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Chandrawati, N. Singh, R. Kumar, S. Kumar and H. K.Yadav (2016): Genetic 

variability and interrelationship among morphological and yield traits in linseed 

(Linum usitatissimum L.).- Genetika, Vol 48, No.3, 881 - 892. 

Fifty eight genotypes of linseed (Linum usitatissimum L.) were evaluated two 

consecutive years for variability and other genetic parameters based on various traits. 

Substantial amount of genetic variations were observed with low influence of 

environment indicated consistence performance of the genotypes. High heritability, 

GCV, PCV and GA was observed for number of branches/plant, number of 

capsules/plant, days to 50% flowering and capsule weight/plant. Oil content showed 

high heritability with low genetic advance indicating non-additive genetic behavior. 

Positive and significant correlations were observed among days to 50% flowering, plant 

height, number of branches/plant. Seed weight had significant and positive correlation 

with number of capsules/plant, capsules weight/plant, husk weight/plant and test weight. 

The branches/plant, number of capsules/plant, and plant height identified as important 

traits for selection in linseed breeding program. 

Keywords: genetic advance, genetic variability, heritability, linseed, path 

analysis 

INTRODUCTION 

Linseed or flax (Linum usitatissimum L.) is a self-pollinating diploid plant with chromosome 

number 2n=30 and genome size of ~370 Mb (WANG et al. 2012). It is the only agriculturally 

important species in the family Linaceae, which consists of 14 genera and 200 species 

(DIEDERICHSEN et al. 2003). The crop is mainly cultivated for its seed oil (linseed) or stem fibers 

(flax) or both (dual purpose) since centuries (ZOHARY, 1999). Morphological, genetic and 

molecular evidences suggest that the cultivated flax originated from its wild progenitor pale flax 

(L. angustifolium Huds.) (FU et al. 2002). The cultivated flax has many geographical centers of 
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genetic diversity, including central Asian, Western Asian, Mediterranean, and Abyssinian 

regions as well as the European–Siberian region. The linseed is mainly grown for industrial 

purpose, primarily because of its high -linolenic acid content varying from 45 to 65% (GREEN 

and MARSHALL, 1981) that imparts rapid drying properties making it suitable for industrial oil 

(CULLIS, 2007). However, several edible purpose cultivars having < 5% -linolenic acid have 

been developed for commercial cultivation (GREEN, 1995; ROWLAND, 1991). The seed oil of 

linseed is utilized for fabrication of various biodegradable products such as drying oil, paints and 

varnishes, wood treatments, soap, linoleum, putty and pharmaceuticals while fibre from flax is 

used for valuable raw material for textiles, thread and packaging materials, and its straw is used 

to produce special types of papers for cigarettes, currency notes and the wooden part serves as 

biomass energy (ROWLAND, 1998). High content of -linolenic acid, high percentage of dietary 

fiber and high content of lignans are major components which makes linseed as an important 

crop for human health. Flaxseed is also used as animal feed to increase the level of -linolenic 

acid in meat and eggs (SIMMONS et al., 2011). Thus, apart from oil and fiber, the linseed is also a 

very important source of nutraceuticals. Globally, the important linseed cultivating and 

producing countries include Canada, India, China, United Kingdom, Ethiopia, and United States 

of America. World’s largest producer of linseed is Canada and India ranked 5th in position (FAO 

STAT, 2013). In India, linseed is mainly grown as industrial oilseed crop under marginal and 

rainfed conditions covering an area of 338,000 ha with production of 147,000 metric tons (FAO 

STAT, 2013). The national average yield of 435 kg/ha was found very low as compared to world 

average yield of 986 kg/ha and top producer’s (Canada) average yield of 1728 kg/ha (FAO STAT, 

