Morphological Characterization and Assessment of Genetic variability, heritability and genetic advance in Bread Wheat (Triticum aestivum L.)

Abstract: 
Genetic based knowledge of different growth traits including morphological, physiological and developmental play’s fundamental role in the improvement of wheat. Genetic divergence allows superior recombinants which are essential in any crop development project. The present investigation was involving forty-four genotypes were assessed for 13 morphological traits undertaken to study the genetic variability, heritability (bs), genetic advance, genetic advance as percent of mean analysis. Among the genotypes, almost all the traits exhibited highly significant variation.  The higher extent of genotypic (GCV) as well as phenotypic coefficients of variation (PCV) were noticed for number of productive tillers per plant and grain yield per plant indicted high degree of variability in these quantitative traits and suggested the possibility of yield improvement through these traits.  High heritability (in broad sense) estimates were obtained highest for biological yield per plant, spike length, grain yield per plant, protein content, 1000 grain weight, plant height, productive tillers per plant, days to maturity and spikelets per spike including that these traits are mainly controlled by the genetic factor and selection based on these factors will be rewarding. Moderate estimates of genetic advance were obtained for two traits viz., plant height and biological yield per plant. A suitable combination of these traits can be used for development of high yielding genotypes. For plant height and the number of grains per spike, there was a combination of high heritability and moderate genetic advance. As a result, these qualities are controlled by additive gene action and should be chosen for further development through the use of pedigree breeding.
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Introduction:
Over half of the world's population is supplied by wheat, a significant and adaptable food crop that provides employment opportunities, raw materials for various human-made products, and essential food components (Mecha et al., 2016; Kumar and Nagarajan, 1998; and Iquebal and Mishra, 2021). In terms of production and use, it is one of the most significant cereal crops for export and strategic importance worldwide, including in Ethiopia. Because of its large hectares, high productivity, and noticeable position in the global food grain trade, it has been referred to as the "King of cereals." (Giraldo, et al., 2019 and Grote, et al., 2021).  “The global need of wheat has been forecasted to rise by 25% from 2001 to 2025 in order to cope with the increasing population. Ninety percent of the cultivated area is covered in wheat, making it the most significant species. With 224.49 million hectares and a production of 792.40 million tons in 2020–21, wheat is the most widely cultivated cereal in the world. In India, wheat production is 108.75 million tonnes, with an average national productivity of 3424 kg/ha in 2020–21” (Anonymous, 2020-21).
In Uttar Pradesh as well as in India, the consumption of wheat is rising along with the growth in human population and variety of foods. During the Rabi season, it can be grown in a variety of environmental conditions. However, due to the limited genetic diversity found in the current wheat cultivar, the productivity of this essential crop is impacted by a number of stresses. This is thought to be the result of human selection favoring wheat genotypes with high yields and early maturation. It is therefore desperately needed to expand this important crop's genetic base by introducing genes from other sources.
	Plant breeding is fundamentally dependent on genetic diversity. In wheat hybridization and breeding programs, genetic divergence is a useful technique for selecting parents (Kamble et al., 2017; Harlan, 1976; Moose and Mumm, 2008 and El-Esawi et al. 2023). According to (Yadav et al. 2006; Chapla et al. 2008 and Singh et al. 2010), it would be more efficient to identify parents for any breeding effort using divergence studies. Using quantitative morphological features, this study evaluated the morphological variability of wheat genotypes from the ICAR-Indian Institute of Wheat & Barley Research, Karnal. 
	Morphological characteristics are traditionally used to categorize germplasm and assess genetic diversity. Nevertheless, this method is a low-level but effective taxonomic tool that can be used for cultivar preliminary grouping before more reliable marker technologies are used for their characterisation. In addition, this method requires little technical expertise and is easy to score, low-cost, and time-consuming. Din et al. (2010) state that physical characteristics are stills the basis for the plant's scientific classification. 
