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Assessment of Genetic Variability Divergence, Biochemical Influence on Growth and Yield Parameter in Linseed (Linum usitatissimum L.)   

ABSTRACT
Linseed (Linum usitatissimum L.) is an important self-pollinated oilseed and fibre crop, valued for its α-linolenic acid, protein, carbohydrates, and antioxidant content. Yield improvement is often constrained by limited exploitation of genetic variability. The study, “Assessment of Genetic Variability Divergence, Biochemical Influence on Growth and Yield Parameter in Linseed (Linum usitatissimum L.)” was conducted during Rabi 2024–25 at Prof. Rajendra Singh (Rajju Bhaiya) University, Prayagraj. Eight genotypes with one check were evaluated in a randomized complete block design with three replications for 18 morphological and biochemical traits. Data were analysed for variance, heritability, genetic advance, and coefficients of variation. Significant differences were observed among genotypes for all traits. Type-397 recorded the highest plant height (65.6 cm at 90 DAS), number of capsules (88.0), seed yield (224.42 kg ha⁻¹), and biological yield (25 g/plant). Jawahar-17 showed maximum protein (18.96 g/100 g) and carbohydrate (29.87 g/100 g), Mukta exhibited the highest antioxidant activity (92%), and Padmini recorded the highest ALA content (58.22%). PCV values exceeded GCV, indicating environmental influence. High heritability coupled with moderate to high genetic advance was observed for seed yield, protein, flavonoids, antioxidants, and ALA. Considerable genetic variability was observed, with yield and quality traits identified as key selection criteria for breeding high-yielding, nutritionally rich linseed cultivars.
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1.INTRODUCTION 
Linum usitatissimum L., commonly known as linseed or flaxseed, is an ancient crop belonging to the Linaceae family and has been cultivated since early civilizations. The scientific name “usitatissimum” means “most useful,” reflecting its importance as a source of nutritious food, medicinal compounds, oil, and strong fibers. The term “linseed” is generally used in Europe, whereas “flaxseed” is more common in North America (Morya et al., 2022). The crop is characterized by a slender stem reaching up to 60 cm in height, narrow lance-shaped leaves, and attractive blue flowers. Its seeds are rich in nutrients and bioactive compounds, making them highly valuable for both nutritional and therapeutic purposes (Gautam et al., 2022).
Flaxseed has gained global recognition as a functional food because of its high content of omega-3 fatty acids, lignans, dietary fiber, protein, and phenolic compounds (Sá et al., 2020). These constituents are associated with several health benefits, including improved cardiovascular health, reduced inflammation, and lower risk of certain chronic diseases (Deng et al., 2023). Among plant-based foods, flaxseed is considered one of the richest sources of α-linolenic acid and lignans, further enhancing its nutritional importance. Besides its nutritional applications, flaxseed is widely utilized in the food industry as a functional ingredient to improve the texture, flavor, and nutritional quality of various products (Morya et al., 2022).
In addition to food uses, flaxseed also has major industrial applications. The fibers extracted from flax are used in textiles, paper production, and biodegradable materials, while flaxseed oil is employed in paints, varnishes, and linoleum manufacturing. These applications increase the economic value of the crop and provide profitable opportunities for farmers. However, the incorporation of flaxseed into food products presents challenges related to formulation, processing, and storage stability (Drozłowska et al., 2020).
Sustainable utilization of flaxseed and its by-products is closely linked with circular economy principles and waste reduction strategies. Whole flaxseeds are incorporated into food products such as bread, granola bars, and smoothies, while by-products like flaxseed meal are utilized in animal feed and nutritional supplements. Advanced extraction methods, including cold-press technology, help preserve oil quality while minimizing waste generation (Dunford, 2022). Researchers are also exploring the use of flax fibers in biodegradable composites and the recovery of phytochemicals for pharmaceutical and cosmetic industries. Precision farming and eco-friendly agricultural practices further contribute to improving sustainability and resource efficiency in flaxseed cultivation (Ilyas et al., 2023).
Despite its numerous benefits, flaxseed contains certain antinutritional compounds such as phytic acid, oxalates, cyanogenic glycosides, and goitrogens, which may affect human health if consumed in excessive amounts (Dahal & Koirala, 2020). Various processing methods, including boiling, soaking, fermentation, enzymatic treatment, and heat processing, are commonly used to reduce these compounds while maintaining nutritional quality (Kataria et al., 2022). At the same time, some antinutritional factors may also provide health-promoting effects, emphasizing the need for balanced processing approaches. Therefore, continuous improvement in processing technologies and product development is essential to maximize the functional and industrial potential of flaxseed.

