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Abstract

The research was carried out using generation mean analysis derived from crosses of TL-11 x Him Alsi-2,
Turkey x Binwa and TL-43 x Binwa at two locations i.e. E1 and E2. Out of the three crosses, TL -11 x Him
Alsi-2 was the best cross in both the locations. This cross invariably has given 2-3 times higher yield than the
remaining crosses. Therefore, the results obtained in the present investigation with respect to the above best
cross for generation mean analysis suggested that both additive and dominance gene effects were important for
most of the traits but dominance was predominant as compared to additive effects. Duplicate type of gene action
was observed in the expression of days to 50 per cent flowering, seed yield per plant, plant height, technical
height and fibre traits in E2 for the above cross which implies the use of biparental approach and selection to be
deferred to later generations. Complimentary type of gene action was observed for biological yield per plant,
seed yield per plant which implies the use of biparental approach and early generation selection. Therefore, it
appears worthwhile to go for biparental matings or few cycles of recurrent selection for the accumulation of
favourable genes for seed yield and its components in linseed. Different breeding strategy for crosswise as well
as location wise is suggested because gene action was different in two locations.
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1. Introduction

Linseed (Linum usitatissimum L.) is generally cultivated for either seed production or for fibre production.
Linseed (2n = 30) is one of the first crops domesticated by man. Every part of the linseed plant is utilized
commercially either directly or after processing. Linseed is one of the important oilseed and fibre-yielding crops
of India. India is the third largest producer in the world. However, the average national productivity (403 Kg/ha)
is far below the world average (851 Kg/ha) due to non availability of high potential cultivars. The low
productivity of flax in India is also attributed to its cultivation in marginal and sub-marginal, rainfed soils, lack
of seed of improved varieties, meager or no application of fertilizers and it’s sowing in utera cultivation.
Nevertheless, due to narrow genetic base of the released varieties, concerted efforts are required to breed
varieties involving distant and exotic germplasm, preferably from main centres of diversity, to produce varieties
with higher level of productivity. Thus, creation of genetic variability involving diverse germplasm collections
for yield and its contributing characters is of utmost importance for effective selection. In the present
investigation, indigenous and exotic genotypes, diverse for yield and quality traits, have been used for the
generation of breeding material. Qualitative characters controlled by one or a few major genes are more readily
manipulated in a breeding programme as compared to quantitative traits controlled by many genes. Nevertheless,
the breeder is concerned mainly with quantitative characteristics which could be of use in both formulating and
performing the breeding programme. The inheritance of the characteristics chosen has a major influence on the
strategy employed for cultivar development. Though the goals of linseed breeding programs vary considerably
depending on the intended use, yet some traits considered important in most breeding program (Lay & Dybing,
1989) such as yield where genetic improvement for yield and its components are most difficult to achieve due to
the complex nature of their inheritance and influence of numerous environmental factors. The ability of the
parents to combine well depends on the complex interactions among the genes adaptation which cannot be
judged by mere yield performance and adaptation of the parents. Moreover, in a breeding programme an
objective judgment about a particular cross combination likely to produce transgressive segregants in self
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pollinating crops like linseed would mainly depend upon the precise estimates of various components of genetic
variances. An experimental method known as generation mean analysis (Anderson & Kempthorne, 1954; Jinks
& Jones, 1958; Hayman, 1958) provides the opportunity to detect the presence or absence of epistasis and
quantify them appropriately. In linseed, for formulating an efficient recombinant breeding programme, the
required information on the nature of gene action, especially on the extent and kind of non-allelic interactions
along with linkage among polygenes and gene dispersion in the parents of a cross with respect to yield and other
economic traits is limited (Jinks, 1983). Hence, the present investigation has been carried out to study the nature
of gene action for yield, fibre and quality traits in this crop.

2. Materials and Methods

The present investigation was carried out at the Experimental Farm of the Department of Crop Improvement,
CSK HPKV Palampur HP (India) (E1) and Shivalik Extension and Research centre Kangra HP (E2); and
offseason crossing work and generation advancement was done at High Altitude Extension and Research
Centre, Kukumseri, HP India.

2.1 Experimental Materials

The experimental materials for gene action studies comprised of five diverse parents to develop three cross
combinations. The parentage/source of these genotypes is given in Table 1.

Table 1. Parentage/ source of genotypes used

S.No. Genotypes Parentage / source
1 Turkey Exotic collection from Turkey
2 Binwa Flak-1 x SPS 47/7-10-3
3 TL-11 Kiran x Solin, BARC ,Trombay

4 Him Alsi-2 EC 21741 x LC216

5 TL-43 Exotic collection from BARC, Trombay

2.2 Layout of the Experiment

The experimental material comprising of different generations viz., Py, P, Fy, F,, BC,, BC, of three crosses
were evaluated in Compact Family Block Design with three replications, during rabi 2008-2009 at two
locations i.e Palampur (E1) and Kangra (E2). The row to row distance was 25 cm with plant to plant distance
of 5 cm apart. The non segregating generations (Parents and F;’s) were grown in single row of 2m length. The
segregating F, generations were grown in six rows and BC; & BC, were grown in four rows.