	Determining a cultivar's response to selection depends in part on a trait's heritability (Johnson et al., 1955, Hanson et al. 1963, Surek and Beser 2003, Saleem et al., 2016 and Kumar et al., 2017). Since heritability indicates the degree of a trait's transmissibility into subsequent generations, it is essential to understanding heredity in selection-based crop development. Therefore, in order to advance in crop breeding, genetic variety is a requirement. The best conditions for selection are those with strong genetic advancement and high heritability estimates (Sharma et al., 2021 and Seyoum et al., 2021).
	 A number of research studies (Baye et al., 2020; Rana et al., 2023) claim that association data, such as genotypic and phenotypic correlations between yield and its constituent qualities, are essential for improving yield through selection initiatives. An efficient crop breeding plan requires the use of heritability estimations, which give information about the transmissibility index of quantitative features of economic value. By determining the suitable selection criteria and evaluating the degree of genetic improvement, the degree of heritability also aids in the prediction of the behavior of subsequent generations. Similar to this, genetic advancement provides an accurate and clear picture of how generations are separated for potential selection. An estimate of genetic advance along with heritability is helpful in assessing the reliability of character for selection. Therefore, the study of phenotypic variability for various traits under investigation is of great importance (Kumar and Kerkhi, 2015).
Materials and Methods 
The present investigation entitled “Morphological Characterization and Assessment of Genetic variability, heritability and genetic advance in Bread Wheat (Triticum aestivum L.)” was carried out during rabi 2016-17 at Crop Research Centre, Chirori, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut (U.P.), situated at an elevation of about 297 meters above mean sea level with 29.01˚’N latitude and 77.75˚E longitude, representing the North Western Plain Zone. Forty-four diverse genotypes were sown and evaluated in a randomized block design with three replications. Each genotype was sown in three rows plot of 4-meter length spaced 22.5 cm apart with plant-to-plant distance of 10 cm. All the recommended agronomic practices and plant protection measures were adopted to raise the good crop.
“Statistical analyses for studied traits was estimated by variance components method based on the combined analyses over four growing seasons. The data was subjected for analysis of variance” (Steel et al., 1997). “The genotypic and phenotypic components of variance were computed” according to Burton & Devane (1953). “The heritability, genetic advance and genetic advance in percentage of mean was calculated” according to Johnson et al. (1955); Allard (1960); Falconer & Mackay (1996). 
(1) Genetic Variance (σ2g) = Genotype mean square (GMS) – Error Mean Square (EMS) / Number of replication (r) 
(2) Environmental Variance (σ2e) = Error Mean Square (EMS)
(3) Phenotypic Variance (σ2ph) = σ2g + σ2e 
      Genotypic, Phenotypic and Environmental coefficient of Variation was calculated as: 
 (4) GCV% = (σ2g 0,5 / x̅) х 100; PCV% = (σ2ph 0,5 / x̅) х 100; ECV% = (σ2e 0,5 / x̅) х 100 
     where, GCV% = Genotypic Coefficient of variation; σ2g = Genotypic Variance; PCV % = Phenotypic Coefficient of variation; σ2ph = Genotypic Variance; ECV % = Environmental Coefficient of variation; σ2e = Environmental Variance. 
      Heritability (h2BS) on Entry Mean Basis was calculated as: 
(5) h2BS = σ2g / σ2ph, h2BS% = (σ2g / σ2ph) x 100 
     The expected Genetic Advance for each trait was calculated as: 
(6) GA = K x (σ2ph)0.5 x h2BS 
      where, K = 2.06 at 5% selection intensity for trait; σ2ph = Phenotypic variance for trait or   (σ2ph)0.5 standard deviation of phenotypic variance; h2 = Broad Sense Heritability of the trait 
       Genetic Advance as percentage of mean is calculated as: 
(7) GA% = (GA / x̅) x 100
[bookmark: _Hlk516398025]Result & Discussion  
Thirteen traits including days to 50% flowering, days to maturity, productive tiller per plant, spike length, number grains per spike, biological yield per plant, harvest index (%), 1000 seed weight (g), Ash content (%) and Grain yield per plant., exhibited highly significant variation (≤0.05) among all the genotypes under this study (Table 1). The similar findings were also reported by earlier workers viz., Bhushan et al. 2018 and Geneti 2022.
In this study, most of the yield and yield component traits expressed relatively higher phenotypic coefficient of variation value (PCV) than growth traits in Table 2. 
Burton and de Vane (1953) classified the PCV values, which varied from 3.40 days to maturity to 21.30% productive tillers per plant. The PCV value of 21.30 was found to be higher than that of the number of productive tillers per plant, 17.42 for grain yield, 17.03 for biological yield, 11.17 for plant height, 10.69 for protein content, 9.67 for spike length, 7.19 for the number of grains per spike, 7.12 for the total number of spikelets per spike, 5.43 for harvest index, 4.00 for days to 50% flowering, and 3.40 for days to maturity.