Linseed (Linum usitatissimum L.) is a self-pollinated (autogamy) crop and diploid plant with chromosome number 2n=30 that single set of chromosomes is n=15 and genome size are 370-400 Mb. Linseed belongs to the genus Linum and Family Linaceae botanically known as Linam Usitatissimum was given by Linnaeus book “Species Plantarum” ( Linnaeus 1857), Linseed belonging Geraniale Oder and having 14 genera and overall, 200 species but only Linum usitatissimum is in the family with the economic value and mostly the  species are annual herbs and some shrubs. Linseed has two proposed centres of origin, with one major centre identified in South-West Asia (Nikolai Vavilov, 1935; R. H. Richharia, 1962). Linum usitatissimum L. is one of the oldest crops cultivated by humans, with a cultivation history dating back approximately 6000–7000 years (Paul et al., 2020). Linum usitatissimum L. is one of the oldest plant species used for its fibre and oil (Lay and Dybing, 1989). Two morphologically distinct cultivated species of linseed are recognized, namely Flax and Linseed. The flax types are commercially grown for the extraction of fibres, whereas the linseed is meant for the extraction of oil from seeds. Linseed is similar to rice in nutritional composition, the oil content of the seed generally varies from 33-45% (Gill, 1987). The oil utilisation of linseed is approximately 20 percent used for edible and domestic purpose and 80% goes for industrial uses. Linseed also contains protein 20-25%, fat 35-40%, which is mostly in the form of polyunsaturated fatty acid (PUFA), carbohydrates 25-30%, mostly in the form of  fibre and fibre is present in 25-30% in both soluble and insoluble conditions and some essential minerals like magnesium, phosphorus and manganese (Gill, 1987) and antioxidant (31.13-48.44%), flavonoid content (14-21 mg/100g) and total sugar content (1.50-1.80%) contain in linseed, while the omega-3 fatty acids (ALA) (57% of total fatty acids) and omega-6 fatty acids (16% of total fatty acids) (Paliwal et al., 2024). Linseed is a good source of calcium and phosphorus with their contents as 170 and 370 mg/100 g respectively (Kasana et al., 2018). Main producer of linseed is in the order- Russia>Kazakhstan>India. India is the 3rd largest producer of linseed crop in the world with 88.34 thousand ha., and the production of 119.32 thousand tonnes and average productivity of 634kg-1 ha. (FAOSTAT, 2024). Uttar Pradesh 3rd higher producer after  Madhya Pradesh and Chhattisgarh put together. In Uttar Pradesh linseed is grown on 49365-thousand-hectare area producing 35,311 thousand tonnes with the average yield of 0.72 tonne ha-1 (FAOSTAT, 2023). Linseed has played an important role in several biological activities for instance anti-diabatic, anti-inflammatory and anti-oxidant due to the presence of phenolics, carotenoids, tannins, vitamin-E, phenols and flavonoids . The major portion of flaxseed is composed of α-Linolenic acid (ALA). It has been observed that ALA reduces the risk of cardiac diseases through a reduction in triglyceride and serum cholesterol amounts present in the body (Goyal et al., 2018).
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Fig.1 Assessment of Genetic Variability, Divergence, Biochemical influence on Growth and Yield Parameter in Linseed (Linum usitatissimum L.)
To provide a comprehensive overview of the food, nutraceutical, and industrial applications of flaxseed. It highlights the nutritional significance, health benefits, industrial importance, sustainability aspects, and processing challenges associated with flaxseed utilization. By summarizing current research and emerging trends, the review emphasizes the role of flaxseed in promoting human health, supporting sustainable agriculture, and encouraging innovation in food and industrial sectors.



