Study of Genetic Component of Variability for Yield and its Attributing Traits in Gamma ray induced Bread Wheat (Triticum aestivum L.) Mutant Genotypes



ABSTRACT
Current study was performed on 34 stable mutant genotypes along with two checks, viz., HD 2967 and GW 322, which were evaluated for 17 traits in a randomized block design at the agricultural research farm of RVSKVV, Gwalior (M.P.) during the rabi season of 2023-24 to estimate genetic component of variability included PCV, GCV, heritability, and genetic advance among various traits of bread wheat mutant genotypes. An analysis of variance showed a highly significant (p<0.01) difference among the tested mutant genotypes for all considered traits. The PCV values were higher than GCV values for all the traits included in this study. High PCV and GCV were observed for biological yield per plot, and grain yield per plot, suggesting the possibility of improving these grain yield components and total grain yield through selection. Yield contributing traits such as grain weight per spike, 1000 grain weight, grain number per spike, biological yield per plot, and grain yield per plot have high heritability coupled with high genetic advance as a percent of mean, signifying that these characters show additive gene action in their expression. Whereas flag leaf area, number of tillers per meters, and spike length had moderately high heritability and moderate genetic advance as a percent of mean. The magnitude of the genetic variability for the productive traits implied that direct selection for yield components and improvement in total grain yield is feasible through selection.
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INTRODUCTION
Hexaploid wheat (Triticum aestivum L.) often called bread wheat, is one of the world’s most important cereal crop and basic foodstuffs for millions of people. It belongs to grass family Poaceae (Gramineae), and the tribe Triticeae (Hordae) with chromosome number 2n = 6x = 42. Wheat has its origin in the Fertile Crescent area (Feldman and Levy, 2012) and is cultivated in a variety of agro-ecological conditions ranging from 1100 N to 3500 N, from 7200 E to 9200 E. With reference to India, wheat stands as the second key food crop after rice, circumscribing roughly to 90 percent of the total wheat growing region in the country. It plays a crucial role in contributing nearly one-third of the total cereal output (Mahajan and Gupta, 2009). In India, wheat is primarily consumed in various alternative forms, including baati, chapatti, dalia and upma etc. India is the world's second-largest producer of wheat, with its domestic output accounting for 13.5% of worldwide production. India produced 112.92 million tonnes of wheat in 2023–2024 on 31.23 million hectares, with an average national productivity of 36.15 q/ha. (Anonymous, 2024). In addition to being the most crucial commodity for food security, wheat is now increasingly being strategically grown as a cash crop on a worldwide scale (Tadesse et al., 2017). The demand for wheat production rises as a result of rapid population growth linked to growing urbanization and a shift in dietary preferences toward quick and easy foods like bread, biscuits, pasta, and porridge (Tadesse et al., 2018). However, by international norms, wheat productivity and production are relatively low. The primary cause is that small-scale farmers primarily produce wheat for subsistence using a rain-feed production system with minimal irrigation, and they are subject to a number of abiotic and biotic stresses (Anteneh and Asrat, 2020). Crop improvement projects require precise knowledge of genetic advancement, heritability, and germplasm variability because these factors aid in the creation of superior recombinants for all desired traits (Rauf et al., 2012, Tilahun et al., 2020). To overcome current and future crop breeding obstacles, such as breeding for increased yield, wider adaptation, desirable quality, drought tolerance, and pest and disease resistance (Ferdous et al., 2011, Rana et al., 2024) genetic variability is of paramount importance. Thus, the goal of the current study was to evaluate the degree of genetic variability, heritability, and genetic advance for yield and yield related traits of bread wheat mutant genotypes. 

MATERIALS AND METHODS
[bookmark: _Hlk195823161]Thirty-four advanced generation Bread Wheat mutant genotypes named as Trombay Gwalior Wheat (TGW) followed by numeric code (Table 1) along with two check varieties, HD2967 (BARC, Trombay, Mumbai) and GW322 (RVSKVV, Gwalior, M.P.) were undertaken for assessment of direct selection parameters i.e., variability, heritability and genetic advance. The mutants were developed by subjecting them to gamma ray irradiation at 300 Gy with 58.6 Gy/min. of dose rate at Nuclear Agriculture & Biotechnology Division, Bhabha Atomic Research Centre, Trombay, Mumbai (NABTD, BARC, Mumbai, India). 