2013). This yield differences might be due to low yield potential of varieties or lack of optimum 

agro-technological practices or combination of both. In order to fulfill the ever increasing 

demand of linseed and decreasing area of cultivation, it became necessary to develop high 

yielding, wide adaptable varieties of linseed. Before executing any strategic genetic 

improvement program, it is important to gain knowledge about the extent of genetic variability 

available in the germplasm and also identify the magnitude and direction of genetic correlation 

among yield and related traits. Other genetic parameters such as heritability and genetic advance 

would be useful tools in predicting the resultant effect in selection of the best genotypes for yield 

and its attributing traits. Some genetic studies related to variability, correlation and other genetic 

parameters has been previously carried out linseed but in limited set of genetic materials (KHAN 

et al., 1998; AKBAR et al., 2001, 2003; REDDY et al., 2013; TYAGI et al., 2014; AHMAD et al., 

2014) Therefore, the present investigation was undertaken to analyze morphological variability 

in 58 Indian linseed varieties in two consecutive years, and determine the levels and patterns of 

morphological diversity, interrelationship among different traits and important selection 

parameters. 

 
MATERIALS AND METHODS 

Plant material and field experiment 

The experimental material used in the present investigation consisted of 58 genotypes 

of linseed (Linum ussitatisimum L.) obtained from All India Co-ordinated Research Program on 

Linseed (AICRP on Linseed), Chandra Shekhar Azad University of Agriculture and Technology 

(CSAUA & T), Kanpur, UP, India. The details of these genotypes are presented in Table 1. All 

the genotypes were grown in two consecutive growing seasons during 2012–13 and 2013-14 in 

the experimental field at CSIR-National Botanical Research Institute, Lucknow, India. The 

http://link.springer.com/article/10.1007/s00122-015-2483-3/fulltext.html#CR13
http://link.springer.com/article/10.1007/s00122-015-2483-3/fulltext.html#CR25
http://link.springer.com/article/10.1007/s00122-015-2483-3/fulltext.html#CR51
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experiment was conducted in randomized block design (RBD) with 3 replications. Four rows of 

2 meters with spacing of 45 cm between rows and 15 cm between plants were adopted with two 

non-experimental border rows. Normal cultural practices were followed to raise good crops 

during both the years. Ten competitive plants in each replication were randomly tagged to record 

various morpho-metric traits. The major traits include: Days of 50% flowering (DOF), Plant 

height (PH), Number of branches/plant (BP), Number of capsules/plant (CP), Capsule 

weight/plant (CWP), Seed weight/plant (SWP), Husk weight/plant (HW), Test weigh (TW), 

Number of seeds/capsule (SPC) and Oil content (OC). The oil content was measured through 

minispec Time Domain-Nuclear Magnetic Resonance (TD-NMR) analyzer (Bruker Corporation, 

USA).  

 

Table 1. Name and national identity number of 58 linseed genotypes used in the study 

SN Genotype ID Number SN Genotype ID Number SN Genotype ID Number 

1 Shikha IC - 5239808 21 Pusa -3 IC -572913 41 NL-97 - 

2 Neelum IC – 113109 22 Jawahar -1  - 42 Neela 
IC-

5237801 

3 Rashmi IC 426929 23 Jawahar-7 IC -572907 43 Baner  - 

4 Parvati IC -305053 24 Jawahar-17 IC – 572908 44 K-2 - 

5 Sweta IC -113107 25 Jawahar-23 IC – 5239804 45 Him Alsi-1 - 

6 Sheela IC – 426928 26 JLS-9 IC -572909 46 Him Alsi-2 - 

7 Garima IC-  426930 27 Suyog IC -5239806 47 Surabhi - 

8 Shekhar IC – 305055 28 Kartika IC -512310 48 Janki - 

9 Laxmi -27 IC – 113105 29 
Indra Alsi- 

32 
IC – 449071 49 Himani IC-554603 

10 Padmini IC -426932 30 Deepika IC – 572917 50 Nagarkot IC-426935 

11 T-397 IC -113110 31 Kiran - 51 GS 41 - 

12 Shubhra IC -113108 32 R-552 IC- 426926 52 IC 15888 - 

13 Gaurav IC -113111 33 RL-914 - 53 GS  234 - 

14 Sharda 
IC – 

5239807 
34 RLU-6 IC -5239809 54 JRF 4 - 

15 
Azad Alsi -
1 

IC -553028 35 Meera IC -427794 55 BAU 616A - 

16 Hira IC – 523799 36 Chambal IC -5239802 56 EC-1392 - 

17 Mukta IC -5237800 37 LC-185 IC -113156 57 KL 213 - 

18 C-429 IC -572916 38 LC-54 IC – 113155 58 RKY -14 - 

19 S-36 - 39 LC-2023 - 
   

20 Pusa -2 - 40 LC-2063 - 
   

 

