1000 grain weight (0.0296) and number of grains per spike (0.0125). A conversely negative indirect effect was exhibited via grain weight per spike (-0.0091), days to maturity (-0.0076), number of spikelets per spike (-0.0066) and plant height (-0.0045) on grain yield per plant.
In F2 generation, A positive and high significant genotypic correlation was exhibited for spike length (0.783**) with grain yield per plant. Negative direct effect (-0.2037) was observed for spike length on grain yield per plant while positive indirect effect were observed biological yield per plant (0.9908), harvest index (0.4616), days to maturity (0.1392), number of grains per spike (0.1002) and grain weight per spike (0.0588). A conversely negative indirect effect was exhibited via number of productive tillers per plant (-0.4549), number of spikelets per spike (-0.1880), 1000 grain weight (-0.0576) and days to 50% flowering (-0.0259) on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for spike length (0.652**) with grain yield per plant. Positive direct effect (0.1433) was observed for spike length on grain yield per plant while positive indirect effect were observed with biological yield (0.4386), number of productive tillers per plant (0.0477), harvest index (0.0379), 1000 grain weight (0.0239) and days to 505 flowering (0.0042). A conversely negative indirect effect was exhibited via days to maturity (-0.0179), grain weight per spike (-0.0094), number of spikelets per spike (-0.0085) and number of grains per spike (-0.0079) on grain yield per plant. Avinashe et al., (2015) observed correlation and path analysis on wheat crops.
Number of spikelets per spike: -
In F1 generation, A positive and high significant genotypic correlation was exhibited for number of spikelets per spike (0.703**) with grain yield per plant. Negative direct effect (-0.5444) was observed for number of spikelets per spike on grain yield per plant while positive indirect effect were observed harvest index (0.8330), spike length (0.7142), biological yield per plant (0.3048), number of productive tillers per plant (0.1129) and plant height (0.608. A conversely negative indirect effect was exhibited via number of grains per spike (-0.5425), 1000 grain weight (-0.3180) and days to maturity (-0.0603) on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for number of spikelets per spike (0.558**) with grain yield per plant. Negative direct effect (-0.0107) was observed for number of spikelets per spike on grain yield per plant while positive indirect effect were observed with biological yield (0.3440), harvest index (0.0590), number of productive tillers per plant (0.0991), spike length (0.0389) and number of grains per spike (0.0161). A conversely negative indirect effect was exhibited via days to maturity (-0.0087), grain weight per spike (-0.0084), plant height (-0.0087) and days to 50% flowering (-0.0014) on grain yield per plant.
In F2 generation, A positive and high significant genotypic correlation was exhibited for number of spikelets per spike (0.844**) with grain yield per plant. Negative direct effect (-0.1695) was observed for number of spikelets per spike on grain yield per plant while positive indirect effect were observed biological yield per plant (0.9308), harvest index (0.4602), number of grains per spike (0.1682), days to maturity (0.1287) and plant height (0.0266). A conversely negative indirect effect was exhibited via number of productive tillers per plant (-0.4013), spike length (-0.2260), 1000 grain weight (-0.447) and protein content (-0.0303) on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for number of spikelets per spike (0.475**) with grain yield per plant. Negative direct effect (-0.0232) was observed for number of spikelets per spike on grain yield per plant while positive indirect effect were observed with biological yield (0.3270), harvest index (0.0758), spike length (0.0524), number of productive tillers per plant (0.0431) and 1000 grain weight (0.0247). A conversely negative indirect effect was exhibited via days to maturity (-0.0154), number of grains per spike (-0.0059), grain weight per spike (-0.0026) and plant height (-0.0001) on grain yield per plant. Tarkeshwar et al., (2020) observed correlation and path analysis on wheat crop.
Number of grains per spike: - 
In F1 generation, A positive and high significant genotypic correlation was exhibited for number of grains per spike (0.708**) with grain yield per plant. Negative direct effect (-0.4935) was observed for number of grains per spike on grain yield per plant while positive indirect effect were observed harvest index (0.8684), spike length (0.6976), biological yield per plant (0.3070), number of productive tollers per plant (0.1125), and plant height (0.657). A conversely negative indirect effect was exhibited via number of spikelets per spike (-0.5985), 1000 grain weight (-0.3463) and days to maturity (-0.0513) on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for number of grains per spike (0.520**) with grain yield per plant. Positive direct effect (0.0192) was observed for number of grains per spike on grain yield per plant while positive indirect effect were observed with biological yield (0.3059), number of productive tillers per plant (0.0907), harvest index (0.0590), spike length (0.0409) and 1000 grain weight (0.0324). A conversely negative indirect effect was exhibited via number of spikelets per spike (-0.0090), grain weight per spike (-0.0084), plant height (-0.0061) and days to maturity (-0.0069) and plant height (-0.0341) on grain yield per plant.
