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Abstract
The present study was undertaken at the Student Instructional Farm of C.S. Azad University of Agriculture and Technology, Kanpur during the Rabi seasons of 2022–23 and 2023–24 to assess genetic variability and selection-related traits in bread wheat (Triticum aestivum L.). The experimental material consisted of 22 genotypes—18 lines and 4 testers—used in a Line × Tester design to produce 72 F₁ and 72 F₂ hybrids. A total of 166 entries, including parents and their crosses, were evaluated for 14 agronomic and quality traits. Analysis of variance showed highly significant differences across all characters, indicating the presence of substantial genetic variability. Estimates of genotypic and phenotypic coefficients of variation, along with heritability and genetic advance, suggested strong potential for improvement, particularly for traits like grain yield per plant, productive tillers, flag leaf area, and protein content. These traits showed high heritability coupled with high genetic advance, pointing to the dominance of additive gene action and the effectiveness of direct selection. The F₂ populations retained broad variability and promising heritability values, confirming their usefulness in further breeding. Significant line × tester interactions highlighted the role of both additive and non-additive genetic effects. These findings provide a strong base for identifying promising genotypes and advancing wheat breeding programs aimed at developing high-yielding cultivars.
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Introduction:
Cereals are the cornerstone of the global food system, ensuring food and nutritional security of the humankind. Cereals are the primary source of energy which contribute over 50% of daily caloric intake worldwide (Pingali, 2007). Besides being consumed directly, cereals like wheat, rice, and maize are essential inputs for livestock feed, processed food industries, and bio-based industries (FAO, 2023). Among cereals, wheat (Triticum aestivum L.) occupies an important position due to its high level of adaptability, versatility, and immense socio-economic value.
Wheat is cultivated across a broad range of climates, from the temperate zones of North America and Europe to the subtropical regions of South Asia. Globally, wheat is grown on over 220 million hectares, producing more than 770 million metric tons annually, making it the second most cultivated cereal after maize (Sharma et al. 2021, FAOSTAT, 2022). In India, wheat is the second major staple crop after rice, contributing approximately 35% of the nation’s total food grain production (ICAR-IIWBR, 2022). The crop is predominantly grown in the Indo-Gangetic Plains, with Uttar Pradesh, Punjab, Haryana, Madhya Pradesh, and Rajasthan as key producing states.
Despite considerable production, wheat productivity in India (around 3.5–4.0 t/ha) remains lower than in leading wheat-producing nations like China, France, and Germany, where yields often exceed 6–7 t/ha (Joshi et al. 2020). The constraints include susceptibility to biotic stresses (e.g., rusts, blights, aphids) and abiotic factors such as terminal heat, drought, and nutrient deficiencies. Furthermore, narrow genetic diversity in elite cultivars restricts the scope for adaptive breeding in response to climate change (Mondal et al. 2016).
Wheat is a key dietary component, supplying not just carbohydrates, but also proteins, B-complex vitamins, and essential minerals such as iron, zinc, and selenium (Shewry & Hey, 2015). Its gluten content makes it an essential raw material for bakery products and pasta. Moreover, wheat residues like bran and straw are widely used in animal feed, bioethanol production, packaging materials, and sustainable biodegradable alternatives (Jonnalagadda et al. 2011; Gill et al. 2021).
In plant breeding, genetic variability forms the backbone of any crop improvement program. A broad genetic base increases the chances of isolating superior genotypes with traits like early maturity, stress tolerance, disease resistance, and better yields (Roy et al. 2022). Assessing the extent and type of variability present in breeding materials helps guide the choice of selection strategy and breeding methodology (Singh & Narayanan, 2013).
Selection parameters such as genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability and genetic advance offer valuable insights into trait heritability and selection efficacy. Traits governed by additive gene effects generally exhibit high heritability and genetic advance, allowing for effective selection in early generations (Johnson et al. 1955, Akinwale et al. 2020). On the contrary, traits with low heritability but high genetic variability may benefit from recurrent selection or hybrid breeding approaches (Beyene et al. 2019). Several studies have identified high heritability and genetic advance in traits like plant height, spike length, number of grains per spike, and grain yield per plant in bread wheat (Kumar et al. 2022, Yadav et al. 2021).
Material and methods:
The investigation was conducted at Student Instruction Farm, C. S. Azad University of Agriculture and Technology, Kanpur-208002 (U.P.) during Rabi, 2022-23 and Rabi, 2023-24 to study genetic variability and selection parameters viz., coefficient of variability, heritability and genetic advance. Basic material for the present investigation consisted of twenty-two genotypes viz., K 2010, K 1910, K 607, HD 2967, K 2007, HI 1612, PBW 644, DBW 398, PBW 386, HD 3171, DBW 252, K 2101, K 2105, DBW 173, DBW 222, HD 3059, WB 02, DBW 187, HI 1563, K 9423, K 307 and DBW 107. These were collected from section of Rabi cereals, C. S. Azad University of agriculture and technology, Kanpur. Out of these, 18 genotypes were used as lines and four (HI 1563, K 9423, K 307 and DBW 107) as testers. 
 These parental lines were crossed to develop 72 F1s and F2s using Line X Tester mating design. Final trial was conducted comprising 166 treatments (22 parents + 72 F1s and 72 F2s) in Rabi season 2023-24 at student instructional farm (SIF). Each parent and F1 was grown in single row plot, while F2s had double rows plot. 
The data was recorded on days to 50% heading, days to maturity, plant height, number of productive tillers/plant, flag leaf area, number of leaves/main tiller, number of spikelets/ear, spike length, number of grains/ear, biological yield/plant, 1000-grain weight, harvest index, protein content and grain yield/plant.
The analysis of variance for the design of experiment was carried out according to the procedure outlined by Panse and Sukhatme (1967). The genotypic coefficient of variability (GCV), phenotypic coefficient of variability (PCV) and environmental coefficient of variability (ECV) were computed by the method suggested by Burton and de Vane (1953).
Heritability (in narrow sense) in F1 generation was calculated by the formula proposed by Kempthorne and Curnow, (1961) while, in broad sense it was calculated according to the methodology proposed by Hanson (1963). The genetic advance was calculated by the formula given by Robinson et al. (1949).
Results & discussion:
The analysis of variance reveals Highly significant differences for all the characters viz., days to 50% heading, days to maturity, plant height, number of productive tillers/plant, flag leaf area, number of leaves/main tiller, number of spikelets/ear, spike length, number of grains/ear, biological yield/plant, 1000 grain weight, harvest index, protein content and grain yield/plant in F1s and F2s. These findings are in accordance with the results of Asfaq et al. (2014), who also reported significant genetic variability for these traits in wheat. 
The substantial variability seen in grain yield per plant and 1000-grain weight is crucial for wheat breeding programs. The significant variances observed in both parents and crosses further reinforce the importance of selecting parents with favorable genetic backgrounds. Ahmad et al. (2018) also observed similar genetic variability, highlighting the potential of selecting superior genotypes based on key traits, such as yield and related agronomic characteristics.
The study of combined analysis of variance revealed highly significant variances among treatments parents, parents (lines), line x tester, F1s, F2s and F1 vs parents for all the characters. For Parents (tester), there were highly significant variance for all the characters except harvest index while, for F2s vs parents mean sum of square were highly significant for all the characters except days to maturity, spike length and biological yield/plant.
 This significant variance indicates a substantial genetic divergence between parents and their respective crosses, offering crucial insight into the genetic potential of these genotypes. The significant differences observed in the line × tester interactions indicate the presence of both additive and non-additive genetic effects, essential for understanding the inheritance patterns of these traits.
Similarly, Dutamo et al. (2015) and Devesh et al. (2018) emphasized the importance of genetic variation in wheat breeding. They found that variability in traits like spike length, number of grains per spike, and protein content plays a crucial role in improving wheat yields. 
In general, the phenotypic coefficients of variation are higher than genotypic coefficient of variation. The high values of genotypic coefficient of variation were reported in number of productive tillers/plant, number of grain/ear. The low values of GCV were found in days to 50% heading, number of spikelets/spike and harvest index. 
In F2 the high values of genotypic coefficient of variation were reported in number of productive tillers/plant while, low values of GCV were found in days to 50% heading, days to maturity, biological yield/plant and harvest index. 
Also, in general, the phenotypic coefficients of variation are higher than genotypic coefficient of variation. The high values of phenotypic coefficient of variation were reported in number of productive tillers/plant and number of grain/ear while, low values of PCV were found in days to 50% heading, days to maturity, number of spikelets/ear and harvest index in both F1 and F2 generations. 
In the current study, the F1 and F2 generations revealed a range of heritability values for different traits. The F1 generation exhibited heritability ranging from 62.32% (Harvest index) to 99.73% (Protein content), while the F2 generation ranged from 79.82% (Harvest index) to 99.88% (Protein content). In contrast, low narrow sense heritability was reported for all the characters under study. High heritability is the key indicator of the strong potential for trait transmission across generations. Kamboj (2010) and Devesh et al. (2018) also reported high heritability for characters like productive tillers and grain yield, which confirms our findings. Zerga et al. (2016) also observed similar findings of high heritability for various characters.
In terms of genetic advance, the F1 generation showed values ranging from 4.02% (Days to 50% heading) to 46.36% (Number of productive tillers/plant). Characters such as the number of productive tillers, flag leaf area, number of grains per ear, biological yield per plant, protein content and grain yield per plant exhibited significant genetic advance, indicating strong potential for improvement. Rajput et al. (2018) and Saini et al. (2024) reported similar findings for traits like number of tillers, flag leaf area, and grain yield. 
Similarly, in the F2 generation, genetic advance as a percentage of the mean ranged from 4.85% (Days to 50% heading) to 49.43% (Number of productive tillers/plant). High genetic advance was recorded for traits such as the number of productive tillers, flag leaf area, number of leaves per main tiller, spike length, number of grains per ear, 1000-grain weight, protein content, and grain yield per plant. Kamboj (2010) and Zerga et al. (2016) also reported high genetic advance for number of leaves per main tiller, 1000-grain weight, protein content and grain yield per plant, highlighting their importance in improving yield potential. 
Conclusion: 
Significant genetic variability for key traits like plant height, number of productive tillers, 1000-grain weight, and grain yield per plant was found in our study, across both F1 and F2 generations. Significant line × tester interactions and the notable variation between parents and crosses highlight the existence of both additive and non-additive gene activity, which are essential for successful hybridization and selection-based trait improvement. For characters like grain yield per plant, productive tillers per plant, and flag leaf area, high heritability estimates and significant genetic advance was found which imply that these traits are primarily controlled by additive gene effects and can be consistently enhanced by direct selection.
 The results also confirmed that F2 populations exhibited a strong genetic potential for these traits, further validating their utility in segregating generations. The observed variability provides a robust foundation for selecting superior genotypes and developing high-yielding wheat cultivars suited for future crop improvement strategies.

