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ABSTRACT
An experiment was carried out at the Student Instructional farmFarm, Peeli Kothi, Tilak Dhari Post graduate College, Jaunpur, Uttar Pradesh, during the rabi season of 2023–24 and 2024-25. The genotypes developed by crossing ten parents of half diallel fashion are evaluated in randomized block design with three replications. Genetic variability, heritability, genetic advance, correlation, and path coefficient analysis for yield and its attributes traits were estimated. The analysis of variance revealed that the treatments were highly significant for all studies fourteen traits. Genotypic coefficient of variation (GCV) ranged from 1.29 (days to anthesis) to 18.43 (effective tillers per plant) and the phenotypic coefficient of variation (PCV) ranged from 1.96 (days to anthesis) to 19.86 (effective tillers per plant). The highest broad sense heritability was recorded for biological yield per plant (99.05%), while, highest moderate broad sense heritability was observed in number of spikelets per spike (86.45 %) and lowest heritability values were recorded for days to anthesis (43.55%). The genetic advance as percentage of mean ranged from 1.76 % for days to anthesis to 35.25 % for effective tillers per plant. Grain yield per plant positively correlated with effective tillers per plant, 1000- grain weight, chlorophyll content, plant height, biological yield per plant and harvest index. In other hand, Grain yield per plant showed negative significant correlation was observed with days to heading. Path analysis showed that effective tillers per plant, 1000- grain weight, biological yield per plant and harvest index showed the highest positive direct effects on grain yield per plant. Other traits had relatively low direct effects on grain yield per plant. However, traits such as the plant height, and chlorophyll content showed negative direct effects on grain yield. These results suggest that these traits are the most critical for directly influencing grain yield and should be prioritized in selection.





 