Field experiment to evaluate yield and yield related traits was carried out at the agriculture research farm of Department of Genetics and Plant Breeding, College of Agriculture, RVSKVV, Gwalior, M.P. during the Rabi season of 2023-24 in randomized block design with 3 replications. Seeds of each genotype were sown in unit plot size with 3 rows of 3m row length and 30 cm apart. Standard agronomic practices were embraced for the experiments. Observations were recorded at different phenological stages on traits influencing total grain yield viz., days to 50% heading, days to 50% flowering, days to maturity, plant height, flag leaf area, number of tillers per plants, peduncle length, grain filling duration, spike length, number of spikelets per spikes, spikelet density, grain weight per spike, 1000 grain weight, grain number per spike, biological yield per plot and harvest index. Five randomly chosen plants of each mutant from each replication were subjected for data collection. Plant material was chosen based on differences in morpho-physiological characteristics and adaptability. The average data of the five randomly chosen plants were subjected to the analysis of variance and further, biometrical procedures were used to assess genotypic and phenotypic coefficient of variation, heritability in broad sense and genetic advance.
[bookmark: _Hlk195823230]Table 1: List of Wheat genotypes used in the investigation
	[bookmark: _Hlk195823239]S. No.
	Genotypes
	S. No.
	Genotypes

	1
	TGW 1
	19
	TGW 85

	2
	TGW 8
	20
	TGW 88

	3
	TGW 10
	21
	TGW 90

	4
	TGW 16
	22
	TGW 91

	5
	TGW 20
	23
	TGW 92

	6
	TGW 25
	24
	TGW 93

	7
	TGW 27
	25
	TGW 101

	8
	TGW 48
	26
	TGW 102

	9
	TGW 55
	27
	TGW 103

	10
	TGW 60
	28
	TGW 105

	11
	TGW 62
	29
	TGW 109

	12
	TGW 64
	30
	TGW 110

	13
	TGW 68
	31
	TGW 114

	14
	TGW 69
	32
	TGW 120

	15
	TGW 72
	33
	TGW 125

	16
	TGW 74
	34
	TGW 134

	17
	TGW 78
	35
	HD 2967 (C)

	18
	TGW 84
	36
	GW 322 (C)



Result and Discussion 
In the present study, a total of 34 advanced stage mutant genotypes along with two check varieties were evaluated for 17 plant productive traits and the analysis of variance showed significant differences among the genotypes for all the plant productive traits (Table 2). Thus, mutant genotypes used in the study has significant genetic variability and hence, valuable to be subjected for estimation of genetic parameters. Similar results were reported in the earlier studies involving wheat genotypes by Arya et al. (2018) and Thapa et al. (2019) except that major difference is that present study involved mutant genotypes of variety Borlaug 100. This emphasised the fact that single mutant population developed using gamma rays of 300 Gy has been found sufficient to generate genetic differences among the genotypes upon which selection could be possible based upon genetic component of generated variability.

Table 3 displays the wheat mutant genotype's mean and range performance for seventeen traits. Gamma-ray induced mutagenesis positively affected the mean values of all the traits in all the mutant genotypes used in the study. Mean trait values of all these mutant genotypes has a wide range for the days to 50% heading (70-91), days to 50% anthesis (77-96), days to maturity (115-128), plant height (88-113), flag leaf area (32.45-52.31), number of tillers per plant (9-19), peduncle length (9-16), grain filling duration (51-78), spike length (9-16), number of spikelet per spike (18-25), spikelet density (0.39-0.76), grain weight per spike (2.22-5), 1000 grain weight (36.53-85.0), grain number per spike (60-111), biological yield per plot (1000-3500), grain yield per plot (361-1233) and harvest index (20.95-57.9). The isolation of mutant phenotypes in M2 population followed by selection and stability of these mutants for the identified traits until M8 have been found to enhance the mean trait values and widened mean range values over the parental genotype (Borlaug 100) and two check varieties namely, HD2967 and GW322.