In F2 generation, A positive and high significant genotypic correlation was exhibited for number of grains per spike (0.623**) with grain yield per plant. Positive direct effect (0.1278) was observed for number of grains per spike on grain yield per plant while positive indirect effect were observed biological yield per plant (0.6450), harvest index (0.4965), days to maturity (0.1240), plant height (0.0329) and seed hardness (0.0047). A conversely negative indirect effect was exhibited via number of productive tillers per plant (-0.3641), number of spikelets per spike (-0.2230), spike length (-0.1597) and 1000 grain weight (-0.435). A positive and high significant phenotypic correlation was exhibited for number of grains per spike (0.470**) with grain yield per plant. Negative direct effect (-0.0133) was observed for number of grains per spike on grain yield per plant while positive indirect effect were observed with biological yield (0.2865), harvest index (0.0732), spike length (0.0846), number of productive tillers per plant (0.0387) and 1000 grain weight (0.0246). A conversely negative indirect effect was exhibited via days to maturity (-0.0162), number of spikelets per spike (-0.0103) and grain weight per spike (-0.0005) on grain yield per plant. Kumar et al., (2025) observed trait association and path analysis for yield character in wheat.
Grain weight per spike: -
In F1 generation, A positive and high significant genotypic correlation was exhibited for grain weight per spike (0.617**) with grain yield per plant. Positive direct effect (0.1345) was observed for grain weight per spike on grain yield per plant while positive indirect effect were observed biological yield per plant (0.3521), spike length (0.3309), harvest index (0.2838), number of productive tillers per plant (0.0861) and plant height (0.0630). A conversely negative indirect effect was exhibited via number of spikelets per spike (-0.2268), number of grains per spike (-0.2101), 1000 grain weight (-0.1896), days to 50% flowering (-0.0123) and days to maturity (-0.0092) on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for grain weight per spike (0.583**) with grain yield per plant. Negative direct effect (-0.0228) was observed for grain weight per spike on grain yield per plant while positive indirect effect were observed with biological yield per plant (0.4476), number of productive tillers per plant (0.0853), harvest index (0.0269), 1000 grain weight (0.0231) and days to 50% flowering (0.005). A conversely negative indirect effect was exhibited via plant height (-0.0085), number of spikelets per spike (-0.0040) and days to maturity (-0.0017) on grain yield per plant.
In F2 generation, A positive and high significant genotypic correlation was exhibited for grain weight per spike (0.588**) with grain yield per plant. Positive direct effect (0.1095) was observed for grain weight per spike on grain yield per plant while positive indirect effect were observed biological yield per plant (0.8155), harvest index (0.0893), days to maturity (0.0153), protein content (0.0084) and number of grains per spike (0.0070). A conversely negative indirect effect was exhibited via number of productive tillers per plant (-0.2623), spike length (-0.1093), plant height (0.0432) and number of spikelets per spike (-0.0262) on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for grain weight per spike (0.445**) with grain yield per plant. Negative direct effect (-0.0305) was observed for grain weight per spike on grain yield per plant while positive indirect effect were observed with biological yield per plant (0.3692), spike length (0.0443), number of productive tillers per plant (0.0312), harvest index (0.0196) and 1000 grain weight (0.0143). A conversely negative indirect effect was exhibited via days to maturity (-0.0021), number of spikelets per spike (-0.0020) and number of grains per spike (-0.0003) on grain yield per plant. Borkhatariya et al., (2025).
Seed hardness 
In F1 generation, A positive and significant genotypic correlation was exhibited for seed hardness (0.162**) with grain yield per plant. Negative direct effect (-0.0441) was observed for seed hardness on grain yield per plant while positive indirect effect was observed with biological yield per plant (0.1145), harvest index (0.0882), protein content (0.0782), plant height (0.0444) and days to 50% flowering (0.0715). A conversely negative indirect effect was exhibited via 1000 grain weight (-0.1050), spike length (0.0782), days to maturity (-0.0395) and number of grains per spike (-0.0036) on grain yield per plant. A positive but non-significant phenotypic correlation was exhibited for grain seed hardness (0.133) with grain yield per plant. Positive direct effect (0.0016) was observed for seed hardness on grain yield per plant while positive indirect effect were observed with biological yield (0.0959), number of productive tillers per plant (0.219), protein content (0.0134), 1000 grain weight (0.0112) and number of grains per spike (0.0021). A conversely negative indirect effect was exhibited via plant height (-0.0049), days to maturity (-0.0046), harvest index (-0.0019), and days to 50% flowering (-0.0014) on grain yield per plant.
In F2 generation, A positive but non-significant genotypic correlation was exhibited for seed hardness (0.127) with grain yield per plant. Negative direct effect (-0.553) was observed for seed hardness on grain yield per plant while positive indirect effect was observed with biological yield per plant (0.1590), days to maturity (0.0918), harvest index (0.0699), spke length (0.0094) and grain weight per spike (0.0061). A conversely negative indirect effect was exhibited via days to 50% flowering (-0.0938), number of spikjelets per spike (-0.0194), protein content (-0.0180) and plant height (-0.0119) on grain yield per plant. A positive but non-significant phenotypic correlation was exhibited for grain seed hardness (0.107) with grain yield per plant. Positive direct effect (0.0217) was observed for seed hardness on grain yield per plant while positive indirect effect were observed with biological yield (0.0501), harvest index (0.0187), days to 50% flowering (0.0140), 1000 grain weight (0.0114) and protein content (0.0022). A conversely negative indirect effect was exhibited via days to maturity (-0.0115), grain weight per spike (-0.0014) and number of grains per spike (-0.0005) on grain yield per plant. Yadav et al. (2025).
