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Abstract: Stability performance of 30 linseed genotypes including commercial cultivars and elite lines (indigenous
and exotic) was compared by using regression on environmental means for grain yield and its components under 5
different environments during rabi 2013-2014. Significant differences were observed among the genotypes for all the
traits studied over all 5 individual environments. Genotype x environment interactions were highly significant for all
the characters studied. E + (G x E) was significant for all the characters except the number of seeds per capsule.
Mean sum of squares for environment (linear) showed significance for all the characters. Significant differences for
G x E (linear) were observed for 5 traits viz., primary branches per plant, secondary branches per plant, aerial bio-
mass yield per plant, seed yield per plant and 1000-seed weight. Based on mean performance, regression coeffi-
cient (bi) and deviation from regression (S?di) the genotype Him Alsi-2, KL-241 and Nagarkot was highly stable for
seed yield (g) and number of capsules per plant was found most adaptive to overall environments. These promising

genotypes may be utilized as donors in linseed improvement program for target ecosystems.
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INTRODUCTION

Linseed (Linum usitatissimum L.) commonly known as
Alsi, is a multipurpose rabi oilseed crop, cultivated for
oil and fibre, which belongs to the family Linaceae
having 14 genera. It has somatic chromosome number
2n = 30. Despite huge benefits of linseed, it is grown
only in 24.86 lakh ha of area in the world with annual
production and productivity of 20.55 lakh tonnes and
827 kg/ha, respectively. While, in India linseed pro-
duction being 1.49 lakh tonnes from 2.96 lakh ha area
with productivity of 502 kg/ha. India ranks second in
terms of area after Canada, but third in terms of pro-
duction after Canada and China, contributing about
14.89 per cent to world acreage and about 6.56 per
cent to world production. The area under linseed culti-
vation in Himachal Pradesh is 1.17 thousand ha and
production is 320 tonnes with an average yield of
270.0 kg/ha (Anonymous, 2014).

Linseed (Linum usitatissimum L.) is an important oil
seed crop in India. Every part of the plant is utilized
commercially either directly or after processing. Lin-
seed contains about 35-45% oil which is high in un-
saturated fatty acids, especially linolenic acid (Khan e?
al., 2010) and 20-25% protein (Gill, 1987; Fernald,
1950; Arora et al., 2003). The oil primarily goes to
industries for the manufacturing of paints, varnish, oil-
cloth, linoleum, pad-ink and printing-ink. Oilcake is a
good feed for milch cattle. Fibre obtained from stem is

known for its strength, durability and even superior to
cotton, rayon or wool. It is used to produce strong
yarns such as sewing threads, linen fabrics, linen
threads and the coarser grades are used for the manu-
facturing of rough textile like blankets, carpets, cush-
ion covers, hand towel etc (Gill, 1987). Breeding culti-
vars that adapted reasonably larger geographical area
with varying degree of stability from year to year has
been a major problem confronting plant breeders. The
only effective control might be to reduce environments
by grouping them on the basis of their similar respons-
es and subsequently evaluating genotypes in repre-
sentative environments from each group (Compbell
and Lafever, 1977). Moreover, yield levels are also not
sustainable and fluctuate year after year. This fluctua-
tion is because of many factors like growing of this
crop on marginal lands, non-availability of resistant/
tolerant varieties for biotic and abiotic stresses for dif-
ferent ecological conditions. Under such a situation, it
becomes, imperative to identify some already released
varieties which can show a steady performance under
different agro climatic conditions i.e. growing in dif-
ferent environments with respect to time and place.
Keeping, this in view, the present investigation was
carried out in 5 varying environments and 30 geno-
types were studied to test the stability of the improved
varieties over the environments through genotype x
environment interaction and to identify high yielding
and stable varieties for stable production in linseed.
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MATERIALS AND METHODS

Experimental site: The experiments were conducted
at 5 different locations under varying agroclimatic con-
ditions viz., Palampur (two different sowings i.e 7"
October, 2013, E;; and 19™ November, 2013, E,), Ma-
lan (Es), Kangra (E,) and Dhaulakuan (Es) in Himachal
Pradesh during rabi 2013-14. The material used for
present study consisted of 30 varieties of linseed,
(Table 1) which were evaluated for their stability under
varying environmental conditions. The experiment was
laid out in randomized block design with 3 replications
having plot size of 1m x 0.75m. Row to row and plant
to plant distance was kept at 25cmx 10 cm.