Table 2: Analysis of variance (ANOVA) for all the characters under study in thirty-four mutant genotypes including two checks of wheat.

   
	Mean sum of Square (MSS)

	Source
	Replication (DF =2)
	Treatment (DF=35)
	Error (DF=70)

	DTH
	2.6944NS
	71.3786**
	2.3040

	DTA
	4.8611NS
	41.5143**
	2.3849

	DTM
	2.2593NS
	20.5489**
	5.4497

	PH
	2.8148NS
	71.8378**
	6.5862

	FLA
	9.1672NS
	44.2779**
	10.3397

	NT/M
	1.1759NS
	9.0402**
	1.7759

	PL
	0.8611NS
	7.2952**
	1.0802

	GFD
	5.6759NS
	95.3767**
	3.7426

	SL
	0.4537NS
	8.6378**
	1.6918

	NS/S
	4.2315NS
	7.2720**
	2.2505

	SD
	0.0019NS
	0.0099*
	0.0053

	GW/S
	0.6568**
	1.3084**
	0.0278

	1000 GW
	234.4170**
	384.2423**
	34.4196

	GN/S
	41.0370NS
	420.2696**
	35.9608

	BY/P
	5502.0648NS
	999633.7196**
	9286.8077

	GY/P
	341.3981NS
	75697.2021**
	2043.4743

	HI
	2.6852NS
	81.3802**
	12.7607


   
*Note: DTH: days to 50% heading; DTA: days to 50% anthesis; DTM: days to maturity; PH: plant height; FLA: flag leaf area; NT/M: numbers of tillers per meter; PL: peduncle length; GFD: grain filling duration; SL: spike length; NS/S: number of spikelet per spike; SD: spikelet density; GW/S: Grain weight per spike; 1000 GW: 1000 grain weight; GN/S: grain number per spike; BY/P: biological yield per plot; GY/P: grain yield per plot; HI: harvest index











Table 3: Range, Mean, Phenotypic and Genotypic variance, PCV, GCV, heritability, genetic advance and genetic advance as
	Mean sum of Square (MSS)

	Source
	Range
	Mean
	Phenotypic
variance
	Genotypic
variance
	PCV
	GCV
	Heritability
	Genetic
advance
	Genetic advance as % of mean

	
	Max
	Min
	
	
	
	
	
	
	
	

