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Introduction 

The annual herb linseed or flaxseed (Linum usitatissimum L., 2n = 30, 

x = 15) belongs to the family Linaceae and the tribe Lineae. The crop 

has blue or white flowers and produces small, flat seeds ranging in 

colour from golden yellow to reddish brown, with a crisp texture and 

nutty flavour (1, 2). The genus Linum is composed of approximately 

230 species; however, cultivated linseed is the only species of 

economic importance in the genus and is one of the oldest plants 

cultivated for fibre and oil, with high industrial and nutraceutical 

value (3, 4). Flaxseed and linseed are synonyms, both referring to the 

same plant. Flaxseed is the common name used when the crop is 

intended for human consumption, while linseed is the term used 

when it is intended for industrial purposes (5, 6). More than 50 

countries cultivate this crop, mainly in the Northern Hemisphere. 

Canada dominates the global market as the leading exporter of 

flaxseed, followed by India, China, the United States and Ethiopia. 

When it comes to land used for growing flaxseed, India ranks first, 

accounting for 23.8 % of the total. However, in terms of production, 

India ranks third, contributing 10.2 % of the total global output (7). 

Linseed is presently cultivated in several countries, with production 

(lakh tonnes) recorded in Kazakhstan (9.7), Russia (6.08), Canada 

(4.89), China (3.53), the U.S.A. (1.38), India (1.36), Ethiopia (0.88), 

France (0.46), Afghanistan (0.41) and the UK and Northern Ireland 

(0.35). Approximately, 50.4 % of the global linseed production is 

contributed by Asian regions. Among individual countries, the 
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Abstract  

Linseed or flaxseed (Linum usitatissimum L., 2n = 30, x = 15) is an annual herb belonging to the family Linaceae and tribe Lineae. It bears blue or 
white flowers and produces small, flat seeds ranging in colour from golden yellow to reddish brown, with a crisp texture and nutty flavour. The 

present investigation was conducted during the rabi season of 2021–2022 under the All India Coordinated Research Project (AICRP) on Linseed 

at Regional Research and Technology Transfer Station (RRTTS), Odisha University of Agriculture and Technology (OUAT), Keonjhar, Odisha, 
India. The experimental material comprised eight advanced breeding lines (F8 generation) and three check varieties. The experiment was laid 

out in a randomized block design (RBD) with three replications. Data on seed yield and other agro-morphological traits were used to estimate 

genetic variability, heritability, genetic advance (GA) and trait correlations. Analysis of variance (ANOVA) revealed highly significant variation 

among the studied traits. Low to high genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV) were recorded for 
the advanced breeding lines. The highest GCV and PCV values were recorded for number of basal branches (NBB) per plant (14.66 % and             

29.87 %), number of capsules per plant (NCP) (23.16 % and 23.91 %) and seed yield (SY) (17.99 % and 20.02 %). The highest broad-sense 

heritability was observed for plant height (PH) (0.97), days to maturity (DM) (0.96) and number of seeds per capsule (NSC) (0.93), whereas the 

lowest broad-sense heritability was recorded for NBB per plant (0.24). High heritability coupled with high GA as a percentage of mean was 
observed for NCP and SY, indicating the predominance of additive gene action for these traits. The highest significant positive correlation was 

observed between test weight (TW) and SY (0.67), followed by number of top branches and TW (0.45). Therefore, the results of the present 

investigation revealed the existence of substantial variability for SY and other agronomical traits, which can be exploited in future breeding 

programmes for the superior varieties. 

Keywords: best linear unbiased prediction; correlation; genotypic coefficient of variation; genetic variability; heritability; linseed; phenotypic 

coefficient of variation 
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highest production of linseed is recorded in Kazakhstan, followed by 

Russia (8). Rajasthan, Himanchal Pradesh, Madhya Pradesh, 

Maharashtra, Chhattisgarh, Bihar, Jharkhand, Karnataka, Odisha, 

Uttar Pradesh and Assam are the important linseed-growing states 

in India and about 97 % of the total area under flaxseed cultivation in 

the country is concentrated in these states (8, 9). Flaxseed is believed 

to have originated in India and has long served as a vital crop. 

Flaxseed is still used both as a food and a medicine in India. Flax 

seeds are associated with numerous health benefits, including 

improved digestion and a reduced risk of cardiovascular disease, 

type 2 diabetes and cancer (10–12). The antioxidant activity of brown 

flax seeds is slightly higher than that of yellow flaxseeds. Owing to its 

high concentration of beneficial nutrients such as alpha-linolenic 

acid (ALA), fibre, protein and phytoestrogens, flaxseed has gained 

popularity as a health-promoting food. Flaxseeds contain 

approximately 55 % ALA, followed by 28–30 % protein and 35 % fibre 

(13–15).  

 The development of high-yielding linseed genotypes with 

better and acceptable oil quality and higher seed yield has always 

been a major objective of linseed breeding programmes worldwide. 

Generating information on genetic variability, relationships among 

traits and mechanisms of inheritance is a key requirement for the 

genetic improvement of any crop plant. Genetic variability is a 

measure of the tendency of individual genotypes in a population to 

vary from one another. Genetic variability within a population is 

important for biodiversity, as the absence of variability reduces the 

ability of a population to adapt to environmental changes, thereby 

increasing its vulnerability to extinction. Therefore, understanding 

genetic variation and the mode of inheritance of both quantitative 

and qualitative traits is of prime importance in planning effective 

breeding programmes (16, 17). Assessment of variability for yield and 

other characters becomes absolutely essential before planning an 

appropriate breeding strategy for genetic improvement (17). Genetic 

parameters such as genotypic coefficient of variation (GCV) and 

phenotypic coefficient of variation (PCV) are useful in detecting the 

extent of variability present in the germplasm (17–19). Furthermore, 

understanding the magnitude and direction of correlation among 

yield and associated traits, along with heritability and genetic 

advance (GA), provides valuable tools for predicting the resultant 

effect of selection for desired plant types. Some genetic studies 

related to variability, correlation and other genetic parameters in 

linseed have previously been conducted using limited genetic 

materials (20–22). Knowledge of heritability helps plant breeders 

predict the behaviour of succeeding generations and make desirable 

selections. Thus, GA is another important selection parameter that 

aids breeders in selection programmes, as it indicates the 

magnitude of the expected genetic gain from one cycle of selection. 

