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ABSTRACT 

 
Present study was conducted on 9 advanced linseed genotypes (LS-9, LS-10, 
LS-21, LS-22, LS-23, LS-37, LS-38, LS-39, LS-42 (Linum usitatissimum L.) and a 
check variety Chandni for genetic evaluation at NARC, Islamabad, Pakistan 
under Oilseeds Research Programme. These genotypes were sown in RCBD 
with three replications during rabi 2011-12 at research area. At maturity stage 
data of ten different yield and its related parameters were recorded. Genetic 
variability, heritability and genetic advance indicated that genotypic mean 
squares were highly significant for all the traits. Phenotypic variance was 
greater than genotypic variance that indicates influence of environment on the 
traits under study. Heritability estimate values ranged from 0.51% for oil 
content to 0.99% for days to flower initiation. Heritability estimates for different 
characters were found maximum (0.99) for days to flower initiation followed by 
days to maturity (0.96), 1000 seed weight (0.96), seed yield/plot (0.94) and days 
to flower completion (0.92). High heritability estimates indicated that 
improvement could be made through selection. Maximum relative expected 
genetic advance was recorded for seed yield/plot (22.75%) followed by number 
of primary branches/plant (20.10%). Genetic advance as percent of mean was 
calculated highest (22.75) for seed yield/plot followed by number of primary 
branches/plant (20.10) and number of capsules/plant (17.39).  

 
 KEYWORDS: Linum usitatissimum; genotypes; genetic variability; heritability; 

genetic advance; agronomic characters; Pakistan.  
 

INTRODUCTION 
 
Linseed (Linum usitatissimum L.) belongs to family Linaceae. The family 
have about 14 genera and over 200 species, which are widely spread in sub-
tropical and temperate areas of the world (19). Out of these only Linum 
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usitatissimum is cultivated both for oil and fibre. All other species in this 
genus are wild and are less important economically. It is considered that 
linseed is originated from India, from where it spreads throughout the world 
and probably to Ethiopia also (21).  Ethiopia is being considered as the 
secondary centre of diversity for linseed and is 5th major producer of this 
crop after Canada, China, United States and India (20). Almost all the linseed 
cultivars have been developed by crossing within linseed gene pool of Linum 
usitatissimum (12). 
 
Linseed is important due to its oils composition having 51.9 to 55.2% omega-
3 fatty acid (α-linoleinic acids) used in lowering cholesterol level and is better 
for cardiovascular diseases (14, 16). Linseed cake is a better quality 
supplement for the cattle due to its excellent palatability. Seed cake contains 
3% oil and 36% protein and serves as nutritious feed for cattle. It is also a 
good source of calcium (170 mg/100g), phosphorus (370 mg/100g), 
potassium, manganese (14).  
 
In Pakistan average yield of linseed is very low although the crop is cultivated 
in irrigated areas of Sind and Punjab provinces. During the year 2008-09 it 
was grown on an area of 5432 hectares with total production of 3656 
thousand kg and average yield of 673 kg per hectare (2). 
 
Success of any genetic programme lies in exploiting the genetic variability. 
Pyramiding of favourable genes to develop the crop plant similar to our 
ideotype is an uphill task. Segregating pattern of yield and yield contributing 
characters is highly vulnerable to environmental conditions. Genetic analysis 
for these traits is not possible through Mendelian methods. For such 
circumstances, genetic variability and heritability are very much important 
and useful way for selection. The partitioning of overall variance into its 
components (genetic and non-genetic) is also necessary for effective 
breeding approaches. Genetic variability tells us how much variation prevails 
in our existing germplasm and the heritability provides us how much traits are 
transmitted from parents to offspring. By these parameters we can be able to 
evaluate the genotypic and environmental effects to achieve better selection. 
Through estimates of heritability we can also be able to calculate the genetic 
advance, because without genetic advance the heritability is not much 
effective approach for selection (17, 8). The researchers have also evaluated 
linseed germplasm based on these genetic parameters (15, 20, 22). The 
present study was conducted to evaluate linseed genotypes for their yield 
and yield contributing parameters. The other objective was to accumulate 
knowledge of this crop and to generate the selection strategies to enhance 
yield.  
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MATERIALS AND METHODS 
 