Protein content 
In F1 generation, A negative but non-significant genotypic correlation was exhibited for protein content (-0.131) with grain yield per plant. Negative direct effect (-0.1711) was observed for protein content on grain yield per plant while positive indirect effect was observed with number of grains per spike (0.1378), number of spikelets per spike (0.0938), 1000 grain weight (0.0526), days to maturity (0.250) and seed hardness (0.0202). A conversely negative indirect effect was exhibited via harvest index (-0.1078), biological yield per plant (-0.0594), spike length (-0.0545) and days to 50% flowering (-0.0503) on grain yield per plant. A negative but non-significant phenotypic correlation was exhibited for protein content (-0.095) with grain yield per plant. Positive direct effect (-0.0509) was observed for protein content on grain yield per plant while positive indirect effect were observed with days to maturity (0.0021), grain weight per spike (0.0018), days to 50% flowering (0.0011), number of productive tillers per plant (0.0010) and number of spikelets per spike (0.0007). A conversely negative indirect effect was exhibited via biological yield per plant (-0.0195), harvest index (-0.0172), 1000 grain weight (-0.0138) and number of grains per spike (-0.0010) on grain yield per plant.
In F2 generation, A negative and high significant genotypic correlation was exhibited for protein content (-0.339**) with grain yield per plant. Positive direct effect (0.0619) was observed for protein content on grain yield per plant while positive indirect effect was observed with days to 50% flowering (0.1364), number of productive tillers per plant (0.1195), spike length (0.0929), number of spikelets per spike (0.0830), seed hardness (0.0161). A conversely negative indirect effect was exhibited via biological yield per plant (-0.3778), harvest index (-0.2275), days to maturity (-0.1967) and number of grains per spike (-0.0521) on grain yield per plant. A negative but non-significant phenotypic correlation was exhibited for protein content (-0.0148) with grain yield per plant. Negative direct effect (-0.0064) was observed for protein content on grain yield per plant while positive indirect effect were observed with days to maturity (0.0160), number of spikelets per spike (0.0019), number of grains per spike (0.0029) and plant height (0.0002). A conversely negative indirect effect was exhibited via biological yield per plant (-0.0636), harvest index (-0.0293), 1000 grain weight (-0.0249) and spike length (-0.0144) on grain yield per plant.
Singh et al., (2025). 
1000 grain weight 
In F1 generation, A positive and high significant genotypic correlation was exhibited for 1000 grain weight (0.707**) with grain yield per plant. Negative direct effect (-0.4613) was observed for 1000 grain weight on grain yield per plant while positive indirect effect was observed with harvest index (0.8798), biological yield (0.3128), spike length (0.4716), number of productive tillers per plant (0.1065), plant height (0.0589) and grain weight per spike (0.0553). A conversely negative indirect effect was exhibited via number of spikelets per spike (-0.3753), number of grains per spike (-0.3704), days to maturity (-0.0564) and seed hardness (-0.0100) on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for 1000 grain weight (0.517**) with grain yield per plant. Positive direct effect (0.1691) was observed for 1000 grain weight on grain yield per plant while positive indirect effect were observed with biological yield per plant (0.2772), number of productive tillers per plant (0.0849), harvest index (0.0697), spike length (0.0270) and protein content (0.0102). A conversely negative indirect effect was exhibited via days to maturity (-0.0078), grain weight per spike (-0.0076), plant height (-0.0075) and number of spikelets per spike (-0.0053) on grain yield per plant.
In F2 generation, A positive and high significant genotypic correlation was exhibited for 1000 grain weight (0.619**) with grain yield per plant. Negative direct effect (-0.0642) was observed for 1000 grain weight on grain yield per plant while positive indirect effect was observed with biological yield (0.7108), harvest index (0.4267), days to maturity (0.1776), number of grains per spike (0.0866), plant height (0.0320) and grain weight per spike (0.0273). A conversely negative indirect effect was exhibited via number of productive tillers per plant (-0.3945), spike length (-0.1826), number of spikelets per spike (-0.1178), days to 50% flowering (-0.0700) and protein content (-0.0085). A positive and high significant phenotypic correlation was exhibited for 1000 grain weight (0.395**) with grain yield per plant. Positive direct effect (0.710) was observed for 1000 grain weight on grain yield per plant while positive indirect effect were observed with biological yield per plant (0.1918), harvest index (0.698), spike length (0.0482), number of productive tillers per plant (0.0393), days to 50% flowering (0.0082) and seed hardness (0.0035). A conversely negative indirect effect was exhibited via days to maturity (-0.0206), number of spikelets per spike (-0.0081), grain weight per spike (-0.0062) and number of grains per spike (-0.0046) on grain yield per plant. Kumar et al., (2017) observed correlation and path for different charecters.
Biological yield per plant 