Statistical analysis 

The analysis of variance was used for test of significance for variations within 

genotypes and interaction due to genotypes x year (GxY). The mean values of each treatment 

were used for analysis of variance following PANSE and SUKHATME (1985) using WINDOSTAT 

software (www.windostat.org). The genotypic (GCV), phenotypic (PCV), and environmental 

(ECV) coefficients of variability to compare the variations among the traits (SINGH and 

CHAUDHARY, 1985) and heritability in a broad in broad sense (h2b ) was estimated on genotypic 
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mean basis as described by ALLARD (1999). Expected genetic advance (%) of mean and 

phenotypic correlation (rp) were calculated as suggested by JOHNSON et al. (1955a, b).  

 

RESULTS  

Variability analysis 

The analysis of variance for 2 year separately as well as pooled data showed significant 

differences (P<0.001) among the genotypes for all the traits evaluated (Table 2). The interaction 

variance between genotypes x year was found non-significant for the traits indicating consistence 

performance of the genotypes across the year with non-significant effect of environmental 

factors.  

 

Table 2. Mean sum of square and F-value of the analysis of variance for 10 traits in linseed  

Traitsa I yearb II yearc Pooledd G x Ye interaction 

 

MSS F value MSS F value MSS F value MSS F value 

DOF 781.2 327.8** 852.6 276.0** 799.7 492.7** 2.7 0.02 

PH 678.8 32.4** 1129.4 53.9** 810.3 62.5** 14.2 0.14 

BP 4.5 6.5** 2.8 6.1** 3.34 9.7** 0.8 0.95 

CP 2121.3 49** 2039.5 55.5** 1877.6 59.6** 26.9 0.06 

CWP 8.7 14.83** 6.9 15.1** 7.0 22.5** 0.3 0.15 

SWP 4.5 8.15** 5.8 11.9** 4.7 20.9** 0.7 0.51 

HW 2.0 8.39** 0.53 2.9** 0.8 6.3** 0.2 0.61 

TW 4.5 26.76** 5.8 49.1** 4.9 61.8** 0.2 0.12 

SPC 1.8 6.57** 2.3 7.8** 1.6 10.1** 0.4 0.73 

OC 29.8 59.8** 20.0 36.9** 23.1 75.8** 1.0 0.21 

a= the abbreviation of traits are as per given under material and method, b, c = experiment carried out during year 2012-

13 and 2013-14 respectively, d= data of both the years pooled and analyzed, e= genotype x year interaction 

*, ** = significant at probability level of 5% and 1% respectively 

 

The range and mean value of different traits along with other statistical parameters is 

presented in Table 3. The days of 50% flowering varied from 49 to 110 with an average of 

82.6±0.89 in the first year while in second year it varied from 50 to 108 days with an average of 

83.1±1.0. The range of plant height varied from 50-115.7 cm with an average of 86.3±2.6 in the 

first year while it ranged from 54.5-136.7 cm with an average of 95.8±2.6 in the second year. 

The branches/plant found variable between 1.9 -7.4 with an average of 3.9±0.48 in the first year 

and between 2.0-6.0 with an average of 3.6±0.38 in the second year. The range of number of 

capsules/plant varied from 43.0 to 186.0 with an average of 97.8±3.7 in the first year and in the 

second year it varied between 54.0-175.0. The seed weight/plant varied from 3.5 to 9.9 g 