Keywords: Wheat; Genetic variability; heritability; genetic advance; correlation coefficient; path analysis.
1. Introduction	Comment by Rizki Nugroho: This is the shortest introduction I have encountered. The content and flow are appropriate, but please try to elaborate further so that readers can better understand the importance of this plant and your research. 
             Wheat (Triticum aestivum L.) is a most important cereal crop, occupying the largest cultivated area globally. In some Asian countries, wheat is grown for both grain and straw (Beres et al., 2020). The global population is projected to reach nearly 9 billion by the end of the twenty-first century, leading to a substantial rise in food demand. In particular, the demand for wheat is expected to increase by approximately 50% by 2030 and about 70% by 2050 to meet the nutritional requirements of the growing population (Hunt et al., 2017). India wheat production during 2024-25 reported a significant milestone, reached 113.29 million tonnes, with an average wheat productivity of 3,595 kg ha⁻¹. In comparison, wheat production in the preceding year stood at 110.55 million tonnes, indicating an increase of 2.74 million tonnes, representing a growth of nearly 2%. This notable rise in production can largely be attributed to an expansion in the area under cultivation and improvements in productivity across several wheat-growing states (FAOSTAT, 2025). However, with the expected increase in demand for wheat, there is a need to enhance productivity. The availability of sufficient genetic variability is essential for the successful planning of breeding programs because it makes it easier to create wheat varieties that are both widely adaptable and high yielding, which increases wheat productivity (Olivera et al., 2015). Understanding genetic variability, heritability, correlation coefficients, and other related parameters can aid in improving grain yield through targeted selection of specific traits and their relationship with overall productivity. Therefore, the present study aims to assess the variability and heritability in wheat, with the goal of utilizing this information in selection programs to enhance productivity in future wheat genotypes. 
2. Material and methods	Comment by Rizki Nugroho: Include the genotype you used as well as the statistical analysis software you employed.	Comment by Rizki Nugroho: Your observations are only sufficient for basic analysis and are not accurate enough for making selection decisions. Add heritability (at least broad-sense) and genetic advance analysis.
              The present study conducted at the Student Instructional farmFarm, Peeli Kothi, Tilak Dhari Post graduate College, Jaunpur, Uttar Pradesh, 222002. The evaluation of 58 treatments (45 F1s hybrids, 10 parents and three standard cultivar) during rabi season 2024-25 in Randomized Block Design (RBD) with three replication. The genotype were sown in a 1.5 m length with inter and intra-row spacing of 22.5 cm and 10 cm, respectively. Geographically, this place is located between 24.24°N and 26.12°N latitude, 82.70°E and 83.50°E longitudes and an altitude of approx. 79.5 m to 88.4 m above from mean sea level. The soil type is sandy loam and annual rainfall is about 1098 mm. The climate of district Jaunpur is semi-arid with hot summer and cold winter. All the recommended cultural practices were applied to raise good crop cultivation. Observations recorded on traits viz., days to heading , days to anthesis, days to maturity, Grain filling duration, plant height (cm), Effective tillers per plant, chlorophyll content, spike length (cm), number of spikelets per spike, number of grains per spike, 1000-grain weight (g), grain yield per plant (g), biological yield per plant (g) and harvest index (%).Statistical analysis, the harvest index value was calculated using the formula provided by Donald and Humblin (1976). The mean performance of each genotype was analyzed statistically. The significance of each characteristic was tested through analysis of variance, following the methodology proposed by Panse and Sukhatme (1967). Genotypic and phenotypic coefficients of variation (GCV and PCV) were calculated using the formula given by Burton (1952). The heritability in broad sense (h2) was calculating using the method described by Burton and Vane (1953). The genetic advance was calculated based on the formula suggested by Johnson et al., (1955). Correlation coefficient and path coefficient were evaluated using the methods developed by Al Jibouri et al., (1958) and Dewey and Lu (1959), respectively.
3. Results
              The results from the analysis of variance (Table: -1) showed that the treatments had a significant effect on all the study traits. Among these traits, the highest value was observed in plant height, followed by Chlorophyll content, Harvest index and 1000-grain weight. On the other hand, the effective tillers per plant were found to be the lowest. These findings suggest that the selected genotypes exhibited genetic variability, with a reported amount of variation existing among them. Similar results were previously reported by Joshi et al., (2003), Khan et al., (2024), Himaja et al., (2025).	Comment by Rizki Nugroho: Is the table citation formatted correctly according to GFA?