In addition, the pattern of variation was evaluated using principal 

component analysis (PCA) by simultaneously examining all the 

attributes. Principal component analysis has proven beneficial in 

identifying associations among traits, determining dominant 

principal components (PCs) that significantly impact on plant 

characteristics and evaluating genetic diversity (23). Understanding 

the magnitude and direction of correlation among various 

quantitative traits helps to develop and impart suitable selection 

strategies for genetic improvement of targeted traits (21). Therefore, 

the present investigation was conducted using eight advanced 

breeding lines of linseed to estimate the levels of genetic coefficient 

of variation, heritability and GA based on best linear unbiased 

prediction (BLUP) analysis, with the objective of developing 

appropriate selection indices for increased production with 

improved quality.  

Materials and Methods 

Experimental location, materials, layout and observations 

recorded 

The present investigation was conducted during rabi 2021–2022 at 

the Regional Research and Technology Transfer Station (RRTTS), 

Odisha University of Agriculture and Technology (OUAT), Keonjhar, 

Odisha, India. The geographical position of the research station lies 

between 21°01ʹ N and 22°10ʹ N latitude and 85°11ʹ E and 86°22ʹ E 

longitude, with an altitude of 480 m above mean sea level. The 

experimental material of the study comprised eight advanced 

breeding lines (F8 generation), namely OL-2013-14-2022-1, OL-2013-

14-2022-2, OL-2013-14-2022-3, OL-2013-14-2022-4, OL-2013-14-2022

-5, OL-2013-14-2022-6, OL-2013-14-2022-7, OL-2013-14-2022-8 along 

with three check varieties (Padmini, Arpita and Indra Alsi-32). These 

breeding lines were developed at the All India Coordinated Research 

Project (AICRP) on Linseed, RRTTS, OUAT, Keonjhar, Odisha.  

 These lines were developed through systematic 

hybridization and selection under the linseed improvement 

programme. Each genotype differed in its pedigree and phenotypic 

expression. The experiment was laid out in a randomized block 

design (RBD) with three replications. The net plot size of the 

experiment was 5.0 m × 3.6 m with a spacing of 30 cm × 10 cm. All the 

agronomical practices were followed to raise an excellent crop with 

better yield performance. Agro-morphological observations were 

recorded for nine yield-attributing characters namely days to 

flowering (DF), days to maturity (DM), plant height (PH) (cm), number 

of primary branches (NPB), number of secondary branches (NSB), 

number of capsules per plant (NCP), number of seeds per capsule 

(NSC), test weight (TW) (g) and seed yield (SY) (kg/ha). The 

morphological data were recoded from five randomly selected 

plants from each replication.  

Statistical analysis 

Statistical analysis was performed using the RStudio environment 
with R version 4.1.2 (24, 25). Analysis of variance (ANOVA), variability 

parameters, along with correlation and path analysis, were carried 

out using the “variability” package based on methods reported in 

previous studies, the “Metan” package and Microsoft Excel 2010             

(26–28). The phenotypic and genotypic coefficients of variability (PCV 

and GCV) for all characters were estimated using standard formulae 

(29). The BLUP mixed linear model, developed in earlier studies, was 

calculated by treating genotype, genotypic and interaction effects 

(GEIs) as random effects, while considering environment and 

replication effects as fixed effects (30). A two-tailed chi-square test 

with one degree of freedom was conducted using a likelihood ratio 

test (LRT) to assess the statistical significance of the random effects. 

The GCV and PCV values were categorized as low (0–10 %), 

moderate (10–20 %) and high (> 20 %) as suggested by a previous 

study (31). Broad-sense heritability was estimated for all characters 

as the ratio of genotypic variance to total variance, following earlier 

studies (32, 33). According to an earlier report, heritability estimates 

in cultivated plants were classified as low (0–30 %), moderate                     

(30–60 %) and high (> 60 %) (34). Genetic advance for each character 

was estimated using the formula proposed in previous studies and 
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  GA as percentage of mean (GAM) was categorized as low (0–10 %), 

moderate (10–20 %) and high (> 20 %) (35).  

 

Results and Discussion  

Analysis of variance of different yield attributing traits  

The analysis of variance revealed the effects of genotype and 

replication on several traits of interest, namely DF, DM, PH, NPB, 

NSB, NCP, NSC, TW and SY (Table 1). The sources of variation, along 

with their degrees of freedom (df), mean sum of squares and 

significance levels based on p-values are presented in Table 1. The 

results indicated that the genotype factor was highly significant for 

most traits, suggesting substantial genetic variation within the 

population. Specifically, DF, DM, PH, NSB, NCP, TW and SY exhibited 

highly significant genotype effects (p < 0.001). 

 This suggests that the different genotypes had a strong 

influence on these traits, reflecting genetic diversity within the 

population. The significant effect on SY indicates that genetic 

differences among the genotypes likely influenced yield outcomes. 

The NPB did not show significant variation among genotypes                   

(p > 0.05), suggesting that this trait might be more stable or less 

influenced by genetic differences in the evaluated population. 

Similarly, the NSC exhibited a non-significant genotype effect                                            

(p > 0.1), implying that this trait may not vary substantially across 

genotypes under the prevailing conditions.  

 The replication factor showed limited significant effects, 

which is expected in many agricultural trials, as replication primarily 

accounts for environmental or random variation between plots. 

However, SY exhibited a significant replication effect (p < 0.01), 

suggesting that environmental or experimental factors across 

different replicates had a significant impact on SY. This highlights the 

importance of accounting for replication in yield trials to ensure 

accurate assessment of genotype performance. For all other traits 

(DF, DM, PH, NPB, NSB, NCP, NSC and TW), the replication effect was 

not significant, indicating that the differences among replicates were 

minimal for these traits.  

 This suggests that these traits are relatively consistent across 

experimental replicates and less influenced by environmental or 

uncontrolled experimental factors. The error variation, representing 

unexplained variation or residuals, varied across traits but remains 

generally low. This indicates that the model, which includes genotype 

and replication effects, captured a significant portion of the variability 

in the data. The low residual mean squares also suggest that the 

experimental design and measurement precision were adequate for 

this study. The results showed strong genetic control for key traits 

such as DF, DM, PH, NCP, TW and SY, as evidenced by the highly 

significant genotype effects. These traits are crucial for plant 

development and yield and the presence of significant variation 

among genotypes indicates the potential for selecting superior 

genotypes for these traits in a breeding programme.  

 Similar results were reported for DF, PH, NPB, NSB, number 

of capsule per branch, lodging percentage, NSC, DM, harvest index 

and SY, which revealed highly significant differences among the 

studied genotypes (20). Similar findings were also reported in 

previous studies for PH, NPB, NSB and NCP (17, 36). However, traits 

such as NPB and NSC showed lower genetic variability, which may 

limit selection gains for these traits. The significant replication effect 

observed for SY suggests that environmental variation had a 

considerable impact on yield, highlighting the importance of 

managing experimental conditions and ensuring adequate 

replication to obtain reliable yield data. For most other traits, the non

-significant replication effects indicate good consistency across 

experimental replicates. Overall, this study suggests that breeding 

efforts focusing on highly variable traits, especially those related to 

SY, could lead to significant genetic improvement in the population.  