2. MATERIAL METHODS 
The present study, titled “Assessment of genetic variability and biochemical characteristics in among genotypes on linseed (Linum usitatissimum L.)” was conducted during Rabi season of 2024-25 at the  Agricultural research field, Department of Genetics and Plant Breeding, and the Lab experiment conducted in Department Lab of Genetics and Plant Breeding, Prof. Rajendra Singh (Rajju Bhaiya) University, Naini, Prayagraj. 
In the field experiment using a Randomized Complete Block Design (RCBD) with three replications. Comprising of eight genotypes and one check. The experiment was designed to evaluate the effect of different yield and growth parameters of Linseed viz. Plant height 30DAS, Plant height 60DAS, Plant height 90DAS, DAS to 50% flowering, Number of branches plant-1, Number of capsule plant-1, Number of seed capsule-1, Seed yield plant-1, 1000 seed weight (g), Biological yield plant-1, harvest index (%), seed yield plot-1 (kg ha-1). Field experimentation mean performance and Analysis of variance was analysed statistically using the technique designated by Panse and Sukhatne (1967). The genotypic coefficient of variance (GCV) and Phenotypic coefficient of variance (PCV) were computed, following Burton (1952). method. Heritability in broad sense h² was calculated as a ratio of genotypic variance to phenotypic variance (Allard, 1960). The expected genetic advance under selection for the different characters was estimated as suggested by Johnson et al., (1955).   
In the lab experiment, evaluated the biochemical characteristics of linseed among eight genotypes with one check and assessed, which genotype was containing higher biochemical characters viz. Protein Content (g/100g), Carbohydrate Content (g/100g), Total Flavonoid Content (mg/100g), Total Antioxidant Activity (%) and ALA/ omega- 3 Content (% of total fatty acids). 




2.1. PROTEIN CONTENT ESTIMATION  
Protein content was estimated using the micro Kjeldahl method (Markham 1942). About 0.5g of dry defatted seed sample was digested with a digestion mixture and concentrated Sulphuric acid at 370-400℃ until the solution turned clear, then diluted to 150ml with Distilled water. For distillation, 10ml of digested material was treated with 40% NaOH and steam distilled, with liberated ammonia collected in boric acid containing a mixed indicator, causing the solution to turn to blue. The distillate was titrated with 0.01N H2SO4 until it turned pink, and the titre values of both blank and sample were recorded to calculate protein content, then calculated the nitrogen content and multiplying with 6.25.  
  
2.2. CARBOHYDRATE ESTIMATION 
Total carbohydrate content was estimated by the anthrone method Ludwig et al., (1956). About 100 mg of powdered plant material (e.g., linseed seeds) was extracted with hot 80% ethanol (3-4 times) to remove free sugars, and the supernatant was evaporated to dryness. The residue was dissolved in a known volume of distilled water, and 1 mL of the extract was mixed with 4 mL of freshly prepared anthrone reagent. The mixture was heated in a boiling water bath for 10 minutes, cooled rapidly, and absorbance was measured at 620 nm against a blank. Carbohydrate content was determined using a glucose standard curve.



2.3. FLAVONOID CONTENT 
The total flavonoid content was estimated using the aluminium chloride colorimetric assay as described by Marinova et al. (2005). 1 ml of catechin extract (0.20-1.0 mg/ml) was mixed with 4 ml of double-distilled water, followed by the addition of 0.3 ml of 5% NaNO₂. After 5 minutes, 0.3 ml of 10% AlCl₃ was added, and immediately 2 ml of 1 M NaOH was incorporated, making the final volume up to 10 ml with double-distilled water. The solution was thoroughly mixed, and absorbance was recorded at 510 nm using a UV–visible spectrophotometer (Model spectronic 20, Milton Roy Company). Results were expressed as milligrams of catechin equivalents (mg CAE/g) per gram of extract.

2.4. TOTAL ANTI-OXIDANT ACTIVITY
The Total Antioxidant Activity (TAA) of linseed samples was determined following the method of Prieto, Pineda, and Aguilar (1999). Linseed seeds were ground into a fine paste, and 2 mL of the paste was centrifuged at 10,000 rpm for 10 minutes to obtain the supernatant as the stock solution. For the assay, 100 μL and 200 μL of stock solution were mixed separately with 1 mL of reagent solution in test tubes, and five replicates were prepared for each sample. The mixtures were incubated in a boiling water bath at 95°C for 90 minutes, cooled to room temperature, and absorbance was measured at 695 nm using a UV–Visible spectrophotometer. The antioxidant activity was expressed as ascorbic acid equivalents or percentage inhibition, depending on the standard curve used.

