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Genetic Variability, Heritability, and Genetic Advance as percent of mean for Yield and Oil Traits in Maintainer and Restorer Lines of Sunflower (Helianthus annuus L.)

ABSTRACT 

	Aims: The current study was conducted to evaluate maintainer and restorer lines for genetic parameters for eleven traits, namely days to 50% flowering, days to maturity, plant height, stem girth, head diameter, volume weight, hundred seed weight, seed yield per plant, oil content, hull content and oil yield per plant.
Study design:  Augmented RCBD was used with 12 blocks.
Place and Duration of Study: The experiment was conducted during late Rabi-2022 at All India Coordinated Research Project on Sunflower, Zonal Agricultural Research Station, University of Agricultural Sciences, GKVK, Bangalore. 
Methodology: A total of of 121 maintainer lines and 17 restorer lines along with 5 checks (CMS-17B, CMS-234B, ARM 243B, RHA-6D-1 and RHA-1-1) were evaluated.
Results: The analysis of variance (ANOVA) revealed significant differences among maintainer and restorer lines for all traits studied. Considerable variability was recorded for seed yield per plant and oil yield per plant followed by plant height. Moderate variation was noted for all other traits except for days to 50% flowering, days to maturity and oil content. The narrow difference between GCV and PCV for all characters suggested minimal environmental influence on trait expression. High heritability coupled with high genetic advance as a percentage of the mean was observed for plant height (93.07 and 38.78 %), stem girth (91.24 and 30.40 %), head diameter (94.59 and 35.87 %), volume weight (85.20 and 22.23 %), hundred seed weight (93.77 and 37.98 %), seed yield per plant (90.85 and 48.15 %), hull content (79.16 and 28.13 %) and oil yield per plant (92.62 and 35.12 %) indicating the predominance of additive gene action and the effectiveness of simple phenotypic selection for these traits. Conversely, high heritability combined with low genetic advance for days to 50 % flowering, days to maturity and oil content suggested the role of non-additive gene action, implying limited potential for improvement through individual plant selection. 
Conclusion: Overall, the findings indicate that the experimental material possesses substantial genetic variability, which can be effectively utilized in future crop improvement programs.
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1. INTRODUCTION 
Sunflower is an annual plant in the genus Helianthus, belongs to the Asteraceae family, tribe Helianthae. The genus Helianthus comprises of about 65 different species [1]. Among which, Helianthus annuus (2n=2x=34) and Helianthus tuberosus (2n=6x=102) are the only cultivated species [2]. The interior mid-latitudes of eastern North America is believed to be the center of domestication of all modern sunflower species, which are domesticated. Sunflowers were domesticated and subjected to the first stage of breeding when they were first grown by Native Americans more than 4,000 years ago. The production of sunflower as an oilseed crop around the world has improved due to its ability to adapt to various climatic and soil conditions [3]. The sunflower has been identified as a significant source of high-quality edible oil that is eminently utilized for culinary reasons among the most important three oilseed crops in the world such as soybean, sunflower and rapeseed [4]. It is rich in monounsaturated fatty acids, mainly oleic acid, from a nutritional perspective, diets high in monounsaturated fatty acids are believed to help lower blood plasma cholesterol by reducing low-density lipoprotein (LDL) levels while maintaining high-density lipoprotein (HDL) levels [5]. Sunflower has become an important edible oilseed crop in India due to its short duration (85-100 days), wider adaptability, high yielding potential, less photosensitivity, cross pollinated nature and remunerative market price.
Information on variability and heritability is essential to formulate selection criteria for carrying out any plant breeding activity. Heritability estimates in addition to genetic advance is a more reliable measure in estimating the expected progress/performance to be achieved during the course of selection. Hence, variability existing in a gene pool of any                                                                                  crop species is crucial to plant breeder. The coefficients of variation expressed at phenotypic and genotypic levels are used to compare the variability among different traits for selection of the superior genotype. A wide range of variation has been reported for seed number and seed yield and other important seed yield attributing traits [6] in sunflower. The heritability estimates help in estimating the relative quantity of heritable portion in variation and thus help plant breeder in selecting the elite lines from a diverse population. However, the heritability estimates in association with genetic advance are more useful in predicting the gain under selection than estimates of heritability alone.
Considering the significance of the above aspects, the present study was carried out to assess genetic variability, heritability and genetic advance among sunflower maintainer and restorer lines for seed yield, oil yield and its contributing traits.
2. material and methods
The present study was conducted during late Rabi-2022 at AICRP on Sunflower, ZARS, University of Agricultural Sciences, GKVK, Bangalore. The experimental material for the present investigation comprised of newly developed inbred lines, i.e., 121 maintainer lines and 17 restorer lines along with 5 checks (three maintainer lines: CMS-17B, CMS-234B and ARM 243B; two restorer lines: RHA-6D-1 and RHA-1-1) obtained from Indian Institute of Oilseeds Research, Hyderabad. The experimental material was sown in 12 blocks of Augmented design with five checks repeated in every block for evaluation. Each entry was raised in two rows each of 3m, adopting a spacing of 60 cm between rows and 30 cm between plants. Half of the recommended dose of nitrogen along with the entire dose of phosphorus and potassium was applied at the time of sowing.  Remaining 50 per cent of the nitrogen was top dressed at 30 days after sowing. Crop was grown under irrigation and all the package of practices were followed to raise a good crop. 
Data was recorded as average of each parameter taken from five competitive plants of each inbred line, which were tagged randomly for recording the observations viz., plant height (cm), stem girth (mm), head diameter (cm), volume weight (g per 100 ml), hundred seed weight (g), seed yield per plant (g), oil content (%), hull content (%) and oil yield per plant (g). Days to 50 per cent flowering was recorded in terms of number of days taken from the date of sowing to the date of opening of ray florets in capitulum of 50% of the plants in each inbred line. Days to maturity was recorded in terms of number of days taken from the date of sowing to the date of harvesting in each inbred line. For the calculation of volume weight, the weight of 100 ml of well-filled seeds was recorded on dry weight basis after threshing and cleaning using 100ml volumetric flask. Oil content was measured by using NMR (Nuclear Magnetic Resonance) spectrometer, which gives direct values of oil content present in seeds and expressed in percentage. 
From each entry 100 seeds were shelled to calculate hulling percentage, which was worked out by using the following formula. 
Oil yield per plant was calculated by using formula:

The collected data were analyzed using analysis of variance (ANOVA) by using R software programme Version. 4.1.1. with augmentedRCBD package to determine the significance of variation among genotypes. The F-test was employed to evaluate statistical significance at the 5% and 1% probability levels. Additional analyses involved estimating genetic variability parameters, including absolute range, standardized range, phenotypic and genotypic coefficients of variation (PCV and GCV), heritability (h²) and genetic advance as a percentage of the mean (GAM).

Absolute and standardized range were calculated as follows:
Absolute range (AR) = Maximum value – Minimum value.
	The genotypic and phenotypic coefficients of variation were estimated following the procedures outlined [7 & 8]
		Genotypic co-efficient of variation (GCV):   σg / x̄× 100 
		Phenotypic co-efficient of variation (PCV):  σp / x̄ × 100 
Where,   
σ p = phenotypic standard deviation     
σ g = genotypic standard deviation 
x̄ = mean
The GCV and PCV values were classified as low (0–10%), moderate (10–20%) and high (>20%).
Heritability in broad sense (h2 (bs)) [9] was calculated by the formula:

Where, 
h2 (bs) = heritability (Broad sense) expressed in per cent
σg2    = genotypic variance 
σp2    = phenotypic variance 
The percentage of heritability was classified following the criteria proposed by Robinson et al., [10], where values between 0–30% were considered low, 30–60% as moderate and above 60% as high.
Falconer and Mackay., [11], proposed the formula for estimating genetic advance as a percentage of the mean (GAM) as follows:

The genetic advance as a percentage of the mean (GAM) was classified according to the criteria proposed by Johnson et al. [12] as low (0–10%), moderate (10–20%) and high (>20%).

3. results and discussion

3.1 Analysis   of   Variance (ANOVA) for oil Yield and Yield Related Traits
The Mean Sum of Squares (MSS) for oil yield and yield-related traits of the inbred lines (maintainer and restorer lines) are presented in Table 1. The ANOVA results indicated that the MSS values for test genotypes compared with checks were highly significant at both p < 0.001, p < 0.01 and p < 0.05 for all traits analysed. These findings are consistent with the reports of Umarani et al. [13], Vamsi et al. [14] and Varshitha et al. [15] and who observed considerable variability among lines for several agronomic traits, indicating the presence of substantial inherent genetic variation. Such genetic variability is essential in breeding programs, as greater variability among genotypes provides a valuable opportunity for selection and crop improvement.