 However, the degree of phenotypic variation in a character does not indicate the relative contribution of genetic (heritable) and environmental (non-heritable) components of variation. It prevents one from determining which character exhibits the greatest amount of diversity intrinsic to them. Only by standardizing the genotypic and phenotypic variances can this be possible, and this has been performed by determining the coefficients of variability, which are shown in Figure 1 and Table 2. 
The genotypic coefficients of variation in general are less than the corresponding phenotypic coefficients of variation. High amount of inherent variability (genotypic coefficient of variation) was exhibited by number of productive tillers per plant (20.61) followed by grain yield per plant (17.12), biological yield per plant (16.95), plant height (10.95), protein content (10.50), spike length (9.52), total number of spikelets per spike (6.64), number of grains per spike (6.32), 1000 grain weight (5.39), harvest index (4.58), days to 50% flowering (3.51) lowest GCV was for days to maturity (3.26). The traits contained good amount of genetic variability can be effectively utilized in selecting the superior genotypes. This variability due to genotypic variance points out that there is large scope for genetic improvement. The corroborative finding was also reported by Degewione et al. (2013), Nukasani et al. (2013), Bhutto et al. (2016), Seyoum and Sisay (2021), Emmadishetty and Gurjar (2022), Shah et al. (2023) and Chauhan et al. (2023).
Three groups representing high heredity (above 80%), moderate heritability (60 to 80%), and low heritability (below 60%) were randomly selected from the estimations of heritability. Robinson and colleagues (1949) classified heritability. In this analysis, the number of productive tillers per plant (93.62), days to maturity (92.34), total number of spikelets per spike (87.09), biological yield per plant (99.08), spike length (96.84), grain yield per plant (96.59), protein content (96.46), 1000 grain weight (96.25), plant height (96.10), and number of grains per spike (77.34) were found to have higher heritability, whereas the harvest index (71.31) and days to 50% flowering (76.83) showed moderate heritability. These findings suggest that these traits are controlled by additive gene action. The corroborative findings were also reported by Baloch et al. (2013), Parnaliya et al. (2015), Mecha et al. (2016), Seyoum and Sisay (2021), Shah et al. (2023) and Chauhan et al. (2023). These characters may, therefore be consider for selection.  Genetic advance (GA) was also classified according to Robinson et al. (1949) and it ranged from 0.17 for Ash content (%) to 18.61% for plant height (Table 2 and fig 1).
	Heritability of an attribute provides an idea about its transmissibility from parents to offspring, but it is the genetic advance more important to the breeder. For comparing different characters in respect of genetic advance expected through selection. These statistics were calculated for the respective based on broad sense heritability.
The genetic advance expressed as per cent of mean varied from 6.33 (days to 50% flowering) to 41.08 (productive tillers per plant). High genetic advance as per cent of mean was noticed for number of productive tillers per plant (41.08), followed by biological yield per plant (34.76), grain yield per plant (34.66), plant height (22.12), protein content (21.24), spike length (19.29), total number of spikelets per spike (12.77), number of grains per spike (11.46), 1000 grain weight (10.88), harvest index (7.97), days to maturity (6.46) and days to 50% flowering (6.33). The corroborative findings were also reported by Shah et al. (2023).
[bookmark: _Hlk516398848]	Moderate estimates of genetic advance were obtained for two traits viz., plant height (18.61) and biological yield per plant (13.21) indicating substantial contribution of additive gene action in the expression of these characters. Therefore, selection made for these characters would give rise to superior progenies/segregants, However, traits days to maturity (7.91), number of grains per spike (6.86), grain yield per plant (5.06), days to 50% flowering (4.97), 1000 seed weight (4.20), number of productive tillers per plant (3.21), harvest index (3.06), protein content (2.49), total number of spikelets per spike (2.30) and spike length (1.84) exhibited low value of genetic advance. These results are in agreement with the findings of Kumar and Kerkhi (2015) and Seyoum and Sisay (2021).
		High heritability coupled with moderate genetic advance was observed for plant height and number of grains per spike. Therefore, these traits are governed by additive gene action and be considered for selection for further improvement by pedigree method by the breeder.   