               The experimental material was carried out to determine the genotypic coefficients of variation (GCV), phenotypic coefficients of variation (PCV) and environmental coefficients of variation (ECV) for all the fourteen traits. The experiment findings, showed in (Table:-2), the highest magnitudes of GCV and PCV was observed to revealed that effective tillers per plant followed by grain yield per plant, biological yield per plant, and Chlorophyll content. Moreover, effective tillers per plant had GCV and PCV values of 18.43 and 19.86, grain yield per plant had values of 13.01 and 13.16, biological yield per plant had values of 12.72 and 12.79, and Chlorophyll content had values of 11.15 and 11.48, respectively. On the other hand, the traits like days to anthesis, days to maturity, days to heading and grain filling duration exhibited the lowest genotypic and phenotypic coefficients of variation. This suggests that there is sufficient variability in these traits and therefore potential for genetic improvement through selective breeding. Observed, the phenotypic coefficient of variation (PCV) was consistently higher than the genotypic coefficient of variation (GCV) across all studied traits, the environmental coefficient variation (ECV) comparatively lower than both GCV and PCV, showed environmental effect was limited. These findings were aligning with Dragov et al., (2022), Patil et al., (2024), Tiwari et al., (2025). A high heritability value was observed variability is largely governed by genetic components, with relatively minor effect from environmental factors. In this study broad sense heritability was estimates high found in biological yield per plant, followed by grain yield per plant, plant height, chlorophyll content, 1000-grain weight and harvest index. These findings align with those reported by Kumar et al., (2022), Dvivedi et al., (2023), Naveen et al., (2023) and Patil et al., (2024).The estimate of heritability and genetic advance provides better insights into the genetic control of specific traits. High heritability coupled with high genetic advance suggests that additive gene effects primarily influence the trait. In this present study, such a correlation was observed traits like grain yield per plant, biological yield per plant, chlorophyll content, 1000- grain weight and harvest index. These results align closely with the findings of  Kumar et al., (2024),Tripathi et al., (2021), Patil et al., (2024) and Singh et al., (2026).
                Genotypic correlation coefficients were generally similar in direction to their corresponding phenotypic correlations, but were off slightly greater magnitude. This pattern indicates the moderating influence of environmental factors on trait expression, while the higher genotypic correlations reveal the presence of strong inherent genetic relationships among the traits. In the present investigation, grain yield per plant showed highly significant and positive correlation with effective tillers per plant, 1000- grain weight, chlorophyll content, plant height, biological yield per plant and harvest index. Grain yield per plant indicating negative significant correlation was observed with days to heading. At the phenotypic level, grain yield per plant observed a highly significant and positive correlation with effective tillers per plant, 1000 - grain weight, chlorophyll content, plant height, biological yield per plant, harvest index and grain filling duration. On other hand, Moreover, a negative correlation was observed with number of grain per spike, spike length and days to heading showed a positive and non-significant correlation with grain yield per plant. These results align broadly with those reported by Rathwa et al., (2018), Maurya et al., (2020), Nageshwar et al., (2021), Kumar et al., (2022) and Rajput et al., (2025).
                Path coefficient analysis originally developed by Wright (1921) and it is valuable for identifying traits that exert the greatest effect on a dependent variable, thereby aiding in the selection of superior genotypes in breeding programmes. In the present study, grain yield per plant was considered as the dependent variable, while the remaining traits were treated as independent variables. The traits observations, effective tillers per plant, 1000- grain weight, biological yield per plant and harvest index showed the highest positive direct effects on grain yield per plant at both genotypic and phenotypic levels. These results suggest that these traits are the most critical for directly influencing grain yield and should be prioritized in selection. Other traits had relatively low direct effects on grain yield per plant. However, at the genotypic level, traits such as the plant height, chlorophyll content and days to anthesis showed negative direct effects on grain yield. Similar results reported by researchers such as Devesh et al., (2021), Jaisi et al., (2021), Saini et al., (2024), Yadav et al., (2025). 
4. CONCLUSION
                An analysis of variance showed that the mean squares due to genotypes were highly significant for all study traits. In additionally, correlation studies showed significant positive correlations between grain yield and effective tillers per plant, 1000- grain weight, chlorophyll content, plant height, biological yield per plant and harvest index. However, effective tillers per plant, 1000- grain weight, biological yield per plant and harvest index were observed to have positively high direct effects on grain yield. This suggests that selecting these traits under normal conditions would be effective for improving grain yield. Therefore, based on the present experiment results, effective tillers per plant, 1000- grain weight, biological yield per plant and harvest index can be utilized as suitable criteria for selecting high yielding genotypes. However, path coefficient analysis is more useful for partitioning direct and indirect causes of correlation and also enables breeders to compare the component factors based on their relative contributions.
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Table:-1. Analyses of variance for 14 traits in a 10 x 10 half diallel cross to wheat.
	Traits
	Days to heading
	Days to anthesis
	Days to maturity
	Grain filling duration
	Plant height (cm)
	Effective tillers per plant
	Chlorophyll content
	Spike length (cm)
	Number of spikelets per spike
	Number of grains per spike
	1000-grain weight (g)
	Grain yield per plant (g)
	Biological yield per plant (g)
	Harvest index (%)