In F1 generation, A positive and high significant genotypic correlation was exhibited for biological yield per plant (0.982**) with grain yield per plant. Positive direct effect (0.5354) was observed for biological yield per plant on grain yield per plant while positive indirect effect was observed with harvest index (0.5306), spike length (0.4832), number of productive tillers per plant (0.1093), days to 50% flowering (0.0977), grain weight per spike (0.0885) and plant height (0.0600). A conversely negative indirect effect was exhibited via number of spikelets per spike (-0.3099), number of grains per spike (-0.2829), 1000 grain weight (-0.2695), days to maturity (-0.0700) and seed hardness (-0.0094) on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for biological yield per plant (0.915**) with grain yield per plant. Positive direct effect (0.7519) was observed for biological yield per plant on grain yield per plant while positive indirect effect were observed with number of productive tillers per plant (0.1028), harvest index (0.0369), spike length (0.0303), 1000 grain weight (0.0255) and number of grains per spike (0.0078). A conversely negative indirect effect was exhibited via grain weight per spike (-0.0136), days to maturity (-0.0108), plant height (-0.0088), number of spikelets per spike (-0.0049) and days to 50% flowering (-0.0033) on grain yield per plant.
In F2 generation, A positive and high significant genotypic correlation was exhibited for biological yield per plant (0.978**) with grain yield per plant. Positive direct effect (0.3082) was observed for biological yield per plant on grain yield per plant while positive indirect effect was observed with number of grains per spike (0.4630), grain weight per spike (0.3682), harvest index (0.3227) and days to maturity (0.1226). A conversely negative indirect effect was exhibited via number of productive tillers per plant (-0.1845), spike length (-0.1543), number of spikelets per spike (-0.1206), 1000 grain weight (-0.349) and days to 50% flowering (-0.0559). on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for biological yield per plant (0.905**) with grain yield per plant. Positive direct effect (0.7607) was observed for biological yield per plant on grain yield per plant while positive indirect effect were observed with spike length (0.0826), number of productive tillers per plant (0.0522), harvest index (0.0290), 1000 grain weight (0.0179) and days to 50% flowering (0.0100). A conversely negative indirect effect was exhibited via days to maturity (-0.0192), grain weight per spike (-0.0148), number of spikelets per spike (-0.0100) and number of grains per spike (-0.0050) on grain yield per plant. Rajput et al., (2022).
Harvest Index
In F1 generation, A positive and high significant genotypic correlation was exhibited for harvest index (0.779**) with grain yield per plant. Positive direct effect (0.9334) was observed for harvest index on grain yield per plant while positive indirect effect was observed with spike length (0.5570), biological yield per plant (0.3749), number of productive tillers per plant (0.0995), plant height (0.0395), grain weight per spike (0.0369) and protein content (0.0179), A conversely negative indirect effect was exhibited via number of spikelets per spike (-0.4388), number of grains per spike (-0.4147), 1000 grain weight (0.3927), days to maturity (-0.0074) and days to 50% flowering (-0.0232) on grain yield per plant. A positive and high significant phenotypic correlation was exhibited for harvest index per plant (0.488**) with grain yield per plant. Positive direct effect (0.1264) was observed for harvest index on grain yield per plant while positive indirect effect were observed with biological yield per plant (0.2194), number of productive tillers per plant (0.0747), 1000 grain weight (0.0381) and days to 50% flowering (0.006). A conversely negative indirect effect was exhibited via number of spikelets per spike (-0.0050), grain weight per spike (-0.0049), plant height (-0.0040) and days to maturity (-0.0006) on grain yield per plant. 
In F2 generation, A positive and high significant genotypic correlation was exhibited for harvest index (0.660**) with grain yield per plant. Positive direct effect (0.6571) was observed for harvest index on grain yield per plant while positive indirect effect was observed with biological yield per plant (0.4434), number of grains per spike (0.0966), days to maturity (0.0922), grain weight per spike (0.0149) and plant height (0.0090). A conversely negative indirect effect was exhibited via number of productive tillers per plant (-0.2935), spike length (-0.1369), number of spikelets per spike (-0.1188), 1000 grain weight (-0.0417) and days to 50% flowering (-0.0352). A positive and high significant phenotypic correlation was exhibited for harvest index per plant (0.377**) with grain yield per plant. Positive direct effect (0.2042) was observed for harvest index on grain yield per plant while positive indirect effect were observed with biological yield per plant (0.1078), number of productive tillers per plant (0.0349), spike length (0.0266), 1000 grain weight (0.0243) and days to 50% flowering (0.0033). A conversely negative indirect effect was exhibited via days to maturity (-0.0110), number of spikelets per spike (-0.0086), number of grains per spike (-0.0048), grain weight per spike (-0.0029) and plant height (-0.0001) on grain yield per plant. Similar result also reported by Rachana et al., (2021),    
Conclusion
Grain yield per plant in wheat is substantially and continuously correlated with biological yield per plant and the number of productive tillers per plant at both genotypic and phenotypic levels over F₁ and F₂ generations, according to correlation and path coefficient analyses. Spike length, number of spikelets per spike, number of grains per spike, 1000-grain weight, harvest index, and grain weight per spike all had a favorable impact on grain yield, demonstrating their significant contribution to yield expression. Path analysis also showed that the harvest index and biological yield per plant had the strongest positive direct influence on grain production per plant in both generations, demonstrating their crucial and primary function in determining output. In some generations, traits like spike length, number of productive tillers per plant, grain weight per spike, and 1000-grain weight also shown significant direct effects, indicating their usefulness in selection.
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Table 1. Genotypic and phenotypic correlations of F1
	Traits
	DTF
	DTM
	PH
	NPTPP
	SL
	NSPS
	NGPS
	GWPS
	SH
	PC
	TGW
	BYPP
	HI
	GYPP