	DTH
	91
	70
	81.19
	25.32
	23.02
	6.19
	5.90
	90.90
	9.42
	11.6073

	DTA
	96
	77
	83.27
	15.42
	13.04
	4.71
	4.33
	84.54
	6.84
	8.2142

	DTM
	128
	115
	120.76
	10.48
	5.03
	2.68
	1.85
	48.01
	3.20
	2.6516

	PH
	113
	88
	98.00
	28.33
	21.75
	5.43
	4.75
	76.76
	8.41
	8.5881

	FLA
	52.31
	32.45
	41.68
	21.65
	11.31
	11.16
	8.06
	52.25
	5.00
	12.0156

	NT/M
	19
	9
	14.09
	4.19
	2.42
	14.53
	11.04
	57.69
	2.43
	17.2767

	PL
	16
	9
	12.77
	3.15
	2.07
	13.89
	11.26
	65.73
	2.40
	18.8128

	GFD
	78
	51
	63.79
	34.28
	30.54
	9.17
	8.66
	89.08
	10.74
	16.8438

	SL
	16
	9
	12.32
	4.00
	2.31
	16.24
	12.34
	57.78
	2.38
	19.3335

	NS/S
	25
	18
	21.29
	3.92
	1.67
	9.30
	6.07
	42.65
	1.74
	8.1731

	SD
	0.76
	0.39
	0.58
	0.0068
	0.0015
	14.21
	6.77
	22.71
	0.03
	6.6506

	GW/S
	5.0
	2.22
	3.34
	0.45
	0.42
	20.15
	19.52
	93.89
	1.30
	38.9790

	1000GW
	85.0
	36.53
	55.35
	151.02
	116.60
	22.19
	19.50
	77.21
	19.54
	35.3085

	GN/S
	111
	60
	87.04
	164.06
	128.10
	14.71
	13.00
	78.08
	20.60
	23.6684

	BY/P
	3500
	1000
	1739.46
	339402.44
	330115.63
	33.49
	33.03
	97.26
	1167.28
	67.1059

	GY/P
	1233
	361
	755.59
	26594.71
	24551.24
	21.58
	20.73
	92.32
	310.12
	41.0445

	HI
	57.9
	20.95
	44.83
	35.63
	22.87
	13.31
	10.66
	64.19
	7.89
	17.6057


percentage of mean for all the yield related traits in wheat.
*Note: DTH: Days to 50% heading; DTA: Days to 50% anthesis; DTM: Days to maturity; PH: Plant height; FLA: Flag leaf area; NT/M: Numbers of tillers per meter; PL: Peduncle length; GFD: Grain filling duration; SL: Spike length; NS/S: Number of spikelet per spike; SD: Spikelet density; GW/S: Grain weight per spike; 1000 GW: 1000 grain weight; GN/S: Grain number per spike; BY/P: Biological yield per plot; GY/P: Grain yield per plot; HI: Harvest index; PCV: Phenotypic Component of Variability; GCV: Genotypic Component of Variability
Table 3 illustrates the estimations of range, mean, phenotypic variance, genotypic variance, phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), heritability (broad sense), genetic advance and genetic advance as % of mean. Phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) ranged from 2.68% to 33.5% and 1.86% to 33.03% respectively. The coefficient of variation is classified into low (<10%), moderate (10–20%), and high (>20%) based on measured values (Sivasubramanian and Menon, 1973). The traits biological yield per plot and grain yield per plot showed high values of PCV and GCV (Table 3). Medium PCV and low GCV were observed for flag leaf area (11.16% and 8.07%), spikelet density (14.22% and 6.77%) and harvest index (13.31% and 10.66%) while high PCV with medium GCV has been reported in 1000 Grain weight (22.19% and 19.50%).  The higher values of phenotypic coefficient variance for flag leaf area, spikelet density and harvest index and corresponding GCV values are lower for the traits infer that environment played larger role for the expression of these traits. The present finding lined with high PCV and GCV reported for grain yield, biological yield and harvest index (Dutamo et al., 2015 and Tilahun et al., 2020).    
   
Both the genotypic and phenotypic coefficients of variation showed a moderate range (10–20%) for number of tillers per meter (14.54% and 11.04%), peduncle length (13.89% and 11.26%), spike length (16.24% and 12.35%), grain weight per spike (20.15% and 19.52%) and grain number per spike (14.71% and 13.00%) respectively. Similarly, Fikre et al., (2015) reported moderate PCV and GCV for thousand Kernel Weight, number of kernels per spikes, number of productive tiller and Rajput et al., (2019) reported low PCV and GCV for number of tillers per plants. In Contrast to the current result, Dutamo et al., (2015) observed high PCV and GCV for thousand Kernel Weight, number of kernels per spike, number of fertile tillers and Atinafu et al., (2020) observed high PCV and GCV for peduncle length. 
The phenotypic and genotypic coefficients of variation were found to be low (<10%) for days to 50% heading (6.19% and 5.90%), days to 50% anthesis (4.71% and 4.34%), days to maturity (2.68% and 1.86%), plant height (5.43% and 4.75%), grain filling duration (9.18% and 8.66%) and number of spikelets per spike (9.30% and 6.07%) respectively. The current outcome is in accordance with Tilahun et al., (2020) and Kabir et al., (2017). Similarly, Obsa et al., (2017) reported low PCV and GCV for number of spikelets per spike. In this study the PCV and GCV values difference were little thus this assures that that major contribution in the trait expression is of genetic nature and environment played meagre part. 