Disclaimer (Artificial intelligence)
Option 1: 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
Option 2: 
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
Details of the AI usage are given below:
1.
2.
3.

References :
Ahmad, M. F., Ahmad, E. A., Dar, T., Mushtaq, S., Iqbal, F. S. and Rashid, R. (2018). Genetic variability, heritability, and genetic advances in wheat (Triticum aestivum l.) under cold arid conditions of Kargil. Int. J. Curr. Microbiol. Applied Science, 7(11): 1456-1461.
Akinwale, M. G., Gregorio, G. B., Nwilene, F., Akinyele, B. O., Ogunbayo, S. A. and Odiyi, A. C. (2020). Heritability and genetic advance in rice (Oryza sativa L.). Agricultural Sciences, 11(7): 613–624.
Ashfaq, S., Ahmad, H. M., Awan, S. I., Kang, S. A., Sarfraz, M. and Ali, M. A. (2014). Estimation of genetic variability, heritability and correlation for some morphological traits in spring wheat. Journal of Biology Agriculture and Health, 4(5): 10-16.
Beyene, Y., Gowda, M. and Suresh, L. M. (2019). Genetic gains in grain yield through genomic selection in eight bi-parental maize populations under drought stress. Crop Science, 59(1): 194–203.
Burton, G. W. and De Vane, E. W. (1953). Estimating heritability in tall fescue (Festuca arundinacea) from replicated clonal material. Agron J., 45: 478-481.
Devesh P., Moitra P. K., Shukla R. S., Shukla S. S., Pandey S. and Arya G. (2018). Analysis of variability, heritability and genetic advance of yield, its components and quality traits in wheat. International Journal of Agriculture, Environment and Biotechnology, Special Issue: 855-859.
Dutamo, D., Alamerew, S., Eticha, F. and Assefa, E. (2015). Genetic variability in bread wheat (Triticum aestivum L.) germplasm for yield and yield component Traits. Journal of Biology, Agriculture and Healthcare, 5(17): 140–147.
FAO. (2023). The State of Food and Agriculture 2023. Food and Agriculture Organization of the United Nations, Rome.
FAOSTAT. (2022). FAO Statistical Yearbook. Rome: Food and Agriculture Organization.
Gill, B. S., Appels, R. and Botha-Oberholster, A. M. (2021). Wheat genomic contributions to global food and nutritional security. Trends in Plant Science, 26(6): 563–578.
Hanson, W. D., Robinson, H. F. and Hamblin, J. (1963). Heritability. (Statistical genetics and plant breeding) Washington, DC. National Academy of Sciences–National Research Council, 982: 125–140.
ICAR-IIWBR. (2022). Progress Report of All India Coordinated Research Project on Wheat and Barley 2021-22. Indian Council of Agricultural Research, Karnal.
Johnson, H. W., Robinson, H. F. and Comstock, R. E. (1955). Estimates of genetic and environmental variability in soybeans. Agronomy Journal, 47(7): 314–318.
Jonnalagadda, S. S., Harnack, L. and Liu, R. H. (2011). Putting the whole grain puzzle together: Health benefits associated with whole grains—Summary of American Society for Nutrition 2010 Satellite Symposium. Journal of Nutrition, 141(5): 1011S–1022S.
Joshi, A. K., Mishra, B., Chatrath, R., Ferrara, G. O. and Singh, R. P. (2020). Wheat improvement in India: Present status, emerging challenges, and future prospects. Euphytica, 157(3): 431–446.
Kamboj, R. K. (2010). Genetic variability, heritability and genetic advance in bread wheat (Triticum aestivum L.em. Thell.) under salinity stress conditions. Madras Agric. Journal, 97(3): 29-30.
Kempthorne, O. and Curnow, R. N. (1961). The partial diallel cross. Biometrics, 17: 229-250.
Kumar, A., Yadav, R. and Sharma, R. K. (2022). Genetic variability and heritability estimates in wheat (Triticum aestivum L.) under different agro-climatic zones. International Journal of Plant Sciences, 17(1): 95–101.
Mondal, S., Rutkoski, J. E. and Velu, G. (2016). Harnessing diversity in wheat to enhance climate resilience through genomic selection. Plant Breeding Reviews, 40: 235–274.
Panse, V. G. and Shukhatme, P. V. (1967). Statistical methods for agricultural workers, IInd Ed. ICAR, New Delhi, 381.
Pingali, P. L. (2007). Agricultural growth and economic development: A view through the globalization lens. Agricultural Economics, 37(s1): 1–12.
Rajput, R. S. and Kandalkar, V. S. (2018). Combining ability and heterosis for grain yield and its attributing traits in bread wheat (Triticum aestivum L.). Journal of Pharmacognosy and Phytochemistry, 7(2): 113-119.
Robinson, H. F., Comstock, R. E. and Harvey, P. H. (1949). Estimates of heritability and degree of dominance in corn. Agron. J., 41: 353-359.
Roy, N., Pal, S. and Chakraborty, M. (2022). Estimation of genetic variability, heritability and genetic advance in wheat genotypes. International Journal of Agriculture Sciences, 14(2): 10257–10261.
Saini, P. K., Singh, S. V., Yadav, R. K., Singh, L., Singh, S. K., Tripathi, H. and Tiwari, U. (2024). Genetic variability and selection parameters for yield and its contributing traits in bread wheat (Triticum aestivum L.). International Journal of Plant and Soil Science, 36(5): 240-252.
Sharma, A., Meena, H. S. and Yadav, D. K. (2021). Wheat production and productivity: A global perspective. International Journal of Current Microbiology and Applied Sciences, 10(1): 1621–1630.
Shewry, P. R. and Hey, S. J. (2015). The contribution of wheat to human diet and health. Food and Energy Security, 4(3): 178–202.
Singh, P. and Narayanan, S. S. (2013). Biometrical Techniques in Plant Breeding. Kalyani Publishers, Ludhiana.
Yadav, R. S., Kumar, A. and Yadav, R. K. (2021). Estimation of genetic parameters for yield and yield attributing traits in wheat (Triticum aestivum L.). Research Journal of Agricultural Sciences, 12(3): 733–736.
Zerga, K., Mekbib, F. and Dessalegn, T. (2016). Genetic variability, heritability and genetic advance in bread wheat (Triticum aestivum. L) genotypes at Gurage Zone, Ethiopia. International Journal of Microbiology and Biotechnology, 1(1): 1-9.