2.5. LIPID PEROXIDATION/ OMEGA-3 ESTIMATION 
Lipid peroxidation was estimated by measuring malondialdehyde (MDA) content He et al., (2003). Fresh tissue (0.1 g FW) was homogenized in 2.0 mL of 0.2 M citrate–phosphate buffer (pH 6.5) containing 0.5% Triton X-100. The homogenate was filtered through Whatman no. 42 filter paper and centrifuged at 6,000 rpm for 15 minutes at room temperature. To 1.0 mL of the supernatant, an equal volume of 20% TCA containing 0.5% TBA was added. The mixture was heated at 95°C for 30 minutes in a water bath, cooled rapidly in an ice bath, and centrifuged again at 6,000 rpm for 15 minutes. A blank without tissue extract was prepared similarly. The absorbance of the supernatant was recorded at 450, 532, and 600 nm using a spectrophotometer, and lipid peroxidation was expressed as nmol MDA g⁻¹ FW.

3.RESULT AND DISCUSSION 
The result presented  comprised various aspects undertaken during the present study on “Assessment of genetic variability and biochemical characteristics in among genotypes on linseed (Linum usitatissimum L.).” These aspects are effects of different genotype in the Vindhya region. 
The principal objective of most plant breeding programmes is to develop superior, high-yielding genotypes or lines that surpass existing ones through the modification of genetic makeup. Linseed (Linum usitatissimum L.) is an important Rabi oilseed crop cultivated in India as well as in several other developing countries. Considering these aspects, the present study was carried out to assess different genetic parameters such as variability, heritability, and genetic advance. The findings obtained from this investigation are presented and discussed below. The analysis of variance (ANOVA) revealed significant differences among genotypes for most of the studied traits, indicating the presence of substantial genetic variability (Table 1, Fig..1). The mean sum of squares due to genotypes was found to be significant for all the characters studied, except for plant height at 30 DAS, where differences were significant at P ≤ 0.05. Highly significant (P ≤ 0.01) differences among genotypes were observed for plant height at 60 DAS, 90 DAS, and at maturity; days to 50% flowering; number of branches per plant; number of capsules per plant; seed yield per plant; 1000-seed weight; biological yield per plant; harvest index; number of seeds per capsule; seed yield per plot; protein content; carbohydrate content; total flavonoid content; total antioxidant activity; and ALA (Omega-3) content. The significant genotypic differences across these traits suggest a wide range of genetic variability among the genotypes evaluated, providing ample scope for selection and improvement through breeding programs. The analysis of variance was computed for all the morphological and biochemical traits viz, Plant height (cm) 30 DAS, Plant height (cm) 60 DAS, Plant height (cm) 90 DAS, Plant height day after maturity(cm), day after 50% flowering stage, number of branches plant-1, number of capsule plant-1, seed yield plant-1(g), 1000 seed weight (g), biological yield plant-1 (g), number of seed capsule-1, Seed yield plot-1 (kg ha-1), Harvest index, protein content(g/100g), carbohydrate (g/100g), total flavonoid content (mg/100g), total antioxidant activity (%), ALA/omega-3 content (% of total fatty acid). these studies supported by Bindra et al., (2016); Choudhary et al., (2017). This indicates the presence of substantial variability in the linseed accessions studied, making them appropriate for further genetic evaluation and selection studies.
 