	DTF
	1.00
	0.957**
	0.450**
	0.248**
	0.184*
	0.161*
	0.120
	-0.035
	0.205**
	-0.144
	0.220**
	0.281**
	-0.066
	0.222**

	DTM
	0.884**
	1.00
	0.567**
	0.399**
	0.310**
	0.305**
	0.260**
	0.047
	0.200*
	-0.126
	0.286**
	0.354**
	0.037
	0.299**

	PH
	0.356**
	0.463**
	1.00
	0.646**
	0.441**
	0.486**
	0.525**
	0.503**
	0.355**
	-0.060
	0.471**
	0.480**
	0.316**
	0.472**

	NPTPP
	0.206**
	0.386**
	0.511**
	1.00
	0.816**
	0.802**
	0.799**
	0.612**
	0.144
	0.010
	0.757**
	0.777**
	0.708**
	0.837**

	SL
	0.120
	0.229**
	0.207**
	0.626**
	1.00
	1.028**
	1.004**
	0.476**
	-0.113
	-0.078
	0.679**
	0.695**
	0.801**
	0.782**

	NSPS
	0.108
	0.260**
	0.338**
	0.679**
	0.616**
	1.00
	1.099**
	0.417**
	-0.030
	-0.172*
	0.689**
	0.569**
	0.806**
	0.703**

	NGPS
	0.053
	0.206**
	0.275**
	0.622**
	0.649**
	0.834**
	1.00
	0.426**
	0.007
	-0.279**
	0.751**
	0.573**
	0.840**
	0.708**

	GWPS
	-0.038
	0.051
	0.385**
	0.585**
	0.400**
	0.368**
	0.369**
	1.00
	-0.004
	-0.084
	0.411**
	0.658**
	0.275**
	0.617**

	SH
	0.108
	0.138
	0.222**
	0.150
	0.010
	0.035
	0.108
	0.045
	1.00
	-0.457**
	0.228**
	0.214**
	0.085
	0.162*

	PC
	-0.83
	-0.063
	-0.049
	0.007
	0.003
	-0.069
	-0.052
	-0.079
	-0.263**
	1.00
	-0.114
	-0.111
	-0.104
	-0.131

	TGW
	0.152
	0.235**
	0.341**
	0.582**
	0.428**
	0.490**
	0.469**
	0.334**
	0.163*
	-0.200**
	1.00
	0.584**
	0.851**
	0.707**

	BYPP
	0.260**
	0.325**
	0.401**
	0.705**
	0.480**
	0.458**
	0.407**
	0.595**
	0.128
	-0.026
	0.369**
	1.00
	0.513**
	0.982**

	HI
	-0.043
	0.019
	0.180*
	0.530**
	0.397**
	0.467**
	0.467**
	0.213**
	-0.015
	-0.136
	0.552**
	0.292**
	1.00
	0.779**

	GYPP
	0.193*
	0.282**
	0.389**
	0.787**
	0.578**
	0.558**
	0.520**
	0.583**
	0.133
	-0.095
	0.517**
	0.915**
	0.488**
	1.00


*, ** significant at 5% and 1% level, respectively
Table 2. Genotypic and phenotypic correlations of F2
	Traits
	DTF
	DTM
	PH
	NPTPP
	SL
	NSPS
	NGPS
	GWPS
	SH
	PC
	TGW
	BYPP
	HI
	GYPP

	DTF
	1.000
	0.840**
	0.039
	0.162
	0.112
	0.043
	-0.006
	-0.016
	0.406**
	-0.590**
	0.303**
	0.242**
	0.152
	0.255**

	DTM
	0.765**
	1.000
	0.236**
	0.500**
	0.465**
	0.430**
	0.414**
	0.051
	0.306**
	-0.657**
	0.593**
	0.409**
	0.308**
	0.436**

	PH
	0.026
	0.122
	1.000
	0.197*
	0.052
	0.171*
	0.212*
	-0.278**
	-0.077
	-0.119
	0.206*
	-0.205*
	0.058
	-0.167

	NPTPP
	0.138
	0.482**
	0.102
	1.000
	0.950**
	0.838**
	0.761**
	0.548**
	-0.010
	-0.250**
	0.824**
	0.803**
	0.613**
	0.871**

	SL
	0.095
	0.344**
	-0.014
	0.655**
	1.000
	1.110**
	0.784**
	0.537**
	-0.046
	-0.456**
	0.897**
	0.757**
	0.672**
	0.783**