Estimates of variability, heritability and genetic advance  

The evaluation of variability, heritability and GA for yield components 
of advanced breeding lines of linseed provides critical insights into the 

potential for genetic improvement through selection. The traits under 

study exhibited a range of variability, heritability and GA, indicating 

differing levels of genetic and environmental influence (Table 2). Days 

to flowering ranged from 56 to 68 days, with a mean of 61 days. The 

PCV and GCV were 5.06 % and 4.05 % respectively, indicating a low 

degree of variation. The environmental coefficient of variation (ECV) 

was relatively lower (3.03 %), suggesting a significant genetic 

component influencing this trait, as reflected by moderate heritability 

of 64 %. The GA was 4.14 and the GA as a percentage of the mean 

(GAM) was 6.69 %. For DM, the PCV and GCV values were very close 

(4.37 % and 4.29 % respectively) and heritability was low (0.96 %), 

indicating minimal environmental influence and a limited scope for 

selection based on this trait. The GA was 9.72, with a GAM of 8.71 %. 

Plant height showed a considerable range from 63.7–82.4 cm, with a 

mean of 74.72 cm. The PCV and GCV were closely aligned (7.18 % and 

7.11 % respectively), resulting in high heritability (0.97 %). The GA for 

plant height was 10.83 and the GAM was 14.49 %, indicating 

substantial potential for improvement through selection. The number 

of basal branches (NBB) exhibited high variability, with a PCV of        

29.87 % and a GCV of 14.66 %. Heritability was low (0.24 %), reflecting a 

strong environmental influence on this trait. Consequently, the GA and 

GAM were 0.40 and 14.83 % respectively, suggesting limited potential 

for selection. The number of top branches had a PCV of 17.67 % and a 

GCV of 13.82 %, with moderate heritability (0.61 %). The GA was 2.67 

and the GAM was 22.27 %, indicating that moderate genetic 

improvement could be achieved through selection. The GA as a 

percentage of the mean varied from 5.40–58.84 % with the maximum 

recorded for capsules per plant (CP), followed by capsule weight per 

plant (CWP)  and seed weight per plant (SWP)  and the minimum for 

seed yield per capsule (SC) . The traits CP, CWP and SWP showed high 

heritability along with high GA. Higher LSD and standard error values 

were recorded for CP (8.85, 3.18), followed by PH and DF among all 

traits. A comprehensive compilation of 25 potential accessions 

Sources of 
Variation df DF DM PH NPB NSB NCP NSC TW SY 

Genotype 10 22.41*** 69.85*** 85.34*** 1.006 10.00*** 1175.22*** 0.33NS 0.98*** 195620*** 
Replication 2 1.48 0.03 0.04 0.84 2.54 40.94 0.21 0.002 104037** 
Error 20 3.5182 0.764 0.604 0.515 1.7455 24.91 0.47879 0.02979 14387 

Table 1. Analysis of variance (ANOVA) (mean sum of squares) of different yield attributing traits of advanced breeding lines of linseed 

df: degrees of freedom; DF: days to flowering; DM: days to maturity; PH: plant height (cm); NPB: number of primary branches; NSP: number of 
secondary branches; NCP: number of capsules per plant; NSC: number of seeds per capsule; TW: test weight (g); SY: seed yield (kg/ha); 

significance codes:  ‘***’ (0.001); ‘**’ (0.01); ‘*’ (0.05); NS: non-significant 
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exhibiting highly desirable traits has been reported earlier (19). In the 

present study, moderate GA (> 17 %) was observed for lodging and 

DM, whereas other traits exhibited low GA (< 15 %) (20). These 

findings are in line with earlier investigations reported on linseed 

genotypes (37–39). 

 The NCP showed significant variability, with a PCV of 23.91 % 

and a GCV of 23.16 %. Heritability was high (0.93 %) and the GA was 

39.08, with a GAM of 46.25 %, suggesting that this trait is highly 

heritable and could respond well to selection. The NSC showed a 

PCV of 7.02 % but no corresponding GCV value, suggesting issues 

with the estimation. The negative heritability value (- 0.11) and 

negative GAM (- 1.63 %) indicate unreliable estimates, possibly due 

to measurement errors or environmental effects overwhelming 

genetic influence. The 1000-seed weight had a PCV of 8.56 % and a 

GCV of 8.18 %, with high heritability (0.91 %). The GA was 1.10 and 

the GAM was 16.12 %, suggesting good potential for improvement 

through selection. Seed yield ranged from 850–1866.66 kg/ha, with a 

mean of 1365.59 kg/ha. The PCV (20.02 %) and GCV (17.99 %) were 

moderately high, with heritability of 0.80, indicating a strong genetic 

component. The GA was 455.02 and the GAM was 33.32 %, showing 

substantial scope for genetic improvement.  

 Overall, traits such as PH, NCP, 1000-seed weight and SY 

showed high heritability coupled with high GA, suggesting that these 

traits could be effectively improved through selection. Conversely, 

traits such as NBB and DM, with low heritability and GA, may require 

different breeding strategies or focus on improving environmental 

conditions to enhance their performance. The results indicated that 

PCV values were slightly greater than the corresponding GCV values 

for most traits, indicating that the traits under study were less 

influenced by environment (20). Similar results in linseed were also 

reported by earlier studies (37, 40). The highest GCV and PVC values 

were found particularly for lodging percentage (76.65 % and                    

90.63 %), harvest index (42.26 % and 47.92 %), SY (41.23 % and                

48.19 %) and number of capsules per branch (30.81 % and 37.25 %) 

respectively. Similarly, earlier researchers reported the highest GCV 

and PCV values for SY per plant and for NCP (17, 18). The highest 

values of GCV and PVC show the presence of high variability in these 

traits. Additionally, breeding and selection strategies also depend on 

the type of gene action involved in the inheritance of quantitative 

traits. High heritability and GA indicate predominantly additive gene 

action, whereas high heritability along with moderate to low GA 

suggests non-additive gene action. Thus, traits controlled by additive 

gene action can be improved through simple selection during the 

breeding cycle. On the other hand, traits that are highly affected by 

environmental factors and governed by non-additive gene action 

may not give that much response to genetic improvement. Similar 

findings have also been reported earlier in linseed crops (20, 21, 23). 

Estimates of heritability help plant breeders in the selection of 

genotypes from diverse genetic populations. Therefore, high 

heritability helps in effective selection for a particular character.  