Table 1: Mean performance of parents, F1s and F2s for 14 characters in bread wheat (Triticum aestivum).
	SN
	Characters
	Days to 50% heading
	Days to maturity
	Plant height
	Number of productive tillers/plant
	Flag leaf area
	Number of leaves/main tiller
	Number of spikelets/ear
	Spike length
	Number of grains/
ear
	Biological yield/plant
	1000 grain weight
	Harvest index
	Protein content
	Grain yield/ plant

	1
	K 2010
	83.00
	126.33
	98.13
	11.20
	36.72
	3.73
	19.53
	9.13
	51.87
	37.56
	35.46
	41.69
	11.31
	15.66

	2
	K 1910
	81.67
	121.00
	92.80
	8.33
	36.83
	3.73
	19.93
	9.40
	55.00
	37.63
	34.79
	41.94
	11.23
	15.76

	3
	K 607
	85.33
	126.67
	81.53
	9.07
	37.13
	3.79
	19.07
	9.67
	45.73
	34.89
	36.75
	43.10
	10.38
	15.03

	4
	HD 2967
	85.00
	128.00
	76.13
	8.73
	40.43
	3.66
	17.80
	8.20
	50.80
	38.32
	33.70
	39.87
	12.77
	15.27

	5
	K 2007
	81.00
	125.67
	98.67
	12.40
	44.54
	3.73
	20.53
	9.93
	47.07
	44.72
	34.55
	39.07
	7.33
	17.47

	6
	HI 1612
	91.67
	131.00
	81.13
	8.27
	40.78
	3.60
	18.40
	7.33
	36.40
	35.01
	31.61
	38.97
	12.32
	13.64

	7
	PBW 644
	84.00
	127.67
	88.40
	10.20
	39.97
	3.67
	20.27
	9.47
	51.67
	44.13
	37.75
	38.16
	12.50
	16.84

	8
	DBW 398
	84.67
	127.33
	86.80
	8.33
	33.90
	3.80
	22.80
	7.40
	48.80
	40.31
	32.30
	41.98
	8.22
	16.89

	9
	PBW 386
	81.67
	125.33
	96.60
	12.60
	39.37
	3.80
	22.13
	8.27
	38.73
	39.82
	36.96
	42.31
	13.52
	16.81

	10
	HD 3171
	82.67
	124.33
	95.47
	8.60
	36.56
	3.93
	21.40
	8.80
	46.93
	36.83
	35.32
	40.53
	11.71
	14.93

	11
	DBW 252
	81.67
	125.67
	83.07
	8.73
	42.50
	3.60
	18.20
	9.53
	50.60
	43.88
	32.76
	39.97
	13.00
	17.54

	12
	K 2101
	83.33
	127.67
	81.93
	8.87
	38.94
	3.60
	22.60
	7.00
	45.87
	37.46
	36.04
	42.56
	10.08
	15.94

	13
	K 2105
	87.33
	130.33
	105.93
	9.00
	43.25
	3.67
	22.07
	9.47
	49.27
	35.96
	42.64
	42.81
	10.35
	15.39

	14
	DBW 173
	81.00
	123.00
	94.87
	8.60
	32.34
	4.00
	21.40
	8.60
	50.40
	44.05
	37.77
	38.98
	7.35
	17.16

	15
	DBW 222
	84.33
	124.67
	78.27
	9.13
	33.94
	3.92
	19.40
	7.93
	51.87
	36.74
	34.30
	43.20
	9.45
	15.86

	16
	HD 3059
	80.67
	124.00
	86.80
	8.93
	35.25
	4.00
	19.47
	8.27
	44.73
	32.88
	31.35
	42.82
	13.56
	14.08

	17
	WB 02
	85.33
	128.33
	89.20
	10.87
	45.53
	3.87
	20.47
	9.07
	52.07
	47.20
	35.86
	33.13
	9.33
	15.63

	18
	DBW 187
	81.33
	122.00
	82.07
	11.00
	42.62
	4.06
	21.87
	8.33
	45.07
	32.56
	29.29
	49.33
	10.58
	16.05

	19
	HI 1563
	75.67
	115.33
	88.33
	9.33
	34.55
	4.07
	21.73
	8.40
	49.27
	41.02
	36.51
	33.39
	10.38
	13.70

	20
	K 9423
	70.33
	103.00
	78.27
	7.80
	38.09
	3.73
	21.80
	9.87
	51.60
	34.44
	34.60
	33.34
	12.31
	11.47

	21
	DBW 107
	72.67
	113.33
	83.47
	9.07
	36.11
	4.07
	22.00
	9.67
	54.00
	35.13
	35.29
	41.40
	13.29
	14.53

	22
	K 307
	81.33
	126.67
	88.13
	12.07
	45.99
	3.67
	22.27
	8.20
	52.60
	38.43
	32.50
	33.92
	10.20
	13.03

	
	Mean
	82.08
	123.97
	88.00
	9.60
	38.88
	3.80
	20.69
	8.72
	48.65
	38.59
	34.91
	40.11
	10.96
	15.39

	
	F1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	K 2010 x HI 1563
	81.67
	125.00
	84.00
	12.73
	39.96
	3.80
	22.07
	9.27
	59.13
	41.60
	29.68
	40.86
	9.76
	17.00