	NSPS
	0.011
	0.297**
	0.090
	0.591**
	0.366**
	1.000
	1.316**
	0.155
	0.115
	-0.490**
	0.695**
	0.712**
	0.701**
	0.844**

	NGPS
	0.019
	0.312**
	0.044
	0.530**
	0.591**
	0.443**
	1.000
	0.055
	-0.085
	-0.407**
	0.677**
	0.493**
	0.756**
	0.623**

	GWPS
	-0.002
	0.040
	-0.020
	0.428**
	0.309**
	0.084
	0.017
	1.000
	0.056
	0.136
	0.250**
	0.623**
	0.136
	0.588**

	SH
	0.317**
	0.221**
	-0.011
	0.015
	0.001
	-0.064
	0.038
	0.046
	1.000
	-0.291**
	0.077
	0.122
	0.106
	0.127

	PC
	-0.295**
	-0.308**
	-0.104
	-0.157
	-0.100
	-0.082
	-0.218
	-0.045
	-0.337**
	1.000
	-0.138
	-0.289**
	-0.346**
	-0.339**

	TGW
	0.186*
	0.395**
	0.054
	0.540**
	0.336**
	0.349**
	0.346**
	0.202*
	0.161
	-0.351**
	1.000
	0.543**
	0.649**
	0.619**

	BYPP
	0.227**
	0.370**
	-0.105
	0.716**
	0.577**
	0.430**
	0.377**
	0.485**
	0.066
	-0.084
	0.252**
	1.000
	0.339**
	0.978**

	HI
	0.074
	0.212*
	0.053
	0.479**
	0.185*
	0.371**
	0.359**
	0.096
	0.091
	-0.143
	0.342**
	0.142
	1.000
	0.660**

	GYPP
	0.237**
	0.413**
	-0.068
	0.796**
	0.652**
	0.475**
	0.470**
	0.445**
	0.107
	-0.148
	0.395**
	0.905**
	0.377**
	1.000


*, ** significant at 5% and 1% level, respectively
Table 3. Genotypic path and Phenotypic with Grain yield per plant (g)-F1
	Traits
	
	DTF
	DTM
	PH
	NPTPP
	SL
	NSPS
	NGPS
	GWPS
	SH
	PC
	TGW
	BYPP
	HI
	GYPP

	DTF
	G
	0.3483
	-0.1891
	0.0564
	0.0349
	0.1276
	-0.0879
	-0.0593
	-0.0047
	-0.0091
	0.0247
	-0.1015
	0.1502
	-0.0687
	0.222**

	
	P
	-0.0128
	-0.0294
	-0.0078
	0.0301
	0.0075
	-0.0012
	0.0010
	0.0009
	0.0002
	0.0042
	0.0105
	0.1951
	-0.0054
	0.193*

	DTM
	G
	0.3332
	-0.1976
	0.0709
	0.0561
	0.2156
	-0.1662
	-0.1282
	0.0063
	-0.0088
	0.0216
	-0.1317
	0.1896
	0.0385
	0.299**

	
	P
	-0.0113
	-0.0333
	-0.0102
	0.0563
	0.0144
	-0.0028
	0.0040
	-0.0012
	0.0002
	0.0032
	0.0163
	0.2442
	0.0024
	0.282**

	PH
	G
	0.1569
	-0.1120
	0.1251
	0.0909
	0.3061
	-0.2646
	-0.2591
	0.0677
	-0.0157
	0.0103
	-0.2172
	0.2570
	0.3262
	0.472**

	
	P
	-0.0046
	-0.0154
	-0.0220
	0.0746
	0.0130
	-0.0036
	0.0053
	-0.0088
	0.0004
	0.0025
	0.0236
	0.3014
	0.0228
	0.389**

	NPTPP
	G
	0.0863
	-0.0788
	0.0808
	0.1407
	0.5669
	-0.4367
	-0.3945
	0.0824
	-0.0064
	-0.0016
	-0.3491
	0.4158
	0.7312
	0.837**

	
	P
	-0.0026
	-0.0129
	-0.0112
	0.1459
	0.0395
	-0.0073
	0.0120
	-0.0133
	0.0002
	-0.0003
	0.0402
	0.5300
	0.0670
	0.787**

	SL
	G
	0.0640
	-0.0613
	0.0551
	0.1148
	0.6949
	-0.5595
	-0.4954
	0.0641
	0.0050
	0.0134
	-0.3131
	0.3723
	0.8282
	0.782**

	
	P
	-0.0015
	-0.0076
	-0.0045
	0.0914
	0.0631
	-0.0066
	0.0125
	-0.0091
	0.0000
	-0.0002
	0.0296
	0.3609
	0.0502
	0.578**

	NSPS
	G
	0.0562
	-0.0603
	0.0608
	0.1129
	0.7142
	-0.5444
	-0.5425
	0.0561
	0.0013
	0.0295
	-0.3180
	0.3048
	0.8330
	0.703**