2.3 Recording of Observations

The observations were recorded on 10 randomly taken plants per entry and per replication in case of parents and
Fis, 30 in case of back crosses (BC;,BC,) and 50 plants in case of F, generation under both the sets of
environment under study. Data on the basis of randomly taken competitive plants were recorded on 10
morphological characters, viz., days to 50% flowering, days to maturity, plant height (cm), primary branches per
plant, secondary branches per plant, capsules per plant, seeds per capsule, biological yield per plant (g), seed
yield per plant (g), harvest index (%) and 6 fibre characters viz., technical height (cm), straw weight (g), retted
straw weight (g), line fibre (g), total fibre, percent fibre (%) and 3 quality parameters viz., 1000-seed weight
(g), oil content and protein content. Oil content of each genotype was determined by Nuclear Magnetic
Resonance (NMR) at Oilseed Section, Department of Plant Breeding, PAU, Ludhiana and Crude Protein
content (%) was determined by Macro Kjeldahl method (AOAC, 1970) at Oilseed Section, Department of
Plant Breeding, PAU, Ludhiana, India.

2.4 Biometrical Analysis

Estimation of Mather’s simple scaling test (1949), joint scaling test of Cavalli (1952) and estimation of genic
effects (Jinks & Jones, 1958) were carried out as per the procedure given in detail by Mather and Jinks (1982)
using SPAR1 programme (Doshi & Gupta, 1991) at Department of Crop Improvement, CSK HPKYV,
Palampur, India.
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2.5 Estimation of Genic Effects and Joint Scaling Test

Estimation of various genic effects and test of fitness of appropriate genetic model was done according to joint
scaling test of Cavalli (1952), as described in detail by Mather and Jinks (1982). Joint scaling test in general
consists of estimating various genetic parameters from means of available type of generations followed by the
comparison of observed generation means with the expected values, derived from the estimates of genetic
parameters (genic effects), using weighted least square technique, taking as goodness of fit of a particular model
was carried out by using weighted chi-square analysis. The observed and expected generation means were
compared by ¥* test with the degree of parameters (p) estimated. In the present study, the estimation of genic
effects and chi-square test of goodness of fit was carried out, using 3-parameters and 6 parameters models.

3. Results and Discussion

The nature and magnitude of genetic variation present in population is elucidated by genetic analysis of the
quantitative traits. The predominance of additive gene effects signifies the development of homozygous lines
while dominance gene effects are used for exploitation of hybrid vigour. The generation mean is the most
common tool employed for the estimation of gene effect and components of genetic variance (Hayman &
Mather, 1955).The additive and dominance gene effects along with epistatic interactions were estimated for yield
and its component traits in three crosses. In case of non-significance of scaling tests, the data of different traits,
were subjected to joint scaling test of Cavalli (1952). Non significant chi-square value indicated adequacy of
three parameter model, but in case of significant chi-square value, the analysis was further extended to the
epistatic model (six parameter model). The results of scaling tests (Table 4 & 5) revealed that additive
dominance model was fit in cross Turkey x Binwa for biological yield per plant, straw weight, retted straw
weight, total fibre, line fibre, seeds per capsule, seed yield per plant in E1; seed yield per plant in cross TL-43 x
Binwa (E2), which suggested the absence of epistasis in these crosses. Dominance component was found to be
predominant over additive component hence breeding strategy in above crosses should be hybridization followed
by deffering selection to later generations. The above model was a failure thereby indicating presence of non
allelic interactions for remaining traits in all the crosses.

Gene interaction is considered to be complementary when the [d] and [dd] estimates have the same signs and to
be duplicating when the signs differ (Mather & Jinks, 1982).Complementary type of gene action was observed
for biological yield per plant and seed yield per plant in E1, biological yield per plant in E2 in cross TL-11
x Him Alsi-2; seed yield per plant and plant height in E1 (Table 2 & 3), days to maturity and plant height in E2
in cross Turkey x Binwa, days to 50 per cent flowering and biological yield per plant in cross TL-43 x Binwa
in E2 (Table 7). Such type of gene action was not observed for remaining traits in all the crosses. The traits for
which the above gene action was observed, the breeding strategy should be selection in early generation by
adopting biparental matings for isolation of transgressive segregants. Patel et al. (1997) reported the
preponderance of additive components for phenological traits. Duplicate type of gene action was observed for
days to 50 per cent flowering, plant height, technical height in E1 and days to 50 per cent flowering, seed yield
per plant, plant height, technical height, straw weight, retted straw weight, total fibre, per cent fibre, line fibre in
E2 in cross TL-11 x Him Alsi-2; technical height in both E1 and E2 in cross Turkey x Binwa, secondary
branches per plant, 1000 seed weight, plant height in E1 (Table 6) and technical height in E2 in cross TL-43 x
Binwa. Duplicate type of gene action was not observed for the remaining traits in all the crosses. The traits for
which the above gene action was observed, the breeding strategy would be to grow large segregating populations
and adopting biparental mating to get transgressive segregants. The prevalence of duplicate epistasis in the
inheritance of certain traits including seed yield indicated that these traits might be improved through recurrent
selection in biparental progenies that would help in exploiting the duplicate type of non-allelic interaction and
allow recombination and concentration of genes having cumulative effects in population as this method is
helpful in breaking up undesirable linkages as reported by Ganesh and Sakila (1999). Gauraha and Rao (2011)
reported that duplicate type of epistasis played a major role in the expression of most of the characters studied
for various crosses in linseed which is in accordance with our findings. Tyson (1989) reported that dominance
gene action and maternal effects contributed in genetic variation of seed weight in flax. Singh et al (2006) and
Sood et al. (2007) have reported additive gene action. Tak (1996) revealed that seed yield was mainly controlled
by duplicate type of gene effects.
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Table 2. Estimates of scaling tests and genic effects in linseed for cross TL-11 x Him Alsi-2