	2
	K 2010 x K 9423
	81.67
	121.33
	85.00
	9.87
	30.08
	3.66
	21.80
	10.00
	24.47
	27.75
	39.96
	39.35
	11.22
	10.91

	3
	K 2010 x DBW 107
	81.33
	123.00
	94.20
	11.53
	42.69
	3.71
	20.00
	9.60
	40.80
	46.08
	33.16
	36.45
	11.32
	16.79

	4
	K 2010 x K 307
	80.67
	125.67
	91.53
	12.53
	54.93
	3.73
	18.93
	9.80
	43.33
	46.37
	37.40
	43.62
	10.18
	20.22

	5
	K 1910 x HI 1563
	85.00
	130.33
	96.27
	13.33
	45.70
	3.88
	21.00
	9.93
	41.67
	37.22
	33.50
	42.40
	11.74
	15.77

	6
	K 1910 x K 9423
	83.67
	122.33
	85.20
	12.00
	36.74
	3.38
	23.40
	10.60
	44.53
	48.91
	34.53
	34.90
	10.69
	17.06

	7
	K 1910 x DBW 107
	80.67
	121.00
	88.20
	14.33
	44.07
	3.94
	23.80
	10.60
	46.00
	41.91
	34.31
	45.41
	10.43
	18.96

	8
	K 1910 x K 307
	83.33
	127.00
	94.00
	8.73
	43.08
	4.00
	16.07
	9.60
	34.93
	33.88
	36.36
	41.86
	11.26
	14.18

	9
	K 607 x HI 1563
	82.33
	125.67
	90.60
	14.07
	50.77
	3.47
	18.60
	9.40
	61.00
	45.05
	33.02
	40.34
	10.33
	18.17

	10
	K 607 x K 9423
	82.33
	124.67
	93.40
	16.13
	37.81
	3.64
	24.53
	10.67
	61.20
	46.37
	36.97
	42.35
	8.28
	19.63

	11
	K 607 x DBW 107
	83.33
	124.67
	78.00
	12.47
	46.60
	3.67
	20.73
	9.60
	53.20
	42.98
	36.92
	39.58
	9.76
	17.00

	12
	K 607 x K 307
	84.67
	127.33
	87.13
	12.27
	47.61
	3.88
	24.60
	10.60
	56.27
	45.24
	34.88
	40.81
	8.34
	18.46

	13
	HD 2967 x HI 1563
	81.33
	124.67
	94.80
	11.93
	34.06
	3.27
	23.27
	10.40
	60.47
	45.18
	32.71
	35.53
	9.29
	16.01

	14
	HD 2967 x K 9423
	82.67
	124.00
	91.13
	13.93
	46.36
	3.74
	23.20
	9.20
	50.40
	43.52
	36.78
	39.86
	9.32
	17.34

	15
	HD 2967 x DBW 107
	81.33
	120.00
	94.40
	11.47
	40.07
	3.72
	21.53
	9.60
	56.73
	47.26
	37.50
	45.71
	8.33
	21.62

	16
	HD 2967 x K 307
	82.00
	125.00
	98.27
	12.73
	50.68
	3.73
	21.93
	8.80
	47.80
	45.91
	33.71
	38.58
	10.16
	17.62

	17
	K 2007 x HI 1563
	83.67
	127.33
	94.53
	12.93
	49.55
	3.87
	21.60
	10.40
	63.60
	35.33
	39.69
	40.43
	10.33
	14.26

	18
	K 2007 x K 9423
	82.33
	121.00
	92.53
	12.80
	47.62
	3.88
	21.60
	9.27
	59.40
	38.62
	39.27
	39.81
	9.11
	15.37

	19
	K 2007 x DBW 107
	82.00
	121.33
	84.93
	12.27
	39.77
	3.93
	20.87
	8.40
	24.40
	38.41
	35.25
	40.78
	9.49
	15.63

	20
	K 2007 x K 307
	84.00
	125.67
	82.67
	11.67
	45.52
	3.55
	24.47
	10.07
	46.27
	41.61
	35.21
	42.50
	11.07
	17.62

	21
	HI 1612 x HI 1563
	84.67
	128.33
	84.33
	12.93
	31.30
	3.94
	18.93
	9.00
	31.07
	35.18
	35.69
	40.23
	9.34
	14.16

	22
	HI 1612 x K 9423
	82.67
	119.33
	78.00
	13.27
	42.81
	3.73
	21.93
	10.40
	61.00
	48.15
	38.69
	40.88
	7.31
	19.68

	23
	HI 1612 x DBW 107
	84.67
	123.67
	94.27
	12.87
	52.69
	3.67
	20.67
	10.27
	52.53
	58.93
	32.22
	33.53
	10.30
	19.73

	24
	HI 1612 x K 307
	83.67
	127.33
	95.13
	11.53
	46.04
	3.93
	20.47
	8.73
	39.20
	44.32
	30.07
	40.52
	10.32
	17.95

	25
	PBW 644 x HI 1563
	81.67
	127.33
	94.33
	12.80
	36.16
	3.92
	22.53
	10.07
	45.40
	46.18
	38.47
	41.94
	8.67
	19.35

	26
	PBW 644 x K 9423
	82.67
	123.67
	94.27
	13.40
	46.36
	3.33
	22.07
	10.53
	60.33
	42.02
	34.10
	44.15
	8.29
	18.56

	27
	PBW 644 x DBW 107
	83.67
	122.33
	87.80
	13.87
	48.67
	3.94
	18.20
	7.20
	26.40
	31.76
	32.76
	42.75
	9.48
	13.57

	28
	PBW 644 x K 307 
	82.67
	123.00
	79.53
	8.73
	47.65
	3.73
	21.13
	9.40
	65.67
	41.59
	34.19
	43.04
	11.24
	17.90

	29
	DBW 398 x HI 1563 
	81.00
	124.00
	88.33
	14.47
	37.74
	3.93
	20.60
	9.13
	56.20
	41.72
	42.92
	42.56
	11.07
	17.73

	30
	DBW 398 x K 9423
	80.67
	119.33
	89.67
	11.20
	49.03
	3.73
	18.47
	9.27
	48.00
	39.68
	34.32
	44.43
	9.15
	17.61

	31
	DBW 398 x DBW 107
	82.33
	122.00
	94.67
	8.80
	50.02
	3.93
	17.20
	7.47
	38.67
	40.00
	37.06
	42.07
	8.74
	16.79

	32
	DBW 398 x K 307
	82.33
	124.33
	95.87
	12.73
	50.44
	3.93
	19.53
	8.40
	35.67
	36.63
	37.95
	43.08
	10.12
	15.75

	33
	PBW 386 x HI 1563
	82.00
	124.00
	85.20
	13.00
	33.04
	3.87
	20.93
	9.73
	51.53
	46.24
	35.96
	39.94
	7.36
	18.46

	34
	PBW 386 x K 9423
	81.33
	120.67
	83.40
	14.20
	49.64
	3.72
	20.80
	10.40
	44.80
	45.98
	41.09
	36.95
	8.12
	17.00

	35
	PBW 386 x DBW 107
	83.67
	125.33
	81.33
	13.07
	42.58
	3.66
	20.80
	8.80
	40.67
	45.03
	33.66
	43.53
	11.29
	19.59

	36
	PBW 386 x K 307
	84.67
	125.67
	88.53
	11.80
	49.47
	3.60
	22.47
	9.13
	61.93
	42.23
	33.04
	44.29
	9.48
	18.70

	37
	HD 3171 x HI 1563
	81.67
	125.67
	84.13
	12.93
	43.56
	4.02
	24.07
	10.40
	60.67
	44.89
	30.79
	42.33
	10.25
	19.00

	38
	HD 3171 x K 9423
	81.67
	122.00
	92.53
	13.40
	47.73
	3.53
	21.40
	10.27
	32.53
	34.42
	33.58
	42.41
	8.16
	14.59

	39
	HD 3171 x DBW 107
	81.33
	124.33
	86.20
	8.67
	48.18
	3.88
	18.93
	8.60
	40.13
	44.62
	34.85
	45.01
	10.22
	20.08

	40
	HD 3171 x K 307
	82.33
	120.33
	91.47
	12.87
	43.71
	3.47
	18.87
	8.87
	36.73
	46.60
	36.80
	42.35
	8.36
	19.72

	41
	DBW 252 x HI 1563
	81.00
	125.67
	86.00
	12.67
	48.54
	3.67
	20.20
	9.40
	63.80
	46.94
	36.81
	39.42
	11.44
	18.50

	42
	DBW 252 x K 9423
	80.67
	119.33
	85.73
	11.53
	41.84
	3.95
	26.47
	11.07
	47.07
	49.26
	35.22
	38.24
	9.31
	18.84

	43
	DBW 252 x DBW 107
	82.00
	125.00
	97.40
	14.27
	44.02
	3.97
	19.07
	10.27
	53.73
	47.96
	30.83
	42.73
	8.44
	20.49

	44
	DBW 252 x K 307
	81.67
	121.00
	104.13
	11.53
	44.94
	3.92
	23.47
	9.93
	63.60
	33.94
	34.91
	41.31
	9.48
	13.99

	45
	K 2101 x HI 1563 
	82.67
	124.33
	94.33
	10.67
	35.84
	3.80
	20.80
	9.60
	56.00
	41.31
	34.99
	35.59
	8.76
	14.70

	46
	K 2101 x K 9423
	80.67
	120.00
	84.13
	10.07
	47.40
	3.72
	20.67
	9.40
	35.27
	48.82
	37.99
	31.47
	9.73
	15.35

	47
	K 2101 x DBW 107 
	84.67
	124.33
	83.67
	11.60
	50.15
	3.93
	21.67
	9.33
	44.80
	40.66
	39.00
	36.39
	7.31
	14.80

	48
	K 2101 x K 307
	81.67
	122.33
	91.87
	13.00
	49.49
	3.94
	24.00
	9.60
	48.67
	43.88
	33.20
	39.01
	8.37
	17.10

	49
	K 2105 x HI 1563
	81.00
	126.00
	94.73
	13.40
	45.99
	3.55
	21.87
	10.33
	43.07
	38.50
	34.06
	34.83
	9.25
	13.37

	50
	K 2105 x K 9423
	85.67
	127.00
	90.27
	12.60
	45.15
	3.67
	21.40
	9.67
	37.93
	47.12
	37.04
	41.81
	10.38
	19.70

	51
	K 2105 x DBW 107 
	82.00
	122.33
	96.07
	12.13
	48.31
	3.81
	22.33
	11.00
	54.60
	44.60
	33.45
	31.03
	10.18
	13.82

	52
	K 2105 x K 307
	82.33
	122.00
	97.47
	8.00
	46.32
	3.87
	22.13
	9.20
	38.67
	32.28
	41.71
	39.97
	10.40
	12.89

	53
	DBW 173 x HI 1563
	81.33
	125.00
	96.20
	13.80
	39.90
	3.74
	23.47
	10.20
	48.87
	43.45
	37.36
	44.91
	11.31
	19.46

	54
	DBW 173 x K 9423
	86.00
	127.33
	94.73
	13.47
	48.71
	3.28
	19.00
	8.20
	31.87
	42.33
	33.88
	43.21
	11.34
	18.29

	55
	DBW 173 x DBW 107 
	83.67
	123.33
	83.27
	13.67
	46.46
	3.99
	21.87
	10.33
	34.60
	39.28
	35.94
	41.61
	9.37
	16.34

	56
	DBW 173 x K 307
	83.67
	123.00
	94.00
	9.27
	46.74
	3.60
	21.40
	12.27
	40.87
	37.09
	41.14
	41.56
	9.13
	15.42

	57
	DBW 222 x HI 1563
	80.67
	120.00
	94.73
	11.40
	43.42
	3.63
	22.93
	9.60
	39.73
	29.77
	36.40
	39.76
	10.51
	11.82

	58
	DBW 222 x K 9423 
	82.67
	125.00
	89.13
	12.87
	37.35
	3.73
	22.33
	9.33
	51.47
	41.91
	37.25
	43.08
	9.45
	18.06

	59
	DBW 222 x DBW 107
	82.00
	121.00
	81.67
	14.07
	44.73
	3.73
	18.07
	8.33
	41.07
	42.70
	35.46
	43.19
	10.19
	18.44

	60
	DBW 222 x K 307
	81.67
	121.00
	96.40
	13.73
	45.81
	3.73
	21.13
	10.40
	46.27
	51.26
	35.51
	41.22
	8.31
	21.13

	61
	HD 3059 x HI 1563
	81.67
	122.00
	85.40
	12.80
	48.61
	3.45
	20.60
	9.20
	59.93
	42.00
	35.04
	42.83
	8.75
	17.98

	62
	HD 3059 x K 9423 
	82.33
	121.00
	86.27
	12.60
	42.88
	3.72
	23.60
	9.93
	55.27
	38.18
	34.51
	40.21
	8.33
	15.33

	63
	HD 3059 x DBW 107
	82.67
	122.33
	88.07
	11.33
	45.65
	3.62
	21.33
	10.60
	34.47
	48.06
	32.22
	38.93
	9.20
	18.71

	64
	HD 3059 x K 307
	82.00
	120.00
	88.87
	9.93
	42.11
	3.53
	21.00
	9.93
	43.87
	46.36
	38.46
	35.86
	10.12
	16.63

	65
	WB 02 x HI 1563
	80.67
	119.67
	85.60
	14.07
	45.10
	3.73
	18.33
	10.47
	35.07
	38.63
	35.19
	42.61
	9.24
	16.45

	66
	WB 02 x K 9423
	85.67
	127.67
	80.00
	13.47
	40.86
	3.54
	19.53
	9.33
	26.33
	29.06
	33.96
	43.01
	9.28
	12.49

	67
	WB 02 x DBW 107
	85.00
	127.67
	76.67
	9.47
	44.44
	3.85
	18.27
	9.47
	44.27
	48.64
	32.16
	41.70
	10.40
	20.28

	68
	WB 02 x K 307
	82.67
	122.00
	81.80
	8.33
	40.53
	3.47
	18.80
	9.93
	39.07
	45.86
	34.30
	42.39
	9.75
	19.45

	69
	DBW 187 x HI 1563
	84.33
	128.33
	90.67
	14.53
	52.49
	3.69
	19.47
	8.93
	45.00
	40.88
	36.37
	44.25
	8.34
	18.09

	70
	DBW 187 x K 9423
	81.67
	121.33
	89.40
	10.00
	43.19
	3.67
	23.47
	9.40
	45.53
	50.02
	35.82
	41.49
	10.47
	20.72

	71
	DBW 187 x DBW 107
	81.33
	124.33
	85.33
	11.93
	47.11
	4.03
	21.87
	10.53
	43.20
	41.65
	33.07
	41.25
	9.30
	17.18

	72
	DBW 187 x K 307
	80.33
	121.00
	91.60
	10.33
	47.20
	3.73
	22.73
	10.47
	59.53
	37.53
	39.71
	36.36
	8.41
	13.63

	
	Mean F1
	82.49
	123.64
	89.38
	12.21
	44.61
	3.74
	21.21
	9.69
	46.64
	42.30
	35.58
	40.67
	9.61
	17.15

	
	F2s
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	K 2010 x HI 1563
	83.67
	122.67
	94.94
	10.03
	33.13
	4.27
	18.21
	11.05
	58.43
	34.87
	46.39
	38.59
	10.47
	13.45