The result of mean value of various character of morphological traits. The Plant height 30DAS Kusum (20.27cm) exhibited higher the all the genotypes, the genotypes Type-397 was presented high in Plant height 60 DAS (42.97cm) Plant height 90 DAS (65.60), Plant height day after maturity (71.67cm), Number of branches plant-1 (7.20), Number of capsule plant-1 (88.00), Number of seed capsule-1 (9.70), seed yield plant-1 (6.73g), 1000 seed weight (7.13g), Biological yield plant-1 (25.00g) and Seed yield plot-1 (224.42 kg ha-1), while Harvest index (27.24 %) presented by Nilam genotype. The shortest duration of Kusum (64 days) genotype. The mean value of different characters of biochemical traits. The highest Protein content (18.96g/100g) and carbohydrate content (29.87g/100g) was exhibited by Jawahar-17. The total flavonoids content showed higher in check (62.01mg/100g). Mukta genotype presented highest total antioxidant Activity content (92.00 %), while ALA/omega-3 content (% of total fatty acids) exhibited by Padmini (58.22%). The mean performance of nine genotypes of Setaria italica for growth, yield, and yield-contributing traits is presented in (Table 2, Fig. 2). Significant variation was observed among the genotypes for all traits studied, reflecting considerable genetic diversity. Growth attributes plant height increased progressively from 30 DAS to maturity across all genotypes. At 30 DAS, Kusum (20.27 cm) recorded the highest plant height, followed by Type-397 (19.77 cm), whereas Shuats-2 (12.93 cm) showed the lowest. At 90 DAS, Type-397 (65.60 cm) attained the maximum height, significantly superior to other genotypes, while Check (50.83 cm) recorded the least. A similar trend was observed at maturity, where Type-397 (71.67 cm) maintained the tallest stature, indicating its strong vegetative growth potential. The days to 50% flowering ranged from 64.00 days (Kusum) to 70.00 days (Nilam), suggesting moderate variation among the genotypes. The number of branches per plant varied significantly, with Type-397 (7.20) showing the highest number, followed by Mukta (6.80), while Padmini recorded the minimum (5.03). The maximum number of capsules per plant was observed in Type-397 (88.00), followed by Selection-2 (85.33), whereas Padmini (51.33) exhibited the lowest. Seed yield per plant ranged from 4.50 g (Mukta and Check) to 6.73 g (Type-397), and 1000-seed weight varied from 5.90 g (Check) to 7.13 g (Type-397), indicating that Type-397 combined superior capsule production with higher seed weight. Biological yield per plant ranged from 16.73 g (Check) to 25.00 g (Type-397). The harvest index was highest in Nilam (27.24%), followed by Selection-2 (26.99%) and Check (26.88%), reflecting efficient partitioning of biomass into economic yield. The number of seeds per capsule varied narrowly, with Type-397 (9.70) showing the highest and Check (7.90) the lowest. Seed yield per plot ranged from 149.99 kg ha⁻¹ (Mukta and Check) to 224.42 kg ha⁻¹ (Type-397), followed by Shuats-2 (202.20 kg ha⁻¹) and Selection-2 (196.65 kg ha⁻¹). The high-yielding genotypes Type-397 and Shuats-2 also exhibited superior values for growth and yield components, suggesting their potential for yield improvement in Setaria italica. Type-397 consistently performed best across most parameters, indicating its superiority in both vegetative growth and yield traits, while Check recorded the lowest performance in most traits.
The mean performance of Setaria italica genotypes for biochemical and nutritional quality traits is presented in (Table.3, Fig..3). Analysis of variance revealed significant differences among genotypes for all the studied traits, indicating the existence of considerable genetic variability for quality improvement. Protein content ranged from 12.45 g/100g (Padmini) to 18.96 g/100g (Jawahar-17), with a mean value of 15.93 g/100g. Genotypes Jawahar-17 (18.96 g/100g) and Kusum (18.91 g/100g) recorded the highest protein content, while Padmini (12.45 g/100g) and Mukta (13.12 g/100g) showed the lowest. Carbohydrate content varied from 20.12 g/100g (Check) to 29.87 g/100g (Jawahar-17), with an overall mean of 24.42 g/100g. Jawahar-17 (29.87 g/100g) and Shuats-2 (28.34 g/100g) exhibited the highest carbohydrate content, suggesting their superiority in energy-yielding components. Highly significant variation was observed among genotypes for total flavonoid content, ranging from 21.04 mg/100g (Shuats-2) to 62.01 mg/100g (Check), with a mean of 45.12 mg/100g. Check (62.01 mg/100g), Padmini (56.02 mg/100g), and Nilam (54.80 