The experiment was conducted on nine advanced linseed genotypes (LS-9, 
LS-10, LS-21, LS-22, LS-23, LS-37, LS-38, LS-39, LS-42) and a check 
variety Chandni for genetic evaluation. These genotypes and check variety 
were sown in RCBD with three replications during rabi 2011-12 at research 
area of National Agricultural Research Centre (NARC) under Oilseeds 
Research Programme, Islamabad, Pakistan. Experimental unit comprised 
four rows of 5 meters length with row-to-row distance of 45cm and plant-to-
plant distance of 10cm. At maturity stage, the data of ten different yield and 
its related parameters including days to flower initiation, days to flower 
completion, days to maturity, plant height (cm), number of primary branches 
per plant, number of capsules per plant, 1000 seed weight (g), seed yield per 
plot (g) and oil content (%) were recorded.  The data was subjected to 
formulas for analysis of variance (18). Genotypic and phenotypic variance 
estimates were calculated following Kwon and Torrie (10). Phenotypic and 
genotypic coefficient of variation and broad sense heritability were estimated 
by following formula (4). 
 

GCV (%) = ( ) x100 

Heritability (h2
bs) = ( ) x100 

 
Genetic advance was estimated by using following formula (7). 
 

Genetic advance (GA) = h2
bs x k x бp 

 
RESULTS AND DISCUSSION 

 
Analysis of variance showed significant differences (P<0.01) among 
genotypes studied for all traits (Table 1). Coefficient of variation for studied 
traits ranged from 0.39 to 4.70 % (6). Mean performance, range and 
coefficient of variation of genotypes studied are given in Table 2. Mean for 
days to flower initiation was found 126.5 days, while range for this trait was 
114.7-140.7days. Results indicated that there is great variation (26 days) for 
this trait and earliness can be created by selecting best genotype that will 
ultimately lead to early maturity. For days to flower initiation LS-9 showed 
earlier flowering (114.07 days) followed by LS-23 (116.67 days) and Chandni 
(118.33 days). While LS-21 took maximum days (140.67) to initiate flowering 
followed by LS-42 (132.33 days).  Mean value for days to flower completion 
was 163.6. The days for flower completion range from 159.7 to 168.0 and 
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coefficient for days to flower completion was 0.39 %. Minimum days (159.67) 
taken to complete flowering were observed in LS-42 followed by LS-37 (162 
days) to complete flowering. Maximum days (168) were taken for flower 
completion by LS-21 followed by LS-23 (165 days). 
 
Mean value for days to maturity was observed 184.1 days with a range of 
178.3-196.3 days. Minimum days (178.33) were taken by LS-38 followed by 
LS-42 (180) and LS-39 (181). The mean value for plant height was 99 cm, 
with a range of 84.3-106.7 cm. Minimum plant height (84.33 cm) was shown 
by LS-42 followed by LS-38 (94) and LS-39 (95.33 cm). Maximum plant 
height taped in LS-21(106.67), LS-23 (105) and LS-9 (103.33 cm). Mean 
value for number of primary branches per plant ranged from 4.2 to 5.93 
branches. Minimum primary branches (4.2) were observed in LS-38 as 
followed by LS-37 (4.27) and LS-23 (4.4). Maximum primary branches (5.93) 
were observed in LS-10 followed by LS-21 (5.8). 
 
Mean value for capsules per plant was 158.5 with a range of 132.3-190.0. 
Minimum capsules per plant was observed in LS-9 (132.33) and LS-42 
(132.33). Maximum capsules per plant (190) was found in LS-37 followed by 
LS-39 (169) and LS-21 (166). Mean value for seeds per capsule was 8.5 with 
a range of 6.6-9.3. Minimum seeds per capsule (6.6) were observed in LS-
38, followed by LS-39, (8.07), while maximum number of seeds per capsul 
(9.27) were observed in LS-21, followed by LS-22 (9.07). 
 
Mean value for 1000 seed weight was 6.3g ranging from 5.9 to 6.7. Minimum 
1000 seed weight was found in LS-22 (6.11), LS-42 (6.16) and LS-23 (6.24g) 
while maximum in LS-39, (6.71), LS-9 (6.59) and LS-37 (6.38 g). Mean value 
for seed yield per plot was 1218.2g with a range of 886.3 to 1404.6g.  
Minimum seed yield per plot (886.27 g) was observed in LS-9 followed by LS-
42, (1010.97 g), while maximum seed yield per plot (1404.57 g) was found in 
LS-38 followed by LS-39 (1387.1g). Mean value for oil content (29.2%) was 
recorded with a range of 28.5 to 30.1%. Minimum value of oil content (28.5%) 
was observed in genotype LS-21 followed by LS-9 (28.53%), while maximum 
oil content (30.09%) was observed in LS-22 followed by LS-42, (29.85%). 
 