Recording of observation: The data were recorded
for 12 characters to evaluate the stability of genotypes
(Table 2). For days to 50 per cent flowering and days
to maturity data was recorded on plot basis while, the
data for rest of the morphological traits were recorded
on randomly selected 5 competitive plants in the mid-
dle 3 rows of each plot in all 3 replications. The rec-
ommended package of practices was followed to raise
a good crop. The mean values of 5 sampled plants for
all characters, except for characters days to 50 per cent
flowering and days to maturity for which data recorded
on whole plot basis, were used for detailed statistical
analysis. Harvest index in percent was calculated by
dividing the grain yield per plant in grams by the bio-
logical yield per plant in grams.

Methodology for oil extraction: Biochemical analysis
was done using NMR for oil content analysis. The
NMR method is indirect, non-destructive, which helps
in the rapid analysis of oil content of linseed cultivars
in a breeding program The NMR technique measures
the resonance energy absorbed by hydrogen atoms in
the liquid state of the sample; NMR methods give very
accurate and precise results. Oil content analysis was
done using NMR according to Tiwari et al. (1974).
Statistical analysis: In statistical analysis the data
were subjected to analysis of variance (ANOVA). Cal-
culations of ANOVA can be characterized as compu-

Table 1. List of 30 germplasm accessions.

ting a number of means and variances, dividing two
variances and comparing the ratio to a handbook value
to determine statistical significance. Calculating a
treatment effect is then trivial, "the effect of any treat-
ment is estimated by taking the difference between the
mean of the observations which receive the treatment
and the general mean. Differences within and between
treatments and their significance is best explained in the
procedure suggested by Panse and Sukhatme (1984).

A number of statistical procedures are available for
analyzing the information gathered from the trials es-
tablished in different environments. The most widely
used method for identifying high yielding and stable
genotypes, is the linear regression approach. Eberhart
and Russell (1996) used this approach along with devi-
ation from the regression line (S?di) as another stability
parameter. In general, the regression models partition
the overall response pattern into yield performance and
stability. The genotype-environment interaction and
stability parameters were estimated as per the model of
Eberhart and Russell (1996). A genotype with regres-
sion coefficient of unity (bi=1) and the deviation not
significantly different from zero (S°di=0) was taken to
be stable genotype with high mean response.. The sta-
tistical analysis was done with the help of software
windostat version 9.1.

RESULTS AND DISCUSSION

The analysis of variance on 12 characters was carried
out individually for each environment as well as
pooled over the 5 environments. Analysis of variance
revealed significant differences amongst the genotypes
for all the observed characters in each of 5 environ-
ments. G x E interaction variance was significant for
all the observed characters. Variance due to genotypes
and environments was also significant for all the ob-
served characters. These results indicated the presence
of substantial amount of genotype x environment inter-
action.

Stability analysis was carried out as per Eberhart and

S.No. Genotype Source/Pedigree S.No.  Genotype Source/Pedigree
1 Himalini K2 x Kangra Local 16 Mariena Exotic collection
2 Janaki Palampur 17 Ariane Exotic collection
3 Jeewan Sumit x LC-216 18 Giza-5 Exotic collection
4 Surbhi LC-216 x LC-185 19 Giza-6 Exotic collection
5 Him Alsi-1 K2 x TLP-1 20 Giza-7 Exotic collection
6 Binwa Flak-1 x SPS 47/7-10-3 21 Giza-8 Exotic collection
7 Baner EC-21741 x LC-214 22 Faking Exotic collection
8 Bhagsu RL-50-3 x Surbhi 23 Aoyagi Exotic collection
9 KL-241 Giza-7 x KLS-1 24 Flak-1 Exotic collection
10 KL-257 LC-2323 x KLS-1 25 Canada Exotic collection
11 KL-263 KL-223 x KL-224 26 B-509 Exotic collection
12 Hearmies Exotic collection 27 Belinka-60 Exotic collection
13 Nataja Exotic collection 28 Nagarkot New River x LC-216
14 Viking Exotic collection 29 Him Alsi-2 EC-21741 x LC-216
15 Rejeena Exotic collection 30 Himani DPL-20 x KLS-1
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Table 2. List of characters with their units for data recording.