mg/100g) recorded the highest flavonoid content, indicating their potential for antioxidant-related nutritional enhancement. Total antioxidant activity ranged from 40.00% (Nilam) to 92.00% (Mukta), with a mean of 64.33%. Mukta (92.00%) exhibited the highest antioxidant activity, followed by Type-397 (76.00%) and Selection-2 (74.00%), suggesting these genotypes possess strong free radical scavenging potential. ALA/Omega-3 fatty acid content showed notable variation among genotypes, ranging from 39.24% (Shuats-2) to 58.22% (Padmini), with a mean value of 49.23%. Padmini (58.22%), Nilam (56.78%), and Type-397 (55.62%) were superior for ALA content, signifying their nutritional value in terms of essential fatty acids. genotypes such as Jawahar-17, Type-397, Padmini, and Mukta exhibited superior performance across multiple nutritional parameters, indicating their potential use in breeding programs aimed at improving both yield and quality traits in Setaria italica. The results of genetic variability parameters revealed that the estimates of PCV were higher than those of GCV for all the traits studied, indicating that the observed variation was influenced not only by genetic factors but also by environmental effects. High value of GCV and PCV were obtained for Total Flavonoid Content, Total Antioxidant Activity. Whereas plant height 30DAS, number of capsules plant-1, seed yield plant-1, biological yield plant-1, Seed yield plot-1 (kg ha-1), protein content and carbohydrate content exhibited moderate GCV and PCV. While low GCV and PCV were exhibited by characters plant height 60DAS, Plant height 90 DAS, plant height at maturity, number of branches plant-1, Days to 50% flowering stage,1000 seed weight, harvest index and number of seed capsule-1. Heritability into three categories: Low (<50%), moderate (50-70%) and high (>70%) as indicated by Allord (1960). High heritability observed for Plant height 60 DAS, plant height 90DAS, plant height day after maturity, days to 50% flowering, number of branches plant-1, number of capsule plant-1, seed yield plant-1(g), 1000 seed weight (g), biological yield plant-1 (g), number of seed capsule-1, Seed yield plot-1 (kg ha-1), Harvest index, protein content(g/100g), carbohydrate (g/100g), total flavonoid content (mg/100g), total antioxidant activity (%) and ALA/omega-3 content (% of total fatty acid). Whereas harvest index exhibited moderate, while plant height 30DAS observed low heritability. In this study high heritability explained the selection is highly effective because phenotype strongly represented genotypes. In the present investigation high heritability coupled with high to moderate genetic advance as percent mean was recorded for plant height 90DAS, plant height day after maturity, number of branches plant-1, number of capsule plant-1, seed yield plant-1, 1000 seed weight (g), biological yield per plant(g), number of seed capsule-1, seed yield plot-1, protein content(g/100g), carbohydrate (g/100g), total flavonoid content (mg/100g), total antioxidant activity (%) and  ALA/omega-3 content (% of total fatty acid). Similar result was observed by Kumar et al., (2021); Meena et al., (2020); Kumar et al., (2019) Singh D., et al., (2022a, 2022b, 2023). The majority of additive gene action, in which phenotypic expression is mainly influenced by genetic factors, is indicated by high heritability and high genetic advancement as a percentage of mean. Because of their high sensitivity to direct selection, these traits promote efficient and reliable genetic improvement.
4.CONCLUSION 
The present study exhibited the presence of considerable variations among linseed genotypes for all traits evaluated, which gives an opportunity to plant breeders for improvement of these traits through the breeding programs. The study revealed considerable variability among linseed genotypes for morphological and biochemical traits. Higher PCV than GCV indicated both genetic and environmental influence. Traits with high heritability coupled with high to moderate genetic advance, such as yield and quality parameters, were governed by additive gene action. These traits can be effectively improved through direct selection, providing scope for developing high-yielding and nutritionally rich linseed cultivars. The study reported variabilities in among genotypes but Type-397 was reported highest growth and yield attributes in the Vindhya region.
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Table.1.: Analysis variance for eighteen various traits on linseed.
	Genotypes
	Mean sum of squares