Traits Locations 50% Days to Primary Secondary Capsules per Seeds per Biological Seed yield per Harvest Index 1000-seed
flowering maturity branches per branches per plant capsule yield per plant plant weight
Parameters plant plant
A El -1.26%*+0.44 8.50%*+0.50 -1.16%*+0.30 -1.78%*%+0.25 7.55%*%£1.08 1.12%%+0.38 -3.03**+0.28 -1.59%*+0.14 0.39+2.56 0.89%*+0.06
E2 1.42%%+0.47 7.74%%£0.64 -1.26%%+0.29 -1.78*%%+£0.21 745%%£1.06 1.62%%+0.36 -3.18%+0.24 -1.19%%+0.14 1.00+2.86 1.26%%+0.08
B El -0.40+0.39 5.74**+0.60 -220%*+0.41 -1.36%%+0.26 -8.03%*+1.26 1.56%*+0.37 1.61%%+0.24 0.60%*+0.14 -1.87£1.80 0.57£0.05
E2 1.00*+0.44 5.18**+0.71 -2.06**+0.40 -1.73%*+0.21 -8.16£1.27 1.22%%+0.33 043025 1.05%*+0.18 11.07**+2.81 0.56**+0.06
C El -8.83%*+0.67 9.56%*+1.03 -1.03+0.62 -3.60%*+0.48 -3.23+2.59 4.20%%+0.69 4.74%%+0.33 4.62*%+0.30 32.52%*+2.34 0.51%%+£0.09
E2 6.56%%+0.75 9.86**+1.23 -1.00+0.60 -3.96%*+0.38 -3.46+2.58 -0.26+0.60 2.52%*+0.46 327%%40.25 30.84**+4.06 0.89**+0.13
D El -3.58%++0.21 -2.33%%+£0.22 1.16%*+£0.26 -0.22+0.17 -1.37+1.36 0.75%+£0.29 3.08**+0.17 2.80%*+0.13 17.00%*+1.44 0.09*+0.03
E2 3.07*+0.28 1.53**#+0.28 1.16%%+0.26 -0.22+0.17 -1.37£1.36 -1.55%%+0.25 2.63**#+0.16 1.70%*+0.10 9.38**+1.51 0.09+0.05
[m] El 107.75%*+0.43 162.52**+0.48 6.80%*+0.53 2.66%%+0.07 20.66**+0.32 8.35%*%+0.14 11.35%*%+0.35 7774027 73.48%*+2.67 7.63%*+0.03
E2 98.74+0.58 149.13%*#+0.59 6.90%*+0.53 2.58*%+0.08 21.15%%+0.32 3.72%%£0.50 10.79%*#+0.34 531%%£0.21 52.45%%+1.59 7.27%%+0.02
[d] El 2.78%*+0.09 - - - 2.88%*+0.36 - - - 442%+%+0.61 0.89%*+0.02
E2 2.66+0.09 - - 0.20%*+0.06 2.89%*%+0.36 - - - 3.14%%+1.17 0.96%*+0.02
[h] El 11.03**%£1.21 21.90%*+1.26 -7.31%*%£1.36 -3.00%*+0.15 5.75%%+0.54 - 10.74**+0.97 10.92**+0.64 63.77%*+7.58 0.16%%+0.05
E2 9.86+1.57 16.90**+1.61 -7.50%*+1.35 -3.03%+0.32 4.83%*+0.53 9.18%*+1.27 10.19**+0.85 -5.26%%+0.57 1320%*+2.78 1.13%*+0.11
[i] El 7.16:0.42 4.67**+0.45 -2.33%*+0.52 0.44£0.35 2758272 -1.51%+0.58 -6.17%*+0.34 -5.61%%+0.27 -34.00%*+2.88 -0.18**+0.07
E2 6.14%%+0,57 3.06%*+0.57 -2.33%%40.52 0.44+0.35 2754272 3.11#%+£0.50 -5.27*%+£0.33 -3.40**+0.21 -18.76%*+3.02 -0.19+0.11
[il El -0.43*+0.20 1.37%%+0.23 0.51%%+£0.21 -021+0.13 7.79%*%+0.78 -022+0.22 -2.32%%+0.17 -1.09%*+0.09 1.13+1.48 0.73*%+0.03
E2 -1.21%%+£0.24 1.27%%+0.28 0.40£0.20 -0.02+0.13 7.81%%+0.78 0.20£0.19 -1.80%*+0.12 -1.12%%+0.10 -5.03£1.73 0.91**+0.04
[1] El -5.50%*+0.98 -18.92**+1.16 5.70%*+0.93 2.71%%40.62 2.27+3.79 -1.17+0.98 7.60%*+0.66 6.60%*+£0.39 3548**+5.74 -0.13£0.13
E2 -5.72%%£1.15 -16.00%*+1.47 5.66%*+0.92 3.07**+0.55 -2.04+3.78 -5.95%*+£0.89 8.01**+0.62 3.54%%40.39 6.69+6.50 -049*+0.19
° El 4.33* 344 049 1.60 1.56 129 68.12%* 78.85%* 0.58 098
E2 24.63%* 344 0.10 1.71 1.80 3.39 134.71%* 51.85%* 1.05 3.16
Type of El D - - - - - C ¢ - -
interaction E2 D - - - - - C D - _
*P=0.05; and **P=0.01
Table 3. Estimates of scaling tests and genic effects in linseed for cross TL-11 x Him Alsi-2
Traits Locations Plant height Technical Straw weight Retted straw Total fibre Percent fibre Line fibre Oil content Protein
Parameters height weight content
El 12.78%*+0.90 -2.19+1.36 -0.56%*+0.12 -0.64**+0.12 -0.12%%£0.02 -0.53**+0.16 -0.08**+0.01 -3.50**+0.69 2.45%*+0.41
E2 15.05%*+0.86 -1.16+0.69 -1.18**£0.16 -1.18%%+0.16 -0.23**+0.03 -2.07**+0.45 -0.15%%+0.02 - -
B El 14.41%*£1.17 16.27**+1.38 1.19%*+0.19 1.11%*+0.20 0.22%*+0.04 0.64**+0.15 0.15%*+0.02 -4.40%*+0.75 1.39%*+0.37
E2 5.11%*+].35 17.27%*+0.98 0.20+0.13 0.20+0.13 0.04+0.02 0.11+0.14 0.02+0.01 - -
C El 28.75%*+1.63 -3.71£2.55 0.44*+0.21 0.09+0.20 0.01£0.04 0.29+0.22 0.01+0.02 -3.50%*%+1.21 3.22%*+0.66
E2 40.32%*+1.83 -1.69+1.43 0.95%*£0.25 0.95%*+0.25 0.19%*+0.05 0.65*+0.26 0.12%*+0.03 - -
D El 15.19%*+0.30 -8.90%*+0.32 -0.09+0.09 -0.18+0.10 -0.03+0.02 0.09+0.09 -0.02+0.01 2.20%*+0.48 3.53%*+0.27
E2 15.19%*+0.30 -8.90**+0.32 0.96%*+0.13 0.96%*+0.13 0.19*%%+0.02 1.30%*+0.24 0.12%*+0.01 - -
[m] El 35.49%*+0.89 21.06%*+0.81 3.00%*+0.07 2.83**+0.05 0.49%*+0.01 17.44%*+0.05 0.33**+0.00 44.26%*£1.01 13.77+0.57
E2 37.98+0.84 21.70%*+0.75 5.15%%£0.28 4.63%*+0.28 0.85**+0.05 19.94%*40.48 0.56%*+0.03 - -
[d] El - - 0.19%*+0.07 0.18*+0.07 0.03*+0.01 0.13*+0.07 0.02*+0.00 - -
E2 - - - - - - - - -
[h] El 59.52%*+2.43 53.71%*+2.43 1.04**+0.24 0.50%*+0.08 0.10%*+0.01 0.46**+0.09 0.06%*+0.01 -18.60**+2.56 17.28+1.45
E2 49.95+2.31 52.65%*+1.99 -4.41%%£0.69  -4.41%*+£0.69  -0.87**+0.14  -6.74**+1.40  -0.55%*+0.09 - -
[i] El 30.38**+0.61 17.80%*+0.64 0.18+0.18 0.37+0.20 0.07+0.04 -0.18+0.19 0.05+0.02 -4.40%*+0.96 7.06%*+0.96
E2 30.38%*+0.61 17.80%*+0.64 -1.92%%+0.27 -1.92%%+0.27 -0.38**+0.05 -2.60**+0.48 -0.24**+0.03 - -
[ El -13.59%*+0.69 -9.23%%+0.53 -0.88**+0.10 -0.88%*+0.11 -0.17*%%£0.02 -0.59**+0.10 -0.11%*+0.01 0.45+0.44 0.53*+0.24
E2 -13.99**+0.71 -9.22%%+0.50 0.69**+0.10 -0.69%*+0.10  -0.13**+0.02  -1.09%*+0.23 -0.08**+0.01 - -
1 El -32.01**£1.75 -31.88**+2.66 -0.81%+0.37 -0.85*%+0.40 -0.17*%+0.08 0.08+0.37 -0.11*+0.05 12.30%*£1.72 -10.90**+0.96
E2 -28.26%*+1.93 -33.91*%*+1.61 2.90*%*+0.43 2.90%%+0.43 0.57%*+0.08 4.56*%%+0.92 0.37%*+0.05 - -
v El 44.61** 10.41%* 0.99 4.45 4.47 2.05 4.48 1.99 0.68
E2 4.30* 11.90%* 37.49%* 37.40%* 36.75%* 19.46%* 36.15%* - -
Type of El D D - - - - - - -
interaction E2 D D D D D D D - -