Fig.no. 1- General mean, range, heritability, genetic advance, genetic advance as % of mean and coefficient of variation for 13 characters of wheat genotypes.

Table: 1. Analysis of variance (ANOVA) for 13 different characters of wheat genotypes.

	Sr. No.
	Source of Variation
	D.F.
	Mean Squares

	
	
	
	Days to 50% flowering
	Days to maturity
	Plant height (cm)
	Productive tillers/ plant
	Spike length (cm)
	Spikelets per spike
	Number of grains /spike
	Biological yield /plant (g)
	Harvest index (%)
	1000 seed weight (g)
	Protein content (%)
	Ash content (%)
	Grain yield per plant (g)

	1.
	Replication
	2
	1.43
	0.37
	17.12
	3.77
	0.19
	0.04
	5.61
	5.14
	4.37
	0.17
	0.02
	0.001
	2.66

	2.
	Treatment
	43
	25.01**
	49.21**
	258.21**
	7.97**
	2.50**
	4.49**
	47.22**
	124.95**
	10.54**
	13.10**
	4.60**
	0.023**
	18.93**

	3.
	Error
	86
	2.28
	1.32
	3.44
	0.18
	0.03
	0.21
	4.20
	0.39
	1.25
	0.17
	0.06
	0.000
	0.22


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













Table: 2. General mean, range, heritability, genetic advance, genetic advance as % of mean and coefficient of variation for 13 
                characters of wheat genotypes.
	Characters
	General mean
	Range
	Heritability (%)
	Genetic advance
	GA as % of mean
	GCV (%)
	PCV (%)

	
	
	Min.
	Max.
	
	
	
	
	

	Days to 50% flowering
	78.48
	73.67
	84.00
	76.83
	4.97
	6.33
	3.51
	4.00

	Days to maturity
	122.47
	117.00
	132.00
	92.34
	7.91
	6.46
	3.26
	3.40

	Plant height (cm)
	84.13
	68.49
	110.09
	96.10
	18.61
	22.12
	10.95
	11.17

	Productive tillers/plant
	7.82
	4.23
	11.43
	93.62
	3.21
	41.08
	20.61
	21.30

	Spike length (cm)
	9.54
	7.13
	10.94
	96.84
	1.84
	19.29
	9.52
	9.67

	Spikelets per spike
	17.98
	15.12
	20.29
	87.09
	2.30
	12.77
	6.64
	7.12

	Number of grain per spike
	59.89
	54.00
	68.67
	77.34
	6.86
	11.46
	6.32
	7.19

	Biological yield per plant (g)
	38.01
	23.69
	51.50
	99.08
	13.21
	34.76
	16.95
	17.03

	Harvest index (%)
	38.40
	34.92
	42.00
	71.31
	3.06
	7.97
	4.58
	5.43

	1000 seed weight (g)
	38.56
	32.86
	41.32
	96.25
	4.20
	10.88
	5.39
	5.49

	Protein content (%)
	11.73
	9.89
	14.80
	96.46
	2.49
	21.24
	10.50
	10.69

	Ash content (%)
	1.46
	1.27
	1.66
	94.96
	0.17
	11.93
	5.94
	6.10

	Grain yield per plant (g)
	14.59
	9.36
	18.85
	96.59
	5.06
	34.66
	17.12
	17.42




Every trait showed highly significant substantial variances between the 44 wheat genotypes. Numerous wheat researchers have documented phenotypic diversity for various features in various wheat accessions (Nukasani et al., 2013 and Sayaydeh et al., 2023). Thirteen morpho-physiological parameters were found to differ significantly across the thirty-six genotypes of wheat (Chaudhary et al., 2020). 180 wheat accessions shown significantly substantial variance among them using 10 quantitative features in another investigation (Gerema et al., 2020). 
Johnson et al. (1955) state that selection based on phenotypic expression requires accurate calculation of heritability and genetic progress. High genetic advancement combined with high heritability may therefore be the main goal of selection based on physical features. For the five traits examined in this study—plant height, protein content, biological yield per plant, productive tillers per plant, and grain yield per plant—high heritability and high genetic advance were obtained. These results suggested that additive gene action predominated in the expression of the aforementioned traits (Hossain et al., 2021). Seyoum and Sisay (2021) similarly found similar findings for 1000 kernel weight. Selection may therefore be successful in dividing generations through these characteristics. 