	2
	K 2010 x K 9423
	80.00
	126.67
	102.74
	9.01
	43.81
	4.02
	18.37
	8.55
	41.79
	39.08
	42.11
	36.80
	9.38
	14.38

	3
	K 2010 x DBW 107
	81.00
	125.67
	104.78
	9.30
	49.15
	3.99
	19.41
	7.36
	39.56
	38.47
	43.84
	41.73
	10.04
	16.05

	4
	K 2010 x K 307
	81.33
	130.67
	101.38
	10.13
	48.69
	3.52
	19.97
	10.43
	51.87
	43.21
	45.11
	37.02
	8.80
	16.00

	5
	K 1910 x HI 1563
	83.67
	124.67
	93.99
	11.40
	43.79
	3.91
	16.68
	10.13
	45.09
	38.10
	42.59
	44.08
	9.63
	16.79

	6
	K 1910 x K 9423
	78.67
	123.67
	104.45
	10.47
	33.96
	4.52
	16.28
	8.76
	40.94
	36.19
	43.42
	37.14
	10.12
	13.42

	7
	K 1910 x DBW 107
	80.33
	126.00
	98.56
	12.10
	50.79
	3.51
	18.53
	6.91
	35.79
	38.52
	39.88
	40.13
	9.67
	15.45

	8
	K 1910 x K 307
	82.33
	124.67
	97.45
	7.17
	30.36
	3.24
	16.66
	7.82
	39.81
	41.74
	45.28
	40.29
	9.40
	16.81

	9
	K 607 x HI 1563
	83.33
	125.00
	89.71
	11.80
	41.54
	3.98
	17.44
	11.21
	55.01
	42.55
	35.84
	39.50
	8.69
	16.79

	10
	K 607 x K 9423
	77.67
	119.67
	90.65
	13.17
	42.37
	3.22
	19.21
	7.96
	41.19
	41.56
	42.62
	37.65
	9.51
	15.64

	11
	K 607 x DBW 107
	81.67
	121.00
	96.29
	11.30
	56.02
	4.03
	18.81
	7.64
	43.95
	36.65
	32.78
	36.71
	8.34
	13.45

	12
	K 607 x K 307
	81.33
	126.33
	91.36
	9.43
	49.82
	3.05
	15.84
	8.70
	42.14
	33.67
	44.17
	39.78
	8.36
	13.38

	13
	HD 2967 x HI 1563
	82.67
	123.67
	91.28
	10.55
	30.14
	3.99
	17.27
	8.78
	36.15
	40.06
	37.12
	38.61
	11.32
	15.46

	14
	HD 2967 x K 9423
	78.67
	126.33
	82.18
	11.17
	35.09
	4.50
	17.75
	6.25
	29.92
	46.01
	35.66
	40.83
	8.76
	18.78

	15
	HD 2967 x DBW 107
	81.00
	119.33
	88.98
	9.40
	41.10
	3.02
	19.89
	6.35
	40.41
	41.95
	45.68
	38.23
	8.49
	16.02

	16
	HD 2967 x K 307
	80.67
	122.00
	77.94
	10.67
	42.42
	3.02
	19.93
	8.77
	52.12
	41.51
	41.92
	41.75
	10.63
	17.32

	17
	K 2007 x HI 1563
	81.67
	122.67
	103.52
	10.13
	49.04
	3.72
	17.48
	9.98
	45.92
	34.80
	42.54
	44.41
	10.12
	15.45

	18
	K 2007 x K 9423
	78.67
	129.33
	95.04
	9.93
	46.88
	4.00
	19.46
	8.01
	36.82
	40.11
	38.31
	36.26
	10.32
	14.53

	19
	K 2007 x DBW 107
	80.67
	121.67
	106.60
	9.60
	40.01
	3.12
	18.88
	8.33
	41.26
	31.77
	42.56
	39.86
	9.31
	12.66

	20
	K 2007 x K 307
	81.67
	123.67
	98.37
	9.20
	45.65
	3.28
	18.28
	8.56
	41.96
	31.59
	42.13
	35.72
	10.33
	11.28

	21
	HI 1612 x HI 1563
	84.33
	126.67
	95.36
	12.06
	28.67
	4.27
	21.16
	10.44
	48.59
	38.03
	33.06
	40.67
	9.15
	15.46

	22
	HI 1612 x K 9423
	82.67
	125.00
	99.99
	11.93
	39.97
	3.09
	18.64
	8.59
	42.60
	36.32
	35.30
	37.28
	11.27
	13.54

	23
	HI 1612 x DBW 107
	80.33
	127.33
	88.00
	11.27
	39.74
	4.03
	20.80
	9.96
	50.22
	44.56
	43.61
	34.29
	8.32
	15.27

	24
	HI 1612 x K 307
	80.00
	122.33
	106.28
	9.40
	42.37
	3.99
	17.33
	7.85
	32.34
	35.71
	44.95
	36.53
	9.46
	13.05

	25
	PBW 644 x HI 1563
	82.00
	123.00
	100.00
	11.62
	42.86
	3.48
	16.87
	8.71
	42.66
	37.79
	35.63
	43.36
	10.12
	16.38

	26
	PBW 644 x K 9423
	80.33
	122.00
	104.44
	9.63
	52.52
	4.17
	19.42
	7.91
	35.14
	39.08
	41.44
	37.53
	10.28
	14.66

	27
	PBW 644 x DBW 107
	81.67
	130.00
	93.84
	11.23
	39.36
	3.42
	18.68
	9.15
	41.80
	40.77
	44.46
	41.20
	11.44
	16.79

	28
	PBW 644 x K 307 
	79.00
	118.33
	105.46
	7.80
	37.00
	3.16
	20.05
	9.02
	45.12
	36.88
	43.66
	36.50
	9.38
	13.46

	29
	DBW 398 x HI 1563 
	82.33
	120.67
	98.05
	10.53
	41.38
	3.97
	17.47
	9.72
	48.86
	38.89
	36.06
	36.95
	11.46
	14.36

	30
	DBW 398 x K 9423
	80.67
	126.67
	89.68
	9.67
	31.11
	4.60
	18.21
	6.59
	36.98
	35.36
	43.71
	35.47
	9.31
	12.54

	31
	DBW 398 x DBW 107
	82.67
	124.33
	99.33
	8.42
	31.45
	3.21
	19.88
	9.30
	38.04
	39.69
	44.58
	42.83
	10.71
	17.00

	32
	DBW 398 x K 307
	79.33
	127.00
	96.55
	9.83
	35.06
	3.12
	18.23
	9.93
	42.78
	38.75
	42.06
	34.67
	10.32
	13.40

	33
	PBW 386 x HI 1563
	83.33
	120.67
	89.92
	10.73
	46.44
	3.94
	17.09
	9.30
	41.51
	43.70
	46.55
	35.58
	10.28
	15.55

	34
	PBW 386 x K 9423
	81.00
	127.67
	88.78
	12.60
	46.75
	3.95
	17.66
	7.78
	38.10
	42.04
	38.83
	42.09
	10.06
	17.67

	35
	PBW 386 x DBW 107
	81.00
	131.33
	91.38
	11.17
	40.47
	3.96
	19.95
	8.09
	47.13
	38.17
	43.36
	40.86
	9.95
	15.59

	36
	PBW 386 x K 307
	80.00
	125.67
	104.76
	11.02
	43.28
	3.15
	17.26
	8.73
	40.36
	35.67
	45.36
	40.04
	9.27
	14.28

	37
	HD 3171 x HI 1563
	82.33
	127.33
	94.07
	12.53
	44.27
	3.92
	18.76
	11.16
	52.81
	50.19
	41.81
	39.96
	9.50
	20.05

	38
	HD 3171 x K 9423
	83.33
	125.67
	93.90
	10.37
	41.09
	4.01
	19.23
	8.34
	40.60
	33.51
	34.32
	39.16
	9.34
	13.12

	39