Descriptive statistics to study the behaviour of yield 

components  

The descriptive statistics of yield components for advanced breeding 

lines of linseed provide a comprehensive overview of the distribution 

and variability of the traits under study. These statistics, including 

measures of central tendency (mean), dispersion (sum of squares 

deviation and variance) and shape (skewness and kurtosis), are 

essential for understanding the behaviour of each trait in the 

breeding population. Days to flowering ranged from 56–68 days, 

with a mean of 61.87 days. The skewness value of –0.45 indicates a 

slight left skew, meaning that more values are concentrated above 

the mean. The kurtosis value (–0.23) suggests a relatively flat 

distribution. The sum of squares deviation (297.51) and variance 

(9.29 for the sample and 9.01 for the population) indicate moderate 

variability in this trait among the breeding lines (Table 3). Days to 

maturity exhibited a range from 107–123 days, with a mean of 111.60 

days.  

 The skewness is positive (1.43), indicating a right-skewed 

distribution with a tail extending towards higher values. The kurtosis 

is 0.94, suggesting a distribution with slightly more pronounced 

peaks than a normal distribution. The sum of squares deviation 

(713.87) and the variance (22.30 for the sample and 21.63 for the 

population) reflect considerable variability, which could be valuable 

for selection. Plant height shows a relatively narrow range, with a 

minimum of 2 and a maximum of 4 and a mean of 2.75 cm. The 

skewness is positive (0.49), indicating a slight right skew, while the 

kurtosis of –1.37 suggests a distribution that is flatter than normal. 

The sum of squares deviation (22.06) and the variance (0.68 for the 

sample and 0.66 for the population) indicate low variability, which 

may limit selection effectiveness for this trait. An earlier study 

emphasized the significance of genetic variability and reported 

substantial variation for traits such as NCP, SY and branches, 

reinforcing the importance of variability assessment through 

descriptive statistics (41). The NBB shows a wide range, from 55–120, 

Table 2. Estimate of variability, heritability and genetic advance for yield components of advanced breeding lines of linseed 

Sl. 
No. 

Variables 
Range 

Mean 
PCV 
(%) 

GCV 
(%) 

ECV 
(%) 

h2 (bs) 
(%) 

GA 
GAM 
(%) 

SEm CD (5 %) CD (1 %) 
Max. Min. 

1 DF 68 56 61 5.06 4.05 3.03 0.64 4.14 6.69 1.08 3.19 4.35 

 2 DM 123 107 111 4.37 4.29 0.78 0.96 9.72 8.71 0.50 1.48 2.03 

 3 PH 82.4 63.7 74.72 7.18 7.11 1.03 0.97 10.83 14.49 0.44 1.32 1.80 

 4 NPB 4 2 2.75 29.87 14.66 26.02 0.24 0.40 14.83 0.41 1.22 NS 1.66 NS 

 5 NSB 18 8 12 17.67 13.82 11.00 0.61 2.67 22.27 0.76 2.25 3.06 

 6 NCP 120 55 84 23.91 23.16 5.90 0.93 39.08 46.25 2.88 8.49 11.59 

 7 NSC 10 8 9.3 7.02 - 7.41 – 0.11 – 0.15 – 1.63 0.39 1.17 NS 1.60 NS 

 8 TW 7.9 6.1 6.87 8.56 8.18 2.50 0.91 1.10 16.12 0.09 0.29 0.40 

 9 SY 1866.66 850 1365.59 20.02 17.99 8.78 0.80 455.02 33.32 69.25 204.28 278.65 

DF: days to flowering; DM: days to maturity; PH: plant height (cm); NPB: number of primary branches; NSP: number of secondary branches; 
NCP: number of capsules/plant; NSC: number of seeds per capsule; TW: test weight (g); SY: seed yield (kg/ha); PCV: phenotypic coefficient of 

variation; GCV: genotypic coefficient of variation; ECV: environmental coefficient of variation; h2(bs): heritability (broad sense); GA: genetic 
advance; GAM: genetic advance as percentage of mean. 
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with a mean of 84.51. The skewness is 0.23, indicating a nearly 

symmetric distribution and the kurtosis of –1.15 suggests a flatter-

than-normal distribution. The sum of squares deviation (12332.24) 

and the high variance (385.38 for the sample and 373.70 for the 

population) indicate substantial variability, providing ample 

opportunity for selection. The considerable variability in yield-related 

traits, such as SY, NCP and basal branches, demonstrates potential 

for selection, consistent with earlier findings and supporting the 

relevance of using descriptive statistics for identifying selection 

targets in linseed breeding programmes (42, 43).  

 The number of top branches ranges from 8–10, with a mean 

of 9.33. The skewness is -0.43, indicating a slight left skew, while the 

kurtosis of -0.60 indicates a flatter distribution. The sum of squares 

deviation (13.33) and low variance (0.41 for the sample and 0.40 for 

the population) suggest limited variability, which could constrain 

selection efforts. The NCP ranges from 8–18, with a mean of 12. The 

skewness is 0.82, indicating a right-skewed distribution and the 

kurtosis of 1.65 suggests a distribution with more pronounced 

peaks. The sum of squares deviation (140) and moderate variance 

(4.37 for the sample and 4.24 for the population) indicate a 

reasonable level of variability, which could be exploited in selection.  

 The NSC varies from 63.7–82.4, with a mean of 74.72. The 

skewness is - 0.38, indicating a slight left skew and the kurtosis of            

-0.50, indicates a flatter distribution. The sum of squares deviation 

(865.58) and variance (27.04 for the sample and 26.22 for the 

population) suggest moderate variability, which could support 

selection. The 1000-seed weight ranges from 6.1–7.9 g, with a mean 

of 6.87 g. The skewness is 0.10, indicating a nearly symmetrical 

distribution, while the kurtosis of –0.95 suggests a flatter distribution. 

The sum of squares deviation (10.41) and low variance (0.32 for the 

sample and 0.31 for the population) indicate limited variability, 

which might restrict selection potential for this trait. Seed yield per 

hectare ranges widely from 850–1866.66 kg/ha, with a mean of 

1365.59 kg/ha.  