	Replications (df=2)
	10.79
	15.00**
	38.54**
	13.11*
	17.04**
	10.48**
	94.54**
	1.83**
	1.75*
	4.67
	106.02**
	12.67**
	27.25**
	423.12**

	Treatments (df=54)
	16.08**
	6.02**
	14.49**
	15.12**
	109.62**
	3.82**
	90.95**
	4.29**
	8.73**
	102.98**
	51.12**
	7.66**
	39.71**
	62.91**

	Error (df=108)
	3.90
	1.77
	1.92
	2.97
	1.44
	0.19
	1.90
	0.36
	0.43
	8.48
	1.69
	0.05
	0.20
	1.51


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










	Traits
	GCV
	PCV
	ECV
	Heritability in Broad sense (%)
	Genetic advance
	Genetic advance as % of mean

	Days to heading
	2.33
	3.12
	2.08
	55.93
	3.20
	3.60

	Days to anthesis
	1.29
	1.96
	1.48
	43.55
	1.60
	1.76

	Days to maturity
	1.70
	2.04
	1.14
	69.11
	3.50
	2.91

	Grain filling duration
	6.66
	8.89
	5.89
	56.13
	3.00
	10.28

	Plant height (cm)
	7.05
	7.19
	1.38
	96.32
	12.17
	14.26

	Effective tillers per plant
	18.43
	19.87
	7.40
	86.14
	2.12
	35.25

	Chlorophyll content
	11.15
	11.48
	2.72
	94.39
	11.00
	22.33

	Spike length (cm)
	8.80
	9.93
	4.59
	78.61
	2.11
	16.07

	Number of spikelets per spike
	7.83
	8.43
	3.10
	86.45
	3.20
	15.02

	Number of grains per spike
	9.69
	10.94
	5.05
	78.63
	10.29
	17.71

	1000-grain weight (g)
	8.56
	8.97
	2.66
	91.20
	8.01
	16.86

	Grain yield per plant (g)
	13.01
	13.16
	1.93
	97.85
	3.28
	26.53

	Biological yield per plant (g)
	12.72
	12.79
	1.25
	99.05
	7.52
	26.10

	Harvest index (%)
	10.58
	10.95
	2.80
	93.48
	9.09
	21.08


Table:-2. Estimate the genetic parameters for 14 traits in half diallel method for wheat.

Table: 3 The estimates of genotypic and phenotypic correlation coefficient among 14 traits in bread wheat.
	
	Traits
	DTH
	DTA
	DTM
	GFD
	PH
	ETP
	CC
	SL
	NSPS
	NGPS
	TGW
	GYP
	BYP
	HI

	G
	DTH
	1
	0.4183 **
	0.3739 **
	0.1692
	-0.1824
	-0.166
	-0.1144
	0.2412
	0.392 **
	0.3944 **
	-0.0723
	-0.0262
	0.0112
	-0.0375

	P
	
	1
	0.2061 **
	0.2386 **
	0.1001
	-0.134
	-0.1058
	-0.0714
	0.2508 **
	0.2994 **
	0.2577 **
	-0.0299
	-0.0219
	0.009
	-0.0273

	G
	DTA
	
	1
	0.3736 **
	-0.1842
	-0.4009 **
	-0.3787 **
	-0.3607 **
	0.4052 **
	0.2805 *
	0.2684 *
	-0.2228
	-0.2863 *
	-0.0042
	-0.3295 *

	P
	
	
	1
	0.2776 **
	-0.3942 **
	-0.2992 **
	-0.2492 **
	-0.2436 **
	0.2617 **
	0.1889 *
	0.1293
	-0.0992
	-0.1893 *
	-0.0067
	-0.2173 **

	G
	DTM
	
	
	1
	0.8432 **
	-0.0168
	-0.0417
	-0.029
	0.4607 **
	0.4602 **
	0.5241 **
	0.0097
	0.0507
	0.1302
	-0.0955

	P
	
	
	
	1
	0.7635 **
	-0.0231
	-0.0129
	-0.0331
	0.3748 **
	0.367 **
	0.3865 **
	0.0108
	0.0431
	0.1052
	-0.0721

	G
	GFD
	
	
	
	1
	0.224
	0.1688
	0.1858
	0.243
	0.3338 *
	0.4075 **
	0.149
	0.2201
	0.1508
	0.0754

	P
	
	
	
	
	1
	0.1871 *
	0.1567 *
	0.1403
	0.184 *
	0.2251 **
	0.2913 **
	0.0845
	0.1694 *
	0.1097
	0.0716

	G
	PH
	
	
	
	
	1
	0.8531 **
	0.8369 **
	-0.1259
	-0.0786
	-0.0537
	0.8479 **
	0.7788 **
	0.544 **
	0.2793 *

	P
	
	
	
	
	
	1
	0.783 **
	0.806 **
	-0.1244
	-0.0707
	-0.052
	0.802 **
	0.7568 **
	0.5301 **
	0.2709 **

	G
	ETP
	
	
	
	
	
	1
	0.8815 **
	-0.1084
	0.0197
	0.0334
	0.9244 **
	0.9574 **
	0.6366 **
	0.3876 **

	P
	
	
	
	
	
	
	1
	0.8207 **
	-0.0757
	0.0065
	0.0503
	0.8416 **
	0.8932 **
	0.581 **
	0.3754 **

	G
	CC
	
	
	
	
	
	
	1
	-0.1507
	-0.0832
	-0.0658
	0.9125 **
	0.8849 **
	0.5914 **
	0.3561 **

	P
	
	
	