(average 5.4±0.41) and from 3.6 to 9.0 (average 5.9±0.37) in the first and second year 

respectively. The oil content was found variable between 30.6-44.0 (average 40.2±0.4) in the 

first year and between 31-44.6 (average 40.7±0.4) in the second year. The capsule weight/plant 

ranged from 4.9 to 14.4 and 5.4 to 12.2 in first and second year respectively. It was noticed that 

out of 58 genotypes, only 34 and 38 genotypes showed above average oil content during first and 

second year respectively (data not shown). In general the mean value of all the traits was found 

slightly higher in the second year except branches/plant, husk weight/plant and test weight. 
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Table 3. Range, mean, estimates of variance components, broad sense heritability and genetic advance in 

linseed 

*, ** significant at 5% and 1% probability respectively σ2g- genotypic variance, σ2p- phenotypic variance, σ2e- error 
variance, GCV- genotypic coefficient of variability, PCV- phenotypic coefficient of variability, h2b-Broad sense 

heritability (%), GA %- percent genetic advance, a= the abbreviation of traits are as per given under material and method 

 

 

To ascertain the existing variability among the genotypes for particular traits, different 

genetic parameters were estimated (Table 3). In order to assess the heritable portion of total 

variability, phenotypic variance (2p) was partitioned into genotypic (2g) and error variance 

(2e), which clearly indicated that variability exists in the genotypes, were mainly due to the 

genotypic variance as the error variance values were very low in both the years. The phenotypic 

coefficient of variation (PCV) values for all the traits were found to be higher than the 

corresponding genotypic coefficient of variation (GCV). Husk weight/plant and branches/plant 

recorded high value of coefficient of variation while oil content showed lowest value in both the 

years (Table 3). The high estimates of GCV and PCV were observed for number of 

capsules/plant, seed yield/plant, number of branches/plant while low estimates for oil content 

and seeds/capsules. Broad sense heritability was found high for the trait days to 50% flowering 

(99.1%) followed by oil content (95.1%), number of capsules/plant (94.1%) and plant height 

(91.3%) in the first year. In the second year also these traits showed higher heritability. The trait 

number of branches/plant (65.0%), seeds/capsules (65.00%) showed lowest heritability in the 

first year and husk weight/plant (39.4) in the second year. Genetic advance calculated as percent 

Traitsa 

year DOF PH 

 

BP CP CWP SWP HW TW SPC OC Parameters 
Range I 49-110 50-115.7 1.9-7.4 43-186 4.9-14.4 3.5-9.9 0.73-4.63 4.3-9.6 4.7-8.6 30.6-44.0 

 

II 50-108 54.5-136.7 2.0-6.0 54-175 5.4-12.2 3.6-9.0 1.2-3.03 3.5-11.3 5.3-9.2 31-44.6 

Mean ±SE I 82.6±0.89 86.3±2.6 3.9±0.48 97.8±3.7 7.6±0.44 5.4±0.41 2.2±0.28 6.7±0.23 7±0.30 40.2±0.4 

 

II 83.1±1.0 95.8±2.6 3.6±0.38 102±3.4 8.0±0.39 5.9±0.37 1.9±0.24 6.7±0.19 7.3±0.31 40.7±0.4 

2p I 261.9 240.2 2.0 735.9 3.3 1.7 0.8 1.6 0.8 10.3 

 

II 286.3 390.4 1.2 704.3 2.6 2.0 0.3 2.0 1.0 7.0 

2g I 259.6 219.3 1.3 692.6 2.7 1.2 0.6 1.6 0.5 9.8 

 

II 283.2 369.5 0.8 667.6 2.1 1.6 0.1 1.9 0.7 6.5 

2e I 2.4 20.9 0.7 43.2 0.6 0.5 0.2 0.2 0.3 0.49 

 

II 3.1 20.9 0.5 36.7 0.5 0.4 0.2 0.1 0.3 0.54 

GCV (%) I 19.5 17.2 28.4 26.9 21.5 20.4 34.4 17.8 10.2 7.8 

 

II 20.2 20.1 24.2 25.2 18.3 21.1 17.3 20.4 11.2 6.2 

PCV (%) I 19.6 18.0 35.3 27.7 23.7 24.3 40.8 18.8 12.7 8.0 

 

II 20.3 20.6 30.5 25.8 20.1 23.8 27.5 21.0 13.4 6.5 

ECV (%) I 1.9 5.3 20.9 6.7 10.0 13.2 21.9 6.1 7.5 1.75 

 