	
	Replications
	Genotype
	Error

	
	(d.f=2)
	(d.f=8)
	(d.f=16)

	Plant Height (cm) 30 DAS
	1.403
	18.132*
	5.585

	Plant height (cm) 60 DAS
	0.781
	13.507**
	1.472

	Plant height (cm) 90 DAS
	0.446
	79.240**
	1.189

	Plant height day after maturity
	1.139
	75.428**
	1.304

	Days after 50% flowering stage
	1.444
	12.417**
	1.028

	No. Of branches plant-1
	0.030
	1.148**
	0.071

	No. Of capsule plant-1
	13.444
	505.333**
	12.319

	Seed yield plant-1
	0.111
	1.678**
	0.023

	1000 seed weight (g)
	0.148
	0.442**
	0.027

	Biological yield plant-1 (g)
	0.163
	23.754**
	0.090

	Harvest index
	0.246
	1.272**
	0.191

	No of seed capsule-1
	0.001
	1.048**
	0.022

	Seed yield plot-1 (kg ha-1)
	123.84
	1864.24**
	25.72

	Protein Content (g/100g)
	0.44
	20.19**
	0.19

	Carbohydrate Content (g/100g)
	2.78
	34.00**
	1.28

	Total Flavonoid Content (mg /100g)
	4.0000
	514.8799**
	2.0000

	Total Antioxidant Activity (%)
	2.778
	858.000**
	1.278

	ALA / Omega-3 Content (% of total fatty acids)
	2.374
	130.125**
	1.208


*Significant of 5% level of probability, ** significant of 1% level of probability.

Table-2 : Mean performance of different quantitative characters of linseed
	Genotypes
	Plant Height (cm) 30 DAS
	Plant height (cm) 60 DAS
	Plant height (cm) 90 DAS
	Plant height day after maturity
	50% flowering stage
	No. Of branches plant-1
	No. Of capsule plant-1
	Seed yield plant-1
	1000 seed weight (g)
	Biological yield plant-1 (g)
	Harvest index
	No of seed per capsule
	Seed yield plot-1  (kg ha-1)

	Shuats-2
	12.93
	41.50
	63.13
	67.57
	67.00
	6.43
	71.33
	6.07
	6.57
	23.60
	25.70
	9.40
	202.20

	Kusum
	20.27
	40.23
	60.83
	64.57
	64.00
	6.03
	62.00
	5.53
	6.23
	21.70
	25.50
	8.90
	184.43

	Nilam
	8.47
	38.30
	58.40
	63.27
	70.00
	5.90
	56.67
	5.47
	6.57
	20.07
	27.24
	9.00
	182.20

	Type-397
	19.77
	42.97
	65.60
	71.67
	65.00
	7.20
	88.00
	6.73
	7.13
	25.00
	26.94
	9.70
	224.42

	Mukta
	18.87
	37.47
	53.67
	58.50
	68.00
	6.80
	56.67
	4.50
	6.00
	17.43
	25.81
	8.20
	149.99

	Selection-2
	17.33
	42.47
	62.53
	67.23
	67.00
	6.30
	85.33
	5.90
	6.70
	21.87
	26.99
	9.10
	196.65

	Padmini
	18.47
	38.97
	53.93
	60.50
	69.00
	5.03
	51.33
	4.90
	6.17
	18.27
	26.83
	8.40
	163.32

	Jawahar-17
	14.20
	41.17
	62.70
	64.30
	68.33
	6.20
	68.00
	5.83
	6.33
	21.87
	26.70
	8.40
	194.43

	Check
	17.57
	37.33
	50.83
	55.23
	69.67
	5.80
	58.67
	4.50
	5.90
	16.73
	26.88
	7.90
	149.99

	Mean
	17.54
	40.04
	59.07
	63.65
	67.56
	6.19
	66.44
	5.49
	6.40
	20.73
	26.51
	8.78
	183.07

	SE
	1.93
	0.99
	0.89
	0.93
	0.83
	0.22
	2.87
	0.12
	0.13
	0.24
	0.36
	0.12
	4.14

	CD5%
	4.09
	2.10
	1.89
	1.98
	1.75
	0.46
	6.08
	0.26
	0.28
	0.52
	0.76
	0.26
	8.78

	CV
	13.47
	3.03
	1.85
	1.79
	1.50
	4.31
	5.28
	2.77
	2.54
	1.44
	1.65
	1.70
	2.77



Fig.2  Mean performance of different quantitative characters of linseed

Table-3.: Mean performance of different qualitative characters of linseed
	Genotype
	Protein Content (g/100g)
	Carbohydrate Content (g/100g)
	Total Flavonoid Content (mg /100g)
	Total Antioxidant Activity (%)
	ALA / Omega-3 Content (% of total fatty acids)