Genetic parameters 
 
Variance estimates: Estimates of genetic variance (δ2

g), phenotypic 
variance (δ2

p) and environmental variance (δ2
e) of different traits for ten 

linseed genotypes are given in Table 3. 
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The results indicated that phenotypic variances (б2
p) are somewhat greater 

than the genotypic variances (б2
g). This means that the traits under study 

were influenced more or less by the environment. Similar results were 
observed by previous scientists (9, 13). The traits which showed much 
difference between genotypic and phenotypic variance have maximum 
influence of environment on plant height (39.226) while its phenotypic 
variance (б2

p) was 51.99. Much difference was observed in plant height by 
the environment as compared to days to maturity (GV = 24.51, PV = 25.35) 
(Table 3). All the genetic variations are heritable and can be exploited in any 
breeding programme. Similar findings were also reported by Akbar et al. (1). 
 
The genotypic coefficients of variation (GCV in %) for days to flower initiation, 
days to flower completion, days to maturity, plant height, number of primary 
branches per plant, number of capsules per plant, number of seeds per 
capsule, 1000 seed weight, seed yield per plot and oil content were found to 
be 6.59, 1.31, 2.69, 6.33, 12.27, 10.55, 8.57, 3.48, 13.37 and 1.58 percent, 
respectively (Table 3). While phenotypic coefficients of variation (PCV%) for 
these traits were 6.63, 1.37, 2.73, 7.28, 13.14, 11.23, 9.01, 3.56, 13.79 and 
2.22, respectively. The PCV was slightly higher than GCV shows that 
characters studied were also influenced by the environment. These 
investigations were supported by the previous workers (11, 13, 1, 9). 
 
Heritability and genetic advance: Heritability is the only genetic parameter 
to predict direct and correlated response (5). Heritability values for the 
characters studied in our experiment ranges from 0.51 to 0.99 (Table 3). 
Heritability estimates for different characters were found maximum (0.99) for 
days to flower initiation which means that 99 % of genetic portion may be 
heritable from parents to offspring. Heritability value for days to maturity was 
found 0.97 followed by 1000 seed weight (0.96), seed yield per plot (0.94), 
days to flower completion (0.92) (9, 3). Minimum heritability estimates (0.51) 
were found in percent oil contents which means that effect of environmental 
conditions is more on oil contents as compared to other traits. Parameters 
like days to flower initiation, days to maturity, seed yield per plot and 1000 
seed weight have maximum heritability in broad sense (h2

bs). These 
characters are the chief components towards crop improvement strategies 
(11). Maximum characters showed more than 90% heritability which is useful 
for selection strategies. Similar results were also presented by Mubashir et al. 
(9). 
 
It was suggested by Johnson et al. (7) that high heritability coupled with 
genetic  advance in  the anticipation of  phenotypic expression of  a character  
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as compared to estimates of heritability alone. Maximum genetic advance 
(277.10 g) was observed in seed yield per plot. While the minimum estimates 
of genetic advance (0.38 g) were calculated for 1000 seed weight followed by 
oil content (0.58), primary branches per plant (0.98) and number of seeds per 
capsule (1.21). Similar results were reported by Kumar et al. (11). Genetic 
advance as percent of mean was calculated highest (22.75%) for seed yield 
per plot followed by number of primary branches per plant (20.10), number of 
capsules per plant and number of seeds per capsule (14.32). Minimum 
genetic advance as percent of mean (1.97) was observed for oil content 
(17.39) days to flower completion (2.21%) followed by days to maturity (4.64). 
These results were supported by Mirza et al. (14) and Tadesse et al. (19).  
 

CONCLUSION 
 

Results revealed that seed yield per plot, number of primary branches per 
plant, number of capsules per plant and number of seeds per capsule 
showed high and significant estimates of heritability as 0.94, 0.87, 0.88 and 
0.91, respectively coupled with high estimates of genetic advance with 
percent of mean as 22.75, 20.10, 17.39 and 14.32, respectively for the above 
characters. It is concluded from the above results that these traits are 
predominantly under additive type of gene action (1, 14, 11). These 
characters may be subjected to different selection schemes for exploiting 
additive gene action to produce widely adopted genotypes. 
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Table 1. Mean square values of yield and yield contributing traits in some linseed genotypes. 