  The skewness of 0.52 indicates a slight right skew and the 

kurtosis of –1.12 suggests a flatter distribution. The large sum of 

squares deviation (2452011.13) and high variance (76625.34 for the 

sample and 74303.36 for the population) reflect considerable 

variability, making this trait a strong candidate for selection. The 

present findings are aligned with the results of the previous workers 

and state that traits with considerable variation, as revealed by 

descriptive statistics, serve as crucial indicators for effective selection in 

linseed breeding (43–45). The descriptive statistics indicate that traits 

such as SY, NBB and NCP exhibit substantial variability and are thus 

promising targets for selection in breeding programmes. On the other 

hand, traits such as PH, number of top branches and 1000-seed weight 

display limited variability, which may require the introduction of new 

genetic material or alternative breeding strategies to achieve 

significant improvements. The presence of skewness and kurtosis in 

some traits suggests that the distribution of these traits is not normal, 

which should be considered when selecting breeding lines.  

BLUP based genetic parameter study 

The estimation of genetic parameters using BLUP provides a 
comprehensive understanding of the genetic architecture and 

selection potential of key agronomic traits in linseed. The present 

study revealed substantial variability in both genetic and residual 

components across the evaluated traits, providing valuable insights 

for linseed improvement programmes (Table 4; Fig. 1 and 2). The 

genetic variance (Gen_var) was notably high for traits such as SY and 

NCP, recorded at 60410.98 and 383.44 respectively, underscoring the 

strong genetic contribution to these yield components. This aligns 

with findings of earlier researchers, who reported significant genetic 

variance for SY and NCP, indicating their amenability to 

Table 3. Descriptive statistics of yield components of advanced breeding lines of linseed 

DF: days to flowering; DM: days to maturity; PH: plant height (cm); NPB: number of primary branches; NSP: number of secondary branches; 
NCP: number of capsules per plant; NSC: number of seeds per capsule; TW: test weight (g); SY: seed yield (kg/ha). 

Sl. No. Variable Max. Mean Min. Skew Kurt Sum.sq.dev Var.amo Var.pop 

 1 DF 68 61.87 56 – 0.45 – 0.23 297.51 9.29 9.01 

 2 DM 123 111.60 107 1.43 0.94 713.87 22.30 21.63 

 3 PH 4 2.75 2 0.49 – 1.37 22.06 0.68 0.66 

 4 NPB 120 84.51 55 0.23 – 1.15 12332.24 385.38 373.70 

 5 NSB 10 9.33 8 – 0.43 – 0.60 13.33 0.41 0.40 

 6 NCP 18 12 8 0.82 1.65 140 4.37 4.24 

 7 NSC 82.4 74.72 63.7 – 0.38 – 0.50 865.58 27.04 26.22 

 8 TW 1866.66 1365.59 850 0.10 – 0.95 2452011.13 76625.34 74303.36 

 9 SY 7.9 6.87 6.1 0.52 – 1.12 10.41 0.32 0.31 

Table 4. Best linear unbiased prediction (BLUP) based genetic parameter study 

DF: days to flowering; DM: days to maturity; PH: plant height (cm); NPB: number of primary branches; NSP: number of secondary branches; 
NCP: Number of capsules per plant; NSC: number of seeds per capsule; TW: test weight (g); SY: seed yield (kg/ha); Gen_var: genetic variance; 

Gen (%): genetic percentage; Res_var: residual variance; Res (%): residual percentage; Phen_var: phenotypic variance; H2: heritability; h2mg: 
CVg: genotypic coefficient of variation; CVr: residual coefficient of variation. 

Sl. No. Parameters DF DM PH NPB NSP NCP NSC TW SY 

 1 Gen_var 6.30 23.03 28.25 0.16 2.75 383.44 0.00 0.32 60410.98 

 2 Gen (%) 64.17 96.79 97.91 24.11 61.19 93.90 0.00 91.42 80.77 

 3 Res_var 3.52 0.76 0.60 0.52 1.75 24.91 0.43 0.03 14386.92 

 4 Res (%) 35.83 3.21 2.09 75.89 38.81 6.10 100.00 8.58 19.23 

 5 Phen_var 9.82 23.79 28.85 0.68 4.50 408.35 0.43 0.35 74797.90 

 6 H2 0.64 0.97 0.98 0.24 0.61 0.94 0.00 0.91 0.81 

 7 h2mg 0.84 0.99 0.99 0.49 0.83 0.98 0.00 0.97 0.93 

 8 Accuracy 0.92 0.99 1.00 0.70 0.91 0.99 0.00 0.98 0.96 

 9 CVg 4.06 4.30 7.11 14.67 13.82 23.17 0.00 8.19 18.00 

 10 CVr 3.03 0.78 1.04 26.03 11.01 5.90 7.03 2.51 8.78 

 11 CV ratio 1.34 5.49 6.84 0.56 1.26 3.92 0.00 3.26 2.05 
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Fig. 1. Best linear unbiased prediction (BLUP) for (a) DF: days to flowering; (b) DM: days to maturity; (c) PH: plant height (cm); (d) NPB: number 
of primary branches. 

https://plantsciencetoday.online


7 

Plant Science Today, ISSN 2348-1900 (online) 

 

Fig. 2. Best linear unbiased prediction (BLUP) for (e) NSB: number of secondary branches; (f) NCP: number of capsules per plant; (g) TW: test 
weight (g); (h) SY: seed yield (kg/ha).  
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improvement through selection (41, 43). Likewise, PH exhibited 

considerable genetic variance (28.25), highlighting its substantial 

heritable component. In contrast, NSC displayed minimal genetic 

variance, suggesting that environmental factors or non-additive 

genetic effects may dominate its phenotypic expression, consistent 

with the observations from previous research (43).  

 The genetic percentage (Gen %), representing the proportion 
of phenotypic variance attributed to genetic factors, was remarkably 

high for DM (96.79 %), PH (97.91 %) and NCP (93.90 %). Such high 

genetic percentages indicate that these traits are predominantly 

governed by genetic factors, making them ideal candidates for direct 

selection. Conversely, traits such as NBB recorded a lower Gen % 

(24.11 %), implying greater environmental influence, corroborating 

previous studies that emphasize environmental sensitivity in 

branching traits (43). The residual variance (Res_var) remained lower 

than the genetic variance for most traits, except for NBB, where 

Res_var was relatively high (0.52) and Res % peaked at 75.89 %, 

indicating pronounced environmental control. Traits such as DM and 

PH, with minimal Res % (3.21 % and 2.09 % respectively), suggest 

stability across environments. Heritability estimates (H²) were 

exceptionally high for key traits, including DM, PH, NCP, TW and SY, 

with values exceeding 0.90, demonstrating strong genetic control and 

high selection efficiency potential. These findings are consistent with 

previous reports, which highlighted high heritability for these traits, 

suggesting that they respond well to phenotypic selection (43).  