*P=0.05; and **P=0.01
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Table 4. Estimates of scaling tests and genic effects in linseed for cross Turkey x Binwa
Traits Locations 50 per cent Days to Primary Secondary Capsules per Seeds per Biological Seed yield Harvest Index 1000-seed
Parameters flowering maturity branches branches per plant capsule yield per per plant weight
per plant plant plant
A El 1.41%%+0.43 0.20+0.32 3.67%*+0.32 0.83**£0.25 3.93%+1.65 0.31£0.43 0.12+0.24 0.1120.11 0.28+2.08 -0.20+0.11
E2 1.81%%£0.45 -0.88*+0.34 3.64**+0.30 0.80%*+0.23 5.80%*+1.53 0.21+0.41 0.25+0.22 0.14+0.10 1.6742.02 0.21*+0.08
B El 2.38%*+0.31 30.64**+0.33 -3.14*%%+0.39 -0.81%%+0.21 15.22%*+1.22 -0.82%+0.38 0.40+0.25 0.29*%*+0.10 2.64+1.79 0.27**+0.06
E2 2.32%%+0.38 -30.71*%*%+0.36 -3.04*%%+0.37 -0.97%*+0.20 14.25%*£1.22 -0.02+0.39 0.18+0.21 0.89**+0.06 15.65%*+1.41 0.32**+0.05
C El 6.70%*+0.49 30.36**+0.56 -5.86**+0.58 -2.13%%40.39 22.73%*+£1.77 -4.90**+0.65 0.56+0.42 2.27%%+0.30 10.46**+3.23 0.51%%+0.15
E2 6.46%*+0.66 -30.33**+0.59 -5.73*%*%+0.56 -2.26%*+0.38 19.90%*+1.67 -1.56**+0.49 1.13%%+0.38 1.48%*£0.11 21.81*£2.71 0.55%*+0.13
D El 1.45%*+0.24 0.03+0.21 0.47+0.24 0.24+0.17 5.72%*+1.17 1.88%*+0.35 0.14+0.17 1.04**+0.13 4.04%*£1.21 0.22%*+0.07
E2 1.16%*+0.30 0.63*%%+0.23 0.47+0.24 0.24+0.17 5.72%*+1.17 0.66%+0.28 0.34*+0.17 0.21%%+0.04 2.24+1.18 0.22%*+0.07
[m] El 115.19%*+0.05 183.06+0.14 6.22%%+0.51 2.99*%+0.09 15.34**+0.72 3.88%*+0.72 5.45%%+0.08 3.78%*+0.27 35.58%*+0.32 7.17%%+0.05
E2 104.97**+0.08 167.96**+0.15 6.16%*+0.51 3.07**£0.09 15.51%*+0.72 6.71%%+0.06 5.52+0.04 2.07**+0.01 39.02*%*+0.54 7.16%*+0.05
[d] El -0.83%*+0.14 15.43+0.14 -0.41%*£0.11 0.32%*+0.07 -7.06*%*+0.44 -0.80%*+0.11 -0.39%*+0.07 - - -0.68%*+0.04
E2 -0.95%*+0.11 15.33**+0.15 -0.39%*£0.11 0.26**+0.06 -7.48%*£0.34 -0.52%*£0.11 -0.24+0.06 0.08*+0.03 3.247**+0.80 0.63%*+0.02
[h] El - 45.58+0.52 -9.03**+1.30 -2.58%%+0.35 12.89%*+0.81 5.54%%+]1.82 0.50*%*+0.15 -3.63*%*+0.59 - -0.75%*+0.07
E2 - 46.33%*+0.54 -8.87*%*+1.28 -2.82%%+0.33 12.73**+0.81 - - - 0.75%*+0.07
[i] El -2.90*+0.49 -0.07+0.43 -0.95+0.48 0.48+0.34 11.44%*+2 34 3.76%*+0.71 -0.28+0.35 -2.09**+0.27 -8.08**+2.42 -0.44*%*+0.14
E2 -2.33*40.61 -1.26%*0.46 -0.95+0.48 0.48+0.34 11.44%*+2 34 1.33%+0.57 -0.69*+0.34 -0.43**+0.09 -4.49+2.37 -0.44**+0.14
31 El -0.48*+0.24 15.42%*%+0.20 -0.26+0.23 -0.01+0.14 9.57**+1.01 0.25+0.27 -0.26+0.15 -0.20+0.05 -1.47£1.07 -0.23**+0.06
E2 -0.25+0.26 14.91%%+0.21 -0.30+0.22 0.08+0.14 10.02%*+0.97 -0.09+0.26 0.03+0.13 -0.37%%+0.05 -6.98**+1.14 -0.26%*+0.04
il El -0.90+0.93 30.52%*+0.79 7.77%*+0.85 1.15%+0.58 -0.15+4.06 -2.63*%+1.14 -0.00+0.61 1.91**+0.35 5.70+4.72 0.38+0.22