 
SOV DFI DFC DM PH PBP-1 CPL-1 SCP-1 TSW SYPl-1 OC 

Genotype  02.6** 35.31** 8.39** 10.22** 21.42** 23.51** 30.02**  3.88 **  .87*  35.26 ** 
Replication  4.96 *  1.72 NS .11 NS  1.57 NS  2.79 NS  1.19 NS  0.01 NS  2.78 NS  20 NS 1.98 NS 
Error 0.48 0.367 0.53 2.063 0.132 3.523 0.135 249.666 1.034 30.119 

 
 

Table 2. Mean comparison values for different agronomic traits in selected linseed genotypes in rabi 2011-12. 
 

Geno-
types 

DFI DFC DM PH PBP-1 CPL-1 SCP-1 TSW SYPl-1 OC 

LS-9 114.7h 163.3cd 184c 103abc 4.8c 132.3e 8.4de 6.57b 886.3f 28.5de 
LS-10 121.3e 164.7b 186b 102abc 5.93a 159.6cd 8.67bcd 6.31cd 1216.5c 29.9bcde 
LS-21 140.7a 168a 196.3a 106.6a 5.8a 166bc 9.27a 6.27d 1253.6c 28.5e 
LS-22 130cd 163cde 182.3cd 102abc 4.6cd 162cd 9.07ab 6.11e 1256.7c 30.1a 
LS-23 116.7g 165b 184c 105ab 4.4cd 152.7d 8.67bcd 6.24d 1276.9bc 28.8cde 
LS-37 131.7b 162e 182.7c 97.7cd 4.27d 190a 8.6cd 6.38c 1344.3ab 29.2bcde 
LS-38 131bc 162.3de 178.3f 94d 4.2d 165bc 6.6f 5.94f 1404.5a 29.4bcd 
LS-39 128.7d 164bc 181de 95.3d 5.2b 169b 8.07e 6.71a 1387.1a 29.0bcde 
LS-42 132.3b 159.7f 180e 84.3e 4.53cd 132.3e 8.87abc 6.16e 1010.9e 29.9ab 
Chandni 118.3f 164bc 186.3b 99bcd 4.73c 155.7cd 8.6cd 6.38c 1145.6bc 29.6abc 

DFI = days to flower initiation, DFC = days to flower completion, DM = days to maturity, PH = plant height, PBP-1 = 
number of primary branches/plant, CPL-1 = number of capsule per plant, SCP-1 = number of seeds per capsule, TSW = 
1000 seed weight, SYPl-1 = seed yield per plot and OC = oil content. 
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Table 3. Heritability and genetic advance estimates for evaluated characters in 10 different linseed genotypes. 
 

Traits б2
g б2

e б2
p GCV (%) PCV (%) h2 (bs) GA R(%) 

DFI 69.626 0.693 70.32 6.59 6.63 0.99 14.57 11.52 
DFC 4.626 0.404 5.03 1.31 1.37 0.92 3.62 2.21 
D.M 24.511 0.841 25.35 2.69 2.73 0.97 8.54 4.64 
P.H 39.226 12.767 51.99 6.33 7.28 0.75 9.55 9.64 
PBP-1 0.354 0.052 0.41 12.27 13.14 0.87 0.98 20.10 
C P-1 279.374 37.226 316.60 10.55 11.23 0.88 27.56 17.39 
S CP-1 0.529 0.055 0.58 8.57 9.01 0.91 1.21 14.32 
TSW 0.048 0.002 0.05 3.48 3.56 0.96 0.38 5.99 
SYPl-1 26517.66 1689.69 28207.35 13.37 13.79 0.94 277.10 22.75 
OC 0.213 0.208 0.42 1.58 2.22 0.51 0.58 1.97 

б2
g = Genotypic variance, б2

e = Phenotypic variance, б2
p = Environmental variance, GCV = Genotypic coefficient of 

variation, PCV = Phenotypic coefficient of variation, h2
(bs ) = Heritability in broad sense, GA = Expected genetic advance,  

R = Relative expected genetic advance. 

 
 