	
	P
	-0.0014
	-0.0087
	-0.0074
	0.0991
	0.0389
	-0.0107
	0.0161
	-0.0084
	0.0001
	0.0035
	0.0339
	0.3440
	0.0590
	0.558**

	NGPS
	G
	0.0418
	-0.0513
	0.0657
	0.1125
	0.6976
	-0.5985
	-0.4935
	0.0573
	-0.0003
	0.0478
	-0.3463
	0.3070
	0.8684
	0.708**

	
	P
	-0.0007
	-0.0069
	-0.0061
	0.0907
	0.0409
	-0.0090
	0.0192
	-0.0084
	0.0002
	0.0026
	0.0324
	0.3059
	0.0590
	0.520**

	GWPS
	G
	-0.0123
	-0.0092
	0.0630
	0.0861
	0.3309
	-0.2268
	-0.2101
	0.1345
	0.0002
	0.0144
	-0.1896
	0.3521
	0.2838
	0.617**

	
	P
	0.0005
	-0.0017
	-0.0085
	0.0853
	0.0252
	-0.0040
	0.0071
	-0.0228
	0.0001
	0.0040
	0.0231
	0.4476
	0.0269
	0.583**

	SH
	G
	0.0715
	-0.0395
	0.0444
	0.0203
	-0.0782
	0.0163
	-0.0036
	-0.0005
	-0.0441
	0.0782
	-0.1050
	0.1145
	0.0882
	0.162*

	
	P
	-0.0014
	-0.0046
	-0.0049
	0.0219
	0.0006
	-0.0004
	0.0021
	-0.0010
	0.0016
	0.0134
	0.0112
	0.0959
	-0.0019
	0.133

	PC
	G
	-0.0503
	0.0250
	-0.0076
	0.0014
	-0.0545
	0.0938
	0.1378
	-0.0113
	0.0202
	-0.1711
	0.0526
	-0.0594
	-0.1078
	-0.131

	
	P
	0.0011
	0.0021
	0.0011
	0.0010
	0.0002
	0.0007
	-0.0010
	0.0018
	-0.0004
	-0.0509
	-0.0138
	-0.0195
	-0.0172
	-0.095

	TGW
	G
	0.0766
	-0.0564
	0.0589
	0.1065
	0.4716
	-0.3753
	-0.3704
	0.0553
	-0.0100
	0.0195
	-0.4613
	0.3128
	0.8798
	0.707**

	
	P
	-0.0019
	-0.0078
	-0.0075
	0.0849
	0.0270
	-0.0053
	0.0090
	-0.0076
	0.0003
	0.0102
	0.0691
	0.2772
	0.0697
	0.517**

	BYPP
	G
	0.0977
	-0.0700
	0.0600
	0.1093
	0.4832
	-0.3099
	-0.2829
	0.0885
	-0.0094
	0.0190
	-0.2695
	0.5354
	0.5306
	0.982**

	
	P
	-0.0033
	-0.0108
	-0.0088
	0.1028
	0.0303
	-0.0049
	0.0078
	-0.0136
	0.0002
	0.0013
	0.0255
	0.7519
	0.0369
	0.915**

	HI
	G
	-0.0232
	-0.0074
	0.0395
	0.0995
	0.5570
	-0.4388
	-0.4147
	0.0369
	-0.0038
	0.0179
	-0.3927
	0.3749
	0.9334
	0.779**

	
	P
	0.0006
	-0.0006
	-0.0040
	0.0774
	0.0251
	-0.0050
	0.0090
	-0.0049
	0.0000
	0.0070
	0.0381
	0.2194
	0.1264
	0.488**


Resi- (G) 0.0108
Resi- (P) 0.0861
*, ** significant at 5% and 1% level, respectively



Table 4. Genotypic and Phenotypic path with Grain yield per plant of F2
	Traits
	
	DTF
	DTM
	PH
	NPTPP
	SL
	NSPS
	NGPS
	GWPS
	SH
	PC
	TGW
	BYPP
	HI
	GYPP

	DTF
	G
	-0.2310
	0.2516
	0.0061
	-0.0774
	-0.0228
	-0.0072
	-0.0008
	-0.0018
	-0.0225
	-0.0365
	-0.0195
	0.3165
	0.1002
	0.255**

	
	P
	0.0440
	-0.0398
	0.0000
	0.0101
	0.0137
	-0.0003
	-0.0003
	0.0001
	0.0069
	0.0019
	0.0132
	0.1726
	0.0151
	0.237**

	DTM
	G
	-0.1941
	0.2995
	0.0366
	-0.2391
	-0.0947
	-0.0728
	0.0529
	0.0056
	-0.0169
	-0.0407
	-0.0381
	0.5355
	0.2022
	0.436**

	
	P
	0.0336
	-0.0520
	-0.0002
	0.0352
	0.0493
	-0.0069
	-0.0042
	-0.0012
	0.0048
	0.0020
	0.0281
	0.2812
	0.0434
	0.413**

	PH
	G
	-0.0091
	0.0706
	0.1551
	-0.0945
	-0.0105
	-0.0290
	0.0271
	-0.0305
	0.0042
	-0.0073
	-0.0132
	-0.2685
	0.0382
	-0.167