	
	
	
	
	1
	-0.119
	-0.0771
	-0.0497
	0.868 **
	0.8641 **
	0.5698 **
	0.3584 **

	G
	SL
	
	
	
	
	
	
	
	1
	0.8588 **
	0.8339 **
	-0.0677
	-0.1063
	0.0405
	-0.1854

	P
	
	
	
	
	
	
	
	
	1
	0.7362 **
	0.6768 **
	-0.0515
	-0.085
	0.0267
	-0.1413

	G
	NSPS
	
	
	
	
	
	
	
	
	1
	0.9899 **
	0.0562
	0.0076
	0.0073
	-0.0186

	P
	
	
	
	
	
	
	
	
	
	1
	0.9263 **
	0.0499
	0.0065
	-0.0002
	-0.0045

	G
	NGPS
	
	
	
	
	
	
	
	
	
	1
	0.9899 **
	0.0562
	0.0076
	0.0073

	P
	
	
	
	
	
	
	
	
	
	
	1
	0.0517
	0.0374
	0.0256
	-0.0016

	G
	TGW
	
	
	
	
	
	
	
	
	
	
	1
	0.9141 **
	0.5984 **
	0.3808 **

	P
	
	
	
	
	
	
	
	
	
	
	
	1
	0.8645 **
	0.5641 **
	0.3604 **

	G
	GYP
	
	
	
	
	
	
	
	
	
	
	
	1
	0.6599 **
	0.4156 **

	P
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.6461 **
	0.4283 **

	G
	BYP
	
	
	
	
	
	
	
	
	
	
	
	
	1
	-0.4048 **

	P
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	-0.4045 **

	G
	HI
	
	
	
	
	
	
	
	
	
	
	
	
	
	1

	P
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1





Table: 4. Direct and indirect effect of genotypic and phenotypic path coefficient analysis for yield traits in wheat.
	
	Traits
	DTH
	DTA
	DTM
	GFD
	PH
	ETP
	CC
	SL
	 PS
	NGPS
	TGW
	BYP
	HI
	GYP 

	G
	DTH
	-0.012503
	-0.03935
	0.063981
	-0.02547
	-0.00299
	-0.00121
	-0.0028
	-0.01485
	0.069575
	-0.04164
	-0.00097
	0.010507
	-0.02844
	-0.0262

	P
	
	-0.00528
	0.00301
	-0.00476
	0.00214
	-0.00057
	-0.00465
	-0.00097
	-0.00096
	-0.00265
	0.00631
	-0.00090
	0.00810
	-0.02070
	-0.0219

	G
	DTA
	-0.00523
	-0.09408
	0.063928
	0.027739
	-0.00658
	-0.00277
	-0.00883
	-0.02496
	0.049786
	-0.02834
	-0.003
	-0.00393
	-0.25006
	-0.2863 *

	P
	
	-0.00109
	0.01459
	-0.00553
	-0.00841
	-0.00128
	-0.01094
	-0.00331
	-0.00100
	-0.00167
	0.00316
	-0.00299
	-0.00603
	-0.16479
	-0.1893 *

	G
	DTM
	-0.004674
	-0.03514
	0.171137
	-0.12695
	-0.00028
	-0.00031
	-0.00071
	-0.02838
	0.081691
	-0.05534
	0.00013
	0.121956
	-0.07245
	0.0507

	P
	
	-0.00126
	0.00405
	-0.01994
	0.01629
	-0.00009
	-0.00057
	-0.00045
	-0.00143
	-0.00325
	0.00946
	0.00033
	0.09465
	-0.05468
	0.0431

	G
	GFD
	-0.002115
	0.017332
	0.144303
	-0.15056
	0.003674
	0.001234
	0.004548
	-0.01497
	0.059246
	-0.04303
	0.002008
	0.141201
	0.057222
	0.2201

	P
	
	-0.00053
	-0.00575
	-0.01522
	0.02134
	0.00080
	0.00688
	0.00191
	-0.00070
	-0.00200
	0.00713
	0.00255
	0.09869
	0.05430
	0.1694 *

	G
	PH
	0.002281
	0.037719
	-0.00288
	-0.03372
	0.016402
	0.006239
	0.020487
	0.007756
	-0.01395
	0.00567
	0.011425
	0.509392
	0.211965
	0.7788 **