Sr. . Recording of
No Characters Units Observa tigo ns
1 Days to 50% Number of Plot basis
flowering days
2 Days to maturi- Number of Plot basis
ty days
3 Primary Numbers Five plants
branches/plant
4 Secondary Numbers Five plants
branches/plant
5 Plant height Centime- Five plants
tres
6 Aerial bio- Gram Five plants
mass/plant
7 Seeds/capsule Numbers Five plants
8 Capsules/plant ~ Numbers Five plants
9 Seed yield/ Gram Five plants
plant
10 Harvest index Percentage Five plants
11 1000-seed Gram Five plants
weight
12 Oil content Percentage Five plants

Russell (1966) model for all the observed characters in
order to verify presence of variance due to components
of G x E interaction (Table 3). The genotype x envi-
ronment interaction was present and it was highly sig-
nificant for all the 12 characters studied. Similar find-
ing have been reported by Yadav et al. (2000) and Rai
et al. (1989). As the environment selected in the pre-
sent study were different agro climatic conditions
(Palampur, Malan, Kangra and Dhaulakuan), which
shows variation in terms of average temperature, hu-
midity and rainfall (Fig 1-3). The presence of signifi-
cant G x E for the observed characters indicates the
relevance of stability analysis.

Environmental index (Ij) directly reflects the poor or
rich environment in terms of negative and positive
index, respectively. In the present findings (Table &)
mean values over genotypes were generally lower at
Palampur (late sowing) location as compared to
Dhaulakuan location for the characters, days to 50 per
cent flowering, days to maturity, plant height, primary
branches per plant, secondary branches per plant, cap-
sules per plant, aerial biomass per plant, seed yield per
plant. Similarly, range was wider at Dhaulakuan loca-
tion in comparison to Palampur (timely sown) location
for the above characters and reverse trend in range was
observed for 1000-seed weight and oil content percent-
age. Malan location had wider range value for seeds
per capsule and harvest index percentage. The results
indicate that the Dhaulakuan location was relatively
better suited for the characters, viz., days to 50 per cent
flowering, days to maturity, plant height, primary
branches per plant, secondary branches per plant, cap-
sules per plant, aerial biomass per plant, seed yield per
plant. While, Palampur (timely sown) location was
better suited for expression of 1000-seed weight and oil
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Table 3. Combined analysis for variance of different characters over environments in linseed.

Mean sum of squares

Pooled
error

Pooled De-
viation (non
-linear)

G xE
(linear)

Environment
(linear)

i +
Environments G xE Env1r0n>:1;:ents G

Genotypes

Characters

Sr.No.

290

90

29

120

116

29

d.f

Days to 50% flowering
Days to maturity

0.93
1.41
0.04
0.02
4.31
0.06
0.04
1.19
0.01
2.01
0.02
0.10

12.96*

5.48*

4.68*

7418.69*+

75.90*+

14.56*
13.74*
0.54*

1854.67*+
9804.55*+
14.50*+
2.41%+

23.43*%+
8.25%

1

7.17*

39218.19%+

57.99*+
9.64%+

340.10*+
1.01*%+
0.18*+

0.41*

0.87*+
0.22%+
27.75%
0.20*+
0.14*

0.93*+
1.88%*+

Primary branches/plant

3

0.07*

0.11*

Secondary branches/plant

Plant height (cm)

21.53*
0.09*

23383.89*+

64.71*+
5.31%+

217.76%+
0.67*+
0.23*

23.69*
0.13*

5845.97*+
16.18%+

1.33*%+

233.09*+
0.08*+
0.31*+

5

Aerial biomass/plant (g)

Seeds/capsule

0.13*

0.19*

7
8
9

15.68*
0.05%

3.75%

724.66*+
6.66%+

20.81%+
0.07*+
9.15%+
1.21%+
2.32%+

181.17*+ 2.87*

1.66%+

24.32%+
0.19*+

Capsules/plant

0.08*+
3.66%

0.01*

Seed yield/plant (g)
Harvest index (%)

6.45%

27.56%+ 3.34% 110.23*+
70.47*+

42 .87%+
4.01%+

10

11

0.36*

1.44%+

1.77*
0.05); G x E Genotype x environment interaction

0.64%*

17.62%+

1000-seed weight (g)