Table 1 : Analysis of Variance (ANOVA) for Different Traits in Sunflower (Helianthus annuus L.) Evaluating Checks and Inbred Lines
	Source of variation
	Block
	Entries (ignoring Blocks) 
	Checks
	Inbred lines
	Checks vs. Inbred lines
	Error

	df
	11
	142
	4
	137
	1
	44

	Plant height (cm)
	27.60
	1161.49**
	9754.98 **
	914.41***
	2131.75***
	4.64

	Days to 50% flowering
	3.43
	55.49***
	682.89***
	38.17**
	22.69 *
	1.27

	Days to maturity
	0.45
	42.29***
	501.55***
	29.37***
	54.00***
	1.22

	Stem girth (mm)
	0.69
	12.32 ***
	116.67 ***
	9.42***
	4.30*
	0.82

	Head diameter (cm) 
	0.31
	12.16 ***
	238.11 ***
	5.83 ***
	1.11
	0.32

	Volume weight (g/100ml)
	2.12
	47.38***
	235.06***
	39.95***
	359.91 ***
	4.49

	100-seed weight (g)
	0.05
	1.28***
	3.98***
	1.17***
	6.32 ***
	0.05

	Seed yield per plant (g)
	2.16
	42.12 ***
	67.79***
	41.64 ***
	7.47
	2.88

	oil content (%)
	2.67
	15.58 ***
	255.02***
	8.73***
	36.08 ***
	2.52

	Hull content (%)
	4.50
	49.63 ***
	264.15***
	39.37***
	659.10 ***
	6.45

	Oil yield per plant (g)
	1.15
	19.56***
	315.10***
	10.75***
	98.21
	1.73


*Significant at 0.05 level  **Significant at 0.01 level *** Significant at 0.001 level of probability
3.2 Descriptive statistics and genetic parameters for 11 yield and yield attributing traits of maintainer and restorer lines
Through this study, an attempt was made to assess the mean performance and extent of variability in the 121 maintainer lines and 17 restorer lines for 11 quantitative traits. The descriptive statistics of oil yield and yield attributing traits for both maintainer and restorer lines are given in Table 2 and Table 3. The estimates of phenotypic coefficients of variation (PCV), genotypic coefficient of variation (GCV), heritability (h2 broad sense) and genetic advance as per cent of mean (GAM) computed are presented in Table 4.

Maintainer lines manifested mean plant height of 130.84 cm along with standardized range of 1.159 and absolute range of 151.67 cm. Days to 50 % flowering varied from 53 days to 79 days with mean of 62.87 days and standardized range of 0.41. The mean of days to maturity of maintainer lines was 93.56 days along with standardized range of 0.20 and absolute range of 19 days. Stem girth varied from 13.40 mm to 27.80 mm along with standardized range of 0.755 and mean of 19.05 mm. Head diameter of maintainer lines manifested mean of 13.10 cm, absolute range of 13.70 cm and standardized range of 1.045. Volume weight varied from 24.5 to 57.2 g per 100 ml along with standardized range of 0.75 and mean value of 43.14 g per 100 ml. Hundred seed weight exhibited mean of 4.80 g, absolute range of 6.27 g and standardized range of 1.30. Seed yield per plant recorded mean value of 22.18 g per plant, ranged from 9.0 g to 48.01 g and standardized range of 1.758. Hull content ranged from 20.06 % to 57.59 % with mean value of 32.48 % and standardized range of 1.15. Oil content recorded mean of 34.73 %, varied from 25.49 to 41.44 % along with the standardized range of 0.45. Oil yield per plant showed mean value of 7.74 g per plant, ranged from 2.99 to 16.72 g per plant along with standardized range of 1.77.
Table 2: Descriptive statistics for 11 yield and yield attributing traits of maintainer lines
	[bookmark: _Hlk120007429]SL. No.
	Trait
	Mean±SE
	Range
	Standardized range (SR)
	Absolute range (AR)


	
	
	
	Minimum
	Maximum
	
	

	1
	Plant height (cm)
	130.84±2.89
	61.33
	213
	1.159
	151.67

	2
	Days to 50% flowering
	62.87±0.54
	53
	79
	0.413
	26.00

	3
	Days to maturity
	93.56±0.46
	85
	104
	0.203
	19.00

	[bookmark: _Hlk211159123]4
	Stem girth (mm)
	19.05±0.27
	13.4
	27.8
	0.755
	14.40