	P
	
	0.00071
	-0.00437
	0.00046
	0.00399
	0.00427
	0.03439
	0.01095
	0.00048
	0.00063
	-0.00127
	0.02421
	0.47692
	0.20544
	0.7568 **

	G
	ETP
	0.002076
	0.035623
	-0.00714
	-0.02541
	0.013993
	0.007313
	0.021578
	0.006677
	0.003504
	-0.00353
	0.012456
	0.596118
	0.294148
	0.9574 **

	P
	
	0.00056
	-0.00364
	0.00026
	0.00334
	0.00335
	0.04392
	0.01115
	0.00029
	-0.00005
	0.00123
	0.02540
	0.52271
	0.28468
	0.8932 **

	G
	CC
	0.00143
	0.033936
	-0.00496
	-0.02797
	0.013727
	0.006446
	0.02448
	0.009285
	-0.01477
	0.006947
	0.012296
	0.553818
	0.270257
	0.8849 **

	P
	
	0.00038
	-0.00355
	0.00066
	0.00299
	0.00344
	0.03604
	0.01358
	0.00046
	0.00068
	-0.00122
	0.02620
	0.51264
	0.27179
	0.8641 **

	G
	SL
	-0.003015
	-0.03812
	0.078845
	-0.03659
	-0.00207
	-0.00079
	-0.00369
	-0.06159
	0.152437
	-0.08806
	-0.00091
	0.037899
	-0.14069
	-0.1063

	P
	
	-0.00132
	0.00382
	-0.00747
	0.00393
	-0.00053
	-0.00332
	-0.00162
	-0.00382
	-0.00653
	0.01656
	-0.00155
	0.02402
	-0.10715
	-0.085

	G
	 NSPS
	-0.004901
	-0.02639
	0.078764
	-0.05026
	-0.00129
	0.000144
	-0.00204
	-0.0529
	0.177496
	-0.10453
	0.000758
	0.006817
	-0.01408
	0.0076

	P
	
	-0.00158
	0.00276
	-0.00732
	0.00480
	-0.00030
	0.00029
	-0.00105
	-0.00282
	-0.00887
	0.02267
	0.00151
	-0.00018
	-0.00341
	0.0065

	G
	NGPS
	-0.004931
	-0.02525
	0.089693
	-0.06136
	-0.00088
	0.000244
	-0.00161
	-0.05137
	0.175707
	-0.1056
	0.000903
	0.036532
	-0.01821
	0.0339

	P
	
	-0.00136
	0.00189
	-0.00771
	0.00622
	-0.00022
	0.00221
	-0.00068
	-0.00259
	-0.00821
	0.02447
	0.00156
	0.02303
	-0.00121
	0.0374

	G
	TGW
	0.000904
	0.020957
	0.001653
	-0.02244
	0.013907
	0.00676
	0.022339
	0.004171
	0.009984
	-0.00708
	0.013475
	0.560401
	0.289025
	0.9141 **

	P
	
	0.00016
	-0.00145
	-0.00022
	0.00180
	0.00343
	0.03696
	0.01179
	0.00020
	-0.00044
	0.00127
	0.03019
	0.50751
	0.27331
	0.8645 **

	G
	BYP
	-0.00014
	0.000395
	0.022287
	-0.0227
	0.008922
	0.004655
	0.014477
	-0.00249
	0.001292
	-0.00412
	0.008064
	0.936468
	-0.30719
	0.6599 **

	P
	
	-0.000047
	-0.00009
	-0.00210
	0.00234
	0.00227
	0.02552
	0.00774
	-0.00010
	0.000002
	0.00063
	0.01703
	0.89968
	-0.30675
	0.6461 **

	G
	HI
	0.000468
	0.030997
	-0.01634
	-0.01135
	0.004581
	0.002834
	0.008718
	0.011418
	-0.00329
	0.002533
	0.005132
	-0.37905
	0.758916
	0.4156 **

	P
	
	0.00014
	-0.00317
	0.00144
	0.00153
	0.00116
	0.01649
	0.00487
	0.00054
	0.000039
	-0.00004
	0.01088
	-0.36392
	0.75835
	0.4283 **