E2 -1.80+1.09 32.86%*+0.84 7.64%*+0.83 1.28*+0.57 -2.98+4.01 -1.10+£1.06 0.26+0.56 -0.60**+0.20 -12.82%%+4.22 0.34+0.20
e El 0.95 0.03 1.27 2.05 0.00 0.87 4.08 5.71% 9.84% 2.87
E2 4.88 7.42%% 1.79 229 0.55 3.34 0.77 3.52 2.57 2.68
Type of El - - - C - -
interaction E2 _ _ R R _ _
*P=0.05; and **P=0.01
Table 5. Estimates of scaling tests and genic effects in linseed for cross Turkeyx Binwa
Traits Locations Plant height Technical Straw weight Retted straw  Total fibre Percent fibre Line fibre Oil content Protein content
Parameters height weight
A El 2.13%%+0.55 0.81+1.30 0.05+0.23 0.05+0.23 0.00=0.04 0.19+0.25 0.00+0.03 0.30+0.69 2.25%%+0.40
E2 -1.53*%*+0.55 2.31+1.33 0.56%*+0.21 0.87%*+0.21 0.17%*+0.04 1.06*%+0.32 0.12%%+0.02 - -
B El 6.70%*+1.27 5.15%%+0.83 0.19+0.23 0.36+0.22 0.07+0.04 0.35%+0.17 0.05+0.02 1.10+0.70 0.19+0.37
E2 8.53%*+1.07 6.05%%+0.83 -0.43*+0.19 -0.12+0.19 -0.02+0.03 0.14+0.17 -0.01+0.02 - -
C El 17.26%*£1.48 10.66**+2.78 -0.00+0.40 0.16+0.39 0.03+0.07 0.12+0.30 0.02+0.05 2.20+1.17 3.46%*+0.69
E2 19.70**+1.31 -8.26%*+1.76 0.40+0.36 1.02*%*+0.36 0.20%*+0.07 1.45%%+0.35 0.13%%+0.04 - -
D El 6.35%%+0.47 8.31%*+].54 0.12+0.16 0.12+0.16 0.02+0.03 0.02+0.14 0.01+0.02 1.50%*+0.51 0.51+0.28
E2 6.35%*+0.47 8.31%*+1.08 0.14+0.16 0.1420.16 0.02+0.03 0.12+0.14 0.01+0.02 - -
[m] El 77.90%*+0.51 28.28**£3.00 3.27%*+0.07 3.00+0.07 0.53**+0.01 17.56**+0.06 0.35**+0.01 42.03*%*%+1.05 20.89**+0.14
E2 77.92%*+0.51 27.37%*+0.72 2.97+0.07 2.41*%%+0.09 0.41*%%+0.01 16.72*%%+0.14 0.27%%+0.01 - -
[d] El 14.89**+0.46 15.18%*+0.23 -0.18**+0.06 -0.13+0.06 -0.02*+0.01 -0.14*+0.05 -0.01*+0.00 - -
E2 14.95%*+0.381 14.85%*+0.26 -0.46+0.08 -0.44**£0.09 -0.08**+0.01 -0.59%*+0.14 -0.05*%*+0.01 - -
[h] El 15.04**+0.84 44.93%*+6.64 0.34*%+0.14 0.45+0.14 0.09*#+0.02 0.32%*+0.11 0.05%*+0.01 -6.30%*+2.67 -
E2 14.86**+0.83 47.67*%*+0.79 1.7440.12 1.90+0.11 0.38+0.06 2.57%*+0.44 0.26%%+0.04 - -
[i] El -12.70%*+0.95 16.63**+3.07 0.24 +0.33 0.24 +0.33 0.04 +£0.06 0.04 +0.29 0.03 +0.04 -3.00%*+1.02 -1.02+0.57
E2 -12.70**+0.95 16.63%*+2.17 -0.28 £0.32 -0.28+0.32 -0.05 +£0.06 -0.24+0.29 -0.02 +0.04 - -
[ El -4.417+0.63 -2.17+£0.76 -0.08 £0.14 -0.15+0.13 -0.03 +£0.02 -0.27 +0.14 -0.02 +£0.01 - 1.03%*+0.22
E2 -5.03%* +£0.53 -1.87 *+0.77 0.50**+0.13 0.50**+0.13 0.09**+0.02 0.46%* +£0.17 0.07 **+0.01 - -
[1 El 8.13%*+£2.03 -22.60%*+4.01 -0.49 £0.58 -0.66 +0.57 -0.13 £0.11 -0.21 +0.54 -0.09 +0.07 3.79*%+1.79 -1.42+0.98
E2 5.70*%+£1.91 -25.00* +3.38 0.15+0.52 -0.46 +0.52 -0.09 £0.10 -0.96 +0.56 -0.08 +£0.06 - -
$ El 16.04%* 8.10%* 1.06 3.04 3.10 5.96 3.24 572 1.88
E2 8.86%* 5.79% 1.33 0.77 0.74 0.72 0.36 - -
Type of El C D - - - - - - -
interaction E2 C D - - - - - - -