II 2.1 4.8 18.5 5.9 8.4 11.1 21.4 5.1 7.4 1.80 

h²b (%) I 99.1 91.3 65.0 94.1 82.2 70.4 71.1 89.6 65.0 95.1 

 

II 98.9 94.6 63.0 94.8 82.4 78.4 39.4 94.1 69.6 92.3 

GA (%) I 40.0 33.8 47.2 53.8 40.1 35.3 59.8 34.7 17.0 15.6 

  II 41.5 40.2 39.6 50.5 34.2 38.5 22.3 40.7 19.2 12.4 
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mean was found highest for husk weight/plant (59.8%) followed by number of capsules/plant 

(53.8%) and number of branches/plant (47.2%) in the first year and was highest for number of 

capsules/plant (50.5%) followed by days to 50% flowering (41.5%) and test weight in the second 

year. The oil content had lowest genetic advance in both the year.  

 
Correlation analysis 

To understand the genetic relationship genotypic correlation among the various 

morphological and yield related traits calculated with data of both the years are presented in 

Table 4. The direction of correlation among various in both the years was found to be same for 

almost all the traits except few where the differences were negligible. Likewise the magnitude 

and significance was also found almost similar for all the traits in both the years except few.  The 

capsule weight/plant showed significantly positive association with number of capsules/plant 

(0.74; 0.56), seed weight/plant (0.90; 0.97), number husk weight/plant (0.77; 0.44), test weight 

(0.31; 0.42) and significantly negative association with plant height (-0.33; -0.24). Seed 

weight/plant had significantly positive correlation with number of capsules/plant, capsule 

weight/plant, husk weight/plant, test weight and negative association with days to 50% 

flowering, and plant height in both the years with somewhat similar magnitude. The oil content 

had negative association with most of the traits and very poor positive association with number 

of branches/plant. It had significant and positive association only with test weight though with 

comparatively low magnitude (0.23; 0.16). The association among other morphological traits 

revealed that days to 50% flowering had significant and positive association with plant height 

and number of branches/plant and negative and negative association with test weight and oil 

content. Number of braches was positively and significantly correlated with number of 

capsules/plant, and plant height in both the years. Test weight had negative and significant 

correlation with number of seeds/capsules and days to 50% flowering.  

 

Path coefficient analysis 

Path coefficient analysis was carried out to obtain further information on the 

interrelationships among the traits and their effects on oil content. The direct and indirect effects 

of various traits on oil content are presented in Table 5. Number of capsules/plant had highest 

direct positive effect on oil content (7.47; 15.49) followed by seed weight/plant (5.72; 10.20) and 

husk weight/plant (3.90; 3.79) in both the years. The direct positive effect of husk weight/plant 

was counter balanced by negative indirect effect mainly capsule weight/plant, number of 

capsules/plant and days to 50% flowering and finally had negative association with oil content. 

Likewise, the direct positive effect of capsule weight/plant, seed weight/plant were 

counterbalanced by indirect effect mainly through number of capsules/plant, seed weight/plant, 

number of capsules/plant and husk weight/plant resulting in negative or very poor correlation 

with oil content. The direct negative effect on oil content was noticed for day to 50% flowering 

(-0.46; -0.38), number of capsules/plant (-0.45; -0.33) and number of seeds/capsule (-0.14; -0.26) 

as these traits also had negative and significant correlation with oil content. The test weight had 

negative direct effect on oil content but it had positive correlation which was due to positive 

indirect effect of days to 50% flowering, number of capsules/plant, number of seeds/capsules and 

capsule weight/plant.  
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Table 4. Estimates of genotypic correlation coefficients among various traits in linseed 

Traitsa  year PH BP CP CWP SWP HW TW SPC OC 

DOF I  0.64** 0.28**   -0.03 -0.07 -0.16 0.08 -0.27***  0.09 -0.35** 

 

II 0.64** 0.17*  -0.06 -0.18*  -0.20 0.01 -0.28***  0.03 -0.36** 

PH I  

 

0.28** -0.27**   -0.33** -0.37 -0.14 -0.11 0.06 -0.09 

 

II 

 