Conclusion
It is concluded that a suitable combination of traits can be used for development of high yielding genotypes. For plant height and the number of grains per spike, there was a combination of high heritability and moderate genetic advance. As a result, these qualities are controlled by additive gene action and should be chosen for further development through the use of pedigree breeding.
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General mean	Days to 50% flowering	Days to maturity	Plant height (cm)	Productive tillers/plant	Spike length (cm)	Spikelets per spike	Number of grain per spike	Biological yield per plant (g)	Harvest index (%)	1000 seed weight (g)	Protein content (%)	Grain yield per plant (g)	78.48	122.47	84.13	7.8199999999999994	9.5400000000000009	17.979999999999997	59.89	38.01	38.4	38.56	11.729999999999999	14.59	Range	Days to 50% flowering	Days to maturity	Plant height (cm)	Productive tillers/plant	Spike length (cm)	Spikelets per spike	Number of grain per spike	Biological yield per plant (g)	Harvest index (%)	1000 seed weight (g)	Protein content (%)	Grain yield per plant (g)	0	73.669999999999987	117	68.489999999999995	4.2300000000000004	7.13	15.12	54	23.69	34.92	32.86	9.89	9.3600000000000012	Days to 50% flowering	Days to maturity	Plant height (cm)	Productive tillers/plant	Spike length (cm)	Spikelets per spike	Number of grain per spike	Biological yield per plant (g)	Harvest index (%)	1000 seed weight (g)	Protein content (%)	Grain yield per plant (g)	0	84	132	110.09	11.43	10.94	20.29	68.669999999999987	51.5	42	41.32	14.8	18.850000000000001	Days to 50% flowering	Days to maturity	Plant height (cm)	Productive tillers/plant	Spike length (cm)	Spikelets per spike	Number of grain per spike	Biological yield per plant (g)	Harvest index (%)	1000 seed weight (g)	Protein content (%)	Grain yield per plant (g)	0	0	3.51	3.2600000000000002	10.950000000000001	20.610000000000003	9.52	6.64	6.3199999999999994	16.95	4.58	5.39	10.5	17.12	Days to 50% flowering	Days to maturity	Plant height (cm)	Productive tillers/plant	Spike length (cm)	Spikelets per spike	Number of grain per spike	Biological yield per plant (g)	Harvest index (%)	1000 seed weight (g)	Protein content (%)	Grain yield per plant (g)	0	4	3.4	11.17	21.3	9.67	7.1199999999999992	7.1899999999999995	17.03	5.4300000000000006	5.49	10.69	17.420000000000002	Heritability 	Days to 50% flowering	Days to maturity	Plant height (cm)	Productive tillers/plant	Spike length (cm)	Spikelets per spike	Number of grain per spike	Biological yield per plant (g)	Harvest index (%)	1000 seed weight (g)	Protein content (%)	Grain yield per plant (g)	0	76.83	92.34	96.1	93.61999999999999	96.84	87.09	77.34	99.08	71.31	96.25	96.460000000000008	96.59	Genetic advance	Days to 50% flowering	Days to maturity	Plant height (cm)	Productive tillers/plant	Spike length (cm)	Spikelets per spike	Number of grain per spike	Biological yield per plant (g)	Harvest index (%)	1000 seed weight (g)	Protein content (%)	Grain yield per plant (g)	4.9700000000000006	7.91	18.610000000000003	3.21	1.84	2.2999999999999998	6.8599999999999994	13.209999999999999	3.06	4.2	2.4899999999999998	5.0599999999999996	GA as % of mean	Days to 50% flowering	Days to maturity	Plant height (cm)	Productive tillers/plant	Spike length (cm)	Spikelets per spike	Number of grain per spike	Biological yield per plant (g)	Harvest index (%)	1000 seed weight (g)	Protein content (%)	Grain yield per plant (g)	6.33	6.46	22.12	41.08	19.29	12.77	11.46	34.760000000000005	7.9700000000000006	10.88	21.24	34.660000000000004	