	Shuats-2
	17.84±0.05
	28.34±0.03
	21.04±0.03
	52.00±0.05
	39.24±0.06

	Kusum
	18.91±0.02
	20.91±0.02
	38.90±0.02
	50.00±0.02
	46.27±0.03

	Nilam
	13.12±0.03
	25.45±0.03
	54.80±0.03
	40.00±0.03
	56.78±0.03

	Type-397
	16.87±0.02
	26.02±0.02
	50.11±0.04
	76.00±0.04
	55.62±0.05

	Mukta
	13.12±0.03
	22.45±0.04
	50.12±0.03
	92.00±0.03
	48.72±0.03

	Selection-2
	14.76±0.03
	21.76±0.03
	42.01±0.03
	74.00±0.04
	50.36±0.03

	Padmini
	12.45±0.04
	24.88±0.04
	56.02±0.02
	71.00±0.03
	58.22±0.04

	Jawahar-17
	18.96±0.05
	29.87±0.05
	31.08±0.05
	50.00±0.05
	42.98±0.06

	Check
	17.34±0.04
	20.12±0.03
	62.01±0.04
	74.00±0.04
	44.85±0.04

	Mean 
	15.93
	24.42
	45.12
	64.33
	49.23

	SEM
	0.36
	0.92
	1.15
	0.92
	0.90

	CD5%
	0.76
	1.96
	2.45
	1.96
	1.90

	CV
	2.77
	4.63
	3.13
	1.76
	2.23




Fig. 3. Mean performance of different qualitative characters of linseed

Table-4: Estimation of components of variance and genetic parameters.
	Observations 
	Vg
	Ve
	Vp
	GCV
(%)
	PCV
(%)
	HERTI
(%)
	GA
	GA AS %

	Plant Height (cm) 30 DAS
	4.18
	5.585
	9.77
	11.66
	17.82
	42.82
	2.76
	15.72

	Plant height (cm) 60 DAS
	4.01
	1.472
	5.48
	5.00
	5.85
	73.16
	3.53
	8.81

	Plant height (cm) 90 DAS
	26.02
	1.189
	27.21
	8.63
	8.83
	95.63
	10.28
	17.39

	Plant height day after maturity 
	24.71
	1.304
	26.01
	7.81
	8.01
	94.99
	9.98
	15.68

	Days after 50% flowering stage 
	3.80
	1.028
	4.82
	2.88
	3.25
	78.69
	3.56
	5.27

	No. of branches plant-1 
	0.36
	0.071
	0.43
	9.68
	10.60
	83.44
	1.13
	18.22

	No. of capsule plant-1 
	164.34
	0.022
	176.66
	19.29
	20.00
	93.03
	25.47
	38.33

	Seed yield plant-1 
	0.55
	12.319
	0.57
	13.52
	13.80
	95.97
	1.50
	27.29

	1000 seed weight (g)
	0.14
	0.055
	0.17
	5.82
	6.35
	83.94
	0.70
	10.98

	Biological yield plant-1  (g)
	7.89
	0.036
	7.98
	13.55
	13.63
	98.88
	5.75
	27.76

	Harvest index (%)
	0.36
	0.090
	0.55
	2.26
	2.80
	65.40
	1.00
	3.77

	No of seed capsule-1
	0.34
	1.517
	0.36
	6.66
	6.88
	93.86
	1.17
	13.30

	Seed yield plot-1 (kg ha-1)
	612.84
	35.601
	638.56
	13.52
	13.80
	95.97
	49.96
	27.29

	Protein Content (g/100g)
	6.67
	0.19
	6.86
	16.21
	16.44
	97.17
	5.24
	32.91

	Carbohydrate Content (g/100g)
	10.9076
	1.277
	12.1853
	13.52
	14.29
	89.51
	6.44
	26.36

	Total Flavonoid Content (mg /100g)
	170.9600
	2.000
	172.9600
	28.98
	29.15
	98.84
	26.78
	59.35

	Total Antioxidant Activity (%)
	857.574
	1.278
	858.852
	45.52
	45.55
	99.85
	60.28
	93.70

	ALA / Omega-3 Content (% of total fatty acids)
	129.72
	1.21
	130.93
	23.14
	23.24
	99.08
	23.35
	47.44




Fig.4 Estimation of components of variance and genetic parameters
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