	5
	Head diameter (cm)
	[bookmark: _Hlk211023781]13.10±0.19
	6.5
	20.2
	1.045
	13.70

	6
	Volume weight (g/100ml)
	43.14±0.55
	24.5
	57.2
	0.758
	32.70

	7
	100-seed weight (g)
	4.80±0.09
	1.79
	8.06
	1.306
	6.27

	8
	Seed yield per plant (g)
	22.18±0.62
	9.0
	48.01
	1.758
	39.01

	9
	Oil content (%)
	34.73±0.26
	25.49
	41.44
	0.459
	15.95

	10
	Hull content (%)
	32.48±0.59
	20.06
	57.59
	1.155
	37.52

	11
	Oil yield per plant
	7.74±0.234
	2.99
	16.72
	1.772
	13.72


Mean ± S.E.M = Mean values ± Standard error of means of 11 traits
The restorer lines exhibited an average plant height of 126.79 cm, with a standardized range of 0.60 and an absolute range of 76.33 cm. The days to 50% flowering varied between 54 and 78 days, with a mean of 65.78 days and a standardized range of 0.36. The mean days to maturity was 98.31 days, accompanied by a standardized range of 0.22 and an absolute range of 22 days. Stem girth ranged from 13.80 mm to 26.00 mm, showing a mean of 18.69 mm and a standardized range of 0.65. The head diameter of restorer lines had a mean of 11.29 cm, an absolute range of 13.58 cm, and a standardized range of 1.20. Volume weight ranged from 24.5 to 55 g per 100 ml, with a mean of 45.02 g per 100 ml and a standardized range of 0.67. The hundred seed weight recorded a mean of 4.33 g, with an absolute range of 5.01 g and a standardized range of 1.15. Seed yield per plant averaged 19.98 g, varying between 14.10 g and 27.11 g, with a standardized range of 0.651. The hull content ranged from 22.09% to 38.76%, with a mean of 30.51% and a standardized range of 0.54. The oil content showed a mean of 35.65%, ranging from 30.34% to 41.44%, with a standardized range of 0.31. Lastly, oil yield per plant had a mean of 7.09 g, ranging from 5.28 g to 10.31 g, and a standardized range of 0.70.

Table 3: Descriptive statistics for 11 yield and yield attributing traits of restorer lines
	[bookmark: _Hlk211417581]SL. No
	Trait
	Mean±SE
	Range
	Standardized range (SR)
	Absolute range (AR)


	
	
	
	Minimum
	Maximum
	
	

	1
	Plant height (cm)
	[bookmark: _Hlk211023539]126.79±5.00
	89.33
	165.67
	[bookmark: _Hlk211023573]0.602
	[bookmark: _Hlk211023587]76.33

	2
	Days to 50% flowering
	[bookmark: _Hlk211023615]65.78±1.72
	[bookmark: _Hlk211023600]54
	[bookmark: _Hlk211023606]78.00
	[bookmark: _Hlk211023625]0.364
	24.00

	3
	Days to maturity
	[bookmark: _Hlk211023640]98.31±1.44
	88
	110.00
	[bookmark: _Hlk211023659]0.223
	[bookmark: _Hlk211023672]22.00

	4
	Stem girth (mm)
	[bookmark: _Hlk211023711]18.69±0.83
	[bookmark: _Hlk211023690]13.8
	[bookmark: _Hlk211023701]26.00
	[bookmark: _Hlk211023725]0.652
	12.20