	HD 3171 x DBW 107
	81.33
	123.00
	97.34
	7.07
	39.08
	3.29
	19.04
	8.51
	36.07
	39.94
	42.48
	38.67
	8.78
	15.43

	40
	HD 3171 x K 307
	78.33
	122.00
	104.95
	10.77
	38.66
	3.09
	22.60
	10.88
	44.64
	40.26
	42.33
	36.47
	8.34
	14.69

	41
	DBW 252 x HI 1563
	82.00
	118.33
	96.94
	10.83
	38.90
	4.03
	19.34
	10.37
	47.87
	40.64
	40.86
	36.84
	8.28
	14.97

	42
	DBW 252 x K 9423
	81.67
	122.67
	96.71
	9.20
	30.32
	3.79
	18.22
	7.95
	34.51
	43.23
	36.09
	39.81
	11.32
	17.21

	43
	DBW 252 x DBW 107
	82.33
	124.67
	92.52
	12.37
	38.39
	3.15
	18.48
	8.66
	50.72
	40.37
	45.09
	34.84
	9.29
	14.07

	44
	DBW 252 x K 307
	79.00
	122.67
	103.13
	9.47
	39.86
	3.15
	20.60
	10.94
	54.66
	45.49
	43.69
	39.68
	9.80
	18.03

	45
	K 2101 x HI 1563 
	80.67
	124.33
	91.20
	9.33
	44.35
	4.05
	15.65
	8.04
	34.51
	39.91
	33.75
	41.04
	10.10
	16.37

	46
	K 2101 x K 9423
	83.67
	127.00
	98.09
	8.43
	34.22
	3.43
	17.88
	7.81
	31.29
	37.27
	33.23
	42.05
	10.46
	15.66

	47
	K 2101 x DBW 107 
	80.67
	123.67
	105.32
	9.33
	45.34
	3.45
	22.64
	9.41
	46.10
	41.28
	43.10
	36.33
	11.40
	15.00

	48
	K 2101 x K 307
	81.67
	124.67
	99.21
	10.77
	50.89
	3.19
	19.09
	9.16
	45.34
	39.12
	41.98
	40.55
	10.08
	15.87

	49
	K 2105 x HI 1563
	80.33
	130.67
	104.02
	11.77
	49.19
	3.00
	20.27
	9.59
	45.35
	32.04
	41.37
	40.66
	9.73
	13.02

	50
	K 2105 x K 9423
	80.67
	120.33
	101.08
	10.23
	42.73
	3.31
	19.44
	7.84
	44.25
	35.15
	45.93
	37.51
	8.68
	13.18

	51
	K 2105 x DBW 107 
	82.67
	125.00
	99.52
	11.27
	36.85
	3.70
	21.09
	10.01
	51.10
	39.14
	42.67
	42.46
	10.66
	16.60

	52
	K 2105 x K 307
	83.67
	125.00
	97.14
	7.77
	44.68
	3.28
	20.65
	9.60
	38.30
	38.91
	40.04
	36.13
	11.01
	14.06

	53
	DBW 173 x HI 1563
	81.33
	126.00
	98.74
	11.60
	41.40
	4.04
	20.79
	8.30
	29.46
	32.40
	42.63
	36.54
	11.39
	11.81

	54
	DBW 173 x K 9423
	81.00
	130.33
	96.81
	11.93
	38.11
	3.06
	18.79
	8.57
	40.00
	34.55
	36.87
	38.12
	9.49
	13.17

	55
	DBW 173 x DBW 107 
	80.00
	119.33
	96.70
	12.00
	41.39
	3.96
	19.44
	8.66
	46.53
	39.63
	44.62
	34.38
	10.52
	13.62

	56
	DBW 173 x K 307
	79.33
	120.00
	94.79
	8.53
	31.07
	3.62
	15.98
	7.91
	37.89
	36.71
	39.81
	38.66
	9.69
	14.19

	57
	DBW 222 x HI 1563
	81.67
	118.33
	109.35
	10.67
	47.81
	4.26
	20.17
	9.63
	43.01
	29.95
	36.88
	40.02
	9.45
	11.99

	58
	DBW 222 x K 9423 
	81.33
	125.33
	92.19
	10.20
	40.74
	3.15
	17.96
	6.65
	40.50
	41.06
	38.33
	39.51
	10.34
	16.23

	59
	DBW 222 x DBW 107
	81.33
	121.00
	96.51
	12.47
	39.39
	3.66
	20.39
	9.45
	51.14
	44.10
	42.50
	37.18
	10.74
	16.40

	60
	DBW 222 x K 307
	79.00
	122.00
	94.87
	10.80
	37.65
	3.61
	19.36
	8.23
	36.33
	41.95
	44.01
	40.24
	8.73
	16.87

	61
	HD 3059 x HI 1563
	80.33
	120.33
	99.28
	10.61
	43.89
	4.56
	21.95
	9.21
	41.95
	36.71
	40.25
	38.66
	10.38
	14.19

	62
	HD 3059 x K 9423 
	81.33
	122.33
	100.24
	10.43
	34.71
	3.99
	17.10
	6.94
	37.39
	39.47
	44.28
	37.33
	9.73
	14.73

	63
	HD 3059 x DBW 107
	79.00
	119.00
	100.13
	9.70
	38.09
	4.03
	20.38
	8.42
	40.24
	40.14
	43.33
	37.76
	11.08
	15.15

	64
	HD 3059 x K 307
	79.67
	121.67
	89.60
	8.50
	38.29
	3.50
	20.59
	9.18
	42.15
	37.69
	40.90
	40.98
	9.29
	15.44

	65
	WB 02 x HI 1563
	80.67
	124.00
	94.37
	11.50
	31.40
	4.01
	16.62
	8.03
	34.49
	35.66
	38.45
	39.29
	9.83
	14.01

	66
	WB 02 x K 9423
	81.67
	125.67
	93.64
	11.77
	40.67
	4.03
	18.16
	6.79
	38.60
	32.52
	39.72
	36.45
	8.33
	11.84

	67
	WB 02 x DBW 107
	78.67
	125.67
	101.78
	8.40
	35.63
	3.96
	21.48
	10.07
	52.06
	34.47
	40.58
	40.51
	10.92
	13.97

	68
	WB 02 x K 307
	80.67
	123.00
	89.18
	7.33
	36.37
	3.09
	15.13
	7.92
	37.49
	40.07
	40.24
	34.66
	10.43
	13.86

	69
	DBW 187 x HI 1563
	81.67
	119.67
	95.38
	12.70
	35.16
	3.25
	18.12
	8.45
	40.77
	43.88
	37.97
	38.65
	8.77
	16.96

	70
	DBW 187 x K 9423
	80.67
	120.00
	101.66
	9.13
	43.20
	3.37
	20.92
	7.87
	45.65
	42.20
	44.88
	40.61
	10.30
	17.13

	71
	DBW 187 x DBW 107
	78.67
	128.33
	89.19
	10.13
	42.37
	2.99
	19.26
	10.97
	53.16
	36.68
	43.59
	36.16
	9.49
	13.26

	72
	DBW 187 x K 307
	83.67
	126.67
	96.93
	8.36
	41.01
	3.97
	20.63
	8.81
	42.58
	38.20
	40.25
	39.95
	10.31
	15.25

	
	Mean F2
	81.07
	124.02
	96.79
	10.32
	40.69
	3.66
	18.88
	8.76
	42.53
	38.73
	41.13
	38.73
	9.84
	14.99

	
	Mean all
	81.31
	124.01
	94.73
	10.15
	40.26
	3.69
	19.30
	8.75
	43.96
	38.69
	39.68
	39.06
	10.10
	15.09












Table 2: ANOVA of Parents+F1s+F2s for 15 characters in line × tester cross analysis of wheat (Triticum aestivum L..) mean sum of square.