 In contrast, NBB presented a lower H² of 0.24, indicating 

limited efficiency of conventional selection and emphasizing the 

need for alternative approaches such as marker-assisted selection or 

environmental management to improve this trait. The genotypic 

coefficient of variation (CVg) and residual coefficient of variation (CVr) 

provided further clarity on trait variability. High CVg values for NCP 

(23.17) and SY (18.00) reflect substantial genetic diversity, enhancing 

selection prospects. Conversely, traits such as DM and PH exhibited 

lower CVg values, indicating more genetic uniformity. Notably, CVr 

was generally low across traits, except for NBB, which displayed a 

high CVr (26.03), reinforcing its environmental sensitivity. The 

prediction accuracy derived from BLUP exceeded 0.90 for most 

traits, including DM, PH, NCP, TW and SY, confirming the reliability of 

BLUP in estimating genetic parameters and guiding selection. The 

relatively lower accuracy for NBB (0.70) aligns with its low heritability 

and high residual variance, signaling caution in its direct selection. 

The traits such as DM, PH, NCP, TW and SY demonstrate high genetic 

variance, heritability and prediction accuracy, making them prime 

targets for genetic improvement through selection based on BLUP 

estimates. Conversely, traits with low genetic control, such as NBB, 

may require the integration of molecular tools or targeted 

environmental interventions to enhance breeding efficiency. Overall, 

the application of BLUP in linseed breeding offers a powerful 

framework for accurately dissecting genetic variability, optimising 

selection and accelerating genetic gain, as emphasized by previous 

researchers in quantitative genetic studies (46, 47). This study 

provides a robust foundation for breeding programmes aimed at 

improving key agronomic traits. The results further suggest that 

genetic factors play a significant role in the variation of most traits 

and that selection based on BLUP would be effective in improving 

them. However, the influence of environmental factors should not 

be ignored and further research is needed to understand their 

impact on the traits studied.  

BLUP based genotype study 

The use of BLUP analysis provides a robust framework for the 

unbiased assessment of genotype performance, facilitating the 

identification of superior lines for genetic improvement in linseed. In 

this study, 11 genotypes were evaluated across critical agronomic 

traits to identify candidates with high yield potential and favourable 

trait combinations (Table 5). Phenological traits, including DF and 

DM, exhibited considerable variability across the genotypes. OL-2013

-14-2022-5 recorded the longest flowering duration (64.23 days), 

while Padmini (check) had the longest maturity period (122.55 days). 

Conversely, OL-2013-14-2022-8 flowered earliest (59.45 days), 

highlighting its potential suitability for short-duration environments 

or late sowing conditions.  

 Early maturity and flowering have been reported as critical 

factors for yield stability in linseed, especially under rainfed or 

terminal stress conditions (48, 43). Plant height ranged from                     

64.41 cm (OL-2013-14-2022-4) to 81.55 cm (OL-2013-14-2022-3), 

indicating variation in plant stature. Taller genotypes, such as OL-

2013-14-2022-3 and Indra Alsi-32, may contribute to greater biomass 

and yield potential, while shorter genotypes may be advantageous 

in regions prone to lodging or where mechanical harvesting is 

implemented (44, 49). The NBB varied moderately among genotypes, 

ranging from 2.39 to 3.20, with OL-2013-14-2022-7 exhibiting the 

highest branching. Branching patterns directly influence canopy 

architecture and can enhance photosynthetic efficiency and yield 

potential (50). However, genotypes with fewer branches, such as 

Table 5. Best linear unbiased prediction (BLUP) based genotype study 

Sl. No. Genotype DF DM PH NPB NSP NCP NSC TW SY 

 1 OL-2013-14-2022-1 57.20 108.37 69.54 2.55 12.55 60.85 9.33 7.13 1556.34 

 2 OL-2013-14-2022-2 60.86 108.04 79.60 2.55 12.00 104.57 9.33 7.84 1740.77 

 3 OL-2013-14-2022-3 61.42 108.70 81.55 3.04 12.00 89.88 9.33 6.61 1044.18 

 4 OL-2013-14-2022-4 60.86 108.70 64.41 2.88 10.62 59.54 9.33 6.90 1097.92 

 5 OL-2013-14-2022-5 64.23 111.34 77.98 2.39 11.45 87.93 9.33 6.54 1128.80 

 6 OL-2013-14-2022-6 62.82 111.01 73.34 2.88 12.28 102.28 9.33 7.68 1635.95 

 7 OL-2013-14-2022-7 63.39 110.02 74.04 3.20 15.85 94.45 9.33 7.42 1577.27 

 8 OL-2013-14-2022-8 59.45 107.71 72.55 3.04 10.90 74.55 9.33 6.54 1393.70 

 9 Padmini (Check) 65.35 122.55 76.59 2.39 10.07 64.76 9.33 6.32 1362.47 

 10 Arpita (Check) 63.39 112.66 71.13 2.88 11.72 117.62 9.33 6.38 1208.16 

 11 Indra Alsi-32 (Check) 61.70 118.59 81.25 2.55 12.55 73.24 9.33 6.32 1276.00 

DF: days to flowering; DM: days to maturity; PH: plant height (cm); NPB: number of primary branches; NSP: number of secondary branches; 
NCP: number of capsules per plant; NSC: number of seeds per capsule; TW: test weight (g); SY: seed yield (kg/ha). 
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Padmini and OL-2013-14-2022-5, may be more suitable for high-

density planting systems. The NCP, a key yield component, 

demonstrated significant variability, ranging from 59.54 (OL-2013-14-

2022-4) to 117.62 (Arpita). High NCP, as observed in Arpita, OL-2013-14-

2022-2 (104.57) and OL-2013-14-2022-6 (102.28), is a desirable trait 

contributing to greater seed yield. Similar observations of high NCP 

variability and its positive association with yield have been reported 

earlier (42).  

 Despite the significant variation in NCP, the NSC remained 

constant (9.33) across all genotypes, suggesting limited genetic 

variability for this trait within the evaluated population. This aligns 

with earlier reports indicating that NSC tends to be relatively stable 

compared to other yield components Test weight, reflecting seed 

size and quality, ranged from 6.32–7.84 g, with OL-2013-14-2022-2 

exhibiting the highest TW. Seed weight contributes not only to 

market acceptability but also to overall yield; however, in this study, 

TW variability was relatively low, suggesting a more uniform seed 

size among genotypes. Comparable trends were reported in flax, 

where SW exhibited moderate variability (51). Seed yield, the most 

critical agronomic trait, showed substantial variation ranging from 

1044.18 kg/ha (OL-2013-14-2022-3) to 1740.77 kg/ha (OL-2013-14-

2022-2). High-yielding genotypes such as OL-2013-14-2022-2, OL-

2013-14-2022-6 (1635.95 kg/ha) and OL-2013-14-2022-7 (1577.27 kg/

ha) significantly outperformed the check variety Padmini                          

(1362.47 kg/ha). These results suggest substantial genetic gain over 

existing cultivars and align with findings by earlier researchers, who 

emphasised the potential of BLUP and genomic prediction for yield 

enhancement in linseed (52). In summary, the BLUP-based 

evaluation revealed considerable variability across key agronomic 

traits, highlighting OL-2013-14-2022-2, OL-2013-14-2022-6 and OL-

2013-14-2022-7 as superior genotypes for yield improvement 

programmes. Additionally, variations in phenological traits, PH, 

branching and seed characteristics provide further criteria for 

genotype selection tailored to specific agro-ecological zones. These 

findings reinforce the value of BLUP for accurate performance 

prediction and efficient genetic improvement, as demonstrated in 

previous studies on linseed (43, 51, 52).  