	
	P
	0.0012
	-0.0063
	-0.0014
	0.0074
	-0.0020
	-0.0021
	-0.0006
	0.0006
	-0.0002
	0.0007
	0.0038
	-0.0798
	0.0109
	-0.068

	NPTPP
	G
	-0.0374
	0.1496
	0.0306
	-0.4787
	-0.1936
	-0.1421
	0.0972
	0.0600
	0.0006
	-0.0154
	-0.0529
	1.0507
	0.4028
	0.871**

	
	P
	0.0061
	-0.0251
	-0.0001
	0.0729
	0.0938
	-0.0137
	-0.0071
	-0.0130
	0.0003
	0.0010
	0.0383
	0.5444
	0.0978
	0.796**

	SL
	G
	-0.0259
	0.1392
	0.0080
	-0.4549
	-0.2037
	-0.1880
	0.1002
	0.0588
	0.0026
	-0.0282
	-0.0576
	0.9908
	0.4416
	0.783**

	
	P
	0.0042
	-0.0179
	0.0000
	0.0477
	0.1433
	-0.0085
	-0.0079
	-0.0094
	0.0000
	0.0006
	0.0239
	0.4386
	0.0379
	0.652**

	NSPS
	G
	-0.0099
	0.1287
	0.0266
	-0.4013
	-0.2260
	-0.1695
	0.1682
	0.0170
	-0.0063
	-0.0303
	-0.0447
	0.9308
	0.4606
	0.844**

	
	P
	0.0005
	-0.0154
	-0.0001
	0.0431
	0.0524
	-0.0232
	-0.0059
	-0.0026
	-0.0014
	0.0005
	0.0247
	0.3270
	0.0758
	0.475**

	NGPS
	G
	0.0015
	0.1240
	0.0329
	-0.3641
	-0.1597
	-0.2230
	0.1278
	0.0060
	0.0047
	-0.0252
	-0.0435
	0.6450
	0.4965
	0.623**

	
	P
	0.0008
	-0.0162
	-0.0001
	0.0387
	0.0846
	-0.0103
	-0.0133
	-0.0005
	0.0008
	0.0014
	0.0246
	0.2865
	0.0732
	0.470**

	GWPS
	G
	0.0037
	0.0153
	-0.0432
	-0.2623
	-0.1093
	-0.0262
	0.0070
	0.1095
	-0.0031
	0.0084
	-0.0160
	0.8155
	0.0893
	0.588**

	
	P
	-0.0001
	-0.0021
	0.0000
	0.0312
	0.0443
	-0.0020
	-0.0002
	-0.0305
	0.0010
	0.0003
	0.0143
	0.3692
	0.0196
	0.445**

	SH
	G
	-0.0938
	0.0918
	-0.0119
	0.0048
	0.0094
	-0.0194
	-0.0109
	0.0061
	-0.0553
	-0.0180
	-0.0050
	0.1590
	0.0699
	0.127

	
	P
	0.0140
	-0.0115
	0.0000
	0.0011
	0.0002
	0.0015
	-0.0005
	-0.0014
	0.0217
	0.0022
	0.0114
	0.0501
	0.0187
	0.107

	PC
	G
	0.1364
	-0.1968
	-0.0184
	0.1195
	0.0929
	0.0830
	-0.0521
	0.0148
	0.0161
	0.0619
	0.0089
	-0.3778
	-0.2275
	-0.339**

	
	P
	-0.0130
	0.0160
	0.0002
	-0.0114
	-0.0144
	0.0019
	0.0029
	0.0014
	-0.0073
	-0.0064
	-0.0249
	-0.0636
	-0.0293
	-0.148

	TGW
	G
	-0.0700
	0.1776
	0.0320
	-0.3945
	-0.1826
	-0.1178
	0.0866
	0.0273
	-0.0043
	-0.0085
	-0.0642
	0.7108
	0.4267
	0.619**

	
	P
	0.0082
	-0.0206
	-0.0001
	0.0393
	0.0482
	-0.0081
	-0.0046
	-0.0062
	0.0035
	0.0023
	0.0710
	0.1918
	0.0698
	0.395**

	BYPP
	G
	-0.0559
	0.1226
	-0.0318
	-0.1845
	-0.1543
	-0.1206
	0.4630
	0.3682
	-0.0067
	-0.0179
	-0.0349
	0.3082
	0.3227
	0.978**

	
	P
	0.0100
	-0.0192
	0.0002
	0.0522
	0.0826
	-0.0100
	-0.0050
	-0.0148
	0.0014
	0.0005
	0.0179
	0.7607
	0.0290
	0.905**

	HI
	G
	-0.0352
	0.0922
	0.0090
	-0.2935
	-0.1369
	-0.1188
	0.0966
	0.0149
	-0.0059
	-0.0214
	-0.0417
	0.4434
	0.6571
	0.660**

	
	P
	0.0033
	-0.0110
	-0.0001
	0.0349
	0.0266
	-0.0086
	-0.0048
	-0.0029
	0.0020
	0.0009
	0.0243
	0.1078
	0.2042
	0.377**


Resi- (G) 0.0115
Resi- (P) 0.0935
*, ** significant at 5% and 1% level, respectively