1.25%

112.77*+

1.42%*

28.19*+

8.63*+
0.05); *"Significant against deviation from regression i.e., Pooled deviation and Pooled error (P

Oil content (%)
* Significant against Pooled error (P
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Stable yield attributes

Days to 50% flowering, oil content
Aerial biomass yield/plant

Days to maturity, oil content
Secondary branches/plant

Oil content

1.34
1.48
1.72
1.48
1.32

Table 7. Most widely adapted genotypes identified on the basis of seed yield per plant along with their stability for component traits in linseed.
Seed yield/ plant (g)

Genotypes
Him Alsi-1

Binwa

Himalini
Surbhi
Baner

Devender Sharma and Satish Paul/ J. Appl. & Nat. Sci. 8 (4): 2040-2048 (2016)

content percentage and Malan location was better suited
for seeds per capsule and harvest index percentage.
Analysis of variance for stability indicated significant
differences among the genotypes for all 12 characters
observed, indicating the diversity in the selected geno-
types. Significantly differences was observed among
the environments too, hence significant effect of envi-
ronment was there in the expression of the traits. Gen-
otype X environment interaction was significant for all
the traits studied indicating that the genotypes are var-
ying over the environments due to G X E. The signifi-
cant G x E interaction has been reported for various
traits by Mishra and Rai (1993) and Yadav et al.
(2014), which confirm the finding of present investiga-
tion. G x E (linear) is also significant for 5 traits viz.,
primary branches per plant, secondary branches per
plant, aerial biomass per plant, seed yield per plant and
1000-seed weight show substantial amount of predicta-
ble G x E interaction. Hence, we can predict the per-
formance of genotypes over wide range of environ-
ments for these traits. Significant G X E (linear) for
different traits has been reported by Yadav et al
(2014); Vishnuvardhan and Rao (2014).

All the 12 traits were having high significant pooled
deviation which indicated that entire amount of G x E
was unpredictable. Significant deviation from regres-
sion has been reported earlier also by Yadav and Ram
Krishna (2000). (G x E)+E component was not signifi-
cant for seeds per capsule. However, in the present
study genotypes were tested for 3 parameters of stabil-
ity for all the observed characters.

The stability parameters of 30 genotypes for 12 traits
have been given in the Table (4-6). According to Eber-
hart and Russell (1966) a stable genotype is one which
shows (i) a high mean yield (ii) a regression co-
efficient equal to unity (bi=1), and (iii) a mean square
deviation from regression equal to zero (Sdi). The
linear regression (bi) is treated as a measure of re-
sponse of a particular genotype, whereas deviation
from the regression line (S*di) is considered as a meas-
ure of stability. Accordingly, the genotypes with least
or non significant deviation are regarded as most stable
and vice-versa. Out of 30 genotypes, the genotypes KL
-241, Him Alsi-2 and Nagarkot were identified to be
high yielding and stable genotypes as they possess
high mean performance with unit regression and non
linear deviation from regression. Thus, these 3 geno-
types were suitable for all the 5 environments viz.,
Palampur (timely and late sown), Malan, Kangra and
Dhaulakuan of different agro climatic situation of Hi-
machal Pradesh. Stability of the genotypes for various
traits on the basis of 3 parameters has earlier been report-
ed by Yadav er al. (2000), Vishnuvardhan and Rao
(2014) which confirm the present findings where various
genotypes are showing stability for 1 or more characters.
Genotype KL-241 besides having stable and high per-
formance for seed yield per plant (g), also having supe-

Primary branches/plant, plant height, capsules/plant, seed/capsule, aerial biomass yield/plant, seed yield/plant

Primary branches/plant, secondary branches/plant, capsules/plant, seed yield/plant, harvest index

Secondary branches/plant

1000-seed weight
Capsules/plant, aerial biomass yield/plant, seed yield/plant, harvest index, oil content

Plant height, technical height, aerial biomass yield/plant

Plant height, aerial biomass yield/plant

Aerial biomass yield/plant
Plant height, aerial biomass/plant

Oil content
Aerial biomass yield/plant

1000-seed weight
Plant height

1000-seed weight
1000-seed weight

1.75
1.51
1.49
1.22
1.22
1.41
1.35
1.34
1.38
1.30
1.31
1.41
1.34
1.87
1.87

KL-263
Hearmies
Nataja
Rajeena
Ariane
Giza-5
Giza-6
Giza-8
Faking
Flak-1
Canada
Nagarkot
Him Alsi-2

KL-257

KL-241
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Table 8. Mean performance over environments and estimates of environmental indices in different environments as deviation

from grand mean.