Principal component analysis (PCA) for trait association 

The PCA based on eigenvalues offers a detailed exploration of 
variability across several key agronomic traits in linseed. The 

eigenvalues and corresponding percentages of variance provide 

crucial insights into the contribution of each trait to the overall 

genetic variation observed in the population (Table 6 and Fig. 3). The 

first principal component (PC1), driven by DF, exhibited an 

Fig. 3. (a) The scree plot represents the eigenvalues corresponding to each principal component (dimension) derived from the multivariate 
dataset of linseed genotypes. The x-axis indicates the principal components (Dimensions 1–9), each capturing a progressively smaller portion 

of total data variance, while the y-axis shows the eigenvalue, denoting the amount of variation explained by each component. (b) The PCA 
biplot displays the spatial distribution of linseed genotypes and trait vectors based on the first two principal components (Dim1 and Dim2), 

which together explain 32.7 % and 25.5 % of the total variance respectively.  

Trait vectors (arrows)—DF: days to flowering; DM: days to maturity; PH: plant height (cm); NPB: number of primary branches; NSB: number of 
secondary branches; NCP: number of capsules per plant; NSC: number of seeds per capsule; TW: test weight (g); SY: seed yield (kg/ha)—

indicates the direction and strength of their contribution to genotype differentiation. 

Table 6. Principal component analysis (PCA) based on eigenvalue 

DF: days to flowering; DM: days to maturity; PH: plant height (cm); NPB: number of primary branches; NSB: number of secondary branches; 
NCP: number of capsules per plant; NSC: number of seeds per capsule; TW: test weight (g); SY: seed yield (kg/ha). 

Sl. No. Variables Eigenvalue Percentage of variance Cumulative percentage of variance 
 1 DF 2.867 31.857 31.857 
 2 DM 2.117 23.521 55.378 
 3 PH 1.310 14.558 69.936 
 4 NPB 1.104 12.271 82.207 
 5 NSB 0.731 8.126 90.333 
 6 NCP 0.500 5.561 95.894 
 7 NSC 0.241 2.673 98.566 
 8 TW 0.099 1.101 99.668 
 9 SY 0.030 0.332 100.000 



PRASANTA ET AL  10     

https://plantsciencetoday.online 

eigenvalue of 2.867, accounting for 31.857 % of the total variance. 

This highlights the pivotal role of flowering time in differentiating the 

genotypes. The significance of this trait in PC1 suggests its critical 

influence on the genetic architecture of linseed, potentially serving as 

an early indicator of reproductive success and adaptation to diverse 

growing environments. The second principal component (PC2) was 

predominantly influenced by DM, with an eigenvalue of 2.117, 

contributing an additional 23.521 % to the total variance and raising 

the cumulative variance explained to 55.378 %, as also reported in 

previous studies (49, 50). This indicates that maturity timing, 

alongside flowering, exerts a substantial effect on variation among 

genotypes. The synchronisation between flowering and maturity is 

often crucial for yield stability, particularly in environments with 

variable growing seasons. Together, DF and DM account for over half 

of the observed variance, underscoring the importance of 

reproductive timing traits in linseed breeding programmes.  

 Plant height emerged as the dominant trait in the third 

principal component (PC3), with an eigenvalue of 1.310 and 

explaining 14.558 % of the variance, bringing the cumulative 

variance explained to 69.94 %. Plant height is a vital trait often linked 

to biomass production and mechanical harvesting efficiency and its 

significant contribution suggests that height variation is another key 

factor driving genetic differentiation among the studied genotypes. 

The fourth principal component (PC4) was characterized by NPB, 

which explained 12.271 % of the variance with an eigenvalue of 

1.104. With the cumulative variance reaching 82.207 %, the 

contribution of branching to genetic variability highlights the role of 

plant architecture in influencing yield potential. Primary branches 

are often associated with greater capsule production, making this 

trait essential for breeding high-yielding lines. Traits contributing less 

to genetic variation include NSB (8.126 % variance, PC5) and NCP 

(5.561 % variance, PC6). While these traits explain a smaller portion 

of the variance individually, their combined influence, as reflected in 

their cumulative variance contribution, suggests that they are still 

integral to overall plant productivity, particularly in environments 

where plant architecture and reproductive efficiency are critical for 

yield optimization. Finally, traits such as NSC, 1000-seed weight and 

SY showed relatively low eigenvalues (0.241, 0.099 and 0.030 

respectively) and contributed minimally to the total variance             

(2.673 %, 1.101 % and 0.332 %). Similar patterns were observed by 

earlier researchers, where yield traits often exhibited indirect genetic 

variability mediated through physiological and morphological 

components (52). Despite their smaller direct influence in this analysis, 

these traits are nonetheless crucial for determining overall crop 

performance and marketability. Seed yield, in particular, remains the 

ultimate measure of productivity, even if its genetic variation is 

influenced indirectly by other traits such as flowering time, PH and 

branching. This PCA demonstrates that the major contributors to 

genetic variation in linseed are reproductive timing (DF and DM), plant 

stature (height) and plant architecture (branching). These traits should 

be prioritized in breeding programmes aimed at enhancing 

adaptation and yield potential. The cumulative variance explained by 

the first four components suggests that these traits encapsulate the 

majority of genetic diversity, providing a clear focus for targeted 

genetic improvement. 

 Principal components with an eigenvalue greater than or 

equal to 1.0 were considered for determining the number of primary 

PCs (53). The accessions from these clusters may serve as potential 

genetic material for genetic improvement programmes, as 

unrelated accessions would contribute novel alleles at different loci 

and thereby generate a wider spectrum of transgressive segregants 

(54). Earlier findings also reported results similar to the present 

investigation, using PCA to simultaneously examine all attributes (23, 

55–57). PCA proved beneficial in identifying associations among 

traits, determining the dominant PCs that significantly influence 

plant characteristics and evaluating genetic diversity.  