As a result, during selection, traits having a high GCV should be taken into account. The estimation of heritability and genetic advance values are presented in Table 3. Broad sense heritability estimates can be divided as low (<40%), moderate (40-60%) and high (>60%). The heritability ranged from 22.71% to 97.26%. High heritability estimates have been observed for the traits., days to 50% heading (90.90%), days to 50% anthesis (84.54%), plant height (76.76%), peduncle length (65.73%), Grain filling duration (89.08%), grain weight per spike (93.89%), 1000 grain weight (77.21%), grain number per spike (78.08%), biological yield per plot (97.26%), grain yield per plot (92.32%) and harvest index (64.19%). Similar results have also been reported by Yadav et al., (2011), Bhushan et al., (2012), Kumar et al., (2014), Arya et al., (2018), Thapa et al., (2019), Singh et al., (2020) and Porte et al., (2020). Moderate value of heritability was observed for days to maturity (48.01%), flag leaf area (52.25%), number of tillers per meter (57.69%), spike length (57.78%) and number of spikelets per spike (42.65%). Similar results were also found by Singh et al., (2010) and the remaining traits such as spikelet density (22.71%) were observed to possess lower estimates of heritability. Selection efficiency would depend upon the heritable component of the total variability and thus, traits with higher or moderate heritability would be selected to increase the gain from selection.

The estimates for genetic advance as a percent of means were observed ranging from 2.65% for days to maturity to 67.10% for biological yield per plot. Genetic advance as a percent of mean can be divided into 3 groups viz., low (<10%), moderate (10-20%) and high (>20%). Grain weight per spike (38.98%), 1000 grain weight (35.30%), grain number per spike (23.67%), biological yield per plot (67.10%) and grain yield per plot (41.04%) showed highest estimate of genetic advance as a percentage of mean. Traits such as days to 50% heading (11.60%), flag leaf area (12.01%), number of tillers per meter (17.27%), peduncle length (18.81%), grain filling duration (16.84%), spike length (19.33%) and harvest index (17.60%) showed moderate advance, while days to 50% anthesis (8.21%), days to maturity (2.65%), plant height (8.58%), number of spikelet per spike (8.17%) and spikelet density (6.65%) showed less genetic advance. Similar results were also found by Arya et al., (2018) for grain yield per plant and Thapa et al., (2019) for number of productive tillers per plant. 

In addition to high heritability coupled with high genetic advance as percent of mean was observed for the traits like grain weight per spike, 1000 grain weight, grain number per spike, biological yield per plot, and grain yield per plot signifying the effectiveness of selection in enhancing major yield components and yield itself. Studies involving wheat genotypes reported association of higher heritability with the higher genetic advance (Yadav et al., 2011; Kumar et al., 2014; Arya et al., 2018). Moderate heritability is associated with moderate genetic advance for flag leaf area, number of tillers per meters, spike length and moderate heritability is associated with low genetic advance for days to maturity and number of spikelets per spikes. 

CONCLUSION 
The present study involved thirty-four mutant genotypes developed from a single parent variety ‘Borlaug 100” using 300Gy gamma irradiation and two check varieties HD 2967 and GW 322. This study inferred that it could be possible to generate novel genetic variation in the form genotypes upon which selection can be practiced. Measures of genetic improvement such as phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), heritability, and genetic advance were estimated in a set of gamma ray induced mutant genotypes which differs for many plant traits. It was found that percentage of phenotypic coefficient of variation (PCV) was greater than the percentage of genotypic coefficient of variation (GCV) for all of the traits involved in this study and thus indicate favourable interaction of genotypes with the environment. High heritability associated with higher genetic advance, revealed that variation was mostly due to additive gene effects and led to better response to selection. Most of yield components such as grain weight per spike, thousand grain weight, grain number per spike, biological yield per plot, and grain yield per plot has high heritability and higher genetic advance which is desirable. 
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