0.19* -0.12 -0.24**  -0.26 0.01 -0.17*  0.27** -0.33** 

BP I  

  

0.32** 0.06 -0.00 0.13 -0.19 -0.04 0.02 

 

II 

  

0.39** 0.04 0.06 -0.08 -0.11 -0.15 0.07 

CP I  

   

0.74** 0.66 0.59** -0.14 -0.06 -0.19* 

 

II 

   

0.56**  0.55 0.20* -0.05 -0.09 -0.11 

CWP I  

    

0.90** 0.77** 0.31** 0.01 -0.01 

 

II 

    

0.97** 0.44** 0.42** -0.07 0.01 

SWP I 

    

 0.43 0.32 -0.05 0.02 

 

II 

    

 0.23 0.43 -0.04 0.06 

HW I  

    

 

 

0.18* 0.06 -0.02 

 

II 

    

 

 

0.10 -0.16 -0.20 

TW I  

    

 

  

-0.19* 0.23** 

 

II 

    

 

  

-0.36** 0.16* 

SPC I  

    

 

   

-0.16* 

 

II 

    

 

   

-0.25** 

a= the abbreviation of traits are as per given under material and method,*, ** = significant at 5% and 1% respectively 

 

Table 5. Estimates of path coefficient for various quantitative traits in linseed 

*, ** = significant at 5% and 1% respectively; a= the abbreviation of traits are as per given under material and method; 

Diagonal and bold value are direct effect; r2= genotypic correlation coefficient 

Traitsa  year PH BP CP CWP SWP HW TW SPC OC r2 

DOF I  -0.46 0.07 0.05 0.01 0.48 -0.78 0.29 0.01 -0.02 -0.35** 

 

II -0.38 -0.02 0.03 0.02 -2.86 2.88 -0.07 0.04 -0.01 -0.36** 

PH I  -0.28 0.12 0.04 0.11 1.97 -1.66 -0.39 0.00 0.00 -0.09 

 

II -0.24 -0.03 0.03 0.04 -3.76 3.70 -0.02 0.02 -0.06 -0.33** 

BP I  -0.10 0.03 0.20 -0.13 -0.71 0.20 0.54 0.00 -0.01 0.02 

 

II -0.07 -0.01 0.16 -0.13 0.60 -0.88 0.34 0.02 0.04 0.07 

CP I  0.01 -0.03 0.06 -0.45 -5.17 3.41 1.96 0.00 0.01 -0.19* 

 

II 0.03 0.00 0.06 -0.33 8.66 -7.77 -0.79 0.01 0.02 -0.11 

CWP I  0.03 -0.03 0.02 0.31 7.47 -5.02 -2.72 -0.01 0.00 -0.01 

 

II 0.07 0.01 0.01 -0.19 15.49 -13.66 -1.67 -0.06 0.02 0.01 

SWP I 0.06 -0.03 0.01 -0.27 -6.56 5.72 1.09 -0.01 0.00 0.02 

 

II 0.08 0.01 0.01 -0.19 -9.14 10.20 -0.86 -0.06 0.01 0.06 

HW I  -0.03 -0.01 0.03 -0.23 -5.28 1.61 3.90 0.00 0.00 -0.02 

 

II -0.01 0.00 -0.01 -0.07 -6.83 2.90 3.79 -0.01 0.04 -0.20* 

TW I  0.12 -0.01 -0.02 0.05 -2.14 1.50 0.73 -0.02 0.03 0.23** 

 

II 0.11 0.00 -0.02 0.02 6.63 -6.14 -0.40 -0.14 0.10 0.16* 

SPC I  -0.05 0.00 0.01 0.02 -0.20 0.07 0.13 0.00 -0.14 -0.16* 

 

II -0.01 -0.01 -0.02 0.03 -1.23 0.56 0.63 0.05 -0.26 -0.25** 
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DISCUSSION 

Linseed has a long history of cultivation both for its fiber and seed oil. It is mainly 

grown for industrial applications for making paints, varnishes etc. The high omega 3 fatty acid 

makes it non suitable for edible oil however, few genotypes having lower omega 3 fatty acid 

have been developed for making it suitable for edible purpose. India ranks fifth in linseed 

production and Canada at top though area under cultivation is higher than Canada (FAO STAT, 