	5
	Head diameter (cm)
	11.29±0.66
	6.22
	19.80
	1.202
	13.58

	6
	Volume weight (g/100ml)
	45.02±1.66
	24.5
	[bookmark: _Hlk211023851]55.00
	0.677
	30.50

	7
	100-seed weight (g)
	4.33±0.29
	2.12
	7.13
	1.157
	5.01

	8
	Seed yield per plant (g)
	19.98±0.86
	14.10
	27.11
	0.651
	13.01

	9
	Oil content (%)
	35.65±0.80
	30.34
	41.44
	0.311
	25.49

	10
	Hull content (%)
	30.51±1.08
	22.09
	38.76
	0.546
	16.66

	11
	Oil yield per plant (g)
	7.09±0.32
	5.28
	10.31
	0.709
	5.03



Mean ± S.E.M = Mean values ± Standard error of means of 11 traits
Genetic parameters for oil yield and yield attributing traits of maintainer and restorer lines
The classification of genetic parameters was as follows: GCV and PCV were grouped as low (0–10%), moderate (10–20%) and high (>20%). Heritability was categorized as low (0–30%), moderate (30–60%) and high (>60%). Whereas, genetic advance as percent of mean was classified as low (0–10%), moderate (10–20%) and high (>20%).
The variability analysis revealed that phenotypic and genotypic coefficients of variation were high for seed yield per plant (25.70 %) and oil yield per plant (24.51 %). Plant height exhibited high PCV (20.23 %) and moderate GCV (19.51 %). Moderate PCV and GCV were recorded by stem girth (15.42 and 14.38 5), head diameter (18.39 and 17.39 %), volume weight (12.67 and 11.69%), hundred seed weight (19.66 and 17.39 %), hull content (17.25 and 15.34 %). The narrow difference between GCV and PCV values across all traits suggested minimal environmental influence on character expression.
High heritability coupled with high genetic advance was recorded for plant height (93.07 and 38.78 %), stem girth (91.24 and 30.40 %), head diameter (94.59 and 35.87 5), volume weight (85.20 and 22.23 %), hundred seed weight (93.77 and 37.98 %), seed yield per plant (90.85 and 48.15 %), hull content (79.16 and 28.13 %) and oil yield per plant (92.62 and 35.12 %) indicating the possibility of predominance of additive gene action, which supports the effectiveness of selection for genetic improvement. Similar observations were reported by Hilli et al [16], who observed high PCV, GCV, heritability and GAM for seed yield per plant and oil yield per plant. Days to 50 % flowering, days to maturity, oil content showed least PCV, GCV with high heritability and low to moderate GAM, suggested the role of non-additive gene action, indicating limited improvement of these traits. 
Table 4: Genetic parameters for 11 yield and yield attributing traits of maintainer and restore lines
	Sl. No.
	Traits
	Coefficient of variability
	Broad-sense h2
	GAM
(%)

	
	
	PCV
(%)
	GCV
(%)
	
	

	1
	Plant height (cm)
	20.23
	19.51
	93.07
	38.78

	2
	Days to 50% flowering
	8.57
	7.98
	86.89
	15.33

	3
	Days to maturity
	5.01
	4.88
	94.53
	9.77

	4
	Stem girth (mm)
	15.42
	14.38
	91.24
	30.40

	5
	Head diameter (cm)
	18.39
	17.39
	94.59
	35.87

	6
	Volume weight (g/100ml)
	12.67
	11.69
	85.20
	22.23

	7
	100-seed weight (g)
	19.66
	19.04
	93.77
	37.98

	8
	Seed yield per plant (g)
	25.70
	24.51
	90.85
	48.15

	9
	Oil content (%)
	7.43
	6.97
	87.90
	13.46

	[bookmark: _Hlk211159642]10
	Hull content (%)
	17.25
	15.34
	79.16
	28.13

	11
	Autogamy (%)
	18.63
	16.97
	82.93
	31.90

	12
	Oil yield plant-1(g)
	27.91
	25.45
	92.62
	35.12



Heritability estimates reflect the reliability of phenotypic values. In our study, all traits exhibited high broad sense heritability, implying these traits are more responsive to selection. Comparable findings were also reported by Hilli et al. [16], who noted high heritability and genetic advance for plant height, head diameter, days to 50 % flowering, oil content and oil yield. Sree et al. [17], Vamsi et al [14] and Lakshmana et al. [18], who documented high broad-sense heritability with high genetic advance as percent of mean for similar traits. Whereas, El-Nenny et al. [19] reported low PCV, GCV, heritability and GAM for all the traits. Lagiso et al [20] also reported association of high heritability with moderate GAM for days to 50% flowering. Naveen et al. [21] observed high heritability along with low GAM for days to maturity, a similar result found in our study. Whereas, Zade et al [22] reported high heritability with high GAM only for plant height and all other traits shoed high heritability with low to moderate GAM.



4. Conclusion
The assessment of genetic parameters in this study showed that seed yield per plant and oil yield per plant exhibited higher estimates of GCV, PCV, heritability and genetic advance as a percentage of the mean. Therefore, selection for these traits in this population could be effective. Moderate GCV and PCV values combined with high heritability and genetic advance were observed for plant height, stem girth, head diameter, volume weight, hundred seed weight and hull content. In contrast, days to 50 % flowering and days to maturity recorded low GCV and PCV values along with high heritability but medium to low genetic advance, respectively.
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