	Characters
	d.f.
	Days to 50% heading
	Days to maturity
	Plant height
	Number of productive tillers/plant
	Flag leaf area
	Number of leaves/ main tiller
	Number 
of Spikelets/ ear
	Spike length
	Number of grains/   ear
	Biological yield/ plant
	1000 grain weight
	Harvest index
	Protein content
	Grain yield/
plant

	Replication
	2
	2.15
	10.14
	20.72
	0.31
	12.19
	0.03
	21.41
	1.34
	22.55
	65.79
	24.83
	56.45
	-0.02
	0.63

	Treatment
	165
	14.86**
	37.54**
	156.01**
	28.20**
	99.54**
	0.32**
	13.12**
	3.67**
	221.77**
	75.19**
	53.43**
	28.81**
	4.45**
	15.38**

	Parent
	21
	63.01**
	119.04**
	182.68**
	6.19**
	47.13**
	0.076**
	6.96**
	2.23**
	63.61**
	50.29**
	23.34**
	46.56**
	10.59**
	7.04**

	Line (c)
	17
	8.02**
	15.34**
	138.23**
	5.11**
	33.28**
	0.093**
	12.89**
	1.97**
	396.61**
	66.08**
	17.35**
	50.63**
	4.48**
	12.57**

	Tester (c)
	3
	3.18**
	65.36**
	199.99**
	37.26**
	235.88**
	0.309**
	22.64**
	1.53**
	677.72**
	76.75**
	39.17**
	3.4
	2.00**
	11.09**

	Line X Tester (c)
	51
	5.28**
	20.02**
	79.56**
	8.34**
	83.47**
	0.088**
	10.69**
	2.17**
	301.55**
	105.25**
	23.11**
	24.45**
	3.33**
	19.01**

	F1s
	71
	5.85**
	20.81**
	98.70**
	8.79**
	77.89**
	0.099**
	11.72**
	2.10**
	340.21**
	94.67**
	22.41**
	29.83**
	3.55**
	17.13**

	F2s
	71
	6.91**
	30.98**
	105.54**
	6.08**
	104.64**
	0.610**
	8.09**
	4.27**
	117.25**
	42.85**
	38.48**
	17.5**
	2.33**
	9.06**

	F1s vs parent
	1
	8.71**
	5.53**
	96.35**
	344**
	1659.40**
	0.219**
	13.89**
	46.95**
	204.21**
	694.15**
	22.58**
	15.8**
	92.50**
	156.3**

	F2s vs parent
	1
	50.72**
	0.14
	3901.87**
	26.54**
	164.95**
	1.089**
	165.46**
	0.08
	1897.04**
	0.94
	1953.35**
	96.2**
	63.84**
	8.14**

	Error
	330
	0.57
	0.78
	4.61
	0.12
	3.28
	0.01
	0.62
	0.11
	2.28
	1.77
	0.87
	2.40
	0.02
	0.34

	Total
	497
	5.32
	13.03
	54.94
	9.44
	35.28
	0.12
	4.85
	1.30
	75.23
	26.40
	18.42
	11.38
	1.48
	5.33



* and ** Significant at 5% and 1% respectively.





Table 3a-: ANOVA of Parents + F1s for 14 characters in line × tester cross analysis of wheat (Triticum aestivum L.) mean sum of square.

	Characters
	d.f.
	Days to 50% heading
	Days to maturity
	Plant height
	Number of productive tillers/plant
	Flag leaf area
	Number of leaves/main tiller
	Number of spikelets/ear

	Replication
	2
	13.03
	5.31
	23.9
	1.25
	59.17
	0.127
	23.29

	Treatment
	93
	9.53**
	23.24**
	117.63**
	21.26**
	87.95**
	0.095**
	10.67**

	Parent
	21
	63.01**
	119.04**
	182.68**
	6.19**
	47.13**
	0.076**
	6.96**

	Line (c)
	17
	8.02**
	15.34**
	138.23**
	5.11**
	33.28**
	0.093**
	12.89**

	Tester (c)
	3
	3.18**
	65.36**
	199.99**
	37.26**
	235.88**
	0.309**
	22.64**

	Line X Tester (c)
	51
	5.28**
	20.02**
	79.56**
	8.34**
	83.47**
	0.088**
	10.69**

	F1s vs parent
	1
	8.71**
	5.53**
	96.35**
	344**
	1659.40**
	0.219**
	13.89**

	Error
	186
	0.5
	0.64
	4.23
	0.21
	4.32
	0.015
	0.8



	Characters
	d.f.
	Spike length
	Number of grains/ear
	Biological yield/plant
	1000 grain weight
	Harvest index
	Protein content
	Grain yield/plant

	Replication
	2
	0.39
	52
	88.42
	5.36
	11.27
	0.013
	7.74

	Treatment
	93
	2.61**
	276.28**
	89.93
	22.62**
	19.39**
	6.099**
	17.99**

	Parent
	21
	2.23**
	63.61**
	50.29**
	23.34**
	46.56**
	10.59**
	7.04**

	Line (c)
	17
	1.97**
	396.61**
	66.08**
	17.35**
	50.63**
	4.48**
	12.57**

	Tester (c)
	3
	1.53**
	677.72**
	76.75**
	39.17**
	3.4
	2.00**
	11.09**

	Line X Tester (c)
	51
	2.17**
	301.55**
	105.25**
	23.11**
	24.45**
	3.33**
	19.01**

	F1s vs parent
	1
	46.95**
	204.21**
	694.15**
	22.58**
	15.8**
	92.50**
	156.3**

	Error
	186
	0.12
	2.7
	2.13**
	1.02
	3.25
	0.005
	0.48


* and ** Significant at 5% and 1% respectively.
Table 3b: ANOVA of Parents + F2s for 14 characters in line × tester cross analysis of wheat (Triticum aestivum L.) mean sum of square.

	Characters
	d.f.
	Days to 50% heading
	Days to maturity
	Plant height
	Number of productive tillers/plant
	Flag leaf area
	Number of leaves/main tiller
	Number of spikelets/ear

	Replication
	2
	1.54
	5.41
	128.96
	1.25
	65.85
	0.003
	6.4

	Treatment
	93
	13.01**
	30.04**
	163.76**
	18.16**
	92.30**
	0.495**
	9.53**

	Parent
	21
	63.01**
	119.04**
	182.68**
	6.19**
	47.13**
	0.076**
	6.96**

	Line (c)
	17
	8.02**
	15.34**
	138.23**
	5.11**
	33.28**
	0.093**
	12.89**

	Tester (c)
	3
	3.18**
	65.36**
	199.99**
	37.26**
	235.88**
	0.309**
	22.64**

	Line X Tester (c)
	51
	5.28**
	20.02**
	79.56**
	8.34**
	83.47**
	0.088**
	10.69**

	F2s vs parent
	1
	50.72**
	0.14
	3901.87**
	26.54**
	164.95**
	1.089**
	165.46**

	Error
	186
	0.5
	0.64
	4.23
	0.21
	4.32
	0.015
	0.8



	Characters
	d.f.
	Spike length
	Number of grains/ear
	Biological yield/plant
	1000 grain weight
	Harvest index
	Protein content
	Grain yield/plant

	Replication
	2
	2.08
	9.51
	0.82
	30.27
	28.46
	0.007
	3.09

	Treatment
	93
	3.77**
	124.28**
	45.51**
	55.65**
	21.75**
	4.858**
	9.24**

	Parent
	21
	2.23**
	63.61**
	50.29**
	23.34**
	46.56**
	10.59**
	7.04**

	Line (c)
	17
	1.97**
	396.61**
	66.08**
	17.35**
	50.63**
	4.48**
	12.57**

	Tester (c)
	3
	1.53**
	677.72**
	76.75**
	39.17**
	3.4
	2.00**
	11.09**

	Line X Tester (c)
	51
	2.17**
	301.55**
	105.25**
	23.11**
	24.45**
	3.33**
	19.01**

	F2s vs parent
	1
	0.08
	1897.04**
	0.94
	1953.35**
	96.2**
	63.84**
	8.14**

	Error
	186
	0.12
	2.7
	2.13**
	1.02
	3.25
	0.005
	0.48


* and ** Significant at 5% and 1% respectively.
Table  4. Mean, Range, heritability, Genetic advance, Genotypic coefficient of variation and Phenotypic coefficient of variation.
	Characters
	Generation
	Mean
	Min
	Max
	Heritability (%)
	Genetic advance
	Genetic advance % mean
	GCV (%)
	PCV (%)