2013). The average yield of linseed in India was found to be much lower (435 kg/ha) as 

compared to the world average yield of linseed (986 kg/ha). Very little work has been done in 

linseed towards its genetic improvement for yield and oil content in Indian context. The high 

yielding varieties from outside countries does not perform up to their potential in Indian 

condition. Therefore, it is need of time to explore the genetic pool of linseed and quantify the 

available variability and deploy suitable breeding strategies to develop new and high yielding 

linseed varieties. The assessment of genetic variability and genetic relationship among the major 

morphological and yield related traits pave the first step for any breeding program. Therefore, we 

have evaluated 58 potential genotypes for two consecutive years for variability and correlation 

studies. In general the phenotypic variances and genotypic variances were found to be 

comparable for all the traits in both the years indicated that all the traits were under the control of 

genotypic variance.  The 58 genotypes evaluated had an average pre-flowering period of 82-83 

days. There are 6 potential genotypes (GS-41, IC15888, LC-185, T-397, Padmini and Laxmi-27) 

which had 50% flowering of even less than 60 days consistently in both the years which could be 

exploited for developing early flowering and maturing varieties and thus reducing total crop 

cycle. The relative degree of genetic variation is best expressed as genotypic coefficient of 

variation (GCV). The higher GCV and PCV value for number of branches/plant, number of 

capsules/plant, husk weight/plant and seed weight/plant indicated the selection would be 

rewarding for these traits however, low values for oil content suggest that much improvement 

could not be achieved for oil content. High estimate of GCV for seed yield was also reported 

earlier (MIRZA et al., 2011; TADESSE et al., 2010). The PCV value for all the traits were higher 

than corresponding GCV with very low differences which indicates that these traits were slightly 

influenced by the environment and were mainly governed by the genetic factors (VARDHAN and 

RAO, 2012). The higher value of ECV for the traits number branches/plant, capsule weight/plant, 

seed weight/plant and husk weight/plant showed that environment had more influence on 

expression of these traits. Similar results were also reported in linseed (REDDY et al., 2013; 

TADESSE et al., 2010; TYAGI et al., 2014); in Papaver somniferum (YADAV et al., 2006), in 

Amaranthus tricolor (SHUKLA et al., 2006)  and in Rauwolfia serpentina (USMANI et al., 2014). 

The estimates of heritability help the plant breeder in selection of elite genotypes from 

diverse genetic population and decide to what extent improvement could be possible through 

selection (ROBINSON et al., 1949). Therefore, high heritability helps in effective selection for a 

particular character. The value of heritability for all the traits was recorded at higher side for all 

the traits except number of branches/plant and number of seeds/capsules. Similarly, REDDY et al. 

(2013) and AHMAD et al. (2014) also observed high heritability for plant height, days of 

flowering and seed weight/plant. High heritability with moderate genetic advance was reported 

for oil content in linseed (PALI and MEHTA, 2014). Contrary to the present investigation low 

estimate of heritability for oil content was reported by AHMAD et al. (2014). The high estimate of 

heritability for most of the traits suggest genetic control of the traits studied however, the total 

heritability was not partitioned into additive and non-additive component and due to which a 
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high heritability might be observed. Further, heritability estimates may differ widely in the same 

crop and same trait (HILL et al., 1998; RASMUSON, 2002) because heritability always refers to a 

defined population and specific experimental set up (HOLLAND et al., 2002).  