*P=0.05; and **P=0.01

228



www.ccsenet.org/jas

Journal of Agricultural Science

Vol. 4, No. 10; 2012

Table 6. Estimates of scaling tests and genic effects in linseed for cross TL-43 x Binwa

Traits Locations 50 per cent Days to Primary Secondary Capsules per Seeds per Biological Seed yield Harvest Index 1000-seed
flowering maturity branches per branches per plant capsule yield per per plant weight
Parameters plant plant plant
A El 5.75%%£0.29 3.34%*£0.30 | 7p%%a007  “0.75%*+0.21 4.75%*+0.85 0.18+0.51 0.01+0.28 -0.09+-0.67 3.10+2.35 0.07+0.07
E2 1.33%*+0.38 -1.67%%+0.42 -2.46%%£0.23  -1.67**+0.17 17.92%%+1.34 1.07%*+0.39 20.26:0.19 0.05+0.10 3.41+1.81 0.07+0.06
B El -0.44+0.30 33.86%*+0.33 -0.65+0.37 0.55%+0.22 -7.54%%+0.74 -0.20+0.37 -0.34+0.31 0.19+1.54 5.79%*+2.01 -0.10+0.08
E2 -0.33+0.31 33.827%*+0.34 -2.14%%£0.35  -1.31%%+0.23 19.32%%+1.48 0.47+0.31 0.00+0.26 0.49%%£0.10 0.87+%+2.02 0.54%%+0.07
C El -0.46+0.49 36.50%*+0.57 -4.46%*%£0.55  -3.13%*+0.29 55.76**+1.51 0.40+0.91 0.86+0.43 0.03+0.18 2.33+3.44 -0.84**+0.14
E2 -0.46+0.49 36.50%*+0.57 -5.40%*%£0.49  -4.03**+0.28 53.96**+1.23 1.90%*+0.62 0.5340.36 0.57%%+0.15 8.09%%42 95 0.79%*+0.13
D El -2.88%*+0.18 -2.98%%+0.23 -1.04%*%+0.11 -1.46%%+0.14 26.48%*+0.75 0.20+0.34 0.59**%+0.18 -0.03+-0.33 -3.28%+1.43 -0.40**+0.04
E2 0.73%%+0.22 0.50+0.28 0.39%*+0.12 0.52%*%+0.14 8.36**+1.06 0.17+0.25 0.40%+0.16 0.0120.07 2.5941.46 0.16**+0.03
[m] El 106.73**+0.39 183.08**+0.14 2.92%%40.19 - -23.10%*+1.53 7.63%*+0.06 6.45%%£0.39 1.68**+0.04 22.95%*+3.01 6.51%%+0.08
E2 101.04 +0.46 168.08 +0.14 4.36%*+0.27 1.63**+0.28 11.17%%+0.33 7.34%*£0.11 5.30%%£0.06 1.46%%+0.04 28.07%%+0.68 6.97**+0.05
[d] El - 15.41%%£0.14 - - -4.15%%+0.21 -0.78*%+0.09 -0.21%*+0.09 -0.20**+0.04 -4.05*%+0.69 -0.19%*+0.01
E2 - 15.41+0.14 -0.43%%+£0.07  -0.31**+0.06 -4.36%%+0.21 -0.28*%+0.09 - 0.08%+£0.04 R 0.21%%+0.01
[h] El 22.44%%£1.0 44.60**+0.50 1.12%%+0.33 3.73%*%+£0.16 99.72**+3.68 - -2.35%+1.05 0.22%*+0.08 27.23*%%+7.83 1.78*%%+0.21
E2 9.51+1.24 48.20+0.53 -3.60%*+0.72 -1.55%+0.75 - 2.23%*%+0.46 0.15+0.12 110%%40 14 19.13%*+2.63 0.41%*+0.09
[i] El 5.77%%+0.36 5.97%*%+0.47 2.08**+0.23 2.93**%+0.28 52.97**+1.51 -0.41+0.68 -1.19%*+0.37 0.06+0.18 6.56*+2.87 0.81%*+0.08
E2 1.46%%+0.43 1.00+0.56 0.78**+0.25 1.04*%%+0.28 16.72%*42.12 -0.34+0.51 -0.80%*+0.32 -0.02+0.14 5.19+2.92 0.32%%+0.07
[ El 3.10%*+0.18 18.60**+0.19 -0.53**%£0.18  -0.65**+0.14 6.15%*%+£0.50 0.19+0.21 0.17+0.18 -0.14+0.08 -1.34+1.38 0.09%*+0.04
E2 0.83%%+0.22 16.07**+0.25 -0.16+0.17 -0.18+0.13 0.70+0.95 0.30+0.20 -0.13+0.14 -0.22%*+0.06 -3.22%+1.24 0.31%%+0.02
1] El -11.08**+0.68 24.54%%+0.78 0.28+0.62 -2.73%%+0.54  -50.18%*%+2.32 0.42+1.17 1.52%4+0.72 -0.16+0.32 -15.45%*%+£526  -0.77%*%+0.17