	Days to 50% heading
	F1
	82.39
	70.33
	91.67
	85.71
	3.31
	4.02
	2.11
	2.27

	
	F2
	81.31
	70.33
	91.67
	88.38
	3.95
	4.85
	2.51
	2.67

	Days to maturity
	F1
	123.72
	103.00
	131.00
	92.19
	5.43
	4.39
	2.22
	2.31

	
	F2
	124.01
	103.00
	131.33
	91.12
	6.12
	4.94
	2.51
	2.63

	Plant height
	F1
	89.06
	76.13
	105.93
	89.93
	12.01
	13.49
	6.90
	7.28

	
	F2
	94.73
	76.13
	109.35
	94.05
	14.61
	15.42
	7.72
	7.96

	Number of productive tillers/plant
	F1
	11.60
	7.80
	16.13
	97.04
	5.38
	46.36
	22.85
	23.19

	
	F2
	10.15
	7.07
	13.17
	98.54
	5.02
	49.43
	24.17
	24.35

	Flag leaf area
	F1
	43.27
	30.08
	54.93
	86.60
	10.12
	23.39
	12.20
	13.11

	
	F2
	40.26
	28.67
	56.02
	95.63
	11.09
	27.54
	13.67
	13.98

	Number of leaves/main tiller
	F1
	3.75
	3.27
	4.07
	63.63
	0.27
	7.13
	4.34
	5.44

	
	F2
	3.69
	2.99
	4.60
	91.61
	0.79
	21.36
	10.83
	11.32

	Number of spikelets/ear
	F1
	21.09
	16.07
	26.47
	80.50
	3.35
	15.90
	8.60
	9.59

	
	F2
	19.30
	15.13
	22.80
	85.74
	3.31
	17.15
	8.99
	9.71

	Spike length
	F1
	9.46
	7.00
	12.27
	87.39
	1.75
	18.54
	9.63
	10.30

	
	F2
	8.75
	6.25
	11.21
	92.38
	2.19
	25.00
	12.62
	13.13

	Number of grains/ear
	F1
	47.11
	24.40
	65.67
	97.13
	19.39
	41.15
	20.27
	20.57

	
	F2
	43.96
	29.46
	58.43
	95.85
	12.89
	29.32
	14.54
	14.85

	Biological yield/plant
	F1
	41.43
	27.75
	58.93
	93.21
	10.76
	25.97
	13.06
	13.53

	
	F2
	38.69
	29.95
	50.19
	92.13
	7.59
	19.62
	9.93
	10.34

	1000 grain weight
	F1
	35.43
	29.29
	42.92
	87.61
	5.17
	14.61
	7.57
	8.09

	
	F2
	39.68
	29.29
	46.55
	97.04
	8.70
	21.92
	10.80
	10.96

	Harvest index
	F1
	40.54
	31.03
	49.33
	62.32
	3.77
	9.30
	5.72
	7.25

	
	F2
	39.06
	33.13
	49.33
	79.82
	4.76
	12.18
	6.62
	7.41

	Protein content
	F1
	9.93
	7.31
	13.56
	99.73
	2.93
	29.54
	14.36
	14.38

	
	F2
	10.10
	7.33
	13.56
	99.88
	2.62
	25.93
	12.59
	12.60

	Grain yield/plant
	F1
	16.74
	10.91
	21.62
	92.36
	4.78
	28.57
	14.43
	15.01

	
	F2
	15.09
	11.28
	20.05
	95.32
	3.50
	23.20
	11.54
	11.82


Table 5. Analysis of variance for parents and hybrids

	Source
	d.f.
	Days to 50% heading
	Days to maturity
	Plant height
	Number of productive tillers/plant
	Flag leaf area
	Number of leaves/main tiller
	Number of spikelets/ear

	
	
	F1
	F2
	F1
	F2
	F1
	F2
	F1
	F2
	F1
	F2
	F1
	F2
	F1
	F2

	REPLN
	2
	12.38
	1.95
	5.50
	5.66
	24.34
	129.69
	0.18
	1.28
	59.16
	66.12
	0.122
	0.004
	23.22
	6.41

	GENO
	93
	18.79**
	20.05**
	42.83**
	50.53**
	117.63**
	163.78**
	11.81**
	6.32**
	87.95**
	92.30**
	0.095**
	0.495**
	10.67**
	9.53**

	CROSS
	71
	5.85**
	6.91**
	20.81**
	30.98**
	98.70**
	105.54**
	8.79**
	6.08**
	77.89**
	104.64**
	0.099**
	0.610**
	11.72**
	8.09**

	PARENT
	21
	63.01**
	63.01**
	119.04**
	119.04**
	182.68**
	182.68**
	6.19**
	6.19**
	47.13**
	47.13**
	0.076**
	0.076**
	6.96**
	6.96**

	LINE (p)
	17
	22.69**
	22.69**
	21.23**
	21.23**
	203.42**
	203.42**
	5.94**
	5.94**
	44.52**
	44.52**
	0.065**
	0.065**
	7.20**
	7.20**

	TEST (p)
	3
	67.78**
	67.78**
	282.31**
	282.31**
	67.81**
	67.81**
	9.68**
	9.68**
	77.45**
	77.45**
	0.137**
	0.137**
	0.17
	0.17

	L(P) v T(P)
	1
	734.31**
	734.31**
	1292.19**
	1292.19**
	174.57**
	174.57**
	0.01
	0.01
	0.56
	0.56
	0.092**
	0.092**
	23.36**
	23.36**

	Crovs PAR
	1
	8.71**
	50.72**
	5.53**
	0.14
	96.35**
	3901.87**
	344.00**
	26.54**
	1659.40**
	164.95**
	0.219**
	1.089**
	13.89**
	165.46**

	ERROR
	186
	0.50
	0.53
	0.64
	0.95
	4.23
	3.38
	0.16
	0.13
	4.32
	1.38
	0.015
	0.015
	0.80
	0.50

	TOTAL
	281
	6.64
	7.00
	14.64
	17.39
	41.91
	57.36
	4.02
	2.19
	32.39
	31.94
	0.042
	0.173
	4.23
	3.53



	Source
	d.f.
	Spike length
	Number of grains/ear
	Biological yield/plant
	1000 grain weight
	Harvest index
	Protein content
	Grain yield/plant

	
	
	F1
	F2
	F1
	F2
	F1
	F2
	F1
	F2
	F1
	F2
	F1
	F2
	F1
	F2

	REPLN
	2
	0.39
	2.09
	52.16
	9.55
	86.40
	1.01
	5.26
	30.34
	13.50
	24.99
	0.001
	0.001
	5.67
	3.07

	GENO
	93
	2.61**
	3.77**
	276.29**
	124.28**
	91.09**
	44.08**
	22.62**
	55.65**
	33.46**
	24.91**
	6.10**
	4.86**
	16.35**
	8.59**

	CROSS
	71
	2.10**
	4.27**
	340.21**
	117.25**
	94.67**
	42.85**
	22.41**
	38.48**
	29.83**
	17.50**
	3.55**
	2.33**
	17.13**
	9.06**

	PARENT
	21
	2.23**
	2.23**
	63.61**
	63.61**
	50.29**
	50.29**
	23.34**
	23.34**
	46.56**
	46.56**
	10.59**
	10.59**
	7.04**
	7.04**

	LINE (p)
	17
	2.28**
	2.28**
	67.56**
	67.56**
	55.64**
	55.64**
	27.31**
	27.31**
	31.06**
	31.06**
	11.59**
	11.59**
	3.59**
	3.59**

	TEST (p)
	3
	2.19**
	2.19**
	11.92**
	11.92**
	28.00**
	28.00**
	8.47**
	8.47**
	46.47**
	46.47**
	6.81**
	6.81**
	5.03**
	5.03**

	L(P) v T(P)
	1
	1.40**
	1.40**
	151.61**
	151.61**
	26.18**
	26.18**
	0.52
	0.52
	310.38**
	310.38**
	5.00**
	5.00**
	71.70**
	71.70**

	Crovs PAR
	1
	46.95**
	0.08
	204.21**
	1897.04**
	694.15**
	0.94
	22.58**
	1953.35**
	15.80**
	96.20**
	92.50**
	63.84**
	156.30**
	8.14**

	ERROR
	186
	0.12
	0.10
	2.70
	1.77
	2.15
	1.25
	1.02
	0.56
	3.32
	1.74
	0.01
	0.01
	0.44
	0.14

	TOTAL
	281
	0.95
	1.33
	93.60
	42.37
	32.18
	15.42
	8.20
	19.01
	13.37
	9.57
	2.02
	1.61
	5.74
	2.96


* and ** Significant at 5% and 1% respectively.