The utility of heritability estimates is increased when it is used to estimate genetic 

advance (GA) (JOHNSON et al., 1955a), which provides the information about the degree of gain 

in a character obtained under a particular selection pressure. Therefore, it has been emphasized 

that genetic advance should also be considered along with the estimate of heritability in coherent 

selection breeding program (JOHNSON et al., 1955a). The expected genetic advance is function of 

selection intensity, phenotypic variance and heritability. Thus the genetic advance has an added 

edge over heritability as a guiding factor to breeders in a selection program. The estimated of GA 

for number of capsules/plant, days to 50% flowering, capsule weight/plant, number of 

branches/plant suggests that the maximum improvement may be achieved for these traits since 

these had high heritability coupled with high GA. The GA for days to 50% flowering and 

number of capsules/plant were high because of large variation present in the materials for these 

traits. In further selection cycles the smaller values for GA are to be expected for these traits 

(BAYE and BECKER, 2005). High heritability coupled with high GA and GCV for the traits 

number of branches/plant, number of capsules/plant, days to 50% flowering, husk weight and 

plant height suggests that the traits are primarily controlled by additive gene action. In such cases 

a simple selection model would be advantageous to obtain the desired genetic gain. The trait oil 

content had high estimate of heritability but low GA and GCV suggest non-additive nature of 

inheritance and therefore, not substantial improvement could be expected for oil content through 

selection. 

The genotypic correlation of seed weight/plant with number of capsules/plant, capsule 

weight/plant and test weight indicated that indirect selection through these traits might be helpful 

in developing high yielding linseed varieties. However, the negative or very poor positive 

association of oil content with these traits suggests that only substantial improvement could be 

possible without compromising oil content. The positive and significant association among days 

to 50% flowering, plant height, number of branches/plant and number of capsules/plant indicated 

that early flowering, small stature plant with high number of branches and capsules developed in 

linseed.  Similar to the present finding BELETE et al. (2013) also reported a positive association 

of plant height with days of 50% flowering. Contrary, BIBI et al. (2013) find positive association 

of plant height with number of capsules/plant. IQBAL et al. (2013) also found number of capsule 

is positively correlated with number of branch per plant. In general, it has been observed that oil 

content is negatively associated with yield and related traits in oilseed crops. Similar to the 

present finding, negative association of oil content with yield and its related traits was also 

reported in oilseed crops such as Sunflower (GORGIEVA et al., 2015), Brassica (GANGAPUR et al., 

2009) and Soybean (HAGHI et al., 2012).   

The path analysis splits the correlation into direct and indirect effects via alternative 

characters and thus permits a critical examination of components that influence a given 

correlation and can be helpful in formulating an efficient selection strategy. This approach 

quantifies the relationship among variables based on a priori assumptions, which traits are to be 

included in analysis. Such assumptions are somewhat subjective but path coefficient may allow a 

better understanding of the interrelationships between traits than correlation with all possible 

combinations between all the traits. The path analysis revealed high direct effect of capsule 

weight/plant, seed weight/plant and husk weight/plant on oil content. However, these traits had 
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poor correlation due negative indirect effect by other traits. This indicates these traits could be 

considered for direct selection for oil content improvement in linseed.  

 

CONCLUSIONS 

The results of the present investigation indicate the presence of adequate genetic 

variability within and among the genotypes, which suggests scope for further genetic 

improvement in linseed for economic traits. The traits with high GCV, heritability and GA such 

as number of branches/plant, number of capsules/plant, and plant height might be important for 

selection in linseed breeding program. The genotypes IC-15888, T-397, RKY-14, Laxmi-27, 

Jawahar -17 and Padmini were found to be promising for developing early flowering, short 

height, high seed and oil yielding linseed plant by intermating among themselves and selection in 

subsequent generations.   
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Izvod 

Vršena su ispitivanja varjabinosti 59 genotipova lana (Linum usitatissimum L.) u dve uzatopne 

generacije. Značajna količina varjabilnosti je dobijena sa veoma niskim uticajem faktora spoljne 

sredine što ukazuje na konzistentnost osobina genotipova. Visoka naslednosti  GCV, PCV i GA 

je utvrđena za broj grana po biljci, broj kapsula po biljci, broj dana do 50 % do cvetanja i težine 

kapsula po biljci.  Sadržaj ulja je pokazivao visoku naslednost sa niskim genetičkim povećanjem 

ukazujući da je osobina pod kontrolom ne-aditivnih ic gena. Vršena je analiza korelacija 

ispitivanih osobina i utvrđeno da su broj grančica po biljci, broj kapsula po biljci, i visina biljke 

značajne za selekciju lana u programima oplemenjivanja.  
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