Correlation studies to understand the trait relationships 

The correlation matrix presented in Fig. 4 visually depicts the 

relationships among various yield-attributing traits in linseed. The 

matrix includes scatter plots, correlation coefficients and 

histograms, providing a comprehensive view of how these traits are 

interrelated. The following key points can be drawn from this 

correlation analysis: the strongest positive correlation was observed 

between SY and NCP, with a correlation coefficient of 0.67 (p < 0.001). 

This suggests that NCP is a major contributor to SY and selection for 

this trait could significantly enhance yield. A notable positive 

correlation (0.45) was observed between 1000-seed weight and SY, 

indicating that heavier seeds are generally associated with higher yield, 

making 1000-seed weight a valuable selection criterion in breeding 

programmes. Additionally, a positive correlation of 0.52 between DM 

and DF indicates that genotypes that flower later also tend to mature 

later. This relationship suggests a developmental link between these 

two traits. A significant negative correlation (-0.51, p < 0.01) was 

observed between 1000-seed weight and DM, indicating that lines that 

mature earlier tend to have heavier seeds. This trade-off could be 

important when selecting for both early maturity and high seed 

weight.  A moderate negative correlation (-0.36) was observed 

between DM and NBB, suggesting that lines with more basal branches 

tend to mature earlier. This relationship may be useful for selecting 

branching patterns that favour early maturity. The correlation 

between NSC and SY was weak (0.20) and non-significant, suggesting 

that this trait may not be a strong determinant of yield in this 

population. Consequently, selection for yield may not be effectively 

achieved through this trait alone. The weak negative correlation (-0.13) 

between DF and SY suggests that early flowering does not strongly 

influence yield, indicating that flowering time may be less critical for 

direct selection aimed at yield improvement.  

 The histograms along the diagonal of the matrix show the 
distribution of each trait, while the scatter plots illustrate the 

relationships among traits (Fig. 4). The scatter plots reveal trends, 

with some traits showing linear relationships and others displaying 

more variability. The correlations also highlight potential trade-offs 

between traits, such as the inverse relationship between seed weight 

and DM. Understanding these trade-offs is crucial for balancing 

different breeding objectives, such as selecting for both early 

maturity and high yield. The correlation analysis provides valuable 

insights into the relationships among yield components in linseed. 

The strong positive correlations between SY and traits such as NCP 

and 1000-seed weight suggest that these traits are critical targets for 

selection. However, the observed negative correlations, such as 

between DM and 1000-seed weight, indicate the need to carefully 

balance selection for these traits to avoid unintended consequences. 

Overall, this analysis supports the identification of key traits that can 

be effectively used to improve SY in linseed breeding programmes.  

 An earlier study reported a negative association between PH 

and both SY and TW, suggesting that taller plants may not always 

translate to higher yield under certain conditions (21). Among other 
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yield-related traits, the number of branches per plant exhibited a 

positive and significant correlation with CP (r = 0.23) and harvest 

weight (r = 0.15), but a negative and significant correlation with TW               

(r = – 0.22). Furthermore, CP showed a strong positive and significant 

association with capsule weight per plant (r = 0.74), reinforcing its 

role as a key component trait contributing to yield as reported earlier 

(19). Understanding the magnitude and direction of correlations 

among various quantitative traits provides crucial information for 

devising effective selection strategies aimed at genetic improvement 

of target traits. Correlation coefficient analysis serves as a vital 

statistical tool to assess the strength and direction of linear 

associations between traits, guiding breeders in identifying indirect 

selection pathways. The significant positive correlations of SY with 

number of branches per plant, CP and NCP suggest that indirect 

selection through these traits may be effective for enhancing SY 

potential in linseed. Similar trends of positive associations among 

these yield-contributing traits have been reported in earlier studies 

(21, 23, 58).  

 

Conclusion  

The comprehensive assessment of variability, heritability, GA and 
trait interrelationships in advanced linseed breeding lines highlights 

substantial potential for accelerating genetic improvement through 

strategic selection. High heritability coupled with high GA for key 

yield-contributing traits such as PH, NCP, 1000-seed weight and SY 

indicates predominant additive gene action. This underscores the 

strong effectiveness of direct phenotypic selection for these traits 

and their importance in enhancing overall productivity. The slightly 

higher PCV values relative to GCV for most traits suggest moderate 

environmental influence; however, the dominance of genetic factors 

for major yield traits confirms the stability and reliability of these 

traits for selection across environments. BLUP-based genetic 

parameter estimation further strengthened these conclusions by 

revealing high heritability, substantial GA and strong prediction 

accuracy for SY, CP, TW, PH and DM. These findings demonstrate the 

robustness of mixed-model approaches in identifying stable,                   

high-performing genotypes. In contrast, traits such as basal 

branches and seeds per capsule exhibited low heritability and strong 

environmental dependence, highlighting the limited potential for 

improving these traits through conventional selection. For such 

traits, molecular breeding tools, marker-assisted selection or refined 

environmental management strategies may be necessary to achieve 

meaningful gains. Principal component analysis explained over 82 % 

of the total variability through traits associated with reproductive 

timing, plant stature and branching behaviour, establishing these as 

pivotal contributors to overall genetic divergence among genotypes. 

Their prominence in the PCA underscores their utility as key targets 

for selection to enhance adaptability and yield potential under 

diverse agro-ecological conditions. Correlation analyses further 

emphasised the strong positive associations between SY and major 

yield components particularly CP and 1000-seed weight, validating 

their effectiveness as indirect selection criteria. Nonetheless,                    

trade-offs, such as the negative correlation between TW and 

maturity duration, indicate that careful, balanced selection is 

necessary to optimise both early maturity and high productivity. 

Overall, the integrated use of variability metrics, BLUP-based 

estimates, multivariate analysis and trait correlations provides a 

Fig. 4. The scatterplot matrix displays histograms of the variables along the diagonal and correlation coefficients in the upper part of the 
matrix. DF: days to flowering; DM: days to maturity; PH: plant height (cm); NPB: number of primary branches; NSB: number of secondary 

branches; NCP: number of capsules per plant; NSC: number of seeds per capsule; TW: test weight (g); SY: seed yield (kg/ha).  
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powerful framework for identifying superior genotypes and refining 

breeding priorities. Genotypes such as OL-2013-14-2022-2, OL-2013-

14-2022-6 and OL-2013-14-2022-7 emerged as promising candidates 

for yield enhancement. These findings significantly contribute to the 

design of efficient breeding strategies aimed at accelerating genetic 

gain and ensuring sustainable improvement of linseed under 

variable climatic conditions.  
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