E2 -2.46%*+0.84 34.50**+1.00 3.82%%+0.61 1.94%%+0.52 20.52%%+3.92 -1.21+0.90 1.07+0.58 -0.53*+0.26 -18.47**+5.05 0.15+0.15
e El 1.31 158.02%* 3.17 4.81 149.40%* 2.90 0.87 3.41 0.94 5.24%
E2 1.31 3.10 0.84 1.87 0.57 3.04 4.00% 0.02 4.23 0.90
Type of El - C - - D - - - - D
interaction E2 _ _ _ _ _ a C a _ _
*P=0.05; and **P=0.01
Table 7. Estimates of scaling tests and genic effects in linseed for cross TL-43 x Binwa
Traits Locations Plant height Technical Straw weight Retted straw Total fibre Percent fibre Line fibre Oil content Protein
Parameters height weight content
A El 19.86**+1.12 19.37*%+0.75 0.00+0.24 0.17+0.23 0.03+0.04 0.07+0.20 0.02+0.03 -4.50%*+0.72 0.43+.0.39
E2 -34.56%*£1.39  -26.45%*+0.97 -0.02+0.17 0.14+0.17 0.02+0.03 -0.00+0.14 0.02+0.02 - -
B El 1.70+1.44 2.18%*%+0.79 -0.45+0.26 -0.27+0.25 -0.05+0.05 -0.38+0.22 -0.03+0.03 -12.19%%+0.69  -6.54%*+0.35
E2 -7.21%%£1.71 -1.54+1.00 -0.20+0.24 0.10+0.24 0.02+0.04 0.05+0.22 0.01+0.03 - -
C El 54.33%%+2.92 35.53%*+].78 0.69+0.38 1.03**+0.37 0.20%*+0.07 0.88**+0.30 0.13**+0.05 -1.09+1.27 -2.97*%+0.65
E2 -51.30%*+£2.42  -33.86%*+1.56 0.54+0.33 1.02%%+0.34 0.20%*+0.06 0.78*%+0.27 0.13**+0.04 - -
D El 18.08**+1.30 -9.17%*%+0.81 0.56**%+0.16 0.56**+0.16 0.11**%+0.03 0.59%*+0.13 0.07**+0.02 7.80%*+0.52 1.57%%£0.26
E2 -4.75%*+1.49 -2.93%*4+0.87 0.38*+0.15 0.38*+0.15 0.07*%+0.03 0.36**+0.12 0.05*+0.02 - -
[m] El 39.19%*+1.26 24.09%*+0.79 4.43%%+0.34 3.21%*%+0.04 0.57**%+0.00 18.59%*+0.27 0.38**+0.00 54.17+1.08 23.24+0.54
E2 44.66**+0.60 41.63*%%+0.28 3.40%*+0.03 3.22%%£0.04 0.57**+0.00 17.74%%+0.03 0.38**+0.00 - -
[d] El 8.05%*+0.52 10.13*%*+0.26 - - - - - - -
E2 10.14%*+0.41 10.96**+°0.28 - - - 0.15*+0.06 -
[h] El 23.70%*£1.77 17.05%*+1.13 -2.60%*%+£0.91 - - -2.25%*%+0.74 - -46.53%%+2.67 -11.62+1.37
E2 - -31.20%*£1.25 - - - - - - -
[i] El 36.16%*+2.61 18.34%*+1.63 -1.13%%£0.33  -1.13%*+0.33  -0.22**+0.06 -1.19%%+0.26 -0.15%%+£0.04  -15.60%*+1.04  -3.14%*+0.52
E2 9.51**%+2.98 5.86%*+1.75 -0.77*+0.30 -0.77*+0.30 -0.15%+0.06 -0.73**%+£0.24 -0.10%+0.04 - -
[l El -10.78**+£0.78  -10.78**+0.45 0.23+0.16 0.22+0.15 0.04+0.03 0.22+0.13 0.03+0.02 10.79%*+0.42 3.48%*+0.21
E2 -13.67%*%£1.08  -12.45%*+0.65 0.08+0.13 0.01+0.13 0.00+0.02 -0.02+0.12 0.00+0.01 - -
1] El -18.00%*+3.69 -1.156+2.31 1.57%+0.62 1.23*+0.61 0.24%+0.12 1.50%*+0.51 0.16*+0.08 32.35%*+1.77 9.25%*+0.93
E2 32.26%*+4.68 22.13%*+2.83 1.01+0.54 0.53+0.54 0.10+0.10 0.68+0.45 0.06+0.07 - -
e El 23.72%% 0.25 2.39 8.75 8.78 3.72 8.58 28.72%%* 0.353
E2 9.66** 11.20%* 7.25 37.4%% 5.64 4.27 5.59 - -
Type of El D - - - - - - D D
interaction E2 - D - - - - - - -