Character Mean + S.E.(m) Environment
E, E, E; E, Es
Days to 50% flowering 12270+ 1.80 3.03 11.76 -0.96 -5.60 -8.22
Days to maturity 17080 + 1.17 16.43 14.98 4.82 -9.96 -26.28
Primary branches/plant 5.44 + 032 -0.05 -0.91 -0.33 0.38 0.92
Secondary branches/plant 3.89 + 0.13 0.06 -0.47 -0.01 0.13 0.29
Plant height (cm) 75.47 + 232 6.10 -23.05 1.32 1.20 14.42
Aerial biomass/plant (g) 4.84 + 0.15 0.03 -1.15 0.30 -0.04 0.86
Seeds/capsules 7.69 + 0.18 -0.06 -0.14 0.30 -0.23 0.13
Capsules/plant 31.96 + 198 -1.09 -2.69 1.56 -1.22 3.44
Seed yield/plant (g) 1.43 + 0.11 0.02 -0.39 0.14 0.01 0.22
Harvest index (%) 29.98 + 127 0.04 -1.05 0.84 1.04 -0.87
1000-seed weight (g) 6.04 + 030 1.18 0.05 0.14 -0.61 -0.75
Oil content (%)" 36.35 +  0.56 1.72 -0.53 -0.55 -0.41 -0.23

E; . Palampur-I (1" sowing); E,: Palampur-II (2nd sowing); E; :Malan; E4. Kangra; Es. Dhaulakuan.

Temperature variation (°C)

Fig. 1.
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Fig. (1-3). Environmental (Temperature, relative humidity
and rainfall) variations across the locations.
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rior performance for primary branches per plant, sec-
ondary branches per plant, capsules per plant and har-
vest index. Likewise, Nagarkot having stable and supe-
rior performance for capsules per plant, aerial biomass
yield per plant (g), straw yield per plant (g), harvest
index and oil content in addition to seed yield per plant
(g). Genotype Him Alsi-2 also had stable and high
performance for primary branches per plant, plant
height, capsules per plant, seeds per capsule, aerial
biomass yield per plant (g) along with seed yield per
plant (g). These genotypes identified on the basis of
seed yield per plant were also stable for other yield
contributing traits (Table 7) and could be utilized for
all the environments to achieve higher and stable yield.
Yadav et al. (2014) had also concluded from their
study in linseed that stability for seed yield is associat-
ed with stability for yield components viz; numbers of
capsules per plant, numbers of seeds per capsule and
1000-seed weight.

Giza-5 had low deviation from linearity (S*di) but re-
gression coefficient less than unity for 1000-seed
weight, therefore suitable for poor environmental con-
ditions and least sensitive to environmental conditions.
In favourable environment the performance of such
genotype may fail to respond even moderately. Surbhi,
Him Alsi-1, Him Alsi-2 and Binwa for secondary
branches per plant and genotype Mariena for aerial
biomass yield per plant (g), showed the regression co-
efficient >1 with low deviation from linearity (S*di).
Hence these genotypes are suitable for rich environ-
mental conditions with respect to these traits. Under
the poor environments may not perform better.

Conclusion

In conclusion, this study showed the presence and the
type of GE interactions among the 30 linseed geno-
types and their yield components. High-yielding geno-
types with broad adaptation and some genotypes with
specific adaptation were identified. Three genotypes,
viz., KL-241, HimAlsi-2 and Nagarkot should be in-
cluded in any breeding programme where objective is
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really to develop high yielding stable genotypes over
environments. Moreover, based on the results of pre-
sent study it is revealed that in segregating generation
of such crosses including these parents, direct selection
for 1000-seed weight, number of tillers/plant along
with simultaneous selection for number of branches/
plant, number of capsules/plant will be responsive for
improvement of seed yield/plant. The genotypes stable
over environments can be used successfully for devel-
oping stable strains having wider adaptability in the
future breeding programme.
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