*P=0.05; and **P=0.01
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All the components of gene action i.e., d, h, i, j and 1 in cross Turkey x Binwa were found to be significant for
days to maturity and plant height in E2 whereas in other crosses in both the locations and above cross in E1 the
similar behaviour was not observed. In addition in the above cross significantly positive value of d and
significantly negative value of [i] for the above traits was observed. This indicates negative alleles were
dispersed in the parents for the inheritance of these traits which suggests that the selection should be delayed to
later generation. Foster, Pooni & Mackay (1998) observed that dominance was high for plant height. Singh and
Singh (1979) reported that the non-additive effects were more important for the genetic control of plant height in
flax but present findings were inconsistent with findings of Sood et al (2007). Out of the three crosses TL -11 x
Him Alsi-2 is the best cross in both the locations. This cross invariably has given 2-3 times higher yield than the
remaining crosses. Therefore, the results obtained with respect to the TL -11 x Him Alsi-2 for generation mean
analysis suggested that both additive and dominance gene effects were important for most of the traits but
dominance was predominant as compared to additive effects. Duplicate type of gene action was observed in the
expression of days to 50 per cent flowering, seed yield per plant, plant height, technical height and fibre traits in
E2 for the above cross which implies the use of biparental approach and selection to be deferred to later
generation. Complimentary type of gene action was seen for biological yield per plant, seed yield per plant
which implies the use of biparental approach and early generation selection. Duplicate type of gene action for
few traits in cross TL-11 x Him Alsi- 2, suggests to go for biparental matings or few cycles of recurrent selection
for the accumulation of favourable genes for seed yield and its components in linseed. Moreover, for cross
TL-11 x Him Alsi-2 in E2, additive x additive (i), additive x dominance (j) and dominance x dominance (1)
interaction effects with duplicate nature are contributing in the inheritance of these traits viz., days to 50 per cent
flowering, seed yield per plant, plant height, technical height, straw weight, retted straw weight, total fibre, per
cent fibre, line fibre and capsules per plant, 1000 seed weight, plant height, technical height, oil content
indicating recurrent selection could be employed for genetic improvement of these traits. The method is helpful
in breaking up undesirable linkages. It was also suggested by Rao and Singh (1984) that dominance x dominance
type of interaction played a significant role in the expression of some quantitative characters.

From the present study, it can be concluded that both additive and dominance effects were important for most of
the traits but dominance was predominant as compared to additive effects. Duplicate type of gene action was
observed in the expression of days to 50 per cent flowering , seed yield per plant, plant height, technical height
and fibre traits at E2 for TL-11 x Him Alsi-2, these observation implies the use of biparental approach and
selection to be delayed to later generations. Complimentary type of gene action was seen for biological yield per
plant, seed yield per plant for TL-11 x Him Alsi-2 at E1 location and implies the use of biparental approach and
early generation selection to be followed. The significance of additive component will thus be useful for
improvement through selection and greater magnitude of dominant gene effects compared to additive effects
suggest that hybridization breeding may be more useful. Thus, the estimates of present study were useful for
analyzing genetic architecture of important traits which suggests future breeding strategy for improvement of
desired traits.
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